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EXECUTIVE SUMMARY 

 

The 1944 Treaty between the United States and Mexico sets forth procedures for how water 

flowing in the Rio Grande downstream of Fort Quitman, Texas, is apportioned between the two 

countries.  These accounting procedures, which are performed by both the United States and 

Mexico Sections of the International Boundary and Water Commission (IBWC), involve 

distributing all or portions of the daily and/or monthly inflows from specifically-named 

tributaries to each of the countries and then performing water balance type calculations for 

“reaches” between sequential pairs of streamflow monitoring gages along the Rio Grande, taking 

into consideration measured mainstem and tributary flows, springflows, known diversions, and 

losses due to evaporation and other unmeasured sources.  Results from monthly accounting 

performed by the IBWC represent the final accounting of water ownership between the United 

States and Mexico.  This accounting is typically performed about two to three months after all of 

the data are available and agreed to by both Sections of the IBWC for a specific month.   

 

The Rio Grande water accounting procedures and the development of an alternative monthly 

accounting program are the focus of this study.  The primary purpose of this study has been to 

provide a universal and user-friendly Rio Grande accounting program that will allow the Rio 

Grande Watermaster and State water agencies, namely the Texas Commission on Environmental 

Quality (TCEQ) and the Texas Water Development Board (TWDB), and other entities with the 

need for such information, to make independent calculations of how much water the United 

States and Mexico each had flowing in the Rio Grande or stored in the international reservoirs 

during previous months based on actual historical data.  The resulting program formulates the 

provisions of the 1944 Treaty and the current monthly accounting procedures utilized by the 

United States Section (USIBWC) of the IBWC into an Excel spreadsheet (Version 2003) that 

together with a supporting data base provides the capability to perform all aspects of the monthly 

water accounting necessary to establish ownership of Rio Grande water between the United 

States and Mexico below Fort Quitman, Texas.  It is important to note that some of the required 

input data for the accounting program must be obtained from the United States and Mexican 

Sections of the IBWC in order for a complete water accounting analysis to be performed.   

 

July 31, 2008 R. J. Brandes Company Page 1 



 

 It must be emphasized that the independent calculations performed in the accounting program 

developed in this study are not and shall in no way be considered the official determination of 

national ownership of Rio Grande waters between the United States and Mexico.  Only IBWC, 

United States and Mexico Sections, can make this determination.  In the event of a discrepancy 

between the calculations of the new spreadsheet accounting program and those of the IBWC, the 

calculations of the IBWC are the only ones that are considered to be official under the Treaty.   

 

The monthly accounting system for the Rio Grande has been developed using an Excel 

spreadsheet containing multiple linked worksheets (tabs).  The accounting calculations for each 

of the reaches of the Rio Grande used in the accounting process are included in a single 

worksheet.  The spreadsheet is set up to perform one year of monthly water accounting.  Results 

from the accounting process for one year may be used as input data for the following year in a 

different spreadsheet.  The accounting spreadsheet has been structured and formatted to be 

similar the output from the USIBWC Fortran accounting program.  

 

The spreadsheet contains worksheets for performing both input and output functions.  One input 

worksheet and two to five output worksheets are used for each reach.  They are numbered in an 

X.Y format with X being the reach number and Y being the sheet number for a particular reach.  

Typically, only the input sheets require modifications (data entry) for performing the accounting 

calculations; however, there are certain situations that require iterations in the calculations that 

can only be accomplished by modifying the output worksheets.   

 

The accounting reaches included in the study are as follows:  

 Reach 1: Fort Quitman to Rio Grande above Rio Conchos near Presidio, Texas 

 Reach 2: Rio Grande above Rio Conchos to Rio Grande below Rio Conchos near 
Presidio, Texas 

 Reach 3: Rio Grande below Rio Conchos near Presidio, Texas to Johnson Ranch 

 Reach 4: Johnson Ranch to Foster Ranch Near Langtry, Texas 

 Reach 5: Foster Ranch to Amistad Dam 

 Reach 5A: Amistad Reservoir Reach 

 Reach 6: Below Amistad Dam to Near Jimenez 
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 Reach 7: Near Jimenez to Near El Indio (Villa Guerrero) 

 Reach 8: Near El Indio (Villa Guerrero) to Nuevo Laredo 

 Reach 9: Nuevo Laredo to Falcon Dam 

 Reach 9A: Falcon Reservoir Reach 

 Reach 10: Below Falcon Dam to Rio Grande City 

 Reach 11: Rio Grande City to Below Anzalduas Dam 

 Reach 12: Below Anzalduas Dam to San Benito 

 Reach 13: San Benito to Lower Brownsville 

 Reach 14: Lower Brownsville to Gulf of Mexico 

 
The accounting program has been validated using various years of accounting output obtained 

from the USIBWC.  Data for calendar year 2005 were used for the development of the basic 

accounting spreadsheet, and adjustments and revisions to the spreadsheet were made in order to 

properly reflect USIBWC’s actual accounting procedures and results.  Comparisons of the 

spreadsheet results with the USIBWC Fortran results were made continuously to assure 

agreement.  The accounting spreadsheet also has been validated for the following special 

situations requiring special accounting procedures: 

 

• Accounting for Flood Spills and Discharges at Amistad Reservoir – 1990 

The results for storage are duplicated exactly, and the outflows are almost 

identical except for rounding.   

• Accounting for Negative Flows at the Gulf of Mexico - 1999  

The results for flows below Anzalduas Dam are almost identical except for a few 

months that are slightly different due to rounding.  At the Gulf, the flows differ 

slightly, but the maximum deviation is only about 0.3 percent.   

• Accounting for Negative Flows at El Indio - 2006 

 The results are identical except for slight differences due to rounding. 

 

With these validations, the Rio Grande accounting spreadsheet program has been demonstrated 

to accurately reproduce ownership information for waters flowing in the Rio Grande and stored 

in the international Amistad and Falcon Reservoirs.   

 

July 31, 2008 R. J. Brandes Company Page 3 



 

TABLE OF CONTENTS 

 PAGE 

 

1.0 INTRODUCTION AND BACKGROUND 1 

 

1.1 Purpose of Study 2 

1.2 Summary of 1944 Treaty 4 

1.3 Scope of Work 9 

 

2.0 DEVELOPMENT OF THE SPREADSHEET ACCOUNTING SYSTEM 13 

 

2.1 Research and Data Collection 13 

2.2 Required Input Data 15 

2.3 Monthly Accounting System Format 19 

2.4 Accounting Components  21 

2.5 Typical Accounting Procedures and Calculations 24 

 

3.0 ACCOUNTING PROCESSES BY REACH 29 

 

3.1 Reach 1 - Fort Quitman to Rio Grande above Rio Conchos near Presidio, 29 

 Texas   

3.2 Reach 2 - Rio Grande above Rio Conchos to Rio Grande below Rio 30 

 Conchos near  Presidio, Texas  

3.3 Reach 3 - Rio Grande below Rio Conchos near Presidio, Texas to Johnson 30 

 Ranch   

3.4 Reach 4 - Johnson Ranch to Foster Ranch Near Langtry, Texas 31 

3.5 Reach 5 - Foster Ranch to Amistad Dam 32 

3.5a Reach 5A - Amistad Reservoir Reach 33  

3.6 Reach 6 - Below Amistad Dam to Near Jimenez 36 

R.J.  Brandes Company  July 31, 2008 
    



 

3.7 Reach 7 - Near Jimenez to Near El Indio (Villa Guerrero) 37 

3.8 Reach 8 - Near El Indio (Villa Guerrero) to Nuevo Laredo 38 

3.9 Reach 9 - Nuevo Laredo to Falcon Dam 39  

3.9a Reach 9A - Falcon Reservoir Reach 40 

3.10 Reach 10 - Below Falcon Dam to Rio Grande City 43 

3.11 Reach 11 - Rio Grande City to Below Anzalduas Dam 45 

3.12 Reach 12 - Below Anzalduas Dam to San Benito 48 

3.13 Reach 13 - San Benito to Lower Brownsville 49  

3.14 Reach 14 - Lower Brownsville to Gulf of Mexico 51 

 

4.0 VALIDATION OF ACCOUNTING PROGRAM 52 

 

4.1 Normal Accounting Procedures – 2005 52 

4.2 Accounting for Flood Spills and Discharges at Amistad Reservoir - 1990 52 

4.3 Accounting for Negative Flows at the Gulf of Mexico - 1999 53 

4.4 Accounting for Negative Flows at El Indio - 2006 54  

 

5.0 CLOSURE    61 

 

R.J.  Brandes Company  July 31, 2008 
    



 

LIST OF TABLES 
 

Table 1 Allocation of the Waters of the Rio Grande between Fort Quitman, 7  

 Texas and the Gulf of Mexico   

 

Table 2 Comparison of Amistad Storage Results from the Accounting Spreadsheet 55 

 and the IBWC Fortran Program for October 1990 Conditions with 

 Amistad Flood Spills and Discharges 

 

Table 3  Comparison of Amistad Outflow Results from the Accounting Spreadsheet  56 

 and the IBWC Fortran Program for October 1990 Conditions with Amistad 

 Flood Spills and Discharges 

 

Table 4 Comparison of Rio Grande Below Anzalduas Flow Results from the 57 

 Accounting Spreadsheet and the IBWC Fortran Program for 1999 Conditions 

 with Calculated Negative Flows at the Gulf of Mexico 

 

Table 5 Comparison of Rio Grande at the Gulf Flow Results from the Accounting  58 

 Spreadsheet and the IBWC Fortran Program for 1999 Conditions with 

 Calculated Negative Flows at the Gulf of Mexico 

 

Table 6 Rio Grande Below Amistad Flow Results from the Accounting Spreadsheet 59 

 and the IBWC Fortran Program for 2006 Conditions with Assumed  

 Calculated Negative Flows at the El Indio Gage 

 

Table 7 Comparison of Rio Grande near El Indio Flow Results from the Accounting  60 

 Spreadsheet and the IBWC Fortran Program for 2006 Conditions with  

 Assumed Calculated Negative Flows at the El Indio Gage 

 

R.J.  Brandes Company  July 31, 2008 
    



 

LIST OF FIGURES 
 

Figure 1 Rio Grande Basin         5 

 

Figure 2 Rio Grande Tributaries Named in the 1944 Treaty     6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

R.J.  Brandes Company  July 31, 2008 
    



 

APPENDIX 
 

Appendix A 1944 Treaty 

 

Appendix B IBWC Accounting Output for 2005 

 

Appendix C IBWC 2005 Data Sheets 

 

Appendix D Monthly Pan Evaporation Formulas and 2005 Monthly Pan Evaporation 

Data 

 

Appendix E Discharge Versus Surface Area Tables 

 

Appendix F IBWC Spring Inflows and Unmeasured Runoff Calculations 

 

Appendix G 2005 Accounting Spreadsheet Input 

 

Appendix H   2005 Accounting Spreadsheet Output 

 

Appendix I 1990 Accounting Spreadsheet Output for Flood Spills and Discharges at 

Amistad Reservoir 

 

Appendix J 1999 Accounting Spreadsheet Output for Negatives at the Gulf 

 

Appendix K 2006 Accounting Spreadsheet Output for Negatives at El Indio 

 

Appendix L Compact Disk  

 

R.J.  Brandes Company  July 31, 2008 
    



 

1.0 INTRODUCTION AND BACKGROUND 

 

 The 1944 Treaty between the United States and Mexico sets forth the procedures for how 

water flowing in the Rio Grande downstream of Fort Quitman, Texas, is apportioned 

between the two countries.  These accounting procedures, which are performed by both 

the United States and Mexico Sections of the International Boundary and Water 

Commission (IBWC), involve distributing all or portions of the daily and/or monthly 

inflows from specifically-named tributaries to each of the countries and then performing 

water balance type calculations for “reaches” between sequential pairs of streamflow 

monitoring gages along the Rio Grande, taking into consideration measured mainstem 

and tributary flows, springflows, known diversions, and losses due to evaporation and 

other unmeasured sources.  The accounting results from an upstream reach are used in 

the accounting for the next downstream reach.   

 

 Future references to IBWC will refer to both the United States and Mexican Sections of 

the International Boundary and Water Commission.  The IBWC is an international 

commission and it is solely responsible for applying the 1944 Water Treaty, including 

the water accounting.  The IBWC is also responsible for settling differences that arise in 

the application of the Treaty.  It consists of a United States Section (USIBWC) and a 

Mexican Section.  While each Section has water accounting duties, the official water 

accounting is a determination of the IBWC, United States and Mexico Sections.  The 

Treaty clearly grants certain powers and duties to the IBWC, including operating gaging 

stations, compiling data, and exchanging data between the two Sections in order to apply 

the Treaty.  The water accounting function is described, in part, in Article 9 of the Treaty 

as follows:  “The Commission shall keep a record of the waters belonging to each 

country and of those that may be available at a given moment, taking into account the 

measurement of the allotments, the regulations of the waters in storage, the consumptive 

uses, the withdrawals, the diversions, and the losses.”   

 

 The  IBWC generates weekly and monthly accounting reports.  The weekly reports are 

verbally agreed upon by both countries on a weekly basis.  Monthly reports are jointly 
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agreed upon and signed on behalf of both countries before the following monthly 

accounting can begin.  The monthly accounting specifies how much water both the 

United States and Mexico had flowing in the Rio Grande during prescribed periods, as 

well as the ownership of waters stored in Amistad and Falcon Reservoirs, the two major 

international reservoirs on the Rio Grande.  The accounting reports are also used by the 

Texas Rio Grande Watermaster to establish how much river water was (and continues to 

be) available for Texas water users and how much United States water is stored in the 

international reservoirs.   

 

 The weekly accounting is done on a weekly basis to determine weekly inflows, outflows, 

and ownership for the reservoirs.  While weekly and monthly accounting procedures are 

similar, the weekly accounting results are considered to be preliminary and only provide 

an estimate of water availability for each country.  The weekly accounting utilizes only 

estimates, rather than reported quantities, for certain parameters in the accounting 

calculations.  Weekly ownerships are determined by accounting for reservoir inflows, 

outflows, and change in storage data from current and previous weekly data.  The weekly 

accounting is used on a day to day basis for estimating available flow in the river and 

ownership of waters.  Weekly accounting reports may change once final flows are 

computed.  Consequently, the weekly and monthly accounting processes involve 

different data and calculations.   

 

 The monthly accounting is considered to be the final accounting of water ownership 

between the United States and Mexico and is typically performed about two to three 

months after all of the data are available and agreed to for a specific month.  The 

monthly accounting procedures and the development of an alternative monthly 

accounting program are the focus of this study. 

 

1.1 Purpose of Study 

 

 The primary purpose of this study has been to provide a universal and user-friendly Rio 

Grande accounting program that will allow the Rio Grande Watermaster and State water 
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agencies, namely the Texas Commission on Environmental Quality (TCEQ) and the 

Texas Water Development Board (TWDB), and other entities with the need for such 

information, to make independent calculations of how much water the United States and 

Mexico each had flowing in the Rio Grande or stored in the international reservoirs 

during previous months based on actual historical data.  The resulting program 

formulates the provisions of the 1944 Treaty and the current monthly accounting 

procedures utilized by the USIBWC into an Excel spreadsheet (Version 2003) that 

together with a supporting data base provides the capability to perform all aspects of the 

monthly water accounting necessary to establish ownership of Rio Grande water between 

the United States and Mexico below Fort Quitman, Texas.  However, it is important to 

note that some of the required input data for the accounting program must be obtained 

from the United States and Mexican Sections of the IBWC in order for a complete water 

accounting analysis to be performed.   

 

 It must be emphasized that the independent calculations performed in the accounting 

program developed in this study are not and shall in no way be considered the official 

determination of national ownership of Rio Grande waters between the United States and 

Mexico.  Only IBWC, United States and Mexico Sections, can make this determination.  

In the event of a discrepancy between the calculations of the new spreadsheet accounting 

program and those of the IBWC, the calculations of the IBWC are the only ones that are 

official under the Treaty.   

 

 This study was undertaken for two principal reasons.  First, the Rio Grande Watermaster 

and the State water agencies currently do not have an appropriate water accounting tool 

with which to calculate and verify the quantities of water allocated to the State of Texas 

(via the United States) under the terms and provisions of the 1944 Treaty.  Such 

accounting is performed solely by the IBWC, and results are reported to the State.  

Second, the existing Fortran program used by the USIBWC to perform the Rio Grande 

water accounting is outdated, extremely complex and hard to understand, requires 

Fortran compilation to update and revise with new accounting procedures and river 

information, is difficult to operate because of cumbersome data input procedures, and 
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incapable of being effectively operated and used by anyone other than a few trained and 

experienced staff at USIBWC.  

  

1.2 Summary of 1944 Treaty  

 

The Rio Grande forms the international border between Mexico and the United States for 

over 1,200 miles along the state boundary of Texas extending from the Gulf of Mexico 

upstream to above the City of El Paso.  The ownership of water flowing in the Rio 

Grande below Fort Quitman, Texas, between Mexico and the United States is determined 

by the United States and Mexican Sections of the IBWC in accordance with the 

provisions set forth in the 1944 Treaty between the two countries.  The reach of the Rio 

Grande below Fort Quitman is identified on the map of the Rio Grande Basin in Figure 1.  

Of the total productive drainage area of the Rio Grande below Fort Quitman (144,400 

square miles), approximately 60 percent lies within Mexico. 

 

Articles 4 through 9 of the 1944 Treaty apply specifically to the Rio Grande with Articles 

4, 8, and 9 addressing issues of ownership of water between the United States and 

Mexico.  These Articles contain language directly related to water accounting procedures.  

A brief summary of the accounting procedures from Articles 4, 8 and 9 that establish how 

monthly accounting calculations are to be performed are provided in the following 

paragraphs.  A copy of the entire 1944 Treaty is included in Appendix A. 

 

1.2.1 Article 4 – Allotment of Streamflow 

 

Article 4 addresses the allotment of streamflow in the Rio Grande between the United 

States and Mexico.  There are 15 water sources between Fort Quitman and the Gulf that 

are specified by name and allocated between the two countries.  These water sources are 

identified on the map in Figure 2.  All other waters in the main channel of the Rio 

Grande, not specifically named or allocated in the Treaty, are divided evenly between the 

two countries.  The allocations of named water sources as specified in Article 4 of the 

Treaty are summarized in Table 1.   

July 31, 2008 R. J. Brandes Company Page 4 



 

July 31, 2008 R. J. Brandes Company Page 5 

FIGURE 1 
RIO GRANDE BASIN 
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Table 1 

Allocations of the Waters of the Rio Grande 
Between Fort Quitman, Texas and the Gulf of Mexico 

 
Water Source Ownership of Water 

 United States Mexico 
Rio San Juan  --- All 
Rio Alamo  --- All 
Rio Conchos * 1/3 2/3 
Rio San Diego * 1/3 2/3 
Rio San Rodrigo * 1/3 2/3 
Rio Escondido * 1/3 2/3 
Rio Salado * 1/3 2/3 
Arroyo de Las Vacas * 1/3 2/3 
Pecos River All --- 
Devils River All --- 
Goodenough Spring 76.75% 23.25% 
Alamito Creek All --- 
Terlingua Creek All --- 
San Felipe Creek All --- 
Pinto Creek All --- 

 

* Paragraph B(c) of Article 4 of the 1944 Treaty allots one-third of the flow 
reaching the Rio Grande from certain Mexican tributaries to the United 
States, with the stipulation that this amount of inflow shall not be less than an 
average of 350,000 acre-feet per year over cycles of five consecutive years.  

  

1.2.2 Article 8 – Ownership of Stored Water in Reservoirs 

 

Article 8 addresses ownership of water stored in the two major international reservoirs, 

Amistad (upper reservoir) and Falcon (lower reservoir) with the following general rules:   

• Inflows to each reservoir are credited to each country in accordance with the 

ownership of such inflows. 

• Flood discharges and spills from Amistad are divided in the same proportion as the 

ownership of inflows occurring at the time of such flood discharges and spills, except 

as described below.   

• In either reservoir, the ownership of water belonging to one country whose 

conservation storage capacity is filled passes to the other country to the extent that 
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such country may have unfilled conservation storage capacity.  However, in Amistad, 

one country may, at its option, temporarily use the conservation storage capacity of 

the other country not currently being used, provided that in the event of a flood 

discharge or spill while one country is using the conservation storage capacity of the 

other, all of such flood discharge or spill is charged to the country using the other’s, 

and all inflow is credited to the other country until the flood discharge or spill ceases 

or until the storage capacity of the other country becomes filled with its own water.  

• Reservoir losses (i.e., evaporation and channel losses) are charged in proportion to 

ownership of water in storage.   

• Releases from reservoirs are charged to the country requesting them, except that 

releases for the generation of hydropower, or other common purpose, shall be charged 

in proportion to the ownership of water in storage. 

• Flood discharges and spills from Falcon shall be divided equally, except that one 

country may use the unused share of the other country with consent from the IBWC.     

 

1.2.3 Article 9 – Diversions and Losses 

 

Article 9 addresses diversions, losses and consumptive use along the river.  Consumptive 

use is defined as water used by either country that may or may not be attributable or 

chargeable to a specific diversion or user.  Often, IBWC estimates consumptive use based 

on acreage irrigated or some other measure of use. 

• Consumptive uses from the mainstem of the Rio Grande and from the unmeasured 

tributaries below Fort Quitman are charged against the share of the flow in the river 

of the country using them. 

• Mainstem unaccounted for losses, including evaporation and channel losses, are 

charged to each country in proportion to the ownership of water being conveyed in 

the channel at the times and places of the losses. 
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1.3 Scope of Work 

 

 Following is a brief description of the tasks that have been undertaken to develop the 

monthly water accounting system.  

 

1.3.1 Project Coordination, Meetings and Communication 

 

 The development of the monthly water accounting system for the Rio Grande involved 

primarily coordination and communication with USIBWC staff.  Discussions were also 

held with representatives of the Rio Grande Watermaster’s office, the TCEQ and the 

TWDB.  Several meetings were held at the USIBWC office in El Paso to discuss 

accounting procedures and to acquire necessary data. 

 

1.3.2 Preliminary Outline and Structure of Accounting System 

 

 This task consisted of developing the preliminary framework for the accounting system.  

Output from the USIBWC’s existing accounting program was used to establish the 

format of the accounting spreadsheet.  The IBWC divides the Rio Grande from Fort 

Quitman to the Gulf of Mexico into 14 reaches for its monthly accounting, with all of 

these reaches (excluding the two major international reservoirs) defined by existing 

streamflow gages.  These same reaches, which are listed below, have been used in the 

monthly accounting spreadsheet. 

 

 Reach 1: Fort Quitman to Rio Grande above Rio Conchos near Presidio, Texas 

 Reach 2: Rio Grande above Rio Conchos to Rio Grande below Rio Conchos near 
Presidio, Texas 

 Reach 3: Rio Grande below Rio Conchos near Presidio, Texas to Johnson Ranch 

 Reach 4: Johnson Ranch to Foster Ranch Near Langtry, Texas 

 Reach 5: Foster Ranch to Amistad Dam 

 Reach 5A: Amistad Reservoir Reach 

 Reach 6: Below Amistad Dam to Near Jimenez 

 Reach 7: Near Jimenez to Near El Indio (Villa Guerrero) 
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 Reach 8: Near El Indio (Villa Guerrero) to Nuevo Laredo 

 Reach 9: Nuevo Laredo to Falcon Dam 

 Reach 9A: Falcon Reservoir Reach 

 Reach 10: Below Falcon Dam to Rio Grande City 

 Reach 11: Rio Grande City to Below Anzalduas Dam 

 Reach 12: Below Anzalduas Dam to San Benito 

 Reach 13: San Benito to Lower Brownsville 

 Reach 14: Lower Brownsville to Gulf of Mexico 
 

All of the reaches are characterized by similar variables that are either input to the 

accounting process or calculated as part of the accounting process.  Typical input 

variables include upstream gaged river flows, downstream gaged river flows, gaged 

tributary inflows, diversions, return flows, consumptive use, and evaporation data.  

Typical calculated values include average river flow over a reach, average river surface 

area and subsequent evaporation losses, unaccounted losses and ungaged inflows from 

water balance calculations, and percentage ownership of waters flowing in the reach by 

each country.  The procedures and formulas for calculating each of the output variables 

were obtained from information provided by the USIBWC, which included USIBWC’s 

Fortran source code for its existing accounting program.  Output from the USIBWC’s 

Fortran program includes two to five pages for each reach.  The accounting spreadsheet 

was structured similar to the USIBWC’s program by including a worksheet for each page 

of USIBWC output and one worksheet for input data for each reach.  The input and 

output worksheets for all of the reaches are linked together in one workbook. 

 

1.3.3 Accounting Module for Rio Grande above Amistad Reservoir 

 

 The accounting procedures required to establish ownership of water entering and flowing 

in the Rio Grande between Fort Quitman and the Foster Ranch gage (approximately 42 

river miles above the upper end of Amistad Reservoir) were reviewed and formulated to 

provide the first element of the overall accounting system.  This included calculations for 

Reaches 1 through 5.  These procedures were programmed in an Excel spreadsheet, with 

individual worksheets structured to perform specific accounting functions and 
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calculations.  This module of the accounting system was tested using data sets compiled 

from historical data obtained from USIBWC records and data bases.  Results from this 

component of the overall accounting system were compared with actual ownership 

quantities originally derived by the USIBWC through its routine accounting process.  

Results were reviewed with USIBWC staff to assure accuracy and compatibility with 

existing accounting procedures. 

 

1.3.4 Accounting Module for Amistad Reservoir 

 

 This task focused on programming the required accounting procedures to establish 

ownership of Rio Grande flows between the Foster Ranch gage and Amistad Dam, 

including the determination of the total and United States’ share of inflows to Amistad 

Reservoir and the waters stored in Amistad Reservoir.  Amistad Reservoir is included in 

Reach 5A.  Specific procedures employed by the USIBWC were coded and incorporated 

into the Excel spreadsheet, again with individual worksheets for performing specific 

accounting functions and calculations.  These worksheets are linked to those for the 

upstream and downstream reaches.  Again, results from this component of the overall 

accounting system were compared with actual ownership quantities originally derived by 

the USIBWC through its routine accounting process, and results were reviewed with 

USIBWC staff to assure accuracy and compatibility with existing accounting procedures. 

 

1.3.5 Accounting Module for Rio Grande between Amistad Dam and Falcon Dam 

 

 This task simply involved extending the accounting system to the reach of the Rio 

Grande from Amistad Dam to Falcon Dam (Reaches 6 through Reach 9A) based on the 

existing accounting procedures employed by the USIBWC. This included the 

determination of the total and the United States’ share of inflows to Falcon Reservoir and 

the United States’ share of storage in the reservoir.  Again, this module was linked to 

those for the upstream and downstream reaches.  Testing of the accounting module was 

undertaken in the same manner as that utilized for the other components of the 

accounting system. 
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1.3.6 Accounting Module for Rio Grande below Falcon Dam 

 

 This was originally an optional task, depending on the relative importance to the Rio 

Grande Watermaster and the State water agencies of determining Rio Grande water 

ownership below Falcon Dam.  The TWDB and the USIBWC requested that this reach 

be included in the accounting spreadsheet.  This module includes Reaches 10 through 14.  

Again, this module was incorporated into the previously developed spreadsheet and 

linked to the upstream reaches.  Testing of the accounting module again was undertaken 

using actual output from the USIBWC’s existing accounting program.  

 

1.3.7 Final Testing and Validation of Rio Grande Accounting System 

 

Historical data provided by the USIBWC for multiple years were processed using the 

spreadsheet accounting system, and comparison tables were prepared to illustrate the 

accounting capabilities of the new system relative to the USIBWC existing Fortran-based 

program.  These comparison tables are presented in Section 4 of this report.   The 

historical data were selected to ensure that certain special accounting procedures were 

required to be employed, such as those required to adjust for negative flows at the Gulf, 

negative flows at El Indio (end of Reach 7), and flood spills and discharges at Amistad 

Reservoir and Falcon Reservoir.  The calendar years tested included all or portions of 

1990, 1999, 2005, and 2006.   

 

1.3.8 Preparation of Rio Grande Water Accounting System Documentation Report 

 

 This draft report was prepared to describe the new spreadsheet accounting system for the 

Rio Grande, including general descriptions of accounting procedures and calculations.  

Illustrations of the validity of results from the new accounting system relative to the 

output from the existing Fortran-based program employed by the USIBWC are provided 

in comparison tables.  
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2.0 DEVELOPMENT OF SPREADSHEET ACCOUNTING SYSTEM 

 

 Following are discussions of the data and information collected to develop the accounting 

spreadsheet program, the required input data for the accounting spreadsheet, and the 

format of the spreadsheet and typical accounting components.     

 

2.1 Research and Data Collection 

 

 As noted previously, the development of the water accounting system for the Rio Grande 

involved close coordination with the USIBWC.  Two meetings were held with the 

USIBWC in El Paso, as well as numerous discussions and communications regarding 

accounting procedures and data.  Following are descriptions of data and information 

obtained from the USIBWC that have been used to aid in the development of the 

spreadsheet accounting system. 

 

2.1.1 Monthly Accounting Output – Output generated by the USIBWC through its normal 

 monthly accounting process was obtained for all or portions of 1990, 1999, 2005, and 

 2006.  The 2005 monthly output is provided in Appendix B as an example. 

 

2.1.2 USIBWC Data Sheets – These data sheets are prepared by the USIBWC as part of the 

existing Rio Grande water accounting process, and they include monthly diversion data, 

reservoir storage data, and other information needed to perform the accounting.   These 

sheets provide the majority of the input data required for the accounting.  The 2005 data 

sheets are provided in Appendix C.   

 

2.1.3 Pan Evaporation Information – Pan evaporation information includes monthly pan 

 evaporation formulas and 2005 monthly pan evaporation measurements for stations 

 located in the United States and Mexico.  This information and data are contained in 

 Appendix D.   
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2.1.4 Discharge Versus Surface Area Tables – Evaporation losses for each reach are calculated 

as the product of an evaporation rate or amount and the surface area of the associated 

stream channel or reservoir.  The IBWC developed tables of surface area as a function of 

discharge (streamflow) in order to estimate these losses over a range of streamflow 

conditions.  For stream reaches, the surface areas in the tables represent the water surface 

area plus an effective evapo-transpiration area on each side of the river.  The USIBWC 

Fortran accounting source code includes equations representing the table of values for 

each reach.  The accounting spreadsheet, however, has been structured so that the actual 

data from the tables are used with appropriate interpolation equations and look-up 

functions for each reach.  The tables provided by the USIBWC are contained in 

Appendix E.  

 

2.1.5 USIBWC Fortran Source Code - The most recent Fortran source code for USIBWC’s 

existing Rio Grande accounting program was obtained from the USIBWC. This code 

contains the accounting procedures employed for each reach of the river, and it has been 

reviewed and consulted throughout the development of the new spreadsheet accounting 

program. 

 

2.1.6 Amistad Spring Inflow Graphic and Supporting Data – For accounting calculations in 

Reach 5, which includes the calculation of inflows to Amistad Reservoir, the IBWC 

distinguishes between spring inflows to the river and unmeasured runoff since ownership 

of these waters is calculated differently (the Unites States receives 76.75% of spring 

inflows by agreement with Mexico and 50% of unmeasured runoff according to the 1944 

Treaty).  The calculations are based on a graph that includes the daily accumulated flow 

balance for the reservoir, daily precipitation, and daily reservoir storage.  If there is no 

precipitation for the month, then the total balance is considered to be comprised entirely 

of spring inflows.  Graphs are prepared by both the United States and Mexico Sections of 

the IBWC, and the results are averaged for use in the monthly accounting.  Preparation of 

the graphs involves judgment and interpretation by IBWC staff with regard to the 

separation of spring inflows and runoff; therefore, this graphical procedure cannot be 

incorporated directly into the accounting program.  For purposes of applying the 
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accounting spreadsheet, it is necessary to obtain IBWC’s final monthly results for spring 

inflows and unmeasured runoff so these quantities can be incorporated into the 

accounting process as input data.  Examples of the data and the graph generated by the 

USIBWC for estimating spring flows and unmeasured runoff for Reach 5 are provided in 

Appendix F.    

 

2.1.7 Amistad and Falcon Reservoirs 1992 Elevation-Area-Storage Tables – These tables were 

provided by the USIBWC and have been used to extract specific data for incorporation 

into the accounting spreadsheet for each of the reservoirs for purposes of developing and 

testing the accounting program using historical data.  It should be noted, however, that 

reservoir surveys are conducted approximately every ten years, alternating the surveys 

between the two countries.  A silt survey of Falcon Reservoir was completed in 2005 by 

Mexico and implemented by IBWC in the accounting process in July 2007.  A silt survey 

of Amistad Reservoir was completed in 2005 by the United States and implemented in 

August 2007.  The accounting spreadsheet developed in this study has been modified to 

include these most recent elevation-area-storage tables for each reservoir.     

 

2.2 Required Input Data 

 

 In order to apply the Rio Grande accounting spreadsheet, the following data must be 

obtained directly from the USIBWC for the specific period of months for which 

accounting is to be performed: 

 

1. Monthly pan evaporation amounts in millimeters - Pan evaporation data from the 

IBWC are contained in two tables, one for stations in the United States and one 

for stations in Mexico. 

2. Data sheets for each reach - The accounting data sheets from USIBWC provide 

summaries of basic input data required for performing the accounting 

calculations. 

3. Spring inflows and ungaged runoff for Reach 5 (Foster Ranch to Amistad Dam) – 

These data are developed by the IBWC as described in Section 2.1.6 above. 
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Streamflow data at specific gage locations on the mainstem and tributaries of the Rio 

Grande also are required as basic inputs to the accounting spreadsheet.  Each country is 

responsible for providing the tributary gage data within its area.  Gage stations on the 

mainstem of the Rio Grande are the responsibility of either the United States or Mexico.  

Daily streamflow records for both countries are posted on the USIBWC website at 

http://www.ibwc.state.gov/wad/histflo1.htm.  Following is a list of the streamflow gages 

by number and name for which daily streamflow records are required and used in the 

monthly accounting process.   

08-3705.00: Rio Grande at Fort Quitman, Texas near Colonia Luis Leon, 
Chihuahua 

08-3715.00:   Rio Grande above Rio Conchos near Presidio, Texas and Ojinaga, 
Chihuahua 

08-3730.00:   Rio Conchos near Ojinaga, Chihuahua 

08-3740.00:   Alamito Creek near Presidio, Texas 

08-3742.00:   Rio Grande below Rio Conchos near Presidio, Texas and Ojinaga, 
Chihuahua  

08-3745.00:   Terlingua Creek near Terlingua, Texas 

08-3750.00:   Rio Grande at Johnson Ranch near Castolon, Texas and Santa Elena, 
Chihuahua 

08-3772.00:   Rio Grande at Foster Ranch near Langtry, Texas and Rancho Santa 
Rosa, Coahuila 

08-4474.10:   Pecos River near Langtry, Texas 

08-4494.00:   Devils River at Pafford Crossing near Comstock, Texas 

08-4509.00:   Rio Grande Below Amistad Dam near Ciudad Acuna, Coahuila and 
Del Rio, Texas 

08-4520.00:   Arroyo De Las Vacas at Ciudad Acuna, Coahuila 

08-4530.00:   San Felipe Creek near Del Rio, Texas 

08-4550.00:   Pinto Creek near Del Rio, Texas 

08-4555.00:   Rio San Diego near Jimenez, Coahuila 

08-4557.00:   Rio Grande near Jimenez, Coahuila and Quemado, Texas 

08-4571.00:   Rio San Rodrigo at El Moral, Coahuila 

08-4581.50:   Rio Escondido at Villa de Fuente, Coahuila 

08-4587.00:   Rio Grande near El Indio, Texas and Villa Guerrero, Coahuila 
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08-4590.00:   Rio Grande at Laredo, Texas and Nuevo Laredo, Tamaulipas 

08-4597.00:   Rio Salado near Las Tortillas, Tamaulipas 

08-4613.00:   Rio Grande below Falcon Dam near Falcon, Texas and Nueva Ciudad 
Guerrero, Tamaulipas 

08-4620.00:   Rio Alamo at Ciudad Mier, Tamaulipas 

08-4642.00:   Rio San Juan at Camargo, Tamaulipas 

08-4647.00:   Rio Grande at Rio Grande City, Texas near Camargo, Tamaulipas 

08-4692.00:   Rio Grande below Anzalduas Dam near Reynosa, Tamaulipas and 
Mission, Texas 

08-4737.00:   Rio Grande near San Benito, Texas and Ramirez, Tamaulipas 

08-4750.00:   Rio Grande near Brownsville, Texas and Matamoros, Tamaulipas 
 

The daily variation of the total quantity of water stored in Amistad and Falcon Reservoirs 

is reported on the IBWC web site, and these data are used in the accounting process.  The 

gage numbers for these data are listed below: 

08-4508.00:  International Amistad Reservoir Storage – (this data is also provided 
in USIBWC data sheets) 

08-4612.00:  International Falcon Reservoir Storage (this data is also provided in 
USIBWC data sheets) 

 

The Maverick County Irrigation District (District) operates a major irrigation canal 

system between Amistad and Falcon Reservoirs, and also owns and operates a 

hydropower generating plant that utilizes water flowing in the District’s main canal as its 

source of energy.  The District is authorized to divert substantially all of the flow of the 

Rio Grande into its main canal at a point upstream of the city of Eagle Pass, consume a 

portion of the flow for irrigation purposes, and then use the balance of the flow to 

generate hydropower and return it to the Rio Grande.  Some of the canal flow also returns 

to the river as canal seepage losses both upstream and downstream of Eagle Pass.  The 

IBWC maintains flow gages within the District that monitor the river diversion into the 

main canal, canal flows, and the return flows to the river at numerous locations.  These 

daily flow data also are reported on the IBWC web site and are required for performing 

the accounting.  Gages for which flow records are used include the following: 

08-4539.00:   Diversions from the Rio Grande Maverick Canal at Mile 13 near 
Quemado, Texas 
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08-4575.00:   Return Flow to the Rio Grande from the Maverick Canal at Maverick 
Power Plant near Eagle Pass, Texas 

08-4577.00:   Return Flow to the Rio Grande from the Maverick Irrigation District 
above Eagle Pass, Texas 

08-4586.00:   Return Flow to the Rio Grande from the Maverick Irrigation District 
below Eagle Pass, Texas 

 

Other data on the IBWC web site for locations downstream of Falcon Dam that may be 

useful for purposes of performing the accounting include summaries of diversions for 

specific reaches, specific Mexican diversions, and certain return flows that are discharged 

into the river.  These data are listed below by gage number and name in river order: 

08-4645.00:   Contributions to the Rio Grande from the Lower Rio San Juan 
Irrigation District - Falcon Dam to Rio Grande City 

08-4646.00:   Diversions from the Rio Grande United States Side - Falcon Dam to 
Rio Grande City 

08-4683.00:   Contributions to the Rio Grande from the Lower Rio San Juan 
Irrigation District - Rio Grande City to Anzalduas Dam (these data 
also are provided on USIBWC data sheets as Puertecitos, Indios 
Huizache Drains and Morillo Drain) 

08-4684.00:   Diversions from the Rio Grande United States Side - Rio Grande City 
to Anzalduas Dam (these data also are provided on USIBWC data 
sheets as U.S. Independent Pumps and Hidalgo #16, Goodwin, 
Edinburg, United Irrigation, and Hidalgo #19 Diversions) 

08-4686.00:   Diversions from the Rio Grande Anzalduas Canal near Reynosa, 
Tamaulipas (Mexico Diversions) 

08-4732.00:   Diversions from the Rio Grande United States Side - Anzalduas Dam 
to Progreso (these data also are provided on USIBWC data sheets as 
U.S. Independent Pumps (Anzalduas to Progreso), McAllen, Pharr-
San Juan, Donna, and Progreso Pumps Mercedes, Delta Lake, Santa 
Maria, La Freria, and Adams Gardens Pumps)  Along with 08-
4736.00, this gage represents all U.S. diversions in Reach 12.  

08-4736.00:   Diversions from the Rio Grande United States Side - Progreso to San 
Benito (these data also are provided on USIBWC data sheets as U.S. 
Independent Pumps (Progreso to San Benito) Mercedes, Delta Lake, 
Santa Maria, La Freria, Adams Garden, and Harlingen and San Benito 
Pumps)  Along with  08-4732.00, this gage represents all U.S. 
diversions in Reach 12.  

08-4749.00:   Diversions from the Rio Grande United States Side - San Benito to 
Brownsville (these data also are provided on USIBWC data sheets as 
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U.S. Independent Pumps, Cameron, Russell, Los Fresnos, City of 
Brownsville, and El Jardin Pumps)  

08-4753.00:   Diversions from the Rio Grande United States Side - Brownsville to 
the Gulf of Mexico (these data also are provided on USIBWC data 
sheets as U.S. Independent Pumps) 

 

2.3 Monthly Accounting System Format 

 

The monthly accounting system for the Rio Grande has been developed using an Excel 

spreadsheet containing multiple linked worksheets (tabs).  The spreadsheet is set up to 

perform one year of monthly water accounting.  Results from the accounting process for 

one year may be used as input data for the following year in a different spreadsheet.  The 

accounting spreadsheet has been structured and formatted to be similar the output from 

the USIBWC Fortran accounting program.  

 

The spreadsheet contains worksheets for performing both input and output functions.  

One input worksheet and two to five output worksheets are used for each reach.  They are 

numbered in an X.Y format with X being the reach number and Y being the sheet 

number for a particular reach.  Typically, only the input sheets require modifications 

(data entry) for performing the accounting calculations; however, there are certain 

situations that require iterations in the calculations that can only be accomplished by 

modifying the output worksheets.  These situations include the following:   

 

1. The occurrence of calculated negative flow volumes at El Indio (end of Reach 7) 

due to one country diverting more water than it had flowing in the Rio Grande 

between Amistad Dam and El Indio - These negative flows are eliminated by 

transferring ownership of stored water in Amistad Reservoir (Reach 5A). 

2. The occurrence of calculated negative flow volumes at the Gulf of Mexico (end 

of Reach 14) due to one country diverting more water than it had flowing in the 

Rio Grande between Anzalduas Dam and the Gulf - These negative flows are 

eliminated by adjusting the release volume at Anzalduas (Reach 11) and 

transferring ownership of stored water in Falcon Reservoir. 
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3. When the calculated storage for one country at Anzalduas Reservoir is negative or 

below one-half of the dead pool storage (4,816 thousand cubic meters) - To 

correct this situation, ownership of stored water in Falcon Reservoir is adjusted 

until that country has 4,816 thousand cubic meters (TCM) of storage in 

Anzalduas Reservoir.  It should be noted that dead pool storage is agreed to by 

both the United States and Mexico and is based on studies conducted by each 

country.  Dead pools storage volumes have changed in the past. 

4. When flood spills occur at Amistad Reservoir such that ownership of water in 

storage and spilling must be determined on a daily basis – This situation is 

handled by adding sufficient rows to the Reach 5A worksheets to perform the 

necessary calculations on a daily basis. 

 

These procedures are discussed in more detail in Section 3 of this report.     

   

A general input worksheet is included at the beginning of the accounting spreadsheet for 

entering the calendar year for which accounting is being performed, whether the year is a 

leap year, and the number of days in each month, or period.  This worksheet is titled 

“Input”.    Pan evaporation measurements are entered in a worksheet titled “Pan Evap” 

located at the end of the spreadsheet.  The spreadsheet also contains the discharge versus 

surface area lookup tables in a worksheet titled “Tables”.  The information included in 

these tables was extracted from the original IBWC tables contained in Appendix E.  The 

discharge versus surface area tables do not need to be modified unless revised data are 

provided by the IBWC.     

 

The remaining input worksheets in the accounting spreadsheet are for individual reaches.  

Cells where input data are required to be entered are highlighted in yellow.  The input 

data for each reach generally can be obtained from the data sheets prepared by the 

USIBWC and the daily streamflow and other gage data posted on the IBWC web site.  

Typically, the daily streamflow and other gage data (which are reported in cubic meters 

per second) are converted to monthly flow volumes in thousands of cubic meters for 
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purposes of performing the monthly accounting.  The daily data are used in the 

accounting only for the special situations described above. 

 

 It is important to note that in order for the accounting spreadsheet to operate properly, the 

iteration option in Excel must be activated.  This is due to calculations in Reach 5A – 

Amistad Reservoir that require multiple iterations to solve due to the solution of two 

variables being dependent on the other.  The United States portion of evaporation in 

Amistad is used to calculate the United States portion of seepage losses in Reach 5 – 

Foster Ranch to Amistad Dam.  However, the seepage losses are ultimately tied to the 

evaporation calculations through the United States balance, inflow, and ownership 

calculations.   

 

2.4 Accounting Components  

  

 Following is a discussion of the accounting components that are typically used in 

performing the water accounting for each reach along the Rio Grande.       

 

2.4.1. Upstream Flow Volumes 

 Upstream flow volumes are calculated on a monthly basis using daily streamflow data 

from existing gages.  These flow volumes are allocated to the two countries according to 

ownership calculated for the previous reach, with the exception of Reach 1 – Rio Grande 

at Fort Quitman to Rio Grande above Rio Conchos where flows are split equally for each 

country.  Upstream flow volumes are entered into the input worksheet for each reach and 

referenced by the output worksheets.  

 

2.4.2 Computed Consumptive Use or Independent Pumps and Diversions  

 Computed consumptive use and independent pumps and diversions represent river 

diversions within a reach that are not specifically named and reported individually.  

These unidentified diversions are reported by the USIBWC as “Computed Consumptive 

Use” in Reaches 1 through 9 and as “Independent Pumps and Diversions” in Reaches 10 

through 14.  The computed consumptive use quantities are calculated based on specified 
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irrigated areas and irrigation water use factors for each of the reaches where these 

quantities are required.  Otherwise, the actual volumes of pumped diversions, excluding 

named diversions, are used.  Prior to 1991, the United States consumptive uses were 

calculated but since that time, the United States consumptive uses reflect actual 

diversions for a given reach.  Mexico’s consumptive uses are calculated for the first four 

reaches above Amistad Reservoir.  Below Amistad, Mexico’s consumptive uses also 

reflect actual diversions.  These data are available from the USIBWC data sheets and also 

are entered into the input worksheet for each reach.   

 

2.4.3 Diversions and/or Returns 

 Named diversions from the Rio Grande and return flows (inflows) are reported by the 

USIBWC on the data sheets.  These data are entered into the input worksheet for each 

reach.   

 

2.4.5 Inflows 

 Inflows refer to the waters contributed to the Rio Grande from the tributaries named in 

Article 4 of the Treaty.  Monthly flow volumes are calculated based on daily streamflow 

records from existing gages.   

  

2.4.6 Average Flow in the Reach 

 The average flow in a reach establishes the surface area used for calculating evaporative 

losses and is the basis for determining each country’s share of evaporation and other 

unidentified losses.  Average flows within a reach are calculated, in part, by applying a 

reach factor to each inflow and outflow (diversion or loss) depending on location within 

the reach.  The reach factors and formulas for calculating average flows are programmed 

into the accounting spreadsheet.    

    

2.4.7 River Evaporation Losses 

 Evaporation losses are determined for each reach based on the surface area of the reach 

and a specified evaporation amount.  As noted above, the average flow is used to 

determine the river surface area based on discharge versus surface area tables for each 
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reach.  The surface areas reported in the tables include additional area to account for 

evapo-transpiration losses.  The evaporation amount is calculated using monthly pan 

evaporation data with evaporation formulas for each reach.  The resulting value is the 

total evaporative loss for the reach which is distributed to the two countries based on the 

average flow ownership in the reach.  The monthly pan evaporation data are available 

from the USIBWC, and the pan evaporation formulas are programmed into the 

spreadsheet. 

 

2.4.8 Reservoir Evaporation Losses 

 The procedures used to determine evaporation losses for Amistad and Falcon Reservoirs 

are similar to those used for the river evaporation losses except that the average surface 

area of each reservoir across a month is used to calculate monthly evaporation losses.  

The average surface area is determined based on the reservoir elevations and the 

corresponding reservoir surface areas at the beginning and at the end of each month as 

derived from the elevation-storage-area tables included in the spreadsheet. 

 

2.4.9 Reservoir Inflows 

 Inflows to each reservoir are calculated for the river reach immediately upstream of the 

reservoir and credited to each country in accordance with the ownership of inflows from 

the upstream reach. 

 

2.4.10 Reservoir Releases 

 Releases for Amistad Reservoir are based on requests for releases by the Texas Rio 

Grande Watermaster and Mexico, and these quantities are reported on the USIBWC data 

sheets as percentages of the total releases.  For Falcon Reservoir, the actual quantities of 

releases are reported on the USIBWC data sheets.. 

  

2.4.11 Change in Channel Storage  

 Change in channel storage is included in the reaches below Falcon Reservoir to account 

for travel time.  Travel time is not accounted for in the reaches above Falcon.     
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2.4.12 Balance 

  “Balance” refers to the quantity of water remaining after water balance calculations are 

performed for a given reach.  The balance amount includes unmeasured and unallocated 

runoff, inflows, and losses that occur along the reach.  In the accounting, the balance 

amount is allocated equally to each country for all reaches upstream of Falcon Dam, 

regardless of whether the balance is positive (denoting inflows) or negative (denoting 

losses).  For all reaches below Falcon Dam, the balance amount is split equally between 

the two countries only if it is positive (inflow).  Negative balance amounts are allocated 

to the two countries in proportion to the ownership of water flowing in each reach.  The 

equations for calculating balances for each reach are programmed into the spreadsheet. 

 

2.4.13 Downstream Flow Volumes 

Downstream flow volumes are calculated on a monthly basis using daily streamflow data 

from existing gages.  The United States portion of the flow volume at the downstream 

end of a reach is determined by subtracting diversions and losses and adding inflows to 

the United States share of the upstream flow volume.  Mexico’s portion of the 

downstream flow volume is determined by subtracting the United States portion from the 

total downstream flow volume.  Mexico’s accounting procedures are similar to the those 

used by the United States Section in that the United States portion of the downstream 

flow volume is determined by subtracting Mexico’s respective portion of the downstream 

flow volume from the total downstream flow volume. 

 

2.5 Typical Accounting Procedures and Calculations 

 

 Typical accounting procedures apply to each reach and include most of the procedures 

described above.  There are special accounting procedures that apply for certain reaches, 

especially in the reservoir reaches.  These special accounting procedures are discussed in 

Section 3.  Following is a description of the typical accounting procedures and 

calculations that are used in all reaches except the reservoir reaches.   
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3.0  ACCOUNTING PROCESSES BY REACH 

  

 The accounting components for each individual reach that are included in the accounting 

spreadsheet program are discussed in detail in this section.  Descriptions of special 

accounting procedures also are included.   

 

 As an example, the application of the accounting spreadsheet is demonstrated using 

actual data for calendar year 2005.  The input worksheets for each reach for 2005 are 

included in Appendix G, and the corresponding output worksheets are contained in 

Appendix H.   Results presented on these output sheets can be compared directly with the 

corresponding results from the USIBWC’s Fortran accounting program for 2005 that are 

contained in Appendix B.  A compact disk containing an electronic copy of the entire 

accounting spreadsheet as programmed with Excel and including the 2005 data also is 

provided in Appendix L. 

 

3.1 Reach 1 - Fort Quitman to Rio Grande above Rio Conchos near Presidio, Texas 

 

3.1.1 Streamflow Gages 

08-3705.00:  Rio Grande at Fort Quitman, Texas near Colonia Luis Leon, Chihuahua 

08-3715.00:  Rio Grande above Rio Conchos near Presidio, Texas and Ojinaga, Chih. 

 

3.1.2 Consumptive Use 

United States consumptive use is reported in the USIBWC data sheets as a monthly 

volume.  Mexico consumptive use is calculated based on irrigated area multiplied by a 

use factor.  The irrigated area for Mexico in Reach 1 is assumed to be 76 hectares.  

 

3.1.3 Diversions  

None 

 

3.1.4 Tributaries or Other Inflows 

None 
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3.2 Reach 2 - Rio Grande above Rio Conchos to Rio Grande below Rio Conchos near 

Presidio, Texas 

 

3.2.1 Streamflow Gages 

08-3715.00:  Rio Grande above Rio Conchos near Presidio, Texas and Ojinaga,  

 Chihuahua 

08-3730.00:  Rio Conchos near Ojinaga, Chihuahua 

08-3740.00:  Alamito Creek near Presidio, Texas 

08-3742.00:  Rio Grande below Rio Conchos near Presidio, Texas and Ojinaga,  

  Chihuahua  

 

3.2.2 Consumptive Use 

United States consumptive use is reported in the USIBWC data sheets as a monthly 

volume.  Mexico consumptive use is calculated based on irrigated area multiplied by a 

use factor.  Mexico’s irrigated area through this reach is currently zero but is included as 

input in the input data sheet.  

 

3.2.3 Diversions  

None 

 

3.2.4 Tributaries or Other Inflows 

Rio Conchos near Ojinaga, Chihuahua (United States 1/3, Mexico 2/3) 

Alamito Creek (United States all)  

 

3.3 Reach 3 - Rio Grande below Rio Conchos near Presidio, Texas to Johnson Ranch 

 

3.3.1 Streamflow Gages 

08-3742.00:  Rio Grande below Rio Conchos near Presidio, Texas and Ojinaga, Chih.  

08-3745.00:  Terlingua Creek near Terlingua, Texas 

08-3750.00:  Rio Grande at Johnson Ranch near Castolon, Texas and Santa Elena, Chih. 
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3.3.2 Consumptive Use 

United States consumptive use is reported in the USIBWC data sheets as a monthly 

volume and includes the Castalon Diversion.  These values should be entered into the 

input sheet for Reach 3.  Castalon is also included as a named diversion; therefore, the 

spreadsheet consumptive use column subtracts the Castalon Diversion to calculate 

independent consumptive use.  Mexico consumptive use is calculated based on irrigated 

area multiplied by a use factor.  Mexico’s irrigated area through this reach is currently 

zero but is included as input in the input data sheet. 

  

3.3.3. Diversions  

Castalon (United States) 

El Mulato (Mexico) 

 

3.3.4 Tributaries or Other Inflows 

El Mulato Return (Mexico) 

Terlingua Creek (U.S. all) 

 

3.4 Reach 4 - Johnson Ranch to Foster Ranch Near Langtry, Texas 

 

3.4.1 Streamflow Gages 

08-3750.00: Rio Grande at Johnson Ranch near Castolon, Texas and Santa Elena, 

Chihuahua 

08-3772.00: Rio Grande at Foster Ranch near Langtry, Texas and Rancho Santa Rosa, 

Coahuila 

 

3.4.2 Consumptive Use 

United States consumptive use is reported on the USIBWC data sheets as a monthly 

volume and includes the Big Bend Diversion.  These values should be entered into the 

input sheet for Reach 4.  Big Bend is also included as a named diversion; therefore, the 

the Big Bend Diversion is subtracted from consumptive use in the spreadsheet to 
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calculate independent consumptive use.  Mexico consumptive use is calculated based on 

irrigated area multiplied by a use factor.  Mexico’s irrigated area through this reach is 

currently zero but is included as input in the input data sheet.  

 

3.4.3 Diversions  

Big Bend (United States) 

 

3.4.4 Tributaries or Other Inflows 

None 

 

3.5 Reach 5 - Foster Ranch to Amistad Dam 

 

3.5.1 Streamflow Gages 

08-3772.00: Rio Grande at Foster Ranch near Langtry, Texas and Rancho Santa Rosa, 

Coahuila 

08-4474.10: Pecos River near Langtry, Texas 

08-4494.00: Devils River at Pafford Crossing near Comstock, Texas 

 

3.5.2 Consumptive Use 

None 

 

3.5.3 Diversions  

None 

 

3.5.4 Tributaries or Other Inflows 

Pecos River (United States all) 

Devils River (United States all) 

Spring Inflows (United States 76.75% - includes 100% of Goodenough Spring, Mexico 

23.25%) 
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3.5.5 Special Accounting Procedures 

 a.  Dry Stations for the Pecos and Devils:  Additional columns are included in Reach 5 

for measured runoff from dry stations for the Pecos and Devils Rivers.  The flows from 

the dry stations must be obtained from the USIBWC. 

 

 b. Spring Inflows/Unmeasured Runoff/Seepage Losses:  As discussed in Section 2.1.6 of 

this report, quantities of spring inflows and unmeasured runoff, as well as seepage losses 

for Amistad Reservoir are estimated by the United States and Mexico Sections of the 

IBWC using graphical procedures, with the average of the two countries results used in 

the final accounting.  These analyses are not programmed into the accounting spreadsheet 

so values for these parameters must be obtained from the USIBWC.   

 

  3.5a Reach 5A – Amistad Reservoir 

  

 Amistad Reservoir is the uppermost international reservoir along the Rio Grande.  Based 

on the 1992 survey of the reservoir, the total conservation capacity of the reservoir is 

3,887,094 thousand cubic meters, of which the United States’ conservation capacity is 

56.2%, or 2,184,547 thousand cubic meters.  In order to duplicate accounting for years 

prior to 1992, the stage-area-storage data for Amistad in the TABLES worksheet must be 

replaced with the appropriate data for the year being considered.  Also, for current 

accounting, the 2005 stage-area-storage data for Amistad, which was implemented in 

August 2007, must be used. 

 

3.5a.1 Streamflow Gages 

08-4508.00: International Amistad Reservoir Storage (this data is also provided in 

USIBWC data sheets) 

 

3.5a.2 Consumptive Use 

 None  
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3.5a.3 Diversions  

 None  

 

3.5a.4 Tributaries or Other Inflows 

 None 

 

3.5a.5   Special Accounting Procedures 

 a. Storage Adjustments for Negative Flows at El Indio:  Negative flow volumes at El 

Indio (end of Reach 7) due to one country diverting more water than it had flowing in the 

Rio Grande between Amistad Dam and El Indio are accounted for by transferring 

ownership of stored water in Amistad Reservoir.  These stored water adjustments are 

determined and reported in Columns 18 and 19 of the Reach 5A output worksheet for the 

United States and for Mexico, respectively.  For example, if negative flows are computed 

for the United States at El Indio, then the United States stored water in Amistad 

Reservoir has to be reduced by the negative flow amount plus the associated losses 

between Amistad Dam and El Indio, and a like amount of stored water in Amistad has to 

be transferred to Mexico.  The determination of the quantity of stored water to be 

adjusted involves a manual iterative calculation procedure whereby the United States 

storage in Amistad is reduced (negative value in Column 18) until the negative flow at El 

Indio is eliminated.  For each month when negative flow occurs at El Indio for one of the 

countries, there are two lines of results in the worksheets for the downstream reaches 

between Amistad Dam and El Indio, i.e., Reaches 6 and 7.  The upper line presents the 

original results with the negative flow at the El Indio gage, and the lower line presents 

the adjusted results after the negative flow at the El Indio gage has been eliminated.  The 

above procedure is performed for Mexico if negative flows are computed for Mexico at 

El Indio by entering positive storage adjustment values in column 18 under the United 

States heading in the Reach 5A output worksheet.  This automatically produces negative 

storage adjustment values for Mexico in column 19, and the required amount of stored 

water is transferred from Mexico to the United States in Amistad Reservoir. 
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 b. Flood Spills at Amistad:  Flood spills from Amistad Reservoir are allocated to the two 

countries in the same proportion as the ownership of the inflows occurring at the time of 

the flood spills.  However, Article 8 of the 1944 Treaty provides that one country may 

use the conservation storage capacity of the other country if it is not being used provided 

that flood discharges or spills occurring while the country is using the conservation 

storage capacity of the other country are charged to the country using the other’s storage 

capacity, and all inflows are credited to the other country until the flood discharges or 

spills cease or until the storage capacity of the other country becomes filled with its own 

waters.  This rule only applies at Amistad.  The accounting for flood spills at Amistad 

requires that the accounting for the month in which flood spills occur be divided into 

specific periods in order to adjust the ownership of inflows when spills occur and when 

they cease.  The determination of these periods is made by the IBWC based on observed 

reservoir levels, spills and inflows.  Once the periods are determined, the following 

modifications must be made to the accounting spreadsheet: 

 

1. Additional rows in the month(s) during which flood spills occur must be inserted into 

the worksheets for the additional periods.  This must be done for Reaches 1 through 

5A for both the input and output worksheets.  The main input worksheet in the 

spreadsheet also must be revised to reflect the additional periods and number of days 

in each period.  Also, the pan evaporation sheet must be revised to include the 

additional rows for each period.  Formulas should not be copied until all of the 

required rows have been inserted into each input and output worksheet for all of the 

reaches.  

 

2. The monthly upstream and downstream flows and tributary inflows for Reaches 1 

through 5A have to be disaggregated based on actual daily flows to correspond to the 

additional calculation periods and then these disaggregated values have to be 

assigned to the individual periods in the worksheets for the different reaches. 

 

3. The monthly diversions for Reaches 1 through 5A have to be disaggregated based 

either on actual daily diversion amounts or on the number of days in each of the 
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additional calculation periods and then these disaggregated values have to be 

assigned to the individual periods in the worksheets for the different reaches. 

 

4. The monthly pan evaporation amounts have to be disaggregated based on the number 

of days in each of the additional calculation periods and then these disaggregated 

values have to be assigned to the individual periods in the PAN EVAP worksheet. 

 

5. The monthly consumptive use quantities (either diversion amounts or irrigated areas) 

for all of the reaches upstream of Amistad Reservoir have to be disaggregated based 

on the number of days in each of the additional calculation periods and then these 

disaggregated values have to be assigned to the individual periods in the worksheets 

for the different reaches. 

 

6. The ownership of inflows for the country using the conservation storage capacity of 

the other country has to be adjusted to zero until flood spills cease.  

  

3.6 Reach 6 - Below Amistad Dam to Near Jimenez 

 

3.6.1 Streamflow Gages 

08-4509.00: Rio Grande Below Amistad Dam near Ciudad Acuna, Coahuila and Del 

Rio, Texas 

08-4520.00: Arroyo De Las Vacas at Ciudad Acuna, Coahuila 

08-4530.00: San Felipe Creek near Del Rio, Texas 

08-4539.00: Diversions from the Rio Grande Maverick Canal at Mile 13 near Quemado, 

Texas 

08-4550.00: Pinto Creek near Del Rio, Texas 

08-4555.00: Rio San Diego near Jimenez, Coahuila 

08-4557.00: Rio Grande near Jimenez, Coahuila and Quemado, Texas 
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3.6.2 Consumptive Use 

United States and Mexico consumptive use are reported in the USIBWC data sheets as 

monthly volumes.   

 

3.6.3 Diversions  

Ciudad Acuna Municipal Diversion 

Maverick Canal Diversion Intake to Mile 13  

 

3.6.4 Tributaries or Other Inflows 

Ciudad Acuna Municipal Return 

Arroyo de las Vacas (United States 1/3, Mexico 2/3) 

San Felipe Creek (United States all) 

Pinto Creek (United States all) 

Rio San Diego (United States 1/3, Mexico 2/3)  

 

3.6.5 Special Accounting Procedures 

 a. Storage Adjustments for Negative Flows at El Indio:  See Section 3.5a.5.a 

 

3.7 Reach 7 - Near Jimenez to Near El Indio (Villa Guerrero) 

 

3.7.1 Streamflow Gages 

08-4557.00: Rio Grande near Jimenez, Coahuila and Quemado, Texas 

08-4571.00: Rio San Rodrigo at El Moral, Coahuila 

08-4575.00: Return Flow to the Rio Grande from the Maverick Canal at Maverick Power 

Plant near Eagle Pass, Texas 

08-4577.00: Return Flow to the Rio Grande from the Maverick Irrigation District above 

Eagle Pass, Texas 

08-4586.00: Return Flow to the Rio Grande from the Maverick Irrigation District below 

Eagle Pass, Texas 

08-4581.50: Rio Escondido at Villa de Fuente, Coahuila 

08-4587.00: Rio Grande near El Indio, Texas and Villa Guerrero, Coahuila 
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3.7.2 Consumptive Use 

United States consumptive use is reported in the USIBWC data sheets as a monthly 

volume and includes the Eagle Pass Municipal Diversion.  These values should be 

entered into the input sheet for Reach 7.  The Eagle Pass Municipal Diversion is also 

included as a named diversion; therefore, the Eagle Pass Municipal Diversion is 

subtracted from consumptive use in the spreadsheet to calculate independent 

consumptive use.  Mexico consumptive use is reported in the USIBWC data sheets as 

monthly volumes.    

 

3.7.3 Diversions  

 Eagle Pass Municipal Diversion (United States) 

 Piedras Negras Diversioin (Mexico) 

 Rio Escondido Power Plant Diversion (Mexico) 

   

3.7.4 Tributaries or Other Inflows 

Rio San Rodrigo at El Moral (United States 1/3, Mexico 2/3) 

Return Flows at Maverick Power Plant (United States and Mexico allocated according to 

ownership calculated in Reach 6) 

Return Flows from Maverick County Irrigation District above and below Eagle Pass 

(United States) 

Eagle Pass Municipal Return (United States) 

Piedras Negras Return (Mexico) 

Rio Escondido (United States 1/3, Mexico 2/3) 

 

3.7.5 Special Accounting Procedures 

 a. Storage Adjustments for Negative Flows at El Indio:  See Section 3.5a.5.a  

 

3.8 Reach 8 - Near El Indio (Villa Guerrero) to Nuevo Laredo 

 

3.8.1 Streamflow Gages 

July 31, 2008 R. J. Brandes Company Page 38 



 

08-4587.00:  Rio Grande near El Indio, Texas and Villa Guerrero, Coahuila 

08-4590.00:  Rio Grande at Laredo, Texas and Nuevo Laredo, Tamaulipas 

 

3.8.2 Consumptive Use 

United States and Mexico consumptive use are reported in the USIBWC data sheets as 

monthly volumes.   

 

3.8.3 Diversions  

 Laredo Municipal Diversion (United States) 

 Laredo Power Plant Diversion (United States) 

 Nuevo Laredo Municipal Diversion (Mexico)  

  

3.8.4 Tributaries or Other Inflows 

 Nuevo Laredo Municipal Return (Mexico) 

 

3.9 Reach 9 - Nuevo Laredo to Falcon Dam 

 

3.9.1 Streamflow Gages 

08-4590.00:  Rio Grande at Laredo, Texas and Nuevo Laredo, Tamaulipas 

08-4597.00:  Rio Salado near Las Tortillas, Tamaulipas 

 

3.9.2 Consumptive Use 

United States consumptive use is reported in the USIBWC data sheets as a monthly 

volume and includes the Rio Bravo Subdivision, San Ignacio Municipal, Zapata 

Municipal and Falcon Village Municipal Diversions.  These values must be entered into 

the input worksheet for Reach 9.  Rio Bravo Subdivision, San Ignacio Municipal, Zapata 

Municipal and Falcon Village Municipal Diversions also are all included as named 

diversions; therefore, these named diversions are subtracted from consumptive use in the 

spreadsheet to calculate independent consumptive use.  Mexico consumptive use is 

reported in the USIBWC data sheets as monthly volumes. 
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3.9.3 Diversions  

 Rio Bravo Subdivision Diversion (United States) 

 San Ignacio Municipal Diversion (United States) 

 Zapata Municipal Diversion (United States) 

 Falcon Village Municipal Diversion (United States) 

 Nuevo Guerrero Municipal Diversion (Mexico)  

  

3.8.5 Tributaries or Other Inflows 

 Rio Salado at Las Tortillas (United States 1/3, Mexico 2/3) 

 Laredo Municipal Return (United States) 

 

3.9a Reach 9A – Falcon Reservoir Reach 

 Falcon Reservoir is the lower international reservoir along the Rio Grande.  Based on the 

1992 survey of the reservoir, the total conservation storage capacity of the reservoir is 

3,273,418 thousand cubic meters, of which the United States’ conservation storage 

capacity is 58.6%, or 1,918,223 thousand cubic meters.  In order to duplicate accounting 

for years prior to 1992, the stage-area-storage data for Falcon in the TABLES worksheet 

must be replaced with the appropriate data for the year being considered. Also, for 

current accounting, the 2005 stage-area-storage data for Falcon, which was implemented 

in July 2007, must be used. 

 

3.9a.1 Streamflow Gages 

08-4613.00:  Rio Grande below Falcon Dam near Falcon, Texas and Nueva Ciudad 

   Guerrero, Tamaulipas 

 

3.9a.2 Consumptive Use 

 None 

 

3.9a.3 Diversions  

 None  
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3.9a.4 Tributaries or Other Inflows 

 None 

 

3.9a.5 Special Accounting Procedures 

 a. Storage Adjustments to Account for Daily Storage Transfers in Anzalduas Reservoir:  

Daily adjustments of ownership of stored water in Anzalduas Reservoir occasionally are 

required for either the United States or Mexico.  These adjustments are logged in 

USIBWC’s daily operations reports for Anzalduas, and typically they require 

corresponding transfers of stored water in Falcon Reservoir.  These adjustments are made 

in columns 14 and 15 of the Reach 9A input worksheet for the United States and Mexico, 

respectively.  These adjustments are not necessary during periods of spills or diversion of 

flood waters from the Rio Alamo and Rio San Juan into the Lower Rio Grande floodway 

system. 

 

 b. Storage Adjustments to Account for Final Storage Transfers in Anzalduas Reservoir:  

When the final monthly accounting results indicate that storage adjustments in Anzalduas 

Reservoir are required because either: (1) negative ownership of stored water occurred in 

Anzalduas Reservoir for one country, or (2) the calculated quantity of stored water for 

one country in Anzalduas Reservoir was less than one-half of the dead pool storage 

capacity in Anzalduas Reservoir1, transfers of the ownership of stored water in 

Anzalduas and then in Falcon Reservoir must be made to restore proper storage balances.  

These conditions typically occur when one country diverts or releases water belonging to 

the other country.  The stored water adjustments in Falcon Reservoir include the 

associated evaporation and other losses that occur along the Rio Grande from Falcon 

Dam to Anzalduas Reservoir as if this water was actually released from Falcon and 

delivered down the river to Anzalduas.  The determination of the quantity of stored water 

to be adjusted in Falcon involves a manual iterative calculation procedure whereby the 

storage adjustment plus an estimated amount for losses is changed until the dead pool 

storage in Anzalduas Reservoir is equal to 4,816 thousand cubic meters.  These 

adjustments are made in Column 16 of the Reach 9A output worksheet under the United 
                                            
1  The dead pool storage capacity in Anzalduas Reservoir is the capacity below elevation 100 feet (above mean sea 

level) and is currently 9,632 thousand cubic meters, one-half of which is 4,816 thousand cubic meters.   
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States heading, and they must be entered with a negative sign if the United States’ 

storage is being adjusted (reduced) and a positive sign if Mexico’s storage is being 

adjusted (reduced).  These adjustments are not necessary during periods of spills or 

diversion of flood waters from the Rio Alamo and Rio San Juan into the Lower Rio 

Grande floodway system. 

 

 c. Storage Adjustments for Negative Flows  below Anzalduas Dam at the Gulf of Mexico:  

If one country experiences negative calculated flows at the Gulf of Mexico during the 

accounting process, and the over diversion of the water cannot be repaid to the other 

country in the downstream reaches, then the negative ownership must be adjusted to zero 

by increasing the releases from Anzalduas Dam to provide enough water to compensate 

for the negative flows plus the river losses incurred for the water in transit between 

Anzalduas Dam and the Gulf.  This amount of the adjustment is determined and made in 

the Reach 11 output worksheet, but it is accounted for with an automatic stored water 

adjustment in Falcon Reservoir.  A positive value for one country in the Reach 11 output 

worksheet results in a reduction or subtraction of the same amount in that country’s 

storage in Falcon Reservoir.  These values are automatically populated in Columns 18 

and 19 of the Reach 9A output worksheet (Falcon Reservoir).  They do not include any 

additional water to account for losses between Falcon Dam and Anzalduas Reservoir; 

hence, the repayment for a negative calculated flow at the Gulf only has to account for 

losses downstream from Anzalduas Dam to the Gulf, not all the way up to Falcon Dam.    

 

 d. Storage Transfers When One Country’s Falcon Conservation Storage Capacity Is 

Exceeded:  According to Article 8 of the 1944 Treaty, when the quantity of water 

available for storage by one country in Falcon Reservoir (the lowest major international 

reservoir) exceeds its conservation storage capacity in the reservoir, the excess is passed 

to the other country to the extent that the other country has unfilled conservation storage 

capacity.  The accounting spreadsheet is coded to account for this situation, and the 

appropriate storage transfers are made and reported automatically in columns 23 and 24 

of the Reach 9A output worksheet for the United States and Mexico, respectively.  The 
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final ownership of water stored in Falcon is shown in columns 26 and 27 for the United 

States and Mexico, respectively.   

 

 e. Ownership of Flood Discharges and Spills from Falcon Reservoir:  According to 

Article 8 of the 1944 Treaty, flood discharges and spills from Falcon Reservoir (the 

lowest major international reservoir) are divided equally between the United States and 

Mexico, except that one country, with the consent of the IBWC, may use part of the other 

country’s share, if it is not being used.  The total monthly quantities of flood discharges 

and spills are indicated in column 35 of the Reach 9A output worksheet.    The actual 

data for these quantities are entered in the Reach 9A input worksheet.  The equal 

distribution of these flood discharges and spills between the two countries is accounted 

for in the final reporting of the Falcon monthly outflows in columns 37 and 38 of the 

Reach 9A output worksheet. 

 

3.10 Reach 10 - Below Falcon Dam to Rio Grande City 

 

3.10.1 Streamflow Gages 

08-4613.00: Rio Grande below Falcon Dam near Falcon, Texas and Nueva Ciudad 

Guerrero, Tamaulipas 

08-4620.00: Rio Alamo at Ciudad Mier, Tamaulipas 

08-4642.00: Rio San Juan at Camargo, Tamaulipas 

08-4645.00: Contributions to the Rio Grande from the Lower Rio San Juan Irrigation 

District Falcon Dam to Rio Grande City 

08-4647.00: Rio Grande at Rio Grande City, Texas near Camargo, Tamaulipas 

 

3.10.2 Consumptive Use 

United States and Mexico consumptive use are defined as independent pumps or 

diversions in the output table instead of consumptive use as in the previous reaches.  

Mexico is reported in the data sheets as a monthly volume; however, the United States’ 

total diversion volume is taken from stream gage 08-4646 and only named diversions are 

reported in the data sheets, which does not include the United States independent pumps 
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or diversions.  Therefore, the stream gage data for 08-4646 must be entered into the input 

sheet for Reach 10 along with the monthly volumes for the named diversions and the 

spreadsheet will calculate the difference to determine the independent diversion values.  

 

3.10.3 Diversions  

 Roma Municipal Diversion (United States) 

 Rio Grande City Municipal Diversion (United States) 

 Miguel Aleman Municipal Diversion (Mexico) 

 Ciudad Mier Municipal Diversion (Mexico) 

 Ciudad Camargo Municipal Diversion (Mexico)  

08-4646.00: Diversions from the Rio Grande United States Side, Falcon Dam to Rio 

Grande City 

 

3.10.4 Tributaries or Other Inflows 

 Roma Municipal Return (United States) 

 Rio Grande City Municipal Return (United States) 

 

3.10.5 Special Accounting Procedures 

 a. Changes in Channel Storage:  The effects of changes in the quantity of water stored 

within a channel reach from the beginning to the end of an accounting month are 

estimated as part of the accounting process based on equations developed by the 

USIBWC that consider reach characteristics, travel time, and differences in reach inflows 

and outflows.  These effects are accounted for in all reaches below Falcon Dam, i.e., 

Reaches 10 through 13 (excluding Reach 14).  No adjustments are made for these effects 

in the accounting for the reaches above Falcon.  It should be noted that information 

describing the details of these accounting procedures and the equations used in the 

USIBWC Fortran program have not been provided by the USIBWC, and, therefore, the 

current accounting spreadsheet simply utilizes change-in-storage quantities derived by 

the USIBWC with the Fortran accounting program.  Once this information is available, 

the accounting spreadsheet can be modified to perform the same change-in-storage 

calculations and adjustments as are used by the USIBWC in its Fortran program.  The 
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current accounting spreadsheet includes output worksheets required for the change-in-

storage calculations, but they are not linked to the regular output worksheets for the 

reaches. 

 

3.11 Reach 11 - Rio Grande City to Below Anzalduas Dam 

 

3.11.1 Streamflow Gages 

08-4647.00: Rio Grande at Rio Grande City, Texas near Camargo, Tamaulipas 

08-4683.00: Contributions to the Rio Grande from the Lower Rio San Juan Irrigation 

District, Rio Grande City to Anzalduas Dam (this data is provided in 

USIBWC data sheets as Puertecitos, Indios Huizache Drains and Morillo 

Drain) 

08-4692.00: Rio Grande below Anzalduas Dam near Reynosa, Tamaulipas and Mission, 

Texas 

 

3.11.2 Consumptive Use 

 Consumptive use of Rio Grande water by the United States and by Mexico in this reach 

is referred to as “Independent Pumps – Diversions” in the input and output worksheets.  

These diversions represent the water diverted by small independent water users 

(irrigators), rather than by major irrigation districts.  These United States diversions are 

reported as monthly flow rates (cms), and Mexico’s diversions are reported as monthly 

volumes (TCM).  

 

3.11.3 Diversions  

 Anzalduas Canal (Mexico) 

 Hidalgo #16 Pump Diversion (United States) 

 Goodwin Pump Diversion (United States) 

 Edinburg Pump Diversion (United States) 

 United Irrigation (United States) 

 Hidalgo #19 Pump Diversion (United States) 

 Diversion to Banker Inlet (United States and Mexico reported demands) 
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 Ciudad Diaz Ordaz Municipal Diversion (Mexico) 

 Reynosa Municipal Diversion (Mexico)  

08-4684.00: Diversions from the Rio Grande United States Side, Rio Grande City to 

Anzalduas Dam (this data is provided in USIBWC data sheets as United 

States Independent Pumps and Hidalgo #16, Goodwin, Edinburg, United 

Irrigation, and Hidalgo #19 Diversions) 

08-4686.00: Diversions from the Rio Grande Anzalduas Canal near Reynosa, 

Tamaulipas 

 

3.11.4 Tributaries or Other Inflows 

 Puertecitos and Indios Huizache Drains (Mexico) 

 Morillo Drain (Mexico) 

   

3.11.5 Special Accounting Procedures 

 a. Changes in Channel Storage:  See Section 3.10.5.a. 

 

 b. Transfer of Storage in Anzalduas Reservoir:   Occasionally storage in one country’s 

account in Anzalduas Reservoir is transferred to the other country’s account to correct for 

special conditions.  Sometimes these transfers are made only in Anzalduas Reservoir, and 

other times they are made in both Anzalduas and Falcon Reservoirs.   The quantities to 

be transferred are contained in two columns in the output worksheets for Reach 11.  

Column 39 is for transfers that require corresponding storage transfers to be made in 

Falcon Reservoir, and column 40 is for transfers that do not require corresponding 

storage transfers to be made in Falcon Reservoir.   

 

 c. Storage Adjustments for Negative Storage Ownership or Storage Less Than Half of the 

Anzalduas Dead Pool:  See Section 3.9a.5.b.  The determination of the quantity of stored 

water to be adjusted in Anzalduas Reservoir actually is determined by the corresponding 

amount of storage adjustment required in Falcon Reservoir in Reach 9A. This involves a 

manual iterative calculation procedure whereby the Falcon storage adjustment plus an 

estimated amount for losses between Falcon Dam and Anzalduas Reservoir is changed 
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until the dead pool storage in Anzalduas Reservoir is equal to 4,816 thousand cubic 

meters.  These adjustments are made in Column 16 of the Reach 9A output worksheet 

under the United States heading, and they are entered with a negative sign if the United 

States’ Falcon storage is being adjusted (reduced) and a positive sign if Mexico’s Falcon 

storage is being adjusted (reduced).  These adjustments then are automatically reported in 

the Reach 11 input worksheet in column 7. As noted previously, these adjustments are 

not necessary during periods of Anzalduas spills or diversion of flood waters from the 

Rio Alamo and Rio San Juan into the Lower Rio Grande floodway system. 

 

 d. Storage Adjustments for Negative Flows below Anzalduas Dam at the Gulf of Mexico:  

See Section 3.9a.5.c.  If one country experiences a negative calculated flow at the Gulf of 

Mexico during the accounting process, and the over diversion of the water by that 

country cannot be repaid to the other country through adjustments in the flows in the 

reaches below Anzalduas Dam, then the negative flow must be adjusted to zero by 

increasing the releases from Anzalduas Dam to provide enough water to compensate for 

the negative flow plus the river losses incurred for the water in transit between Anzalduas 

Dam and the Gulf.  The amount of this adjustment is determined and reported in columns 

45 and 46 of the Reach 11 output worksheet through an iterative process whereby 

adjustment values are entered and changed until the negative flow at the Gulf in Reach 

14 is eliminated.  These adjustments are made in Column 45 of the worksheet under the 

United States heading, and they must be entered with a positive sign if the negative flow 

being eliminated is United States water and a negative sign if the negative flow being 

eliminated is Mexico water.  For each month when negative flow occurs at the Gulf for 

one of the countries, there are two lines of results in the worksheets for the downstream 

reaches between Anzalduas Dam and the Gulf, i.e., Reaches 12, 13 and 14.  The upper 

line presents the original results with the calculated negative flow at the Gulf for one of 

the countries, and the lower line presents the adjusted results after the negative flow at 

the Gulf has been eliminated.  For the purposes of computing ownership of water in 

Anzalduas Reservoir, the non-adjusted flows for each country are used.  As noted above 

for Reach 9A, the adjustments for negative flows at the Gulf also are accounted for in 

Falcon Reservoir (columns 18 and 19 of Reach 9A).  A positive adjustment value for one 
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country in Reach 11 results in a reduction (negative value) of that same amount in that 

country’s storage in Falcon Reservoir.   

 

3.12 Reach 12 - Below Anzalduas Dam to San Benito 

 

3.12.1 Streamflow Gages 

08-4692.00: Rio Grande below Anzalduas Dam near Reynosa, Tamaulipas and Mission, 

Texas 

08-4737.00: Rio Grande near San Benito, Texas and Ramirez, Tamaulipas 

 

3.12.2 Consumptive Use 

Consumptive use of Rio Grande water by the United States and by Mexico in this reach 

is referred to as “Independent Pumps – Diversions” in the input and output worksheets.  

These diversions represent the water diverted by small independent water users 

(irrigators), rather than by major irrigation districts.  These United States diversions are 

reported as monthly flow rates (cms) for the independent pumps on the river between 

Anzalduas Dam and Progreso and between Progreso and San Benito.  Mexico’s 

diversions are reported as monthly volumes (TCM) for the segment of the river from 

Anzalduas Dam to Progreso and the segment from Progreso to San Benito.  

 

3.12.3 Diversions  

 Retamal Canal (Mexico) 

 McAllen Pump (United States) 

 Pharr-San Juan Pump (United States) 

 Donna Pump (United States) 

 Progreso Pump (United States) 

 Mercedes Pump (United States) 

 Delta Lake Pump (United States) 

 Santa Maria Pump (United States) 

 La Freria Pump (United States) 

 Adams Garden Pump (United States) 
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 Harlingen Pump (United States) 

 San Benito Pump (United States) 

 El Control Pump (Mexico) 

08-4732.00: Diversion from the Rio Grande United States Side, Anzalduas Dam to 

Progreso (these data are provided in USIBWC data sheets as United States 

Independent Pumps (Anzalduas to Progreso), McAllen, Pharr-San Juan, 

Donna, and Progreso Pumps Mercedes, Delta Lake, Santa Maria, La Freria, 

and Adams Gardens Pumps.  Along with 08-4736.00, this gage represents 

all United States Diversions in Reach 12) 

08-4736.00: Diversions from the Rio Grande United States Side, Progreso to San Benito 

 (these data are provided in USIBWC data sheets as United States 

Independent Pumps (Progreso to San Benito), Mercedes, Delta Lake, Santa 

Maria, La Freria, Adams Garden, and Harlingen and San Benito Pumps.  

Along with 08-4732.00, this gage represents all United States Diversions in 

Reach 12)  

 

3.12.4 Tributaries or Other Inflows  

 None 

   

3.12.5 Special Accounting Procedures 

 a. Changes in Channel Storage:    See Section 3.10.5.a. 

 

 b. Adjustments for Negative Flows below Anzalduas Dam at the Gulf of Mexico:  See 

Section 3.11.5.d.  The effects of the negative flow adjustments on flows at San Benito are 

shown in the monthly lower rows of columns 38 and 39 in the Reach 12 output 

worksheet. 

 

3.13 Reach 13 – San Benito to Lower Brownsville 

 

3.13.1 Streamflow Gages 

08-4737.00: Rio Grande near San Benito, Texas and Ramirez, Tamaulipas 
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08-4750.00:  Rio Grande near Brownsville, Texas and Matamoros, Tamaulipas 

 

3.13.2 Consumptive Use 

Consumptive use of Rio Grande water by the United States and by Mexico in this reach 

is referred to as “Independent Pumps – Diversions” in the input and output worksheets.  

These diversions represent the water diverted by small independent water users 

(irrigators), rather than by major irrigation districts.  These United States diversions are 

reported as monthly flow rates (cms), and Mexico’s diversions are reported as monthly 

volumes (TCM).   

 

3.13.3 Diversions  

 Cameron Pump (United States) 

 Russell Pump (United States) 

 Los Fresnos Pump (United States) 

 City of Brownsville Pump (United States) 

 El Jardin Pump (United States)  

 Matamoros Municipal Diversion (Mexico) 

08-4749.00: Diversions from the Rio Grande United States Side, San Benito to 

Brownsville (this data is provided in USIBWC data sheets as United States 

Independent Pumps, Cameron, Russell, Los Fresnos, City of Brownsville, 

and El Jardin Pumps) 

 

3.13.4 Tributaries or Other Inflows  

 None 

3.13.5 Special Accounting Procedures 

 a. Changes in Channel Storage:    See Section 3.10.5.a. 

 

 b. Adjustments for Negative Flows below Anzalduas Dam at the Gulf of Mexico:  See 

Section 3.11.5.d.  The effects of the negative flow adjustments on flows at Brownsville 

are shown in the monthly lower rows of columns 33 and 34 in the Reach 13 output 

worksheet. 
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3.14 Reach 14 – Lower Brownsville to Gulf of Mexico 

 

3.14.1 Streamflow Gages 

08-4750.00: Rio Grande near Brownsville, Texas and Matamoros, Tamaulipas 

 

3.14.2 Consumptive Use 

 Consumptive use of Rio Grande water by the United States and by Mexico in this reach 

is referred to as “Independent Pumps – Diversions” in the input and output worksheets.  

These diversions represent the water diverted by small independent water users 

(irrigators), rather than by major irrigation districts.  These United States diversions are 

reported as monthly flow rates (cms), and Mexico’s diversions are reported as monthly 

volumes (TCM).    

 

3.14.3 Diversions  

 No named diversions.  

08-4753.00:  Diversions from the Rio Grande United States Side, Brownsville to the Gulf 

of Mexico (this data is provided in USIBWC data sheets as United States 

Independent Pumps) 

 

3.14.4 Tributaries or Other Inflows  

 Brownsville Municipal Return 

 

3.14.5 Special Accounting Procedures 

 a. Adjustments for Negative Flows below Anzalduas Dam at the Gulf of Mexico:  See 

Section 3.11.5.d.  The effects of the negative flow adjustments on flows at the Gulf of 

Mexico are shown in the monthly lower rows of columns 25 and 26 in the Reach 14 

output worksheet. 
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4.0 VALIDATION OF THE ACCOUNTING PROGRAM 

 

4.1 Normal Accounting Procedures - 2005 

 

 Data for calendar year 2005 were used for the development of the basic accounting 

spreadsheet, and adjustments and revisions to the spreadsheet were made in order to 

properly reflect USIBWC’s actual accounting procedures and results.  Comparisons of 

the spreadsheet results with the USIBWC Fortran results were made continuously to 

assure agreement.  The final output worksheets from the accounting spreadsheet for 2005 

are included in Appendix H.   Results presented on these output sheets can be compared 

directly with the corresponding results from the USIBWC’s 2005 Fortran accounting 

program contained in Appendix B.  Some minor differences occur in the values of some 

parameters and are likely the result of either numerical rounding of calculated values or 

differences between the interpolation routines used in the spreadsheet and the equations 

incorporated into the USIBWC Fortran program for the discharge-surface area tables.    

 

4.2 Accounting for Flood Spills and Discharges at Amistad Reservoir – 1990  

 

 The procedures required for allocating flood spills and discharges from Amistad 

Reservoir in the accounting spreadsheet are described in Section 3.5a.  As noted in that 

section, accounting for flood spills and discharges typically requires performing the 

accounting calculations on a daily basis in order to separate spill periods from non-spill 

periods within a month, and proper handling of these conditions in the accounting process 

may require input from USIBWC.  However, in order to demonstrate the application of 

the accounting spreadsheet to situations involving flood spills and discharges from 

Amistad Reservoir, actual data for October 1990, when a spill occurred, have been used.  

The portion of the accounting spreadsheet illustrating these special accounting procedures 

is contained in Appendix I.  Tables 2 and 3 provide comparisons of the 1990 results from 

the accounting spreadsheet with those from the USIBWC Fortran program for end-of-

month storage and outflows for Amistad Reservoir, respectively.  The results for storage 

are duplicated exactly, and the outflows are almost identical except for rounding.   
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4.3 Accounting for Negative Flows at the Gulf of Mexico - 1999 

 

 For implementing current IBWC accounting practices regarding the occurrence of 

calculated negative flows at the Gulf of Mexico, no programming modifications to the 

accounting spreadsheet are required since the program has been structured to 

accommodate these situations automatically.  The procedures required for eliminating 

such negative flows in the accounting spreadsheet are described in Section 3.11.5.d.  As 

noted in that section, accounting for negative flow conditions at the Gulf typically 

requires transferring storage in Anzalduas and Falcon Reservoirs from the country that 

over diverted from the river downstream of Anzalduas to the other country.   

 

 In order to demonstrate the application of the accounting spreadsheet to situations 

involving calculated negative flows at the Gulf of Mexico, actual data for 1999 have been 

used.  There were several months during 1999 when the United States over-diverted from 

the Rio Grande below Anzalduas Reservoir.  The portion of the accounting spreadsheet 

illustrating the special accounting procedures for eliminating the 1999 negative flows at 

the Gulf is contained in Appendix J.  Tables 4 and 5 provide comparisons of the 1999 

results from the accounting spreadsheet with those from the USIBWC Fortran program 

for monthly river flows below Anzalduas Dam and flows at the Gulf of Mexico, 

respectively.  The results for flows below Anzalduas Dam are almost identical except for 

a few months that are slightly different due to rounding.  At the Gulf, the flows differ 

slightly, but the maximum deviation is only about 0.3 percent.   

 

 It should be noted that there are slight differences in the way the United States percentage 

ownership of river flow below Anzalduas Dam at the end of Reach 11 is presented in the 

USIBWC Fortran output and the accounting spreadsheet output.  In the USIBWC Fortran 

output for ownership at the end of Reach 11, the United States ownership percentage 

reflects the adjustment for negative flows at the Gulf.  In the accounting spreadsheet, the 

United States ownership percentage reflects conditions before the adjustment is made.  

For Reach 12 immediately below Anzalduas Dam, both the non-adjusted and adjusted 
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ownership percentages are presented in the output from both the USIBWC Fortran 

program and the accounting spreadsheet. 

 

 It should be noted that in order to duplicate the USIBWC’s 1999 accounting, 

modifications to the balance calculations in the accounting worksheets had to be made for 

all reaches below Falcon Dam.  The USIBWC reported that for a few years around 1999, 

the accounting policy was to maintain running accumulated balances for each country, 

with all of a positive balance quantity for a particular month (net inflow) allocated, to the 

extent needed, to the country with a negative accumulated balance.  Negative monthly 

balances (net loss) were still allocated to each country according to the ownership of flow 

in a particular reach.  This accounting practice apparently is no longer used by IBWC; 

however, it had to be utilized for the 1999 data in order to validate the Gulf negative flow 

adjustments in the accounting spreadsheet.     

 

4.4 Accounting for Negative Flows at El Indio - 2006 

 

 No programming modifications to the accounting spreadsheet are required when negative 

flows occur at the El Indio gage (end of Reach 7) since the spreadsheet has been 

structured such situations automatically.  The procedures required for eliminating such 

negative flows in the accounting spreadsheet are described in Section 3.5a.5  As noted in 

that section, accounting for negative flow conditions at El Indio typically requires 

transferring storage in Amistad Reservoir from the country that over diverted from the 

river downstream of Amistad to the other country.  For purposes of developing and 

testing the accounting spreadsheet for negative flow conditions, the USIBWC developed 

an example for negative flows at El Indio by forcing a negative flow in November of the 

2006 data set.  The portion of the accounting spreadsheet illustrating the special 

accounting procedures for eliminating the November negative flow at El Indio is 

contained in Appendix K.  Tables 6 and 7 provide comparisons of the 2006 results from 

the accounting spreadsheet with those from the USIBWC Fortran program for monthly 

river flows below Amistad Reservoir and at the El Indio gage, respectively.  As indicated, 

these results are identical except for slight differences due to rounding. 



 

Table 2 

Comparison of Amistad Storage Results from the Accounting Spreadsheet and the USIBWC Fortran Program 
for October 1990 Conditions with Amistad Flood Spills and Discharges 

 
USIBWC FORTRAN  ACCOUNTING SPREADSHEET 

1990 AMISTAD STORAGE 
 

1990 
  AMISTAD STORAGE 

 

MONTH DAYS IN % U.S. U.S. MEX. TOTAL MONTH DAYS IN % U.S. U.S. MEX. TOTAL 

  MONTH           MONTH         

      (TCM) (TCM) (TCM)       (TCM) (TCM) (TCM) 

           (14) (15) (16) (17) (14) (15) (16) (17)

JAN     31 53.28 1807819 1585319 3393138 JAN 31 53.28 1807819 1585319 3393138

FEB     28 57.75 1812864 1326328 3139192 FEB 28 57.75 1812864 1326328 3139192

MAR     31 58.98 1817543 1264325 3081868 MAR 31 58.98 1817543 1264325 3081868

APR     30 64.75 1825994 994048 2820042 APR 30 64.75 1825994 994048 2820042

MAY     31 73.40 1867928 676819 2544747 MAY 31 73.40 1867928 676819 2544747

JUN     30 75.96 1835498 580909 2416407 JUN 30 75.96 1835498 580909 2416407

JUL     31 75.09 2010315 666963 2677278 JUL 31 75.09 2010315 666963 2677278

AUG     31 67.61 2375783 1138180 3513963 AUG 31 67.61 2375783 1138180 3513963

SEP     30 63.63 2520882 1440797 3961679 SEP 30 63.63 2520882 1440797 3961679

OCT     6 60.88 2541027 1633020 4174047 OCT 6 60.88 2541027 1633020 4174047

OCT     4 56.20 2345814 1828233 4174047 OCT 4 56.20 2345814 1828233 4174047

OCT     9 56.20 2345814 1828233 4174047 OCT 9 56.20 2345814 1828233 4174047

OCT     12 53.35 2191854 1916378 4108232 OCT 12 53.35 2191854 1916378 4108232

NOV     30 51.39 2136818 2020999 4157817 NOV 30 51.39 2136818 2020999 4157817

DEC     31 53.56 2195688 1903435 4099123 DEC 31 53.56 2195688 1903435 4099123
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Table 3 

Comparison of Amistad Outflow Results from the Accounting Spreadsheet and the USIBWC Fortran Program 
for October 1990 Conditions with Amistad Flood Spills and Discharges 

 
USIBWC FORTRAN  ACCOUNTING SPREADSHEET 

1990 AMISTAD OUTFLOWS 
 

1990 
  AMISTAD OUTFLOWS 

 

MONTH DAYS IN % U.S. U.S. MEX. TOTAL MONTH DAYS IN % U.S. U.S. MEX. TOTAL 

  MONTH          MONTH         

      (TCM) (TCM) (TCM)     (TCM) (TCM) (TCM) 

           (14) (15) (16) (17) (14) (15) (16) (17)

JAN           31 51.41 121295 114655 235950 JAN 31 51.41 121294 114656 235950

FEB           28 18.28 66165 295792 361957 FEB 28 18.28 66165 295792 361957

MAR           31 42.73 80755 108230 188985 MAR 31 42.73 80755 108230 188985

APR           30 19.98 78471 314284 392755 APR 30 19.98 78471 314284 392755

MAY           31 18.42 82165 363946 446111 MAY 31 18.42 82165 363946 446111

JUN           30 41.16 81432 116402 197834 JUN 30 41.16 81432 116402 197834

JUL           31 70.79 83040 34267 117307 JUL 31 70.79 83040 34267 117307

AUG       31 67.44 103371 49907 153278 AUG 31 67.44 103371 49907 153278

SEP       30 89.82 261493 29622 291115 SEP 30 89.82 261493 29622 291115

OCT       6 96.64 175653 6100 181753 OCT 6 96.64 175653 6100 181753

OCT       4 99.48 126616 658 127274 OCT 4 99.48 126616 658 127274

OCT           9 47.94 136379 148130 284509 OCT 9 47.94 136379 148130 284509

OCT       12 95.13 240587 12326 252913 OCT 12 95.13 240586 12327 252913

NOV       30 86.48 202483 31660 234143 NOV 30 86.48 202483 31660 234143

DEC           31 18.54 35276 155040 190316 DEC 31 18.54 35276 155040 190316
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Table 4 

Comparison of Rio Grande Below Anzalduas Flow Results from the Accounting Spreadsheet and the 
USIBWC Fortran Program for 1999 Conditions with Calculated Negative Flows at the Gulf of Mexico 

 

1999 
USIBWC FORTRAN 

 
RIO GRANDE FLOW 

1999 

 
ACCOUNTING SPREADSHEET 

 
RIO GRANDE FLOW 

 

MONTH DAYS IN % U.S. U.S. MEX. TOTAL MONTH DAYS IN % U.S. U.S. MEX. TOTAL 

  MONTH           MONTH         

      (TCM) (TCM) (TCM)       (TCM) (TCM) (TCM) 

            (14) (15) (16) (17) (14) (15) (16) (17)

MAY           31 MAY 31   

MAY        31 94.88 140515 7583 148098 MAY 31 94.88 140515 7583 148098

JUN 30     JUN 30      

JUN           30 92.63 97672 7771 105443 JUN 30 92.63 97672 7771 105443

JUL 31       JUL 31       

JUL           31 83.22 39606 7986 47592 JUL 31 83.22 39606 7986 47592

AUG 31       AUG 31       

AUG           31 90.86 99913 10051 109964 AUG 31 90.86 99913 10051 109964

SEP 30       SEP 30       

SEP           30 76.31 31183 9680 40863 SEP 30 76.31 31183 9680 40863

OCT           31 76.49 55613 17093 72706 OCT 31 76.49 55613 17093 72706

OCT           31 80.30 58382 14324 72706 OCT 31 80.30 58385 14321 72706

NOV           30 66.77 50224 24996 75220 NOV 30 66.77 50224 24996 75220

NOV           30 83.55 62844 12376 75220 NOV 30 83.55 62847 12373 75220

DEC           31 57.41 36190 26847 63037 DEC 31 57.41 36190 26847 63037

DEC           31 74.09 46702 16335 63037 DEC 31 74.09 46703 16334 63037
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Table 5 

Comparison of Rio Grande at the Gulf Flow Results from the Accounting Spreadsheet and the USIBWC Fortran Program 
for 1999 Conditions with Calculated Negative Flows at the Gulf of Mexico 

 

1999 
USIBWC FORTRAN 

 
RIO GRANDE FLOW 

1999 

 
ACCOUNTING SPREADSHEET 

 
RIO GRANDE FLOW 

 

MONTH DAYS IN % U.S. U.S. MEX. TOTAL MONTH DAYS IN % U.S. U.S. MEX. TOTAL 

  MONTH           MONTH         

      (TCM) (TCM) (TCM)       (TCM) (TCM) (TCM) 

            (14) (15) (16) (17) (14) (15) (16) (17)

MAY 31         MAY 31         

MAY           31 88.12 3228 435 3663 MAY 31 88.14 3220 433 3654

JUN 30         JUN 30         

JUN           30 32.40 1379 2877 4256 JUN 30 32.38 1374 2870 4244

JUL 31         JUL 31         

JUL           31 22.85 1340 4525 5865 JUL 31 22.87 1338 4512 5850

AUG 31         AUG 31         

AUG           31 18.27 952 4258 5210 AUG 31 18.28 950 4246 5196

SEP 30         SEP 30         

SEP           30 16.72 1035 5156 6191 SEP 30 16.69 1033 5153 6186

OCT           31 -41.55 -1720 5860 4140 OCT 31 -41.62 -1721 5855 4134

OCT           31 0.00 0 4140 4140 OCT 31 0.00 0 4134 4134

NOV          30 -192.57 -10543 16018 5475 NOV 30 -192.73 -10543 16013 5470

NOV           30 0.00 0 5475 5475 NOV 30 0.00 0 5470 5470

DEC           31 -118.20 -9099 16797 7698 DEC 31 -118.31 -9100 16792 7691

DEC           31 0.00 0 7698 7698 DEC 31 0.00 0 7692 7691
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Table 6 

Comparison of Rio Grande Below Amistad Flow Results from the Accounting Spreadsheet and the 
USIBWC Fortran Program for 2006 Conditions with Assumed Calculated Negative Flows at the El Indio Gage 

 

EXAMPLE 2006 
 

USIBWC FORTRAN 
 

RIO GRANDE FLOW 

EXAMPLE 2006 
 

 
ACCOUNTING SPREADSHEET 

 
RIO GRANDE FLOW 

 

MONTH DAYS IN % U.S. U.S. MEX. TOTAL MONTH DAYS IN % U.S. U.S. MEX. TOTAL 

  MONTH           MONTH         

      (TCM) (TCM) (TCM)       (TCM) (TCM) (TCM) 

            (14) (15) (16) (17) (14) (15) (16) (17)

APR 30         APR 30         

APR           30 92.24 139775 11754 151529 APR 30 92.24 139776 11753 151529

MAY 31         MAY 31         

MAY           31 94.35 189545 11341 200886 MAY 31 94.35 189545 11341 200886

JUN 30         JUN 30         

JUN           30 89.93 113521 12718 126239 JUN 30 89.93 113521 12718 126239

JUL 31         JUL 31         

JUL           31 87.49 90399 12923 103322 JUL 31 87.49 90399 12923 103322

AUG 31         AUG 31         

AUG           31 87.14 83774 12362 96136 AUG 31 87.14 83773 12363 96136

SEP 30         SEP 30         

SEP           30 79.16 54257 14281 68538 SEP 30 79.16 54257 14281 68538

OCT 31         OCT 31         

OCT           31 83.85 56182 10821 67003 OCT 31 83.85 56182 10821 67003

NOV           30 84.38 55811 10328 66139 NOV 30 84.38 55811 10328 66139

NOV           30 82.73 54718 11421 66139 NOV 30 82.73 54717 11422 66139
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Table 7 

Comparison of Rio Grande near El Indio Flow Results from the Accounting Spreadsheet and the  
USIBWC Fortran Program for 2006 Conditions with Assumed Calculated Negative Flows at the El Indio Gage 

 

EXAMPLE 2006 
 

USIBWC FORTRAN 
 

RIO GRANDE FLOW 

EXAMPLE 2006 
 

 
ACCOUNTING SPREADSHEET 

 
RIO GRANDE FLOW 

 

MONTH DAYS IN % U.S. U.S. MEX. TOTAL MONTH DAYS IN % U.S. U.S. MEX. TOTAL 

  MONTH           MONTH         

      (TCM) (TCM) (TCM)       (TCM) (TCM) (TCM) 

            (14) (15) (16) (17) (14) (15) (16) (17)

APR 30         APR 30         

APR       30 93.93 134438 8684 143122 APR 30 93.93 134438 8684 143122

MAY 31         MAY 31         

MAY       31 96.67 184111 6341 190452 MAY 31 96.67 184111 6341 190452

JUN 30         JUN 30         

JUN       30 93.49 100577 7000 107577 JUN 30 93.49 100578 6999 107577

JUL 31         JUL 31         

JUL           31 89.19 81876 9924 91800 JUL 31 89.19 81876 9924 91800

AUG 31         AUG 31         

AUG           31 87.71 73497 10302 83799 AUG 31 87.71 73496 10303 83799

SEP 30         SEP 30         

SEP           30 78.40 61168 16851 78019 SEP 30 78.40 61167 16852 78019

OCT 31         OCT 31         

OCT           31 84.96 61787 10936 72723 OCT 31 84.96 61787 10936 72723

NOV           30 101.48 72107 -1052 71055 NOV 30 101.48 72108 -1053 71055

NOV           30 100.00 71055 0 71055 NOV 30 100.00 71055 0 71055



 

5.0 CLOSURE 

  

 The Rio Grande accounting spreadsheet program has been demonstrated to accurately 

reproduce ownership information for waters flowing in the Rio Grande and stored in the 

international Amistad and Falcon Reservoirs.  With the exception of the calculations for 

the change in channel storage in reaches of the river below Falcon Dam, all of the basic 

accounting procedures utilized by the USIBWC in determining water ownership with its 

existing Fortran program are believed to be appropriately incorporated into the 

accounting spreadsheet.  With additional change-in-storage information and equations 

from the USIBWC, this feature of the accounting process also can be easily included in 

the accounting spreadsheet. 

 

 The various input and output worksheets in the Rio Grande accounting spreadsheet have 

been structured and formatted to closely resemble those produced by the USIBWC’s 

Fortran program.  This allows results from the two accounting systems to be easily 

compared and reviewed.  In this regard, it is recommended that the accounting 

spreadsheet be subjected to extensive testing and evaluation using actual data sets 

covering a wide range of flow conditions and accounting situations.  Results from the 

accounting spreadsheet should continue to be examined and compared relative to those 

from the USIBWC Fortran accounting program.  Ultimately, once deemed to be fully 

acceptable and accurate, the new spreadsheet accounting system could replace the 

existing Fortran-based system that is currently used by the USIBWC.  This decision 

would have to be made solely by the USIBWC. 

  

 With regard to the State of Texas, it would seem appropriate that the Rio Grande 

Watermaster would be the primary user of the water accounting spreadsheet system since 

it is the Watermaster’s responsibility to allocate the United States’ share of the Rio 

Grande water to the water right holders along the Rio Grande in Texas below Fort 

Quitman.  The Rio Grande Watermaster would be the most likely entity in the State to 

maintain and support the accounting system. 
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 Periodically, the TCEQ and the TWDB also may have need to operate the accounting 

spreadsheet program for specific purposes related to a particular water ownership or 

water allocation issue, provided the necessary input data are acquired from the USIBWC.  

There could be a need to utilize the program in permitting proceedings to evaluate the 

impact of a proposed water right amendment or a proposed operational change in water 

deliveries.  Again, it should be noted that only the IBWC is charged under the 1944 

Treaty with determining official ownership of the waters of the Rio Grande below Fort 

Quitman and that the results from the accounting program developed in this study can 

only be considered to represent an unofficial estimate of ownership. 
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Appendix A 

1944 Treaty 

























































Appendix B 

IBWC Accounting Output for 2005 













































































































































Appendix C 

IBWC 2005 Data Sheets 



























































 

Appendix D 

Monthly Pan Evaporation Formulas and 2005 Monthly Pan 

Evaporation Data 











Appendix E  

Discharge Versus Surface Area Tables 





































 

Appendix F  

IBWC Spring Inflows and Unmeasured Runoff Calculations 











Appendix G 

2005 Accounting Spreadsheet Input 



















































Appendix H 

2005 Accounting Spreadsheet Output 



























































































































Appendix I  

1990 Accounting Spreadsheet Output for Flood Spills and Discharges at 

Amistad Reservoir 



































 

Appendix J 

1999 Accounting Spreadsheet Output for Negatives at the Gulf 















































Appendix K 

2006 Accounting Spreadsheet Output for Negatives at El Indio 























Appendix L 

Compact Disk 

 
 




