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UNDER CURRENT AND EXTENDED DROUGHT CONDITIONS

INTRODUCTION

This investigation has been undertaken as part of Phase II of the Lower Rio Grande Valley
Regional Integrated Water Resources Planning Study (LRGIWRP-II Study) that presently is
being completed by Perez-Freese and Nichols, L.L.C. (P-F&N ) for the Lower Rio Grande Valley
Development Council. This work has been performed by R. J. Brandes Company (RJBCO)
through a subcontract arrangement with P-F&N, and it has involved modification and application
of the existing reservoir operations model (ROM) of the Amistad-Falcon reservoir system to
evaluate the available water supply from these reservoirs under current and extended drought
conditions. For purposes of this investigation, the existing Amistad-Falcon ROM conforms to
the version of the model described in the August, 1998 report prepared by RIBCO for the Valley
Water Policy and Management Council of the Lower Rio Grande Water Committee, Inc.!. The
revised historical inflows to the reservoirs as developed by P-F&N during the LRGIWRP-II
Study have been used as input to the mode! in this investi gation.

Of particular concern in these analyses has been the delivery of water to municipal users in the
Lower Valley during severe drought periods when irrigation water use may be curtailed or
ceased all together as the total supply of United States water stored in Amistad and Falcon
Reservoirs falls to low levels. Under the current Rio Grande operating rules of the Texas Natural
Resource Conservation Commission (TNRCC), the available supply of water in the reservoirs
for irrigation use is gradually depleted as irrigation diversions are made during pericds when the
inflows to the reservoirs are low. During extended periods of continued irrigation use and low
reservoir inflows, the available quantity of irrigation water stored in the reservoirs can be
reduced to zero. Should such conditions occur, no releases of irrigation water would be made
from Falcon Reservoir, and deliveries of municipal water from the reservoir to entities in the
Lower Valley would have to be made without the normal carrying water provided by the
irrigation water deliveries. Under these circumstances, the water losses, due to such factors as
seepage and evaporation, that may be experienced either along the river channel or within the
irrigation district delivery systems that are used to convey raw water from the river to the
municipal water users could be substantial. Preliminary estimates of these losses have been
made in this investigation.

! “The International Reservoirs Operations and Drought Contingency Planning Study for the Middle and Lower Rio
Grande; Phase [-Development, Testing and Application of ROM/CPM Modeling System and Phase IO-Extension
of ROM/CPM Modeling System to Include Individual Municipal and Irrigation Water Rights Accounts”.
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The following specific technical activities have been undertaken in this investigation, and results
from these activities are described and summarized in this report.:

1.

The existing historical 1945-1996 monthly data base for the ROM? has been extended
through March, 1998, using availabie data and information provided by the International
Boundary and Water Commission (IBWC), and the ROM has been operated to evaluate the
firm annual yield of the reservoir system and to simulate water availability through the year
2000 assuming that drought conditions corresponding to the year 1995 will be repeated.

Information describing preliminary estimates of irrigation district delivery system water
losses has been compiled from documents prepared for the LIRGIWRP-II Study, and this
information has been used to project quantities of the additional water needed to supply
year-2000 municipal demands in the four-county Lower Rio Grande Valley during severe
drought periods when no irrigation water deliveries would be made.

Historical streamflows in the Lower Rio Grande have been examined under low-flow
conditions for the purpose of quantifying the amount of channel losses that could be
expected during severe drought periods when releases from Falcon Reservoir would be
made only to supply municipal demands in the four-county Lower Rio Grande Valley
without irrigation water deliveries.

The network used for the existing Amistad-Falcon ROM has been expanded to include
additional links and nodes along the Lower Rio Grande downstream of Falcon Reservoir so
that municipal demands and associated water losses along the river and within irrigation
district delivery systems can be effectively described, particularly under severe drought
conditions without irrigation carrying water.

The modified Amistad-Falcon ROM has been operated to evaluate water availability for
the period 1995-2000 based on actual historical conditions through March, 1998, and on
assumed year-1995 hydrologic conditions and year-2000 municipal demands for the period
April, 1998 through December, 2000, taking into account water losses along the river and
within irrigation district delivery systems without irrigation carrying water.

EXTENSION OF ROM HISTORICAL DATA BASE

A request was made to the IBWC on August 21, 1998, for various specific types of data needed
to extend the existing 1945-1996 monthly data base for the Amistad-Falcon ROM. A copy of

2 In this investigation, the existing historical 1945-1996 data base includes revised estimates of monthly inflows to

Amistad and Falcon Reservoirs for the U. S. and Mexico as derived by P-F&N in the LRGIWRP-I Study.

Page 2 of 37 R. J. Brandes Company March, 1999
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this request is included with this report as Attachment 1. By letter dated September 24, 1998, the
IBWC transmitted hard copies and computer files of the requested data to RIBCO. Using the
additional data provided by IBWC, the existing 1945-1996 monthly data base for the Amistad-
Falcon ROM has been extended to include the period January, 1997, through March, 1998.
Complete sets of the required model input data were not available beyond March, 1998.

Using the extended historical data base for the period January, 1995 through March, 1998, the
ROM has been operated to test the simulation accuracy of the program. These results are plotted
in Figures 1 and 2 in terms of the monthly variations of storage in Amistad and Falcon
Reservoirs for the United States and for Mexico, respectively. As shown on these plots, the
simulated storage values generally are in close agreement with the observed values for all of the
reservoir storage compartinents of the model, with the most deviation indicated in the Mexico
Falcon results for 1997 and 1998 as plotted in Figure 2. The cause of these differences has not
been determined; however, considering the overall accuracy of the simulated results, the ROM
appears to be effectively simulating the storage behavior of the reservoirs for the prescribed
conditions of historical reservoir inflows, evaporation losses, and demands. A copy of the
printed output from the ROM for this 1995-1998 simulation of historical conditions is contained
in Attachment 2.

The ROM also has been operated using the extended data base corresponding to historical inflow
and evaporation conditicns for the period January, 1945 through December, 1997, for the
purpose of reanalyzing the firm annual yield of the Amistad-Falcon Reservoir system. Based on
these historical hydrologic conditions with the current storage capacities of the two reservoirs’,
the firm annual yield for the United States has been estimated to be 1,195,098 acre-feet per year,
and for Mexico, it has been estimated to be 992,250 acre-feet per year. Based on the ROM
simulations, the historical low-flow conditions that occurred during the severe drought of the
1950’s represent the critical flow conditions that have determined these yield values.

The occurrence of the critical drought period when the combined storage in both reservoirs for
each of the two countries falls to 2 minimum level (1950’s) is illustrated on the reservoir storage
plot in Figure 3. This graph shows the variations in the monthly quantities of the total amount of
water stored in both of the reservoirs for each country as simulated with the ROM for the entire
analysis period (1945-1997). As indicated, the total storage in the two reservoirs for the United

? Based on 1992 hydrographic surveys conducted by IBWC, the normal conservation storage capacities of the
reservoirs by country are as follows:

United States Mexico
Acre-Feet Acre-Feet
Amistad Reservoir 1,771,041 1,380,278
Falcon Reservoir 1,555,129 1,098,674
Both Reservoirs 3,326,170 2,478952

Page 3 of 37 R. 1. Brandes Company March, 1999



FIGURE 1
COMPARISON OF 1995-1998 SIMULATED AND OBSERVED MONTHLY STORAGE

IN AMISTAD AND FALCON RESERVOIRS FOR THE UNITED STATES
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FIGURE 3
SIMULATED 1945-1997 TOTAL MONTHLY STORAGE FOR THE UNITED STATES AND MEXICO

WITH HISTORICAL INFLOWS AND FIRM ANNUAL YIELD DEMANDS
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EVALUATION OF AMISTAD-FALCON WATER SUPPLY
UNDER CURRENT AND EXTENDED DRCOUGHT CONDITIONS

States reaches a minimum level of approximately 650,000 acre-feet during 1953. For Mexico,
the minimum storage condition (~2,500 acre-feet) also occurs during 1953. The corresponding
simulated monthly variations in the storage in each of the reservoirs for each of the countries are
plotted on the graphs in Figures 4 and 5 for Amistad and Falcon Reservoirs, respectively. These
plots illustrate the wide fluctuations in the storage for both countries in Falcon Reservoir,
compared to the relatively stable storage conditions in Amistad Reservoir. These conditions
reflect the current operating procedures for the reservoir system that require Amistad Reservoir,
the most upstream impoundment, to be kept as fuil as possible to minimize system-wide
evaporation losses and to conserve water for downstream use.

The historical annual inflows to the Rio Grande from the watersheds above and below Amistad
Reservoir for each of the two countries as used in this investigation are summarized in Table 1
for the period 1945-1997. These annual flows are listed chronologically, and they also are
ranked in descending order, with the flows for 1995, 1996 and 1997 highlighted. As indicated,
annual flows that occurred during the 1950’s drought are the lowest over the entire 53-year
historical period; however, those flows corresponding to the current drought period (1995-1997)
also are near the lower end of the rankings, indicating that the current drought is indeed a severe
and rare event. -

It is important to note that the firm annual yield values reported above are based on historical
inflows that do not necessarily reflect current watershed and water resource development
conditions throughout the Rio Grande basin. Because of tributary reservoir projects that have
been developed in Mexico since the 1950’s and other watershed modifications that have been
implemented over the years, it is likely that the firm annual yield estimates derived in this study
(based on actual flows during the 1950’s) do not represent the actual yields of the reservoirs
under today’s conditions. Subsequent studies of the Rio Grande system will need to address
these reservoir inflow issues.

ANALYSIS OF EXTENDED DROUGHT PERIOD

Using the historical data base for the Amistad-Falcon ROM for the period from January, 1995
through March, 1998, the potential effects on water availability of an extended drought through
the year 2000 have been analyzed by assuming that hydrologic and demand conditions during the
balance of 1998 (April through December) and during all of the years 1999 and 2000 would be
the same as those which occurred during 1995. The year-1995 hydrologic conditions have been
selected for purposes of extending the current drought in these analyses since the 1995 annual
inflows to the reservoirs represent the lowest, and most critical, levels of flow that have occurred
during the current drought period (see Table 1).
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TABLE 1 HISTORICAL ANNUAL UNITED STATES AND MEXICAN INFLOWS
TO AMISTAD AND FALCON RESERVOIRS
(Acre-Feet)

YEAR UNITED STATES INFLOWS MEXICAN INFLOWS INFLOWS RANKED IN DESCENDING ORDER

Above Below Total Above Below Total Year Total : Year Total

Amistad | Amistad | Annual | Amistad | Amistd | Annual U.s. N Mexican

Reservoir | Reservoir Inflows Reservoir | Reservoir Inflows Inflows X Inflows
1945 | 1,163203]  285.000| 1448203 883389 278.000| 1.161,389 | 1971 | 3984006 | 1| 1971 | 3794270
1946 | 1212854  506,000{ 1,718,854 009,841 521,000 1.430,841 | 1954 | 3970792 | 2} 1958 | 3.501,723
1947 973,130]  426,000{ 1,399,130 669.063 3710000 1,040063 | 1974 | 3317228 | 3| 1981 | 2.668.850
1948 | 1.454024] 595.000] 2.049,024 507768  702.000| 1.209.768 | 1958 | 3.257.139 | 4| 1976 | 2.467.178
1949 | 1.666.097]  783.000] 2449097 | 1042,898] 442,000 1,484,898 | 1981 | 2,882903 | S| 1978 | 2318497
1950 | 1093569 248.000| 1341569 7862270  128000] 914227 | 1976 | 2669234 | 6| 1990 | 2.226,809
1951 743512 371,000 1114512 404,486 326,000 730,486 | 1990 | 2495386 | 7| 1991 | 2215339
1952 644,293 92,000| 736293 428.901 64,0000 402.901 | 1949 | 2449097 | 8] 1987 | 1.952.463
1953 S05469] 380,000 885,469 222231 1.003.0000 1225231 | 1987 | 2428644 | 9| 1992 | 1.906.695
1954 | 3.764424] 206368| 3.970,792 788961  325.559] 1.114.520 | 1991 | 2336391 10| 1988 | 1.761,635
1955 | 1,061,083] 262.728] 1.423.811 677209] 344.411] 1021620 | 1957 | 2304200 |11| 1986 | 1.748.591
1956 562,134|  146,131] 708265 296.764| 153,390 450,154 | 1978 | 2.299.662 | 12| 1975 | 1.662,148
1957 | 1.670650]  633.550] 2.304.200 564,144  727.886| 1202030 | 1986 | 2264727 |13| 1979 | 1.566,850
1958 | 1969349 1.287.790| 3257.139 | 1,567.841| 1933882 3,501,723 | 1992 | 2220265 |14 1974 | 1517,152
1950 | 10400966 413.263] 1,814,229 667,730]  489.555| 1.157285 | 1964 | 2,152,091 |15] 1949 | 1.484.898
1960 | 1,183,084|  304.220( 1.487.304 843.707]  307.596| 1.156.303 | 1948 | 2,049,024 |16| 1972 | 1.473.295
1961 | 1.173210] 438.643] 1.611.853 624584 583,960 1208544 { 1988 | 2.009.094 |17| 1967 | 1467261
1962 906,681]  222.588) 1.129.269 s11.070]  240,095] 751165 | 1975 | 1974648 | 18| 1946 | 1,430,841
1963 770.142| 259,995} 1,030.137 481200| 307.161| 788451 | 1972 | 1.876700 |19] 1973 | 1420827
1964 | 1.673.626] 478,465 2,152.091 672900  548.188| 1221088 | 1979 { 1.839,699 |20| 1966 | 1,420,305
1965 | 1039969  334.430| 1374399 4897200  350.0%9) 839779 | 1959 | 1.814229 |21| 1980 | 1361.638
1966 | 1318285 391422 1.709.707 | 1,003.086] 417.219] 1420305 | 1980 | 1,738551 |22| 1957 | 1.292.030
1967 954207  713220| 1.667.427 523436 943.825! 1467261 | 1946 | 1718354 |23| 1953 | 1225231
1968 991330] 294637 1285967 841232] 382001 1223323 | 1966 | 1,709,707 |24] 1968 | 1.223,323
1966 843,864| 346,676 1190540 705.0830 3827591 1.087.842 | 1967 | 1.667.427 |25| 1964 | 1,221,088
1970 844,695 297,120/ 1.141.815 620385 283218 903.603 | 1977 | 1.627.565 |26| 1948 | 1,209,768
197t | 1.783.089] 2.201,017] 3.984,106 692998 3.101272| 3794270 | 1973 | 1.625.856 |27| 1961 | 1208544
1972 | 1.307.088]  569.612| 1,876.700 802.803|  670.492] 1473205 | 1961 | 1,611,853 §28] 1945 | 1.161.389
1973 918,028]  707.828| 1.625.856 679007 740920 1.420827 | 1960 | 1487304 }29| 1959 | 1.157.285
1974 | 3.029423] 287805 3317228 | 1.211470]  305.682| 1517152 | 1985 | 1,467,746 |30 1960 | 1156303
1975 | 1284972  689.676] 1.974,648 748.604]  913544| 1,662,148 | 1982 | 1.458.930 |31} 1985 | 1.146.181
i976 | 1,607.050( 1.062.184| 2.669234 T13967| 1.693.211| 2467178 | 1945 | 1448203 |32] 1954 | 1114520
1977 | 1.163.283| 464282 1.627.565 550,896| 554.875| 1.105.771 | 1993 | 1.431,8%0 [33] 1977 | L.105771
1978 | 1743638f 556.024] 2299.662 | 1.517.216] 801.281| 2318497 | 1955 | 1,423,811 |34 1969 | 1,087,842
1979 | 1275063]  564.636] 1,839.699 878202|  688.648] 1.566.850 | 1947.| 1.399.130 [35| 1947 | 1,040,063
1980 | 1320313)  409.238| 1,738.551 817.103|  544.535| 1.361.638 | 1965 | 1374399 |36| 1955 | 1,021,620
1981 | 1.888.274] 994.629] 2.882903 | 1238430 1430,420| 2,668.850 | 1950 | 1341569 |37 1984 | 1.013.308
1982 | 1,118.780]  340.150| 1.458.930 664349| 338,840, 1,003.189 | 1989 | 1333316 |38] 1993 | 1.018.709
1983 910,765] 342,907 1.253.6T2 497472|  291201) 788763 | 198¢ | 1320549 |39 1982 | 1,003,189
1984 | 1,086.407| 234.142| 1320549 T5321] 243487 1.018.808 | 1968 | 1285967 |40 1950 | 914227
1985 | 1,043.484| 424262 1.467.746 6823790  463.802| 1.146.181 | 1983 | 1.253.672 |41| 1970 | 903.603
1986 | 1.887478] 3772490 2264727 | 1208.462| 540,129 1748591 | 1994 | 1.219.854 |42} 1989 | 874,095
1987 | 1.797.750|  630.894] 2.428.644 | 1203573| 748490 1952463 | 1969 | 1.190.540 43| 1965 839.779
1988 | 1.469,121]  539.973| 2.009.094 929.864|  831.771| 1.761.635 | 1996 | .-1.184,139 .| 44| 1983 788,763
1980 | 1.055.062] 278.254| 1333316 5890711  285.024| 874.095 [ 1997 | 1.177.454 | 45| 1963 | 788451
1990 | 2076817]  418.569| 2.495386 | 1,728.668| 498,141 2226809 | 1570 | 1,141.815 |46 1962 | 751165
1991 | 2.027.658] 308.733] 2336391 | 1,892.590| 322,749 2215339 | 1962 | 1129269 |47| 1994 | 744394
1992 | 1702.861| 517.404] 2220265 | 1.283.085| 623.610| 1906695 | 1951 | 1.114.512 |48| 1951 730.486
1993 | 1.181.767|  250.123| 1431890 788.586|  230.123| 1.018.709 [ 1995 | 1.113.964 |49| 1996 | 701431 .
1994 924.654|  295.200] 1.219,854 438813|  255.581| 744394 [ 1963 | 1.030,137 |50 1997 | 641.400
1995 895.126]  218.838 1.113.964 187.801]  240.841| 628732 | 1953 885.469 |s1[ 1995 | 628.732-
1996 956.466|  227.673] 1,184,139 a1 577|  259.854) 701431 | 1952 736293 |s2[ 1952 | 492.901
1997 0512911  226.163| 1.177.454 198.567|  242.833| 641400 | 1956 708265 |53| 1956 | 450.154




EVALUATION OF AMISTAD-FALCON WATER SUPPLY
UNDER CURRENT AND EXTENDED DROUGHT CONDITIONS

As indicated by the figures in the following table, the use of the year-1995 demands for the
United States for the extended drought analyses (for the balance of 1998 and all of 1999 and
2000) represents overall water usage that is slightly less than that which was experienced in the
Middle and Lower Rio Grande basins on an average during the five years or so prior to 1996,
For Mexico, the year-1995 demands are considerably less, which generally reflects the overall
limited supply of water that was actually available for Mexico from Amistad and Falcon
Reservoirs during 1995.

YEAR-1995 AVERAGE
DEMANDS DEMANDS
Acre-Feet/Year Acre-Feet/Year
UNITED STATES
Domestic-Municipal-Industrial Uses 135,306 159,000
Irrigation Uses 1,112,925 1,205,000
MEXICO
Total Uses 841,576 1,290,000

Results from the ROM simulations for the extended drought conditions are presented in Figures
6 and 7 in terms of the end-of-month simulated storage amounts in Amistad and Falcon
Reservoirs for the United States and for Mexico, respectively. As shown, under the assumed
influence of year-1995 inflows and demands, the amounts of water stored in the reservoirs for
both countries beyond March, 1998, generally exhibit a gradually declining trend through the
year 2000. Seasonal fluctuations in the monthly storage amounts in response to varying inflows
and demands, however, are evident. The total amount of water stored in both reservoirs for the
United States reaches a minimum of about 570,000 acre-feet in April, 2000, and the storage in
both reservoirs for Mexico drops to almost zero during April and May of the same year.

A similar, but more pronounced, falling storage trend also is exhibited by the variations in the
monthly simulated total quantities of United States water in the irrigation water rights accounts
that are plotted in Figure 8 for the 1995-2000 analysis period. Monthly changes in the amount of
stored water allocated to the irrigation accounts are simulated in the ROM in response to
specified monthly irrigation demands and the simulated amount of available United States usable
storage in the reservoirs after deductions for the domestic-municipal-industrial (D-M-I) reserve
and the operating reserve in accordance with TNRCC rules. Positive and negative allocations of
stored water to and from the irrigation pool also are made monthly pursuant to the TNRCC rules.
As indicated on the plot in Figure 8, the simulated amount of water in the irrigation accounts
gradually declines through the year 2000 under the influence of the assumed year-1995 extended
drought conditions. Actual shortages with respect to the specified year-1995 United States
irrigation demands occur during May and July of 1999 and 2000. The magnitudes of these
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EVALUATION OF AMISTAD-FALCON WATER SUPPLY
UNDER CURRENT AND EXTENDED DROUGHT CONDITIONS

shortages are noted on the bar chart in Figure 9, which shows the monthly total irrigation
demands for the United States as specified in the ROM for the 1995-2000 extended drought

period.

It should be noted that, as expected, no shortages in the specified D-M-1 demands for the United
States are indicated by the ROM resuits from the 1995-2000 extended drought simulation. The
current operating rules regarding the D-M-I reserve provide adequate protection for the
municipal water demands. Results from the simulation, however, do indicate shortages in the
specified year-1995 demands for Mexico during April and May of the year 2000.

A copy of the printed output from the Amistad-Falcon ROM for the 1995-2000 extended drought
simulation is contained in Attachment 3.

ANALYSIS OF MUNICIPAL-ONLY WATER DELIVERIES

For examining water availability and the various losses associated with supplying municipal
water from Falcon Reservoir to municipal water users in the Lower Rio Grande Valley in the
absence of irrigation water deliveries, the Amistad-Falcon ROM also has been applied. For this
purpose, the same ROM data set described above for the 1995-2000 extended drought simulation
has been used, except that, for the years 1999 and 2000, all United States irrigation demands
above and below Falcon Reservoir have been set equal to zero and the United States municipal
demands for the Lower Valley have been set equal to the year-2000 projected demands for
Cameron, Willacy and Hidalgo Counties as developed in the LRGIWRP-II study and for Starr
County as reported by the Texas Water Development Board (TWDB)*. In addition to the
municipal water demands specified in the model, the corresponding water losses due to
evaporation, seepage and other factors within the irrigation district delivery systems used to
convey the municipal water from the river diversion points to the municipal users also have been
estimated and accounted for in the ROM. Similarly, the channel losses in the river between
Falcon Reservoir and the points of diversion also have been simulated and incorporated into the
required releases from the reservoir.

Modified ROM Network

For these simulations, the existng Amistad-Falcon ROM network has been extended
downstream to include specific river reaches and water demand and loss centers along the Lower
Rio Grande. For the United States portion of the model, five reaches of the river have been
delineated for describing river channel losses. These reaches are identified on the map of the

* Projected demands corresponding to “expected conservation™ conditions as incorporated in the 1997 Texas Water
Plan, Water for Texas document and as provided by Mr. Norman Alford of the TWDB have been used.
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EVALUATION OF AMISTAD-FALCON WATER SUPPLY
UNDER CURRENT AND EXTENDED DROUGHT CONDITIONS

four<ounty Lower Rio Grande region in Figure 10. Also, six additional nodes have been
defined for describing the geographical distribution of United States municipai demands along
the river between Falcon Reservoir and the city of Brownsville, For Mexico, two additional
nodes have been defined in the ROM network to account for the water demands associated with
Mexico's Anzalduas Canal (at Anzalduas Dam) and the city of Matamoros.

The expanded link-node network for the Amistad-Falcon ROM, including the Lower Rio
Grande, is shown on the schematic in Figure 11. The additional nodes for the United States
municipal demands and river channel losses along the Lower Rio Grande are indicated, as are
those for the Mexico demands at Anzalduas Canal and Matamoros. Also shown are the priority
numbers assigned to each node in the model. These priorities define the order in which the
specified demands and reservoir storage are satisfied during periods of water shortage, with a
value of one being the highest priority. Independent sets of priorities are used for each country.

Projected Municipal Water Demands

The projected year-2000 municipal demands for the United States water users in the Lower
Valley have been distributed among the different nodes in the revised model based on
geographical location and available information regarding which cities divert water directly from
the river and which irrigation districts deliver river water to which cities. Table 2 summarizes
the distribution of the year-2000 United States municipal water demands among the different
river reaches and model nodes (Nodes 9, 11, 14, 16, 18 and 20). The various cities assigned to
specific reaches and nodes in the ROM are listed in the table, and the corresponding sums of the
year-2000 municipal water demands associated with each node are indicated. The locations of
these cities within the four-county Lower Rio Grande region are shown on the map in Figure 10.

Also included in Table 2 are the water demands for Mexico that have been assigned to the nodes
representing the Anzalduas Canal (Node 12) and the city of Matamoros and other Mexican water.
users in the Lower Rio Grande Valley below Anzalduas Dam (Node 19). The annuai demand for
the Anzalduas Canal node is based on the actual year-1995 canal diversions as reported by the
IBWC during periods when irrigation usage by Mexico was minimal. For the city of Matamoros
and other Lower Rio Grande Mexican water users that divert their water directly from the Rio
Grande, the annual demand in Table 2 reflects the actual 1995 releases of Mexico’s water from
Anzalduas Reservoir during non-irrigation periods.

Estimated Irrigation District Delivery System Losses

For purposes of estimating seepage, evaporation and other losses thar are typicaily experienced
when United States water is conveyed through the irrigation district delivery systems in the
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TABLE 2
DISTRIBUTION OF PROJECTED WATER DEMANDS
AND ASSOCIATED IRRIGATION DISTRICT DELIVERY SYSTEM LOSSES

[~ ROM REACH/NODE ______ PROJECIED  IRRIGATION DISIRICT |
NODE DESCRIPTION YEAR-2000 DELIVERY SYSTEM
NO. WATER CONVEYANCE LOSSES

DEMANDS 15% 20% ~ 25%

Acre-Feet  Acre-Feet Acre-Feet Acre-Feet

9 Falcon Dam to Rio Grande City 5,032 351 469 586
Rio Grande City*
Roma/Los Saenz

11  Rio Grande City to Anzalduas Dam 47,997 7,200 9,599 11,999
La Grulla
Starr County - Other
Sullivan City
LaJoya
Palmview
Alton
Mission
Hidalgo County - Other

14  Anzalduas Dam to Progreso 55,698 8,355 11,140 13,925
Hidalgo
McAllen
Edinburg
Pharr
San Juan
Alamo
Donna
Elsa
Edcouch
La Villa
Weslaco
Progreso

* Since raw water deliveries to Rio Grande City are diverted directly from the Rio Grande, no
conveyance losses have been assigned to its projected year-2000 water demand (2,689 ac-ft).




TABLE 2, cont'd.
DISTRIBUTION OF PROJECTED WATER DEMANDS
AND ASSOCIATED IRRIGATION DISTRICT DELIVERY SYSTEM LOSSES

[ ROM REACH/NODE PROJECTED IRRIGATION DISTRICT
NODE DESCRIPTION YEAR-2000 DELIVERY SYSTEM
NO. WATER CONVEYANCE LOSSES

DEMANDS 15% 20% 25%
Acre-Feet Acre-Feet Acre-Feet Acre-Feet

16  Progreso to San Benito - 31,225 4,684 6,245 7,806
Mercedes
San Perlita
Raymondville
Lyford
Sebastion
Willacy County - Other
LaFeria
Santa Rosa
Palm Valley
Primera
Combes
Harlingen
Rio Honda
San Benito

18  San Benito to Brownsville 19,245 2,887 3,849 4,811
Rancho Viejo
Los Fresnos
Laguna Vista
Port Isabel
South Padre Island
Cameron County - Other

20  Brownsville* 27,000 0 0 0

TOTAL UNITED STATES DEMANDS 186,198 23,476 31,302 39,127
AND SYSTEM LOSSES

12 Mexico Anzalduas Canal* 230,051 0 0 0

19  Matamoros and Other Users* 43,447 0 0 0

TOTAL MEXICO DEMANDS AND 273,458 0 0 0
SYSTEM LOSSES

* Since raw water deliveries to Brownsville, the Anzalduas Canal, and Matamoros are diverted directly
from the Rio Grande, no conveyance losses have been assigned to their respective water demands.




EVALUATION OF AMISTAD-FALCON WATER SUPPLY
UNDER CURRENT AND EXTENDED DROUGHT CONDITIONS

Lower Rio Grande Valley, information compiled and analyzed during the LRGIWRP-II Study
has been used. Estimates of the average water losses for individual irrigation districts, expressed
as percentages of the amounts of water diverted from the river into the individual systems, have
been developed as part of the LRGIWRP-II Study.

The LRGIWRP-II Study has concluded that, as an overall average, about 20 percent of the total
amount of water diverted from the river by all of the districts is typically lost and not actually
delivered to water users. For purposes of this investigation, the 20-percent loss rate also has
been assumed to be an appropriate average value for estimating the quantities of municipal water
that potentially could be lost through the irrigation district delivery systems without irrigation
carrying water. However, in order to provide for some level of variation in these estimated loss
quantities, values of 15 percent and 25 percent also have been incorporated into the analyses.

It should be noted that these levels of percentage loss rates for the irrigation district delivery
systems under conditions with only municipal water being conveyed through the systems are
strictly estimates. Values for these loss rates on the order of 20 percent have not been verified
with any field measurements or actual system data because such data and information are not
known to exist for conditions similar to those which would occur with only municipal water
being delivered.

The historical average values of loss rates on the order of 20 percent for the irrigation district
systems very likely were derived from actual data and observations that represent normal
conditions when the systems are fully charged with water. Hence, the 20-percent loss rate
reflects total seepage and evaporation losses from all components (canals, pipelines, and storage
reservoirs) of the district systems when full irrigation and municipal deliveries are being made.
With only municipal water being delivered, it is reasonable to expect that only the essential
canals and pipelines within each district system will be used to convey the municipal water;
hence, the quantities of the associated losses should be less than those that normally would occur
if all of the canals and pipelines were being used to convey water. The question that remains
unanswered is whether the losses from the essential canals and pipelines that would be used to
convey the municipal water would still be on the order of 20 percent of the quantity of municipal
water being conveyed. In some cases, these losses certainly could be higher than 20 percent
because the essential canals and pipelines would likely include the largest components, i. e.,
those with the largest surface area and wetted perimeter, that are located nearest the river within
a given irrigation district system. However, it is also likely that these largest components of a
given irrigation district system would be those that probably have been improved and possibly
lined to minimize losses. These offsetting factors suggest that assuming average loss rates on the
order of 20 percent for the irrigation district delivery systems may be appropriate even when
only municipal water is being conveyed.
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EVALUATION OF AMISTAD-FALCON WATER SUPPLY
UNDER CURRENT AND EXTENDED DROUGHT CONDITIONS

The resulting amounts of water losses associated with the conveyance of United States municipal
water through the irrigation district delivery systems are listed in Table 2 for each of the nodes in
the revised ROM network where the Lower Rio Grande municipal water demands are assigned.
Three columns of figures are presented corresponding to the three different assumed percentages
for conveyance losses (15, 20 and 25 percent). For those entities that divert water directly from
the river (Rio Grande City, Brownsville, Anzalduas Canal and Matamoros), no conveyance
losses are indicated.

Estimated River Channel Losses

An analysis of historical monthly streamflow records for gages located along the Lower Rio
Grande has been made in an attempt t0 quantify historical channel losses from the river under
flow conditions similar to those that might occur during extreme drought periods when only
municipal water deliveries would be made from Falcon Reservoir. For this purpose, historical
monthly streamflow and diversion data have been examined for the period from 1960 through
1997° for each of the river reaches as previously identified on the map of the Lower Rio Grande
in Figure 10. Using these data, months during which the historical flows in the Lower Rio
Grande were of the same general magnitude as those that might be expected during future
periods when only municipal water deliveries would be made from Falcon Reservoir have been
identified. The general ranges of these flow conditions by reach of the river have been inferred
from the projected demands and associated conveyance losses that are summarized by reach in
Table 2. Based on these quantities, with an assumed adjustment of ten percent to account for
anticipated river channel losses, the estimated ranges of monthly flow in the various reaches of
the river that have been used for purposes of screening the historical flow records to identify
periods with flows that are generally consistent with those expected to occur with only municipal
or non-irrigation water deliveries are indicated below:

River Reach Acre-Feet/Month
Falcon Dam to Rio Grande City 42,000 - 45,000
Rio Grande City to Anzalduas Dam 40,000 - 43,000
Anzalduas Dam to Progreso 16,000 - 18,000
Progreso to San Benito 10,000 - 12,000
San Benito to Brownsville 8,000 - 10,000

While these flow ranges have been used to provide guidance with respect to the selection of
historical data sets for evaluating river channel losses, flow conditions somewhat outside of these

5 Last year for which published and unpublished streamflow and diversion records are available from the IBWC.
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EVALUATION OF AMISTAD-FALCON WATER SUPPLY
UNDER CURRENT AND EXTENDED DROUGHT CONDITIONS

ranges actually have been used in the analyses to provide a broader perspective of loss variations.
For the selected historical monthly data sets, water balance analyses have been performed for
each of the reaches to quantify monthly losses or gains. Gains often occur as the result of .
inflows to the river during runoff periods. For the water balance analyses, the gaged monthly
streamflows at the upstream and downstream ends of each reach and the corresponding gaged
incremental tributary inflows and reported diversions have been used.

The resulting monthly percentage losses and gains, calculated based on the flow at the upstream
end of each reach, have been determined, and plots of these percentage loss/gain amounts versus
the flow at the downstream end of each reach have been developed to provide general trends in
the river channel loss variations. These plots are presented in Figures 12 through 16 for each of
the five reaches of the river. While the data shown on these plots exhibit considerable variations
with flow, the indicated loss percentages, nonetheless, do provide general estimates of the level
of losses that might be expected, and these values have been used with the flow ranges listed
above to establish the following average and high percentage loss rates for each of the reaches.

River Reach Average High

Loss Rate Loss Rate
Falcon Dam to Rio Grande City 4% 7 %
Rio Grande City to Anzalduas Dam 5% 7 %
Anzalduas Dam to Progreso 2% 4%
Progreso to San Benito 2% 7%
San Benito to Brownsville 8 % : 10%

A special routine for applying the river channel loss rates listed above to the simulated flows of
each country in the different reaches of the Lower Rio Grande in order to account for and
quantify the river channel losses below Falcon Reservoir has been incorporated into the ROM
program, and simulations using the modified ROM network shown in Figure 11 have been made
for the 1995-2000 pericd. For these simulations, the following input conditions have been
specified in the model:

1. Actual historical monthly inflows and demands have been used for both the United
States and Mexico for the period from January, 1995 through March, 1998.

2. For the period April, 1998 through December, 2000, the monthly inflows for both
the United States and Mexico have been set equal to the corresponding monthly
inflows for 1995.

3.  For the period April, 1998 through December, 1998, all of the monthly demands for
both the United States and Mexico have been set equal to the corresponding monthly
demands for 1995.
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EVALUATION OF AMISTAD-FALCON WATER SUPPLY
UNDER CURRENT AND EXTENDED DROUGHT CONDITIONS

4. For the period January, 1999 through December, 2000, the monthly municipal
: demands for the United States between Amistad and Falcon Reservoirs have been set
equal to the corresponding United States monthly municipal diversions® for 1995.

5. For the period January, 1999 through December, 2000, the monthly total demands
for Mexico between Amistad and Falcon Reservoirs have been set equal to the
corresponding Mexico monthly municipal diversions’ for 1995.

6. For the period January, 1999 through December, 2000, the monthly municipal
demands for the United States below Falcon Reservoir have been set equal to the
year-2000 projected demands as developed in the LRGIWRP-II study for Cameron,
Willacy and Hidalgo Counties or as reported by the Texas Water Development
Board (TWDB) for Starr County as listed in Table 2.

7. For the period January, 1999 through December, 2000, the monthly demands for
Mexico at the Anzalduas Canal below Falcon Reservoir have been set equal to the
actual year-1995 canal diversions during periods when irrigation usage by Mexico
was minimal, and for the city of Matamoros and other water users that divert their
water directly from the Rio Grande below Anzalduas Reservoir, the annual demands
have been set equal to the actual 1995 releases of Mexico’s water from Anzalduas
Reservoir during non-irrigation periods as listed in Table 2.

8. For the period January, 1999 through December, 2000, the monthly irrigation
demands for both the United States and Mexico below Falcon Reservoir have been
set equal to zero.

With these input conditions, six different operations of the modified ROM have been made
corresponding to the three sets of irrigation district delivery system loss rates (15%, 20% and
25%) and the two sets of river channel loss rates (average and high). A sample set of output
from these simulations is contained in Attachment 4 for the case with average river losses and
20-percent irrigation district delivery system losses. All of the resulting river channel losses as
simulated with the ROM for each of the five river reaches along the Lower Rio Grande are
summarized in Table 3 in terms of United States water and in Table 4 for Mexican water. These
river channel losses reflect the municipal-only demand conditions as specified in the model for
the years 1999 and 2000; hence, they are representative of the river channel losses that might be
expected below Falcon Reservoir during extreme drought periods when no imrigation water is
released from the reservoir. As indicated in the tables, between 13 and 21 percent of the
municipal water released from the reservoir for the United States potentiaily could be lost along
the river, with Mexico’s losses ranging between 11 and 17 percent. The differences between the

¢ Eagle Pass, Del Mar/Laredo, Laredo Power Plant, San Y gnacio, Rio Bravo, Zapata and Falcon Village.
T Cd. Acuna, Piedras Negras, Nuevo Laredo and Nuevo Cd. Guerrero.
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EVALUATION OF AMISTAD-FALCON WATER SUPPLY
UNDER CURRENT AND EXTENDED DROUGHT CONDITIONS

river loss rates for the two countries are the result of allocating the total losses in a given reach
based on the proportional amount of water that each country has flowing in the reach.

Estimated Total Water Losses

The total amount of water that must be released at any one time from Falcon Reservoir in order
to satisfy United States municipal demands in the Lower Rio Grande Valley without the benefit
of irrigation carrying water is equal to the sum of the individual demands themselves plus the
estimated losses associated with the irrigation district delivery systems plus the estimated losses
along the river channel. These quantities in acre-feet are summarized in Table S for United
States water based on the results from the ROM simulations for each of the six combinations of
assumed irrigation district delivery system loss rates (15%, 20% and 25%) and river channel loss
rates (average and high). At the bottom of the table, the corresponding total loss rates for the
entire United States Lower Rio Grande water delivery system (river channel plus irrigation
districts) are presented as percentages of the total municipal demands as specified in the analyses
(projected year-2000 demands) and as percentages of the total releases from Falcon Reservoir
required to meet these demands. These loss rates suggest that between 29 and 52 percent of the
total United States municipal water demands below Falcon Reservoir can be expected to be lost
either along the river channel or through the irrigation district delivery systems, which means
that an additional 29 to 52 percent of the municipal demands must be released from Falcon
Reservoir in order for the full amount of the municipal demands to be satisfied, i. e., at the water
treatment plant headgates. Or stated another way, for every acre-foot of United States water that
is released from Falcon Reservoir to meet downstream municipal demands without the benefit of
irrigation carrying water, between 22 and 34 percent can be expected to be lost either along the
river channel or through the irrigation district delivery systems.

Corresponding results for Mexico based on the ROM simulations are summarized in Table 6.
The indicated total loss rates for Mexico (12 to 20 percent of total demands or 11 to 17 percent
of Falcon releases) are considerably less than those for the United States because they do not
reflect any conveyance losses within Mexico’s internal water delivery system, for example,
along the Anzalduas Canal. These total loss rates reflect only river channel losses. The
corresponding river channel loss rates for the United States based on Falcon Reservoir releases
are comparable and range between 13 and 21 percent (see Table 3).

Water Availability With Municipal-Only Deliveries
As expected, without irrigation demands on the Amistad-Falcon reservoir system, the results

from the ROM simulations indicate that the storage in the two reservoirs for both the United
States and Mexico increases, even under the extended drought-condition inflows of 1995. These
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EVALUATION OF AMISTAD-FALCON WATER SUPPLY
UNDER CURRENT AND EXTENDED DROUGHT CONDITIONS

gradual and steady increases in the simulated storage amounts for the United States and Mexico
during 1999 and 2000, after the irrigation demands have been set equal to zero, are illustrated on
the plot in Figure 17. These trends occur, of course, because the municipal demands that have
been specified in the model for purposes of these analyses are substantially less than the normal
irrigation demands that must be satisfied with water from the reservoirs. This suggests that if the
inflows to the reservoirs continue over the next two years or so at levels consistent with those
that occurred during 1995 (the driest year of the current drought period), municipal demands can
continue to be fully satisfied with water from the reservoirs, and irrigation demands very likely
will have to be substantially curtailed, but not reduced to zero. Releases from Falcon Reservoir
to satisfy downstream municipal demands will, of course, have to include additional carrying
water (29 to 52 percent of the demands) to offset losses along the river channel and within the
irrigation district delivery systems used to convey the water from the river to the municipalities.

Page 36 of 37 R. J. Brandes Company March, 1999



0002 6661 8661 L66} 9661 G664

qu----d-—u—---«--_--n«---—---«-‘q--—------—---.o-u- oo
. + .

' '
M 1 ' .
.

- { | 3OVHOLS NVOIXIW WIOL «nmmenees . ;
- 3IDVHOLS '§'N TVAOL m m | i
Added b 4 Jd 4 1 1 _ F SR VR W TY WS T N Y B m NS S S T N S S S N U m U T WY R T T SO VO S OO | m N N Y D S R S T Y B 1 m I T YUY A W TR S T W T | m.N

S3SS071 LOIHLSIA NOILYDIHYHI %02 ANY S3SSO1 HIAIH 3DVHIAY 'SIIHIAINAA AINO-TVIDINNIN HLIM
OOIX3W ANV SILVLS A3LINN IHL HO4 3DVHOLS ATHLNOW 0002-S66}1 A3 LY INNIS
L} 3HNOId4

1334-340V NOITIIN '3DVHOLS HINOW-40-aN3



ATTACHMENT 1

LIST OF DATA REQUESTED FROM IBWC
FOR EXTENDING THE AMISTAD-FALCON DATA BASE



R. J. Branpes ComMpaNY

Consulting in Water Resources

SENT VIA FACSIMILE
August 21, 1998

International Boundary and Water Commission
United States Section

4171 N. Mesa, Suite C-310

El Paso, Texas 73302-1441

Attention:  Mr. Ken Rakestraw
SUBJECT:  Regquest for Rio Grande Data

Dear Mr. Rakestraw;

The Texas Water Development Board, in association with the Texas Natural Resource
Conservation Commission, the Rio Grande Watermaster, and local water interests in the Lower
and Middle Rio Grande Valley, is initiating an investigation of potential water availability from
Amistad and Falcon Reservoirs for Rio Grande water users under continued drought conditions
and altenative demand scenarios. As part of this effort, we want to update the data input file for
the Amistad-Falcon Reservoir Operations Model and make an analysis of low-flow water losses in
the river and in some of the irrigation district delivery systems. Data from IBWC describing
historical Rio Grande streamflows, inflows, diversions, reservoir releases, and return flows for
selected periods will be essential for much of this work.

Artached is a list of the data we would like to request from your office. Many of these data files
are the same as those you previously provided us for earlier years. We now would like to update
our files to the most current period for which data are available, hopefully through 1997 and
possibly part of 1998.

We appreciate very much your assistance with this request. Please give me a call if you have any
questions or if you need any additional information from me. Thank you in advance.

Yours truly,
. BRANDESAOMPANY

RobertJ. B es, P.E,Ph. D.

cc:  Ms. Carolyn Brittin, TWDB
Ms. Cindy Martinez, TNRCC Rio Grande Watermaster

Telephone: 512/343-1070

8011 Mountain Ridge Dr., Suite 100
Facsimile: 512/343-1083

Austin, Texas 78759



IBWC DATA REQUIRED FOR EXTENSION OF DATA BASE
FOR AMISTAD-FALCON RESERVOIR OPERATIONS MODEL
AND FOR ANALYZING LOW-FLOW SYSTEM LOSSES

R. J. Brandes Company
August 21, 1998

The following pre-published data files are requested from the IBWC for the period
January 1, 1997, through the most recent month for which such data are available. The
names of these data files as referenced herein are the same as those used in the IBWC
Annual Water Bulletins. These data files for years prior to 1997 previously were provided
to RIBCO by IBWC.

1. Diversions from the Rio Grande, Maverick Canal at Mile 13, by month

2. Return Flow to the Rio Grande from Maverick Canal at Maverick Power
Plant, by month

3. Return Flow to the Rio Grande from Maverick Irrigation District Above Eagle
Pass, by month

4. Return Flow to the Rio Grande from Maverick Irrigation District Below Eagle
Pass, by month

5. Municipal and Industrial Water Users in the United States, by month
(specifically Eagle Pass, Del Mar, Laredo, Laredo Power Station, Rio Bravo,
San Ygnacio, New Zapata and Falcon Village)

6. Municipal and Industrial Water Users in Mexico, by month (specifically
Ciudad Acuna, Piedras Negras, Nuevo Laredo and Nueva Cd. Guerrero)

7. Stored Water in Large Reservoirs of the Rio Grande Basin - International
Amistad Reservoir, end of month

8. Stored Water in Large Reservoirs of the Rio Grande Basin - International
Falcon Reservoir, end of month

9. Rainfall on the Rio Grande Watershed - In the United States, by month
‘ (specifically Buoy No. 11, Devils Lake, Amistad Dam, Zapata Station and
Falcon Dam stations)

10.  Evaporation in the Rio Grande Basin - In the United States, by month
(specifically Amistad and Falcon Dam stations, and Martin King Ranch)

11. Evaporation in the Rio Grande Basin - In Mexico, by month (specifically
Nueva Ciudad Guerrero)



IBWC DATA REQUIRED FOR EXTENSION OF DATA BASE
FOR AMISTAD-FALCON RESERVOIR OPERATIONS MODEL

August 21, 1998 Page2of 3

B. The following unpublished data files are requested from the IBWC for the period January
1, 1997, through the most recent month for which such data are available. These
unpublished data for years prior to 1997 previously were provided to RIBCO by IBWC.

L. U. S. Inflows to Amistad Reservoir, by month
2. Mexican Inflows to Amistad Reservoir, by month
3. U. S. Inflows between Amistad and Falcon Reservoirs, by month

4. Mexican Inflows between Amistad and Falcon Reservoirs, by month

s. U. S. Unpublished Diversions between Amistad and Falcon Reservoirs, by
month (these do not include municipal or Maverick Canal diversions)

6. Mexican Unpublished Diversions between Amistad and Falcon Reservoirs, by
month (these do not include municipal or Maverick Canal diversions)

7. U. S. Releases from Amistad Reservoir, by month
8. Mexican Releases from Amistad Reservoir, by month
9. U. S. Releases from Falcon Reservoir, by month

10.  Mexican Releases from Falcon Reservoir, by month

C. The following pre-published data files are requested from the IBWC for the period
January 1, 1996, through the most recent month for which such data are available. The
names of these data files as referenced herein are the same as those used in the IBWC
Annual Water Bulletins. These data files for years prior to 1996 have been obtained by
RIBCO from the published IBWC Annual Water Bulletins.

1. Rio Grande below Falcon Dam near Falcon, Texas and Nueva Cd. Guerrero,
Tamaulipas, by month

2. Rio Alamo at Cd. Mier, Tamaulipas, by month
3. Rio San Juan at Camargo, Tamaulipas, by month

4, Contributions to the Rio Grande from the Lower Rio San Juan Irrigation
District, Falcon Dam to Rio Grande City, by month

5. Diversions from the Rio Grande, United States Side, Falcon Dam to Rio
Grande City, by month

RIE
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10.

11.

13.

14,

15.

16.

17.
18.

19.
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Rio Grande at Rio Grande City, Texas, near Camargo, Tamaulipas, by month

Contributions to the Rio Grande from the Lower Rio San Juan Irrigation
District, Rio Grande City to Anzalduas Dam, by month

Diversions from the Rio Grande, United States Side, Rio Grande City to
Anzalduas Dam, by month

Diversions from the Rio Grande, Anzalduas Canal near Reynosa, Tamaulipas,
by month

Rio Grande below Anzalduas Dam near Reynosa, Tamaulipas, and Mission,
Texas, by month

Rio Grande Floodway Discharges, Lower Rio Grande Valley, on the United
States Side, by month

Rio Grande Floodway Discharges, Lower Rio Grande Valley, on the Mexico
Side, by month

Diversions from the Rio Grande, United States Side, Anzalduas Dam to
Progreso, by month

Diversions from the Rio Grande, United States Side, Progreso to San Benito,
by month

Rio Grande neé.r San Benito, Texas, and Ramirez, Tamaulipas, by month

Diversions from the Rio Grande, United States Side, San Benito to
Brownsville, by month

Rio Grande near Brownsville, Texas, and Matamoros, Tamaulipas, by month
Rio Grande at Del Rio, Texas, and Ciudad Acuna, Coahuila, by month

Rio Grande near El Indio, Texas, and Villa Guerrero, Coahuila, by month
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ATTACHMENT 3

OUTPUT FROM AMISTAD-FALCON ROM
FOR 1995-2000 SIMULATION OF EXTENDED DROUGHT CONDITIONS
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ATTACHMENT 4

OUTPUT FROM AMISTAD-FALCON ROM FCR 1995-2000 SIMULATION
OF MUNICIPAL-ONLY WATER DELIVERY CONDITIONS WITH AVERAGE RIVER
L.OSSES AND 20% IRRIGATION DISTRICT CONVEYANCE LOSSES
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Report on Diversion Facilities on the Rio Grande That Deliver
Water For Domestic, Municipal and Industrial Uses

The Lower Rio Grande Valley Development Council entered into a Research and Planning Fund
Research Grant Contract with the Texas Water Development Board to assemble data on each
irrigation district diversion facility on the Rio Grande that delivers water for domestic, municipal
and industrial uses. The objective on the study was an analysis of the irrigation district diversion
facilities on the Rio Grande to develop an opinion on whether municipal water supplies could be
delivered when little or no irrigation water is being used.

The specific items in the Scope of Services were:

. Assemble available construction drawings showing the general plan and capacity of each
diversion facility including existing weirs.

. Establish a committee of three irrigation district representatives and three municipal
representatives to review the assembied drawings.

J Visit each critical diversion facility to observe the actual physical condition and take
photographs.

. Prepared a written summary on each diversion facility.

The appointed committee consisted of the following individuals:

Irrigation Districts Municipal

Jo Jo White Bart Hines
Wayne Halbert Cloice Whitley
Sonny Hinojosa John Bruciak

Charles Greenwood, with the consulting engineering firm of Sigler, Winston, Greenwood and
Associates, Inc., was responsible for assembling the available construction drawing. The available
construction drawings to show the general plan and capacity of each diversion facility, including
existing weirs, are presented in the attached Appendix A.

Committee Action

The committee met on January 11, 1999 at 2:00 P.M., in the offices of Sigler, Winston, Greenwood
and Associates. The committee members present agreed that they did not believe it was necessary
to visit each of the critical diversion facilities to observe the actual physical condition and to take
photographs. After extensive discussion, the committee members present agreed to state in writing
their opinions on the capability of the diversion facilities to deliver the domestic, municipal, and
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industrial demands when there is little or no agricultural water in the Rio Grande. The written
staternents are included in Appendix B and a summary of the comments is presented below.

Summary of Comments

The main purpose of the report is in support of the investigation to determine the answer to two
questions:

If there is no agricultural water being discharged from Falcon Reservoir (only Mé&I water
is being discharged), will the Rio Grande be capable of delivering water to each diversion
structure?

Is each irrigation district capable of diverting water from their diversion point to the cities?

From past history, the irrigation districts can and do divert water from the Rio Grande when there
is no irrigation water being released. Obviously, the pumping efficiencies are negatively affected and
the overall volumes to be pumped are limited. There are documented data (Rio Grande Watermaster
and .B.W.C.) that indicate the historical periods of time when little or no irrigation water was being
released from Falcon Lake. The water being diverted from the river during these times was only
municipal water. The assumption can be made from this documented history that irrigation districts
will be able to physically pump water from the river even if the only remaining water in the Rio
Grande is municipal water.

The diversion of water for city water supplies by the respective irrigation district is fairly well
established due to the long term operation and the development that has grown up around most
systems. These restrictions are going to make any changes impossible that would help in diverting
more water or to provide any type of storage during drought periods.

The major water diverters (irrigation districts) along the Rio Grande, below Anzalduas Dam, have
weirs downstream of their diversion points that maintain a minimum river elevation and create a
pool of water that facilitates the diversion of water during low flow conditions.

Raising of the diversion weirs should be further evaluated, but such action may not be advisable.
The increase in the weir beight will affect the flood hydrology of the Rio Grande. The greater weir
height will also cause a greater amount of backwater on land that may flood both the United States
and Mexican shorelines. The additional height may also cause greater impoundment of water, with
the related higher seepage and evapotranspiration losses.

The irrigation districts upstream of Anzalduas Dam utilize the pool created by the Dam, therefore,
their ability to divert water for M&I purposes only should not change.

One solution for assuring a diversion structure is capable of pumping water to the canals for only
M&I purposes would be dredging the Rio Grande diversion points.

-~
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Although the depletion of irrigation water in the reservoirs is unlikely, there will be individual
irrigation districts that may exhaust their water right account. The problems encountered by these
irrigation districts in 1998 was maintaining a charged canal system for a city that has no raw water
storage reservoir.

Recommendations

All cities and /or water purveyors must be required to have control of, or contract to an irrigation
district for, raw water storage for at least 20 to 30 days of supply. Raw water storage requirements
should meet the maximum daily demand from the water treatment facility. The 20 to 30-day storage
requirement should be a firm storage requirement and not be based on total volume of storage. If
cities had a requirement to have 20 to 30 days of water supply in storage, it would greatly increase
the efficiency in how the irrigation districts divert water. This would be the responsibility of the city
and not the district since it would only benefit the city.

Several cities rely on the irrigation districts’ canal system as their reservoir. This practice places an
unnecessary burden on the irrigation districts. Cities should not take into account canals as storage
facilities unless there are no taps to the canal prior to the city’s diversion point. In other words, they
can use that portion of the canal that serves solely their water treatment facility, if and only if, the
irrigation district agrees to the concept. The storage could be contained through weirs or gates to
meet that storage requirement. If an irrigation district has a storage structure at the present time, the
district might explore to determine if the structure can be reworked to provide more storage, or to
determine if there is a way that the city can put their own storage facility into operation. If the
district has a storage structure presently, the district could work with the city to fund the needed
repairs or enlargement of the facility.

To insure the continued pumping ability under low flow conditions, the following recommendations
are made:

1. A study should be made on all existing Rio Grande weirs (and future installations) that could
determine their positive impact on pumping conditions during low flows. Also, what could be done
to increase the positive results of the weirs now in place. '

2. Further study should be done on the aquatic weed infestation and its impact on low Rio Grande
flows.

3. The water ordering mechanism now being used between the irrigation districts and the Rio Grande
Watermaster needs to be investigated to determine what would best enhance the efficient delivery
of water from the Falcon Lake if the situation ever arose where only municipal water was remaining
in the reserves.

4. Additional measuring or gauging stations along the river could better monitor the river flow
and could provide a higher level of operation. Efforts should be made to coordinate the activities
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of all the agencies to assist in the funding of such a program.

5. Negative environmental effects resulting from the low flows, such as potential fish or wildlife
damage, need to be addresses by those water right holders (Texas Parks & Wildlife, U.S. fish &
wildlife, etc.) who have the water reserves that could possibly alleviate these conditions. No other
water right allocation holders should use their reserves for this purpose.

6. The cities can help themselves by either studying their water supply system themselves or hiring
someone assess their needs and provide an answer for them. Many of the smaller towns have let
their treatment and distribution systems and their water supply sources to their system deteriorate
for so many years. These cities are in an almost impossible situation money wise to be able to
provide any type of fix to these facilities.
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Wm. Bart Minas, P.E., Uthly Manager

cAten, enze o5 220 MCALLEN PUE
ool UTILITIES
E-Mal: utliyQ usiity.cl.mealion.t.us

Fax

To: M. Tony Reid From: \Wm. Bart Hines, P.E.
Perez/Fraesa & Nichols Utility Manager
Fwmu 882-1545 Pages: 2
Phone: 6314482 Date: 01/14/99
Re  TWD8 Contract CC:  Mr. Ken Jones, Lower Rlo Grancie Valley
B Diversion Fadiities on the Rio Grande Development Counci
River

OUrgent (] ForRaview [IPlease Comment (] Please Reply O Plensa Racyele

Aftached pleasa find comments on the above mentioned contract.

Shouid you need additional information, please advise.




@1/14/1999 18:18 9569727155 MCALLEN BART HINES PAGE B2

CITY OF McALLEN
DEPARTMENT OF PUBLIC UTILITIES
MEMORANDUM ‘
0oD000CcO0goOo000000000000008000000000000000000000008000000000
TO: Tony Reid, P.E., Perez/Freese & Nichois LLC
FROM: Wm. Bart Hines, Utility Manager W
SUBJECT: Comments regarding TWDB Contract

Diversion Facilities on the Rio Grande River
DATE: January 14, 1999
0000000000 00GCo0000n0o0000cc00000000000oo000000000noconnobann

Please accept the following comments as requested in our meeting Monday January 11, 1999 at Sigler,
Winston, Greenwood and Associates, inc. offices where we discussed the recomrrendations which
should be made to accomplish the above referenced contract.

I is my understanding that Mr. Greanwood has accomplished Subtask 2.1 and providacl drawings to you
for further evaiuation and for reporting. | see no ussful purpose for Subtask 2.3 (to visit each diversion
point) if the assembled drawings are truly accurate. | believe the TNRCC Rio Grande Watermaster
should be contacted and shown the drawings to verify their accuracy, if this could be at all possibie.

The main purpose of Task 2.0, is in support of the investigation to determine the answer o two
questions: )

> ¥ there is no agriculture water being discharged from Lake Falcon (only M % | water is being
discharged from Lake Falcon), will the Ric Grande River be capable of delivering water to each
diversion structure?

> Is each irrigation district capable of diverting water from their diversion point to the ciies?

e Raising of the diversion weirs should be evaluated further, but may not be adviszbe. The increase
of weir height will affect the flood hydrology of the Rio Grande River and may cause greater
impoundment of waters, thus greater seepage and evapotranspiration. Greater weir height will also
cause a great amount of backwater on land that may flood both United Statas and Mexican
shoralinas. The solution for assuring a diversion structure is able ta pump water to the canals for M
& I's purposes would be dredging the Rio Grande River diversion points.

« Al cities and/or water purveyors must be required to have control of. or contrac: to, an irrigation
district for raw water storage for at least 20 days. Raw water storage requiremertts shouid meet the
maximum daily demand from the water treatment facility. The 20 day storage requirement should be
a fim storage requirement and not be based on total volume of storage. Also, cities should not take
into account canals as storage facilities uniess there are no taps to the canal prior to the city's
diversion point. In ather words, they can use that portion of the canal that serves solely their water
treatment facility, if and only i, the irrigation district agrees to that concept and it cculd be contained
through weirs or gates to meet that storage requirement.

if you have any questions or comments feel free to contact me.
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HIDALGO AND GAMERON GOUNTIES
IRRIGATION DISTRICT
=S No.9 & - )
i

SERVING THE LANDS
TRIBUTARY TO

MERCEDES-WESLACOC
ELSA-EDCOUCH-LA VILLA

82,000 ACRES
TELEPHONE 956 / 565-2411 - "l
FAX 956 / 565-0521
P.O. BOX 237
MERCEDES, TEXAS
January 14, 1999 788700237

Tony Reid, P.E.

Perez, Freese, and Nichols, L.L.C.
3233 N. McColl Road

McAllen, Texas 78501

Re: Low River Flow Pumping Conditions
Dear Tony,

From past history, it has been shaown that Irrigation.
Districts River Pumping Plants (those that deliver municipal
water) still have the ability to operate during low River flow
conditiong. Ghviously, the pumping efficiencies are negatively
affected and the overall volumes to be pumped are limited. The
main reason that diversions can still take place is due to the
existing River weirs that provide the necessary elevated pools of
retained water. There is documented data (Rio Grande Watermaster
and I.B.W.C.) that indicate the different past time frames when
little or ne irrigation water was being released from Falcon
Lake. The water being diverted from the River during these times
wags only municipal water. 0One can assume from this documented
history that Irrigation Districts will still be able to
physically pump water from the River even if the only remaining
vater supply is municipal water.

To insure the continued pumping ability under low flow
conditions, the following recommendations are made:

1. A study should be made on all existing River weirs {(and
future installations) that could determine their
pogitive impact on pumping conditions during low flows.
Also, what could be done to increase the positive
results of the weirs now in place.

2. Further study should be done cn the aquatic weed
infegtation and its impact on low River flows.
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HIDALGO AND CAMERON COUNTIES ™\
IRRIGATION DISTRICT |
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MERCEDES, TEXAS

785700237

3. The wvater ordering mechansim nov being used between the
Districts and the Watermaster needs tc be investigated
toc determine what would best enhance the efficient
delivery of water from the Reservoirs if the situation
ever arose vhere only municipal water was remaining in
the reserves.

4. It is strongly recommended that each individual
municipality have its own raw water storage reservoir.
This would greatly benefit the overall efficiency of
delivering water during extreme shortages.

S. Negative environmental affects resulting from low flows,
such as potential fish or other wildlife damage, need to
be addressed by those water right holders (Texas Parks &
Wildlife, U.S. Fish & Wildlife, etc.) who have the water
regerves that could possibly alleviate these conditions.
No other water right allocation holders should use their
reserves for this purpose,.

Nlo White

Hidalgo & Cameron Counties
Irrigaticn District #9




Board of Directors

Allen Amold J.D. Dreibelbis Bart Forthuber Karl Obst M.G. Dyer
President Vice-Presidant Secrgtary Asst. Secretary Member

Sonny Hincjosa, General Manager

Hidalgo County Irrigation District Number Two

P.C. Box 6, San Juan, Texas 78589 (956) 787-1422 FAX (956) 781-7622

January 15, 1999

Tony Reid, P.E.

Executive Vice President
Perez/Freese and Nichols, L.L.C.
3233 N. McColl Road

McAllen, Texas 78501

RE: Task 2, Diversion Facilities on the Rio Grande below Falcon Dam.
Dear Tony,

As discussed at the January 11, 1999 meeting at the offices of Sigler, Winston,
Greenwooed, and Assoc., there should be no difficulty in diverting municipal, domestic,
and industrial (MDI) water from the Rio Grande, if little or no irrigation water is in the
River.

The major water diverters (DISTRICTS) along the Rio Grande, below Anzalduas Dam,
have wiers downstream of their diversion points that maintain 2 minimum river elevation
and create a pool of water that facilitates the diversion of water during low flow
conditions.

The Districts upstream of Anzalduas Dam utilize the pool created by the Dam; therefore,
their ability to divert water for MDI purposes only should not change.

There have been numerous occurrences where only MDI water is in the River. Usually,
after periods of widespread rainfall, when there is no irrigation water demand, the MDI
demands are still met. This is due to the ability of Districts to divert MDI water only.

Although the depletion of irrigation water in the reservoirs is unlikely, there will be
individual Districts that may exhaust their water right account. The problems
encountered by these Districts in 1998 was maintaining a charged canal system for a city
that has no reservoir.

Several cities rely on the Districts' canal system as their reservoir. This practice places an
unnecessary burden on Districts. All cities should be required to have 2 several day water
supply storage facility.



In summary, I would like to emphasize that Districts can and do divert water from the
River when there is no irrigation water being released. If cities would bave a requirement
to have "X" number of days of water supply in storage, it would greatly increase the
efficiency in how Districts divert water.

I hope that this information is beneficial to you. If you have any questions or comments,

please contact me.

Sincerely,

Sonny Hinejosa
General Manager

SH:aa




HARLINGEN

January 25, 1999

TO: Tony Reid
FROM: Cloice Whitley

RE: River Diversion Water Supply for Municipalities
Integrated Water Resource Plan

Diversion of water for city water supplies by the respective irrigation district 15 going to
be pretty well fixed because of the long term operation and the development that has
grown up around most systems. These restrictions are going to make any changes
impossible that would help in diverting more watcr or to provide any type of storage
during drought periods, Also 10 install weirs in the river to increase Lhe water leve: at the
diversion points will not provide any additional beneficial results. 1f the districts have a
storage structure at the present time, they might sce if there is some way they can rework
the structure to provide more storage or to see is there is a way that the city can put their
own storage (acility into operation. Tthink that each city should have at least a 30 day
storage capacity reservair that will feed their reatment facilities. This would be the
responsibility of the city and not the district since it would only benefit the city. If the
district has a storage structure presently, they might get the city to fund the aceded repairs
or enlargement ot the facility.

The only way that | see the cities helping themselves is for them to either study their
system themselves orto hire someonc to asscss theirs needs and to providc an answer tor
them. One problem that T see is that a lot of the smaller towns have let their weatment
and distribution systems and their water supply source to their system deteriorate for so
many years, that they are in an almost impossible situation money wise to be able to
pravide any type of fix to these. Storage reservoirs is the only thing that most can Jo that
would give some relief.

If weirs were to be put in the river at the pump stations, several things that I think would
happen would be a minus in my mind. 1. Increased height in the nver wouid impede the
flow of the river and aithough the changes in height would not be much. 2. A. raised
water level in the river could causc some critical differences in the land that would be
required in the new clcvations. On the Texas side of the river, this might not be a
problem but un Mexico’s side, it might create some difficuit problems.

134 E. Van Buren « P.O. Box 1950 = Harlingen, TX 78551 » Ph. (958) 430-6100 » FAX (956) 430-6111
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Tf there could be additional measuring or gauging stations along thre river and these: could
be monitored as to river flow, T think that the river couid be opérated without too much
trouble. I think that has been talked about and maybe with BBWC, we could get enough
money between all of the agencies to fund such a program. Course, the answer Lo the
cities” problem is to put the pipeline in from the lake to the lower Valley and the supply
problcm is solved for them. Solving the problem for one will create some problems for
the other.

1 really don’t see any thing that can be done that does not require a tremendous amount of
funding that will solve the problem during times of drought. -




