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SECTION 1. STUDY BACKGROUND

This report presents the resuits and findings of a study conducted for the Texas Parks
and Wildlife Department (TPWD) and the Texas Water Development Board (TWDB) of
the potential effects on salinities in Lavaca Bay of proposed low-flow release programs
for Lake Texana. This study effort has been funded through a TWDB research and
planning grant, and the work has been conducted by R. J. Brandes Company, in
association with Michael Sullivan and Assoc., under Contract No. 330-0644 with the
TPWD.

Lake Texana (formerly called Stage I. of Paimetto Bend Reservoir [1]') is located on
the Navidad River between the towns of Edna and Ganado in Jackson County (see
Figure 1-1). The dam and reservoir are jointly owned by the Lavaca-Navidad River
Authority (LNRA) and the TWDB. The dam was completed in 1981, and since that
time, the LNRA has operated the facility primarily for water supply purposes.

By virtue of its financing of the project, the TWDB owns 57.33 percent of the water
rights for Lake Texana, and LNRA owns the balance (42.67 percent). A certificate of
adjudication for the project has been issued by the Texas Water Commission (TWC),
which authorizes an impoundment with a capacity of 170,300 acre-feet and an annual
diversion of 75,000 acre-feet. The certificate has a priority date of May 15, 1972, and
is subject to all superior and senior water rights in the Lavaca River Basin, including,
“as may be determined by the Commission, the release of water for the maintenance
of the Lavaca-Matagorda Bay and Estuary System”.

The Lavaca-Matagorda Bay and Estuary System covers about 350 square miles of
water surface area in Calhoun, Victoria, Jackson and Matagorda Counties (see Figure
1-2). It includes Matagorda Bay, Lavaca Bay, Cox Bay, Keller Bay, Carancahua Bay,
Tres Palacios Bay, several smaller bays, extensive fresh and salt water marsh areas,
and the estuarine segments of the Lavaca and Navidad Rivers and several other
tidally-influenced creeks [2]. The overall bay and estuary system receives inflow from
over 44,000 square miles of drainage area that includes all or portions of the Colorado

" Numbers in brackets refer to corresponding items in the List of References.
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FIGURE 1-1 LOCATION OF LAKE TEXANA AND THE LAVACA-
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and Lavaca River Basins and the Colorado-Lavaca and Lavaca-Guadalupe Coastal
Basins. The Lavaca River Basin, which includes the Lake Texana watershed,
encompasses about 2,260 square miles, or approximately 51 percent of the total
system drainage area.

The Lavaca-Matagorda Bay and Estuary System provides habitat areas and food
sources for an abundance and variety of estuarine-dependent aquatic species,
particularly fish and shelifish, and it serves as a significant resource for the commercial
fishing industry in Texas. According to TPWD records, the Lavaca-Matagorda Bay and
Estuary System ranks second only to the Galveston Bay System in annual commercial
inshore catch (all species).

Freshwater inflows from rivers and streams and from adjacent land areas play a
dominant role in influencing the environmental behavior and condition of all estuarine
ecosystems. Salinity gradients throughout an estuary or bay are directly related to the
quantity of fresh water that flows into the system, with the lowest salinities (typically
less than 1.0 ppt) occuring at or near points where freshwater inflows are discharged.
Salinity leveis gradually increase toward the Guif where ocean salinities (on the order
of 33.0 to 35.0 ppt) prevail. It is this broad range of salinity that tends to provide stable
and suitable conditions for various aquatic species during critical stages of their life
cycles. Without enough freshwater inflow, salinities can become too high for many
organisms to effectively function; conversely, too much fresh water can cause
depressed salinities that are too low for certain marine organisms. Freshwater inflows
to bays and estuaries also transport sediments, nutrients and other food materials that
are essential for species survival. The influx of these constituents, at the proper times
and in the proper amounts, is critical with regard to the preservation and maintenance
of a viable estuarine ecosystem. Generally, these constituents are transported into the
estuarine system with flood flows.

Because of concern regarding the potential adverse impacts that Lake Texana may
have with respect to reducing the normal freshwater inflows to Lavaca Bay and its
associated estuarine water bodies, extensive studies have been undertaken by the
TWDB and TPWD for the purpose of developing an effective program for releasing
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water from the impoundment. To date, considerable data and information describing
the estuarine resources and historical inflow regimes of the Lavaca Bay system have
been compiled and analyzed [2,3], and a wide range of alternative schemes for
operating and for releasing water from Lake Texana have been proposed and studied
[2,4,5]. Still, no program for releasing water from Lake Texana for bay and estuary
purposes has been adopted and implemented.

Over the past year or so, however, the TPWD and TWDB jointly have established the
technical basis for a proposed release program for Lake Texana that appears to offer
the potential for finally being accepted and possibly resolving the freshwater inflow
issue [4]. This proposed approach is founded on the concept of maintaining, as a
minimum, certain monthly median and mean inflows to Lavaca Bay from the Navidad
River alone, based on historical pre-project hydrologic conditions, including the
extreme low flows that occurred during the drought of the 1950's. In effect, depending
on the natural hydrologic conditions that may be occurring within the Navidad River
Basin and on the amount of water stored in Lake Texana at any given time, the
TPWD/TWDB proposed release program defines the specific rate of inflow that is to be
maintained into Lavaca Bay from the Navidad River, i. e., released from Lake Texana,
for each month of the year, such that historical hydrologic influences on the estuarine
ecosystem are mimicked. The theory underlying this release program is that if the
historical freshwater inflow regime is maintained, or at least approximated, then the
estuarine ecosystem also will be preserved.

The purpose of the study described herein, in general, has been to examine the effects
of the TPWD/TWDB proposed Lake Texana release program on the Lavaca Bay
ecosystem. Specifically, this effort has focused on salinity as the indicator parameter
for the overall condition of the estuarine ecosystem, and projected salinity levels within
the bay under various release and inflow regimes have been investigated. Salinity
comparisons have been made assuming various “with” and “without™ project
conditions, as well as, different levels of releases from Lake Texana for alternative
release programs. |



Pursuant to the contract with TPWD, this study has been undertaken in three phases:

Phase |. Documentation of TPWD/TWDB Release Program

Phase ll. Evaluation of the Salinity Impacts

Phase Ill. Moaodification and Analysis of Alternative Lake Texana
Release Programs

This report presents the results from the first two study phases in Sections 2, 3 and 4.
Projected salinity levels for Lavaca Bay for different cases of reservoir releases and
freshwater inflows are presented in tabular form, and plots are provided that illustrate
the effectiveness of the TPWD/TWDB proposed release program with respect to
salinity compared to conditions without L.ake Texana and with Lake Texana, but
without dedicated releases. Results from performing Phase Ill of the contract, as
authorized by the TPWD and TWDB following review of the initial findings, are
contained in Section 5. These results describe salinity conditions in Lavaca Bay for
different levels of releases corresponding to operational variations in the TPWD/TWDB
proposed release program. Section 6 presents a summary of the overall study, with
conclusions.

it should be emphasized that this study has focused solely on salinity as the indicator
to test the effectiveness of the TPWD/TWDB proposed Lake Texana release programs
with regard to impacts on the Lavaca-Matagorda Bay and Estuary ecosystem. In this
sense, this effort is considered to provide an initial and preliminary assessment of bay
and estuary impacts, which should be useful in weighing current options regarding the
required releases. Centainly, there are other parameters and analyses that could and
should be considered in evaluating the overall effectiveness of the release program
that ultimately is adopted. The potential effect on nutrient loadings to the estuarine
system is an important factor to be evaluated, and an assessment of impacts on the
fisheries resources of the estuarine system would provide the ultimate test of the ability
of the release program to maintain a stable and balanced ecosystem. Other issues
include the overall effect of a fluctuating lake level with respect to the viability of the
inlake ecosystem, the impacts on public recreation and other uses of the lake, and the
mechanical/operational aspects of how the proposed release program can be
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physically implemented using the existing gate structures and outlet works at the dam.
These types of analyses are beyond the scope of this present study; however, they will
need to be considered and evaluated. Some of the broader issues pertaining to
impacts on estuarine nutrient loadings and fishery resocurces are being undertaken as
part of the State's overall cooperative program for investigating the freshwater needs
of Texas bays and estuaries [3].



SECTION 2. PROPOSED LAKE TEXANA RELEASE PROGRAM

The basic structure of the TPWD/TWDB proposed release program for Lake Texana
has evolved through an extensive analytical process involving investigations of
historical hydrology, alternative release schemes and reservoir yield impacts. To date,
very little emphasis has been placed on evaluating the bay impacts of the various
alternatives for the proposed release program. Studies conducted by the TWDB [4]
have addressed as many as eight different release schedules for Lake Texana, with
the primary focus being on the development and hydrologic assessment of the
TPWD/TWDB proposed release program as described and analyzed herein.

The basis for the TPWD/TWDB proposed release program was originally formulated
by the TPWD in its initial effort to define an appropriate release schedule for Lake
Texana. The release schedule, as initially proposed, calls for the release from the
reservoir of all daily inflows up to the historical (1940 - 1979) daily equivalent of the
monthly median inflows during the months of January, February, March, July,
November and December. During April, May, June, August, September and October,
all daily inflows- up to the daily equivalent of the historical monthly mean inflow
amounts would be released. The monthly median and mean flows corresponding to
the TPWD initial release schedule are listed below:

MONTH ELOW CFS
January 845
February 142.4
March 86.8
April 806.8
May 1,169.3
June 1,191.4
July 126.5
August 265.7
September 1,029.3
October 708.1
November 68.8
December 79.3



The consequences of making freshwater releases from Lake Texana in accordance
with the initial TPWD release schedule described above have been evaluated by the
TWDB in terms of the ability of Lake Texana to supply the permitted annual withdrawal
of 75,000 acre-feet, after having first satisfied the release requirements’. The
necessary computations were made using TWDB’s RESOP-Il reservoir operations
model, which simulates the hydraulic behavior of a single reservoir subject to monthly
inflows, demands, evaporative losses and, in this case, releases for freshwater inflows
to bays and estuaries. The results from this analysis indicate that, with the initial
TPWD release schedule in operation, only 70 percent (52,421 acre-feet) of the
authorized annual diversion (75,000 acre-feet), or only about 65 percent of the firm
annual yield of the reservoir without releases (80,984 acre-feet), would be available as
a water supply during the critical drought period.

It has been concluded by the TWDB that such a decrease in the firm annual yield of
Lake Texana could cause the project owners to have to charge a higher price for the
remaining yield in order to pay for the reserveoir and its associated water supply
facilities, which, in turn, could adversely impact financing of the project through water
sales. Lake Texana currently is operating with water sales far beiow the permitted
75,000 acre-foot amount. The potential benefits of the freshwater inflows under the
initial TPWD release program with regard to the Lavaca-Matagorda Bay and Estuary
System, whether ecological, economic or both, have not been evaluated by the TWDB
or the TPWD, either quantitatively or qualitatively.

As a result of the adverse yield impacts associated with the initial TPWD release
schedule, three additional release programs for Lake Texana, as variations on the
initial TPWD release schedule, have been developed and analyzed by the TPWD and
TWDB. For the first of these, instead of releasing inflows up to the historical median
flow level for the winter months and the month of July and up to the historical mean
flow level in the remaining months, release amounts are adjusted depending on the
amount of water stored in the reservoir at the beginning of each day. This storage-

' It should be noted that the actual firm annual yield of Lake Texana, as determined by the TWDB, is
80,984 acre-feet/year; hence, some 6,000 acre-feet/year of the reservoir yield remain unappropriated.
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dependent release schedule works as follows (see Figure 2-1): (1) when the water
level in the reservoir is between elevations 42 feet MSL and 44 feet MSL, daily
releases are made in accordance with the original TPWD release schedule, i. e. all
inflows up to the historical median flow are released during months of November-
March and July and all inflows up to the historical mean flow are released in the
remaining months; (2) at reservoir water leveils between 39 feet MSL and 42 feet
MSL, daily releases are made at a rate equivalent to the historical monthly median
flows; and {(3) when the reservoir water level is below 39 feet MSL, all inflows up to
the historical annual median daily inflow for the critical drought period from January,
1954, through December, 1958, or 5.0 cfs (cubic feet per second), are released. The
reservoir storage capacities and their relative portions of the total conservation pool in
Lake Texana corresponding to the various stage levels used in this release schedule
are indicated in Table 2-1.

This modified release schedule, called the multiple level felease schedule by TWDB --
which for purposes here will be identified as MLRS1 -- resufts in a reduction in the

volume of water released downstream compared to the initial TPWD release schedule.
" The effect of these reduced releases on the firm annual yield of Lake Texana also has
been analyzed by the TWDB. Since these releases are dependent on the daily stage
condition of the reservoir, TWDB developed and applied a version of the RESOP-II
model, called SIMDLY, that performs daily reservoir operation simulations with
multiple-level releases [7]. This model uses daily inflows to the reservoir and
distributes the monthly evaporation and monthly demand evenly over each month.
During a simulation, releases are determined daily as a function of the simulated
reservoir stage.

Results from operating the SIMDLY model for Lake Texana using the MLRS1 release
schedule indicate that the firm annual yield of the reservoir during the critical drought
would be 74,400 acre-feet, or slightly greater than 99 percent of the currently permitted
diversion mount, i. e. 75,000 acre-feet/year. This level of yield also is equivalent to
approximately 92 percent of the total yield of the reservoir without any releases being
made (80,984 acre-feet/year).
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TABLE 2-1 STAGE - CAPACITY DATA FOR LAKE TEXANA

RESERVOIR RESERVOIR PERCENT OF
STAGE STORAGE CONSERVATION
LEVEL CAPACITY STORAGE

Feet MSL Acre-Feet %
44.0 165,900 100.0
42.0 147,000 88.6
41.0 140,250 85.1
40.0 129,700 78.2
39.0 125,000 75.3

Source: Reference [4]




The formulation of the MLRS1 release schedule appears to consider three primary
interests: (1) to allow the maximum permitted municipal and industrial diversions from
the reservoir; (2) to provide adequate downstream inflows to Lavaca Bay; and (3) to
be sensitive to the onset of a drought. The first seems to have been accomplished in a
determinate manner, viz., firm annual yield equal to 99 percent of the authorized
diversion amount, and the third perhaps has been met, in at least an approximate
sense, though it is not tied to any recognizable drought definition. The extent to which
the second goal has been achieved has not been analyzed by TWDB or TPWD.

The second variation on the original TPWD release schedule has been formulated by
making a minor modification to the MLRS1 release schedule. This second variant,
designated MLRS2, has the same release rates as MLRS1, but expands the range of
applicability for the highest release-rate zone from a minimum cutoff elevation of 42
feet MSL to 41 feet MSL (see Figure 2-2). At elevation 41 feet MSL, the storage
capacity in Lake Texana is 140,250 acre-feet, which represents 85.1 percent of the
total conservation pool. The extra foot of capacity in this highest release band is taken
from the middle range, which for MLRS2 is reduced to the elevation range between 39
feet MSL and 41 feet MSL. The zone for the lowest release rate (5.0 cfs) is unchanged
from the MLRS1 release schedule.

Because the only months impacted by the MLRS2 release schedule with respect to
MLRSH, i. e., shifted from the middle zone to the upper zone, would be those requiring
median-based releases anyway in the upper zone, the potential effect of MLRS2 on
the ability of the reservoir to supply the authorized annual diversion amount of 75,000
acre-feet is virtually unchanged from that of MLRS1. Hence, more than 99 percent of
the authorized diversion amount still could be met from Lake Texana even under the
worst drought conditions of record.

The third variation in the TPWD's original release schedule, designated MLRS3, has
been produced by further adjusting the release-zone definitions. For the MLRS3
release schedule, the middle zone has been eliminated and the upper zone has been
extended downward to a minimum cutoff level at 40 feet MSL. The original TPWD
release schedule applies when the reservoir stage is between 40 and 44 feet MSL,

-13-
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and the lowest-level release amount of 5.0 cfs applies whenever the daily stage falls
below 40 feet MSL (see Figure 2-3). At elevation 40 feet MSL, the storage capacity in
Lake Texana is 129,700 acre-feet, which represents 78.2 percent of the total
conservation pool.

Results from operating the SIMDLY model using the MLRS3 release schedule indicate
essentially no change from MLRS1, or MLRS2, with regard to the ability of Lake
Texana to supply the authorized annual diversion of 75,000 acre-feet. For the MLRS3
release schedule, the firm annual yield as determined by TWDB is 74,400 acre-feet. A
visual comparison of the monthly flow frequency exceedence curves for MSRL1 and
MSRLS3 as presented by TWDB [4], both mapped against historical flows, indicates no
perceptible difference between the two sets.

The MLRS3 release schedule, as described above, is the same release schedule
referred to in this study as the TPWD/TWDB proposed release program. The
freshwater inflows to Lavaca Bay from the Navidad River that result from this release
program are described in Section 3, along with cofresponding inflows from the
remainder of the Lavaca Bay drainage area. The impacts of these inflows on salinity
levels in Lavaca Bay are analyzed and discussed in Section 4. The effects on Lavaca
Bay salinities of varying the minimum cutoff level of the MLRS3 release schedule over
the entire depth of the reservoir are described in Section 5. These results have been
developed through Phase IIf of the contract, following authorization from the TPWD
and TWDB.

-15-
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SECTION 3. LAVACA BAY INFLOWS

Lavaca Bay historically has received inflows primarily from the Lavaca and Navidad
Rivers, which join together to form a single watercourse approximately ten miles above
the upper reach of Lavaca Bay (see Figure 3-1). The flows in both of these rivers
have been measured since the late 1930’s at gages located just above their
confluence, with the gage on the Navidad River near Ganado relocated in May, 1980,
to avoid backwater effects from Lake Texana. There are approximately 2,950 square
miles of drainage area that contribute inflows to Lavaca Bay {2]. Of this amount, about
1,880 square miles (or 64 percent) are above the lower gages on the Lavaca River
(817 square miles above the gage near Edna) and the Navidad River (1,062 square
miles above the gage near Ganado). For purposes of this report, the portion of the
drainage area above the lowest gages on the Lavaca and Navidad Rivers is referred
to as the “gaged area”. The remainder of the drainage area below the two lowest river
gages is called the “ungaged area”.

The historical total annual inflows to Lavaca Bay and Matagorda Bay (1941 - 1987),
excluding Colorado River inflows, as compiled by TWDB [3] are listed in Table 3-1. As
shown, they have ranged from a minimum value of 38,169 acre-feet in 1956 to a
maximum of 3,245,480 acre-feet in 1973, and they have averaged 1,241,902 acre-
feet/year over the period of record. The statistical characteristics of these annual
inflows to Lavaca and Matagorda Bays are presented in Table 3-2. Analysis of the
arithmetic mean, standard deviation and skewness coefficient indicates a relatively-
normal distribution of these annual data. The median of the data (1,120,440 acre-
feet/year) is only slightly smaller than the mean, which suggests that the arithmetic
mean is an appropriate measure of the central tendency of the total annual inflows to
Lavaca and Matagorda Bays.

Corresponding statistical parameters for the historical total monthly inflows to Lavaca
Bay and Matagorda Bay [3] are presented in Table 3-3. As indicated, the historical
minimum monthly inflow to the bays was only 27 acre-feet, which is equivalent to an
average daily inflow of less than 0.5 cfs {cubic feet per second); this occurred during

-17 -
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TABLE 3-1 HISTORICAL TOTAL ANNUAL INFLOWS TO LAVACA-MATAGORDA
BAYS, EXCLUDING COLORADO RIVER INFLOWS [3]

ANNUAL LAVACA BAY INFLOW (ACRE-FT)

Year Combined inflow
1941 2798188
1942 B83265
1943 504855
1944 1452387
1945 727130
1946 1974102
1647 640216
1948 515117
1949 1060587
1950 343404
1951 265319
1852 808798
1953 5745398
1954 52734
1955 445983
1958 38169
1957 2065694
1958 980220
1959 1543894
1960 2834351
1961 2228327
1962 453518
1963 266261
1964 538783
1965 1120440
1966 920530
1967 1331009
1868 2075177
1869 1564041
1870 1588943
1871 1125417
16872 1600797
1973 3245480
1974 1818849
1975 1068210
19876 1403443
1977 1093710
1978 1204806
1979 2559546
1980 724315
1981 2212538
1982 1383854
1983 1712436
1984 587440
1985 1601041
1986 874979
1987 1550393

Source: Reference [3]



TABLE 3-2 STATISTICAL ANALYSIS OF HISTORICAL TOTAL ANNUAL
INFLOWS TO LAVACA-MATAGORDA BAYS, EXCLUDING
COLORADO RIVER INFLOWS [3]

Lavaca Bay annual combined inflow, 1941-1987

X1: Combined Inflow

Meaan: Std. Dev.: Std. Ermror: Variance: Coel. Var.: Count:
1,241902404E6 | 7.627204397E5 | 1.112542104E5 | 5.81742469E11 | 61.415489419 |47

Minimum: Maximum: Range: Sum: Sum of Sqr.: # Missing:
38169 3245480 3207311 58369413 9.92492679E13 |0

195%: 95% Lowaer: 895% Upper: t 99%: 99% Lowaer: 99% Upper:
2.239658652E5 | 1.017936539E6 | 1.465668269E6 | 2.989544143E5 | 9.429479899E5 | 1.540856819E6

# < 10th %: 10th %: 25th %: 50th %: 75th %: 90th %:
5 363921.8 600634 1120440 1600980 2225169.2

# > 90th %: Mode: Geo. Mean: Har. Mean: Kurtosis: Skewnass:

5 . 9.482451127E5 | 4.885326245E5 | -,135410139 625440613

Source: Reference [3]



TABLE 3-3 STATISTICAL ANALYSIS OF HISTORICAL TOTAL MONTHLY

Lavaca Bay monthly combined inflow, 1941-1987

X1: Combined Inflow

INFLOWS TO LAVACA-MATAGORDA BAYS, EXCLUDING
COLORADO RIVER INFLOWS [3]

Mean: Std. Dev.: Std. Error: Variance: Coaf. Var.: Count:
1.03491867E5 | 1.553994763E5 | 6543.498375544{ 2.41489972E10 | 150.156220761 | 564
Minimum: Maximum: Range: Sum: Sum of Sar.: # Missing:
27 1218729 1218702 58369413 1.96366450E13 [0
1 95%: 95% Lower: 95% Upper: t 98%: §9% Lowaer: 99% Upoer:
12853.90807424! 9.063795895E4 | 1.163457751E5 | 16912.94107589| 8.657892595E4 | 1.204048081E5
# < 10th %: 10th %: 25th %: 50th %: 75th %: 90th %:
56 4833.2 13511 38595.5 122895 285684.1
#> 90th %: Mode: CGeo. Mean: Har. Mean: Kurtosis: Skewness:
56 8042 3.750048854E4 | 4221.976503867] 10.138966856 |2.826106117
Source: Retference [3]




the month of January, 1957. The maximum monthly infiow to the bays occurred during
June, 1973, when 1,218,729 acre-feet flowed into the system. For the 1941-1987
period of record, the total monthly inflows to Lavaca and Matagorda Bays have
averaged 103,492 acre-feet, which is equivalent to a mean daily flow of about 1,740
cfs. Comparison of the arithmetic mean, standard deviation and skewness coefficient
indicates a non-normally distributed data set skewed significantly to the right. The
median of the data (38,596 acre-feet/year) is considerably less than the mean, and the
variance is about 200,000 times larger than the mean. What this signifies is that the
arithmetic mean is not an appropriate measure of the central tendency of this data set.
More appropriate measures of central tendency would be the median (50%
exceedence frequency) or the geometric mean. In this case, these parameters are
nearly the same, and both are only a fraction of the arithmetic mean.

The historical exceedence frequency relationship for the combined annual flows of the
Lavaca and Navidad Rivers from the gaged area [3] is shown in Figure 3-2. The curve
drops off markedly at about 92-percent exceedence frequency indicating the presence
of very few periods of extremely low flows. The relative horizontal nature of the curve
illustrates the tightness of the flow variations from year to year.

The TWDB has analyzed flows for the Lavaca and Navidad Rivers from the gaged
area with respect to the total inflows to Lavaca Bay and Matagorda Bay [3]. Figure 3-3
illustrates the historical relationship between these annual flows since 1940 until the
time Palmetto Bend Dam was closed to form Lake Texana in 1980. As shown, the
contribution of inflow to Lavaca and Matagorda Bays from the ungaged area has been
substantial compared to that from the gaged area. This is significant because it
suggests that the salinities in Lavaca Bay are influenced, to a large extent, by flows
from the lower portions of the overall drainage area, particularly from below Lake
Texana.

The drainage area for Lake Texana encompasses approximately 1,400 square miles,
all of which, of course, is within the Navidad River Basin [6]. Of this amount,
approximately 76 percent contributes inflows to the reservoir directly through the
Navidad River, with the balance coming primarily from the Mustang Creek watershed.
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The incremental drainage area of Lake Texana below the gage site on the Navidad
River includes about 340 square miles. With respect to the runoff from the entire
drainage area that contributes inflows to Lavaca Bay, Lake Texana controls
approximately 47 percent. Hence, about half of the freshwater inflows to Lavaca Bay
presently are uncontrelled (see Figure 3-1).

For purposes of analyzing Lavaca Bay inflows, several different sets of monthly flow
data have been compiled from the previous studies conducted by the TWDB and the
TPWD. These include the following data sets, each of which is tabulated for the period
1941 through 1979 and contained in the Appendix A of this report:

1. Historical gaged flows as measured at the gage on the Lavaca River
near Edna [6].

2. Historical gaged flows as measured at the gage on the Navidad River
near Ganado [6].

3. Total infiows into Lake Texana, recognizing senior water rights and
including rice irrigation return flows from water diverted from the
Colorado River Basin by the Garwood Irrigation Company [4].

4. Inflows to Lake Texana from the Mustang Creek watershed, recognizing
senior water rights, as determined by TWDB and TWC [8].

5. Historical inflows to Lake Texana from the Mustang Creek watershed as
simulated by the TWDB [6].

6. Total inflows to Lavaca Bay from the ungaged area below the gage on
the Lavaca River near Edna and below Lake Texana [6].

7. Flood spills from Lake Texana as simulated by the TWDB using the
RESOP-II model with inflows to the reservoir from Data Set No. 3 above
and with firm annual yield operation and no bay and estuary releases

[4].

8. Flood spills and releases from Lake Texana as simulated by the TWDB
using the SIMDLY model with inflows to the reservoir from Data Set No.
3 above, with firm annual yield operation, and with daily releases
according to the TPWD/TWDB proposed release program, MLRS3 [4].
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From these various sets of flow data, four different cases of inflows to Lavaca Bay have
been established to provide a basis for evaluating the inflow and salinity impacts of the
TPWD/TWDB proposed Lake Texana release program. These are:

Case A. Historical inflows.

Case B.  Historical inflows, with senior water rights recognized above
Lake Texana, but without Lake Texana in operation.

Case C. Historical inflows, with senior water rights recognized above
Lake Texana and with Lake Texana in operation, but without
TPWD/TWDB proposed release program.

Case D.  Historical inflows, with senior water rights recognized above
Lake Texana and with Lake Texana in operation with the
TPWD/TWDB proposed release program, MLRS3.

The Case A inflows represent historical conditions as reflected by the gaged flows for
the Lavaca and the Navidad Rivers (Data Set Nos. 1 and 2), plus the simulated
historical Mustang Creek inflows to Lake Texana (Data Set No. 5), plus the total
ungaged inflows to Lavaca Bay from the drainage area below the lower Lavaca River
gage and below Lake Texana (Data Set No. 6). For Case B, the total inflows to Lavaca
Bay have been established by adding the gaged flows for the Lavaca River (Data Set
No. 1) to the total inflows to Lake Texana (Data Set No. 3) and the total ungaged
inflows to Lavaca Bay from the drainage area below the lower Lavaca River gage and
below Lake Texana (Data Set No. 6). For Case C with Lake Texana in operation but
without any provisions for bay and estuary releases, the sum of the gaged flows for the
Lavaca River (Data Set No. 1), the simulated spills from Lake Texana (Data Set No. 7)
and the total ungaged inflows to Lavaca Bay from the drainage area below the lower
Lavaca River gage and beiow Lake Texana (Data Set No. 6) has been used for the
total Lavaca Bay inflows. Similarly, for Case D with the TPWD/TWDB proposed
release program (MLRS3) in effect, the total inflows to Lavaca Bay have been
determined by adding the gaged flows for the Lavaca River (Data Set No. 1) to the
simulated spills and releases from Lake Texana (Data Set No. 8) and the total
ungaged inflows to Lavaca Bay from the drainage area below the lower Lavaca River
gage and below Lake Texana {Data Set No. 6).
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The monthly inflows to Lavaca Bay for these four cases (A, B, C and D) for the period
1941 through 1979 have been calculated and are summarized in tabular form in
Appendix B of this report. Corresponding statistical parameters for these four sets of
monthly Lavaca Bay inflows are listed in Table 3-4. Minimum, maximum and average
monthly values are indicated in the table, along with the 10-, 50- (median) and 80-
percent monthly exceedence flows. These exceedence flows represent the average
monthly inflow levels that are exceeded the indicated percentages of the time. For
example, 80 percent of the time the historical average monthly inflow to Lavaca Bay
(Case A) exceeded 55 cfs, whereas with ali senior water rights satisfied within the
Lake Texana watershed (Case B), an average monthly inflow of only 43 cfs is
exceeded 80 percent of the time. With Lake Texana in operation without any low flow
releases, i. e. with only flood spills discharged into Lavaca Bay (Case C), the 80-
percent exceedence flow is reduced to 15 cfs. With the TPWD/TWDB proposed
release program (MLRS3) in effect (Case D), the 80-percent exceedence flow is
increased to 22 cfs. These are the trends that would be expected with respect to these
different data sets.

It is interesting to note that the effect of the TPWD/TWDB proposed release program
(MLRS3) on average monthly flows is minimal, i. e. 891 cfs for Case C without the
releases and 893 cfs for Case D with the releases. It is apparent that the higher flood
flows and spills dominate the average monthly flow values. The higher 10-percent
exceedence flows exhibit similar characteristics for the same reason. Also, it should
be pointed out that, although the median inflow for Case D, i. e. with Lake Texana in
operation with the TPWD/TWDB proposed release program in effect, is about 30
percent less than the baseline median flow (Case B), it is approximately 42 percent
greater than the median inflow without the release program. This increase in the
median flow condition of 68 cfs (229 - 161 = 68) is equivalent to about 49,000 acre-feet
per year of additional inflows to Lavaca Bay that are the direct result of the low-flow
releases. Hence, the TPWD/TWDB proposed release program for Lake Texana does
provide for significant increases in the median inflows to Lavaca Bay compared to the
no release (full capture mode) condition, which is significant with respect to the overall
salinity conditions in the estuarine system.
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SECTION 4. LAVACA BAY SALINITIES

In this study, the determination of salinities in Lavaca Bay corresponding to different
levels of freshwater inflow has been made using previously developed regression
relationships relating monthly salinity concentrations at specific locations in Lavaca
Bay to specified monthly quantities of freshwater inflow. Two different sets of monthly
regression equations have been applied for this purpose. One set was developed
during the late 1970’s by the TWDB during studies of the influence of freshwater
inflows on Texas bays and estuaries [2]. In this report, these equations are referred to
as the “gage site” series of salinity-flow regressions because they are based on the
sum of the flows that occur at the lowest gage sites on the Lavaca River (near Edna)
and the Navidad River (near Ganado). The other set, which was developed by the
TWDB as part of the Lake Texana Post-impoundment Study in the early 1980's {6], is
called the “total inflow” series of salinity-flow regressions bacause they utilize the total
inflow to Lavaca Bay as the independent flow parameter.

The two different sets of monthly salinity-flow regression relationships for Lavaca Bay
have been used in this study primarily because of their availability. Inasmuch as both
sets of equations were specifically derived for and are directly applicable to Lavaca
Bay and since both sets can be readily utilized to predict salinities using
straightforward computer processing, both have been applied in this study to project
the salinity effects of the various inflow regimes. Based on the results from statistical
analyses of the salinities determined with the two sets of regressions as originally
performed by TWDB (see Tables 4-1 and 4-3), the total inflow series of equations
(Post-Impoundment Study) would appear to predict salinities in Lavaca Bay that are
more representative of actual historical conditions than the gage site regressions (LP
106). Still, the monthly coefficients of determination (r2) for the gage site regressions
indicate that these equations are capable of explaining a majority (average rz of 0.62)
of the variation in the Lavaca Bay salinities.

Both sets of regressions are considered to be appropriate for purposes of this
investigation since it is primarily the relative change in salinity conditions with inflows
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that is of most concern. In effect, the relative trends exhibited by the results from one
set of monthly salinity-flow regression relationships have been used to verify
corresponding results from the other set of equations. Resuits from both sets of
regression equations are presented herein.

The gage site series of monthly salinity-flow regression equations [2] is listed in Table
4-1. As indicated, these equations relate the salinity concentration in Lavaca Bay in
parts per thousand (ppt) to a single value of monthly flow expressed in cubic feet per
second (cfs). In these equations, this flow is equal to the sum of the mean daily flows
passing the lowest streamflow gages on the Lavaca and Navidad Rivers during a
given month. The salinity concentration calculated with a particular equation for a
given month of the year represents the average value of salinity for the month
corresponding to its specified average flow value. The location of the calculated
salinity value is in the upper end of Lavaca Bay. The following equation relates these
calculated salinity values in upper Lavaca Bay (Sp) to corresponding values in the
lower to middle section of Lavaca Bay (Syy)-

S = 3.883 (Syp) 073

In applying the gage site series of salinity-flow regressions to evaluate salinities in
Lavaca Bay for different inflow conditions relating to Lake Texana releases, four
different sets of monthly flows at the Lavaca and Navidad River gages have been
determined. These correspond to the four different cases of total inflows to Lavaca
Bay as defined in the previous section, i. e. Cases A, B, C and D. These flow sets for
the Lavaca and Navidad River gage sites are referred to as follows:

Case A. Historical flows at the lowest Lavaca and Navidad River gages.

Case B'. Historical flows at the lowest Lavaca and Navidad River gages,
with senior water rights recognized above Lake Texana, but
without Lake Texana in operation.

Case C'. Historical flows at the lowest Lavaca and Navidad River gages,
with senior water rights recognized above Lake Texana and with
Lake Texana in operation, but without TPWD/TWDB proposed
release program.
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Case D'. Historical flows at the lowest Lavaca and Navidad River gages,
with senior water rights recognized above Lake Texana and with
Lake Texana in operation with TPWD/TWDB proposed release
program (MLRS3).

The Case A’ flows represent historical conditions as reflected by the historical gaged
flows for the Lavaca and the Navidad Rivers (Data Set Nos. 1 and 2 in the previous
section). For Case B’, the appropriate sum of the flows at the gage sites has been
established by adding the gaged flows for the Lavaca River (Data Set No. 1) to the
total inflows to Lake Texana (Data Set No. 3), less the Mustang Creek inflows to Lake
Texana adjusted for senior water rights (Data Set No. 4). For Case C’ with Lake
Texana in operation but without any provisions for bay and estuary releases, the total
of the gaged flows for the Lavaca River (Data Set No. 1) and the simulated spills from
Lake Texana (Data Set No. 7) has been used for the sum of the flows at the gage sites.
Similarly, for Case D’ with the TPWD/TWDB proposed release program in effect, the
appropriate sum of the flows at the gage sites has been determined by adding the
gaged flows for the Lavaca River (Data Set No. 1) to the simulated spills and releases
from Lake Texana (Data Set No. 8).

Tabulations of these four sets of flows representing flow sums at the Lavaca and
Navidad River gage sites are presented in the tables in Appendix C for the 1941
through 1979 period. The corresponding statistical parameters for these data sets are
listed in Table 4-2. As expected, the trends exhibited by these different flow cases
under low flow conditions, i. e., 80-percent exceedence flows, are similar to those
indicated by the statistical analysis of the total inflows to Lavaca Bay for the
corresponding cases in Table 3-4 in the previous section. The average monthly flows,
however, indicate some inconsistencies between the historical flows (Case A’) and
those for the other cases which include only unappropriated inflows to Lake Texana. It
is possible that the flow values used for the ungaged and tributary flows in the various
data sets are not based on consistent data.

The monthly salinity-inflow regression equations for total inflows to Lavaca Bay are
listed in Table 4-3. As shown, these equations utilize values of the total inflows to
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Lavaca Bay (cfs) for the current month (Q,,) and the two preceding months (Q,,.., and
Qn.2) to calculate the current-month average salinity concentration (ppt) in the upper
end of Lavaca Bay. These inflows correspond to those presented for the four cases in
the previous section, i. e., Cases A, B, C and D.

Examination of the statistical parameters listed in Tables 4-1 and 4-3 for the two sets of
monthly salinity-flow regression equations for Lavaca Bay suggests that the total inflow
regressions (Post Impcundment Study [6]) may provide a better characterization of the
relationship between monthly inflows to Lavaca Bay and the resulting salinities than
the gage site flow equations (LP 106 [2]). Based on the indicated values of correlation
coefficients and explained variations (r2), it would appear that the total inflow
equations produce fairly accurate estimates of the bay salinities. It should be noted,
however, that both of these sets of regression equations were derived using salinity
data corresponding to a limited time frame and a limited range of flow conditions. The
total inflow salinity data set (Post Impoundment Study) included 115 salinity
measurements made during the period 1960 through 1980, with most of the data
obtained during 1974, 1975 and 1976. The salinity data used to derive the gage site
equations were based on 87 values measured during the period February, 1968,
through August, 1976. Neither of these data collection periods included extended low
flow conditions similar to those that characterized the critical drought of the 1950’s;
hence, the utility of the regression equations has not been fully verified and tested for
these types of extreme flow conditions. Although salinity data corresponding to the
1950’s drought conditions are not available for Lavaca Bay, extensive salinity
measurements in the bay have been made since 1980, and these data should be
used to update and refine the existing salinity-flow regression equations. The TWDB
has initiated efforts to make these analyses, but they have not been completed.

For purposes of evaluating the effectiveness of the TPWD/TWDB proposed Lake
Texana release program (MLRS3) for maintaining acceptable salinity conditions in
Lavaca Bay, salinities corresponding to the freshwater inflow conditions for Cases B
and B’ are considered to be the baseline. These are the salinities that should be used
for comparison with the salinities associated with the freshwater inflow conditions with
Lake Texana in operation, i. e., Cases C and C’ without the TPWD/TWDB proposed
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release program and Cases D and D' with the TPWD/TWDB proposed reiease
program (MLRS3) in effect. The freshwater inflow conditions corresponding to Cases
B and B', C and C’, and D and D’ all are based on the same total inflows into Lake
Texana, i. e., gaged flows adjusted for all water rights senior to the Lake Texana
permit, and the same Lavaca River flows, i. e., historical gaged flows.

Salinity results for freshwater inflows corresponding to Cases A and A’ (historical
flows) are presented solely to provide a reterence condition with respect to historical
inflows to Lavaca Bay. Reservoir simulations of Lake Texana operated assuming
historical inflows were not available from the TWDB for this study. Because the
primary focus of TWDB's investigations to date has been primarily to examine the
effects of Lake Texana releases on the firm annual yield of the reservoir, which
requires the consideration of only unappropriated inflows that are junior (with respect
to water rights) to the impoundment, simulations with either the RESOP-Il or the
SIMDLY models have not been made by TWDB for the purpose of evaluating the
behavior of Lake Texana under historical inflow conditions with alternative release
schemes. In the absence of these simulated results, the analyses in this study have
been limited to evaluations based only on the unappropriated inflows to Lake Texana.

The salinity regression equations listed in Tables 4-1 (gage site) and 4-3 (total inflow)
have been applied using the four corresponding cases of gaged river flows and total
Lavaca Bay inflows for the 1941-1979 period. Two computer programs have been
developed, one for each set of monthly regression equations, to perform these
calculations sequentially from month to month beginning in January, 1941. The basic
output from these programs is an array of average monthly salinity values for all of the
monthly flows and inflows analyzed, i. e., 1941-1979. The results based on the total
Lavaca Bay inflow regressions are presented in the tables in Appendix D. The
corresponding results determined using the gage site regressions are listed in the
tables in Appendix E.

The average salinity concentrations calculated for each of the gaged river flow and
total Lavaca Bay inflow cases are listed in Table 4-4. As expected, the trend in
salinities shows an increase from the highest freshwater inflow conditions (Cases A
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TABLE 4-4 LAVACA BAY AVERAGE SALINITIES DETERMINED
WITH THE TOTAL INFLOW AND THE GAGE SITE
SALINITY-FLOW REGRESSIONS (1941-1979)

AVERAGE
SALINITY
ppt
TOTAL LAVACA BAY INFLOW REGRESSIONS
Case A. Historical inflows. 14.46
Case B. Historical inflows, with senior water rights recognized 15.14
above Lake Texana, but without Lake Texana in operation.
Case C. Historical inflows, with senior water rights recognized 19.77
above Lake Texana and with Lake Texana in operation,
but without TPWD/TWDB proposed release program.
Case D. Historical inflows, with senior water rights recognized 17.95
above Lake Texana and with Lake Texana in operation
with TPWD/TWDB proposed release program.
LAVACA AND NAVIDAD RIVERS GAGE SITE REGRESSION
Case A’. Historical flows at the iowest gages on the Lavaca and 15.58
Navidad Rivers.
Case B'. Historical flows at the lowest Lavaca and Navidad River 15.64
gages, with senior water rights recognized above Lake
Texana, but without Lake Texana in operation.
Case C'. Historical flows at the lowest Lavaca and Navidad River 20.15
gages, with senior water rights recognized above Lake
Texana and with Lake Texana in operation, but without
TPWD/TWDB proposed release program.
Case D’. Historical flows at the lowest Lavaca and Navidad River 17.68

gages, with senior water rights recognized above Lake
Texana and with Lake Texana in operation with the
TPWD/TWDB proposed release program.



and A’, historical flows) to the lowest freshwater inflow conditions (Cases C and C,
with Lake Texana, but without any release program in effect). The average salinities
with the TPWD/TWDB proposed Lake Texana release program (MLRS3) in effect
(Cases D and D') are somewhat higher than those for the baseline inflow conditions, i.
e., Cases B and B’, which reflects the impact of the lower inflows to Lavaca Bay with
Lake Texana in operation. The slight differences between the Cases B and B’
baseline salinities and those corresponding to historical flow conditions (Cases A and
A) are due to the adjustments for senior water rights in the inflows to Lake Texana for
the baseline cases. The overall effect of the TPWD/TWDB proposed release program
(MLRS3) is to reduce the average salinity level by about 2.0 to 2.5 ppt compared to
conditions without any release program in operation (Cases C and C).

The variations of the monthly salinities corresponding to the various flow cases and
regression relationships over time are illustrated by the plots in Figures 4-1 through 4-
4 for Cases A, B, C and D and in Figures 4-5 through 4-8 for Cases A’, B’, C’ and D'.
Although it is difficult to make meaningful comparisons of salinity variations indicated
in these plots, it is apparent that the TPWD/TWDE proposed release program for Lake
Texana (Cases D and D' in Figures 4-4 and 4-8, respectively) is effective in eliminating
many of the elevated salinity conditions, or spikes, that are prevalent in the salinity
results corresponding to the no release conditions (Cases C and C' in Figures 4-3 and
4-7). Certainly, the salinity-time graphs with the releases from Lake Texana are more
reflective of the baseline conditions (Cases B and B’) than the corresponding plots
without the releases.

One point of significance that is illustrated by the salinity-time plots relates to the
baseline salinities that are indicated for the critical drought period during the 1950's
without Lake Texana in operation (see Figures 4-2 and 4-6). The baseline salinity
levels during this low-flow period reguiarly exceed 35 ppt. Even the projected
salinities corresponding to historical flow conditions are substantially elevated above
normal Gulf salinity levels (see Figures 4-1 and 4-5). This suggests that releases from
the reservoir during critically-low flow periods such as those which occurred during the
drought of the 1950’s probably can not be effective in lowering the bay salinities to
acceptable levels. There simply is not enough water available from all sources to
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significantly reduce the bay salinities.

A more definitive measure of the effectiveness of the TPWD/TWDB proposed Lake
Texana release program for maintaining acceptable salinity leveis in Lavaca Bay is
provided by a comparison of the predicted salinities with established salinity viability
imits for the organisms that typically use Lavaca Bay for habitat and nursery purposes.
Such limits (upper and lower salinity concentrations) have been determined through
previous studies conducted by the TWDB [2,6]. These bounding salinity
concentrations for upper Lavaca Bay for each month of the year are listed in Table 4-5,
along with those previously established by TWDB for the eastern end of Matagorda
Bay. While other investigators may prefer some other variations of the salinity viability
limits for Lavaca Bay, the values in Table 4-5 are considered to be appropriate for use
in this study for the purpose of evaluating the relative effectiveness of the TPWD/TWDB
proposed Lake Texana release program (MLRS3).

To provide a basis for comparing the Lavaca Bay salinity viability limits with the
calculated salinity results corresponding to the various freshwater inflow cases and
salinity regressions, monthly frequency-duration analyses have been performed for
each set of predicted salinity data. Using all of the calculated monthly salinity values
for a given month of the year for a particular freshwater inflow case and regression
formulation, the frequencies at which specified levels of salinity are exceeded by the
calculated values (or are less than) have been determined using a modified monthly
flow-duration computer program. With this information developed for each freshwater
inflow case and regression equation form, the exceedance frequencies of the
calculated values have been be determined for the specific monthly salinity viability
limits listed in Table 4-5.

The results from the salinity frequency-duration analyses are summarized in tabular
form for each freshwater inflow case and for both of the salinity regression formulations
in Appendix F. Plots of the frequencies (percent of the time) at which the calculated
monthly salinities are less than specific values based on the Lavaca Bay total inflow
regressions are presented in Figure 4-9 for all months of the year and in Figures 4-10
through 4-13 for the individual months of March, May, June and September,
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TABLE 4-5 SALINITY VIABILITY LIMITS FOR THE LAVACA BAY ECOSYSTEM

: Salinity in : Salinity in

: Upper Lavaca Bay a/ : Eastern End of Matagorda Bay b/

(ppt) (ppt)
Month : Upper ¢/ : Lower ¢/ : Median Upper ¢/ : Lower ¢/ : Median

: Viability : Viability: Historic : Viability : Viability : Historic

; _Limit : Limit : Salinity : Limit Limit : Salinity
January 20 10 13 30 10 19
February 20 10 12 30 10 19
March 20 10 12 25 10 19
April 15 5 13 20 5 21
May 15 1 10 20 5 19
June 15 1 9 20 5 19
July 20 10 1 25 10 21
August 20 10 17 25 10 24
September 15 5 13 20 5 23
October 15 5 13 20 5 20
November 20 10 13 30 10 19
December 20 10 14 30 10 19

a/ Represented by the average of sampling sites 1, 2, & 3 on linesite B5 (Figure
3-9)

b/ Represented by the average of sampling sites 1, 2, & 3 on linesite 333, site
330, and sites 1, 2, & 3 on linesite 340 (Figure 3-9)

&/ These values estimate the limits of long-term viable species activity at
control points in ‘the system, and not individual organism survival limits
(Table 9~1).

Source: Reference [2]



SNOISS3IHD3H MOT4NI AVE VYOVAVT TV.LOL NO a3svd 3nNTVA a3idIDads v

NVHL $S37 34V S3ILINITVS ATHLINOW 3IDVHIAV LVHL 3NWIL 4O IN3OHId 6-v IHNDI

-
<

AWLL 40 1IN3OHId
6666 666 66 ¢6 06 08 0/ 0§ 0e 02 ol S 4

: \\\\\.\I\I\l\\ .
B e 7
" \\ ’
- \ ’ ]
- Y :
C \ \ ) \\ ]
m \ / \ m
L / a
” Vi H
I S S { 7]
- \ ri/ .
N il ]
- , Q3svo - — - - - .
R / -
i o3¥D - — — ]

/ 7]

\ /i 83svD 1

hllllllll

1

|

00

oG

001

oG

002

0'se

00€

0'se

0'0v

0'sy

0°05

1dd ‘ALINIMVS AVE YOVYAV



SNOISS3HDIY MOTNI AVE YOVAVT TVLOL NO d3sva INTVA a3i4103dS V NVYHL
$637 34V HOHVIN DNIHNG S3ILINITVYS ATHLNOW 3DVHIAV LVHL JNIL 40 LN3DH3d O04- 3HNDIJ

JALL 4O INJDH3d
6666 666 66 G6 06 08 0. 0§ 0E 0c 0L § b 3

-
<

00

Ll 1 L

LI

0S

Ll 1 !

LI

i 0ot

LI
[ 1 1 |

\\\\
v 0'SL

b
r,
”~

-

{1 |

'

002

T
\
<
\
S——
[

052

I
\\
™.

Ny
il

oot

N\
N
R

\ 0'SE

1 q3asvo - - - - - oor

N

LI

Ll L.t

T
N
o
3
S
1
|
|
Ll

83svd o'sy

1

1

LR
.l

0°0S

ldd ‘ALINIVS AVE VOVAV



SNOISSIHOIH MOTANI AVE YOVAVT TVLOL NO A3Svd INTVA d3i4ID3dS V NVHL
SS3T 34UV AVIN ONIHNA S3ILINITVS ATHLNOW IFOVHIAY LVHL FWIL 40 INIOHId Li-¥ IHNDIA

JAIL 40 IN3OH3d
6666 666 66 g6 06 08 0L 0S 0E 02 oL g l b

—
Q

00

b
tL )|

'

0§

\
|t t 1

LR
sy
\

00}

\\\
-~
L1 ]

L

0'StL

( 002
x /

Liy 0'se
008
\ \

0'SE

Ly gasvo - - - - - 0'ob

F T
\
I |

T

Ll

L1t 1

IR
(|

.
-
——

Lt L |

LU

LI
g
L 1}

€ 38v0 0'Sy

ET o]
| 4] ]

005

ldd ‘ALINNVYS AYE VOVAV]



SNOISS3HOD3IH MOTINI AVE YOVAYT TVLOL NO @3sve INTVA d3idiD3dS V NYHL

SS37 3HV INNC ONIHNA SAILINITYS ATHLINOW IOVHIAV LVHL 3FNIL JO IN3DH3d i+ IUNOIL

—
=

JNILL 40 INJOH3d
6666 6°'66 66 S6 06 08 0/ 0s 0E 0¢ 1] L
N i ]
: \ \L\.\\\\ :
: \ .
- Ay .
: Pt ;
; urd :
— \ -
N oy N
i / ]
R S S \.\ 1
- 4 .
5 ! :
- | .
- “ .
B _ a3svyo - — — — — i
. \ o38W0 - — — ]
B g35v0 ]

1R

00

0S

0’0t

0'St

0'0c

0'se

00¢

0'sE

ooy

o'sy

005

1dd ‘ALINITVS AVE YOVAV



SNOISSIHDIY MOT4NI AVE YOVAVY TV.LOL NO a3sve aNTVA Q3HHID3dS ¥V NVHL SS31

UV HIGWILJIS DNIHNG SILLINITVS ATHINOW IOVHIAV LVHL 3WIL 40 IN3OHId €£l-¥ 3UNOIL

6666

—
=

JNIL 40 INIOH3d
666 66 G6 06 08 0L 0§ 0e 02 ]! S I
N \\ A N
B 2 ]
- o :
N X\ ]
[ \ / o
N \\ 2
K \ P 1
- \ ) i
N 4 ]
- / 7 \\. .
: \ / ]
N \ ¥ \ |
N \ / A
N / _ N
B \ y i
- / / .
Il ........... I / ]
[ ! / ]
- , \ assvo - - -~ - ’
= \ .
B 238%v0 - — —— ]
- / :
5 83sv0 s

00

0'S

00t

0§t

00c

0'6c

ooe

0'se

0'or

o'sy

0'0s

1dd ‘ALINIMYS AVE YOVAV1




respectively. These months have been identified by TPWD staff as being critical with
regard to inflow effects on estuarine ecological activities in Lavaca Bay.
Corresponding plots based on the salinities predicted with the gage site salinity-flow
regressions are presented in Figures 4-14 through 4-18. ‘

On each of these graphs, frequency curves for the three flow cases corresponding to
baseline conditions {Cases B and B’) and conditions with Lake Texana in operation
without (Cases C and C') and with (Cases D and D’) the TPWD/TWDB8 proposed
release program (MLRS3) are shown. As expected, the curves consistently indicating
the highest levels of salinity in the bay are those with Lake Texana in operation (full
capture mode) without any release program in effect (Cases C and C'). The lowest
salinity values, of course, are associated with the baseline flow cases, i. e., without
Lake Texana in operation. The curves resulting from operating Lake Texana with the
TPWD/TWDB proposed release program in effect fall in between. The sets of salinity
frequency curves based on all of the monthly data (Figures 4-9 and 4-14) suggest that
with the release program in operation, the salinities in Lavaca Bay will be less than 15
ppt about 50 percent of the time {median condition), instead of less than about 13 ppt
under the baseline conditions. Without the release program, the average salinities
would be less than 15 to 17 ppt about 50 percent of the time. Similarly, 80 percent of
the time, the average salinities would be less than about 22 to 23 ppt under baseline
flow conditions, but would rise to a level less than 28 to 30 ppt with the release
program in operation. Without the release program, the corresponding 80-percent
salinities are considerably higher at levels less than 36 to 37 ppt. Viewed in another
way, if salinities less than 20 ppt, for example, are considered to be essential for
certain species utilizing Lavaca Bay, these conditions would prevail about 75 percent
of the time under the baseline conditions and about 65 percent of the time with Lake
Texana in operation with the TPWD/TWDB proposed release program (MLRS3) in
effect. With Lake Texana in full capture mode operation without any releases to the
bay, salinities less than 20 ppt would occur only about 55 to 60 percent of the time.

A summary of the salinity frequency-duration results compared to the lower salinity
viability limits for individual months of the year is presented in Table 4-6, and a
corresponding comparison for the upper salinity viability limits is provided in Table 4-7.
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In each table, the corresponding Lavaca Bay salinity viability limits from Table 4-5 are
listed for each month of the year, and the probabilities that these viability limits will be
violated are indicated based on the calculated monthly salinity values for each of the
different freshwater inflow cases and salinity regression formulations. In reviewing the
information presented in these tables, it important to consider first the probabilities that
the salinity viability limits are violated under historical flow conditions (Cases A and A’)
and the baseline flow conditions without Lake Texana in operation (Cases B and B').
As indicated, violation probabilities for these cases in the 0.2 to 0.3 range are
common, with the probabilities for violations of the upper viability limits during the fall
and early winter months on the order of 0.4 to 0.5. Stated another way, this means that
even with freshwater inflows to the bay under historical and baseline conditions, there
is a 20- to 50-percent chance, depending on the month of the year, that the salinities in
the bay will exceed the upper viability limits. Hence, even without Lake Texana in
operation, significant violations of the salinity viability limits are to be expected.

The effectiveness of the TPWD/TWDB proposed Lake Texana release program for
maintaining proper salinity levels in Lavaca Bay can be evaluated with the information
in Tables 4-6 and 4-7 by comparing the viability limit violation probabilities for Cases D
and D' (with Lake Texana in operation with the MLRS3 release program in effect) with
those indicated for the baseline conditions (Cases B and B’) and for the case with
Lake Texana in the full capture mode without the release program in effect (Cases C
and C’). Although the evaluation of violations of the lower viability limits is somewhat
obscured by normal over-freshening of the bay during flood flow periods, it is
interesting to note that the violation probabilities that result from the inflows associated
with the proposed Lake Texana release program actually are less than the historical
(Cases A and A’) and baseline (Cases B and B’) probability levels. This is because
inflows to the bay during normally high-flow periods (when the lower salinities would
occur) will be reduced with Lake Texana in operation, even with the release program
in effect; consequently, salinities will be correspondingly higher. Under these high-
flow conditions, if violations of the lower salinity viability limits normally would have
occurred, the probabilities that these violations will continue to occur with Lake Texana
in operation will be reduced. This is illustrated by the corresponding probabilities for
Cases B and B’ and Cases D and D' in Table 4-6.

-62-



At the other end of the salinity scale for the upper salinity viability limits (Table 4-7), the
effect of having Lake Texana in operation with the proposed MLRS3 release program
in effect generally will be to decrease the violation probabilities with respect to the
case without the release program. With the release program in effect, lower
probabilities of violations of the upper salinity viability limits are indicated for practically
every month for both of the salinity regression formulations. For example, in
September, the probabilities that the 15-ppt viabiiity limit will be exceeded with the
proposed MLRS3 release program in effect are 0.513 and 0.487 based on the salinity
values calculated with the total inflow regressions (Case D) and the gage site
regressions (Case D’), respectively. The corresponding violation probability with Lake
Texana in operation without the TPWD/TWDB proposed release program in effect is
0.615 for both sets of regressions, i. e., Cases C and C'. Hence, the effect of the
proposed releases during the month of September will be to reduce the periods of
violations of the upper salinity viability limit by more than 10 percent. Instead of
violations occurring over 60 percent of the time without the releases, they will occur
about 50 percent of the time with the release program in effect. Considering ali
months, the proposed MLRSS3 release program (Cases D and D) reduces the average
monthly probabilities for violations of the upper salinity viability limits by 2.5 percent
(Case C) and 10.4 percent (Case C’) overall in comparison to the current full capture
mode of operating Lake Texana without dedicated low-flow releases.

In considering the probabilities for violations of the monthly salinity viability limits as
presented in Tables 4-6 and 4-7, it is important to recognize that the critical periods
with regard to estuarine salinity conditions occur during the spring (March through
May) and early fall months (September and October). TPWD staff have indicated that
these are the times when proper amounts of freshwater inflows to the bay are essential
in order to maintain acceptable salinity levels for indigenous and transient estuarine
faunal species.

Ancther way to evaluate the effectiveness of the proposed Lake Texana release
program is to consider the numbers of consecutive-month events during which certain
salinity levels are exceeded (or less than) for the various cases of inflows to Lavaca
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Bay. Considering the same sets of calculated monthly salinity values used to develop
the probabilities of viability limit violations presented above (Cases A through D and
Cases A’ through D), the specific numbers of consecutive-month events during which
the calculated salinities are less 5.0 ppt and greater than 25.0 and 35.0 ppt are
presented in Table 4-8. These figures have been derived based on the results from
the entire 1941-1979 simulation period that was used for all of the analyses.
Maximum numbers of events for various consecutive-month durations ranging from
one month to 19 months are indicated based on the entire 39-year (468-month)
simulation period. It should be pointed out that the numbers of consecutive-month
events listed in the table are mutually exclusive, in that, none of the shorter-duration
events that may be contained within longer-duration events are accounted for and
included in the numbers of events specified for the shorter-duration consecutive-month
periods.

Examination of the figures presented in Table 4-8 indicates trends similar to those
exhibited by the violation probabilities in Tables 4-6 and 4-7. The numbers of
consecutive-month events during which bay salinities exceed either the 25.0 ppt or the
35.0 ppt limit are less for the cases with the proposed Lake Texana release in effect
(Cases D and D') than for the cases without the releases (Cases C and C’). These
data also indicate that, with Lake Texana in operation, most of the higher numbers of
consecutive-month events characterized by elevated salinities occur as short term
events, i. e., only one or two months in duration. Generally, for consecutive-month
events longer than three months, the numbers of events when salinities exceed 25.0
ppt for the case with the Lake Texana release in effect are about equal to the figures
corresponding to the baseline case without Lake Texana in operation.

The basic question to be addressed with regard to the effectiveness of the
TPWD/TWDB proposed Lake Texana MLRS3 release program is whether or not the
proposed releases will adequately reduce the chances that the salinity viability limits
for Lavaca Bay will be violated. For example, considering the salinity results in Table
4-7 derived with the gage site regression equations, is it acceptable to reduce the
average percentage of time that the salinity levels in the bay will exceed the upper
viability limits from 50.8 percent (with Lake Texana operated in the full capture modse)
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ANALYSIS OF VIOLATIONS OF SALINITY VIABILITY LIMITS o=

FOR VARIOUS CONSECUTIVE-MONTH EVENTS DURING Md,,, ¢ , 7 %
1941-1979 SIMULATION PERIOD Y

TABLE 4-8

NUMBER OF CONSECUTIVE-MONTH EVENTS WITH SALINITIES LESS THAN 5.0 PPT
CONSEC-  MAXIMUM
UTIVE NUMBER CASEA CASEB CASEC CASED CASEA' CASEBR CASEC' CASED
MONTHS  OF EVENTS
1 468 4 4 4 3 26 30 a1 29
2 467 9 1 13 12 3 3 4 5
3 466 7 ) 5 6 3 2 1 1
4 465 1 2 2 2 0 0 0 0
5 464 0 0 0 0 0 0 1 1
6 463 2 1 1 1 0 0 0 0
7 462 1 0 0 0 0 0 0 0
NUMBER OF CONSECUTIVE-MONTH EVENTS WITH SALINITIES GREATER THAN 25.0 PPT
CONSEC-  MAXIMUM
UTIVE NUMBER GCASEA CASEB CASEC CASED CASEA CASEB CASEC CASED
MONTHS  OF EVENTS
N 4(/ A
iS5 | &
1 468 9 12 14 10 19 ‘37 28 77
2 467 4 2 5 4 6 6 11 a1
3 466 4 2 4 0 2 3 7 4
4 465 0 1 3 2 1 1 3 1
5 464 0 1 0 1 2 2 1 0
6 463 0 2 3 1 1 1 1 2
7 462 0 0 0 0 0 0 4 1
) 461 0 0 2 2 1 1 0 1
9 460 1 1 1 1 0 0 0 1
10 459 0 0 0 1 0 0 0 1
11 458 0 0 2 1 0 o 1 0
12 457 0 0 0 0 0 0 1 0
13 456 0 0 0 0 0 0 0 0
14 455 1 1 0 1 0 0 0 0
15 454 1 1 1 0 0 0 0 0
16 453 0 0 0 0 1 1 1 0
17 452 0 0 0 0 0 0 0 0
18 451 0 0 0 0 0 0 1 -4
19 450 0 0 1 1 0 0 0 AO




TABLE 4-8 ANALYSIS OF VIOLATIONS OF SALINITY VIABILITY LIMITS
FOR VARIOUS CONSECUTIVE-MONTH EVENTS DURING
1941-1979 SIMULATION PERICD -

CeuiseD @ 5 -2 -9 R.ITRCD

NUMBER OF CONSECUTIVE-MONTH EVENTS WITH SALINITIES LESS THAN 5.0 PPT

CONSEC- MAXIMUM
UTIVE NUMBER CASEA CASEB CASEC CASED CASEA CASEB CASEC CASE D

MONTHS  OF EVENTS

1 468 4 4 4 3 26 30 31 29
2 467 9 11 13 12 3 3 4 5
3 466 7 9 5 6 3 2 1 1
4 465 1 2 2 2 0 0 0 0
5 464 0 0 0 o] 0 0 1 1
6 463 2 1 i 1 0 0 0 0
7 482 1 0 0 0 0 0 0 0
NUMBER OF CONSECUTIVE-MONTH EVENTS WITH SALINITIES GREATER THAN 25.0 PPT
CONSEC- MAXIMUM
UTIVE NUMBER CASEA CASEB CASEC CASED CASEA CASEB CASEC CASED
MONTHS  OF EVENTS
(;] o % Ik
1 468 9 12 14 10 19 . 28 A
2 467 4, 2 5 4 6 6 i1 5 I
3 466 4 2 4 0 2 3 7 4
4 465 0 1 3 2 1 1 3 1
5 464 0 1 0 1 2 2 1 0
6 463 0 2 3 1 1 1 1 2
7 462 0 0 0 0 0 0 4 1
8 461 0 0 2 2 1 1 0 1
9 460 1 1 1 1 0 0 0 1
10 459 0 0 0 1 0 0 0 1
11 458 0 0 2 1 0 0 1 0
12 457 0 0 0 0 0 0 1 0
13 456 0 0 0 0 0 0 0 0
14 455 1 1 0 1 0 0 0 0
15 454 1 1 1 0 0 0 ] 0
16 453 0 0 0 0 1 1 1 0
17 452 0 0 0 0 0 0 0 0
18 451 0 0 0 0 0 0 1 o |
19 450 0 0 1 1 0 0 0 A0




TABLE 4-8 ANALYSIS OF VIOLATIONS OF SALINITY VIABILITY LIMITS
FOR VARIOUS CONSECUTIVE-MONTH EVENTS DURING
1941-1979 SIMULATION PERIOD '

CediseD + 5~ 2 - 9 R.TRCO

NUMBER OF CONSECUTIVE-MONTH EVENTS WITH S

ALINITIES LESS THAN 5.0 PPT

CONSEC-  MAXIMUM _
UTIVE NUMBER CASEA CASEB CASEC CASED CASEA CASE B CASEC CASED
MONTHS  OF EVENTS
1 468 4 4 4 3 26 30 31 29
2 467 9 11 13 12 3 3 4 5
3 466 7 9 5 6 3 2 1 1
4 465 1 2 2 2 0 0 0 0
5 464 0 0 0 0 0 0 1 1
6 463 2 1 1 1 0 0 0 0
7 462 1 0 0 0 0 0 0 0
NUMBER OF CONSECUTIVE-MONTH EVENTS WITH SALINITIES GREATER THAN 25.0 PPT
CONSEC-  MAXIMUM
UTIVE NUMBER CASEA CASEB CASEC CASED CASEA' CASEB' CASEC' CASED
MONTHS _ OF EVENTS
1%
1 468 9 12 14 10 19 47 28 - e
2 467 4. 2 5 4 6 6 11 90— IO
3 466 4 2 4 0 2 3 7 4
4 465 0 1 3 2 1 1 3 1
5 464 0 1 -0 1 2 2 1 0
6 463 0 2 3 1 1 M 1 @&
7 462 0 0 0 0 0 0 4 1
8 461 0 0 2 2 1 0] o 1
9 460 1 1 1 1 0 0 0 [
10 459 "0 0 0 1 0 0 0 1
11 458 0 0 2 1 0 0 1 0
12 457 0 0 0 0 0 0 1 0
13 456 0 0 0 0 0 0o - 0 0
14 455 1 0 0 0 0 0
15 454 1 ©) 0 0 0 0 0
16 453 0 0 0 0 1 @ 1 0
17 452 0 0 0 0 0 0 0 0
18 451 0 0 0 0 ) 0 Q el
19 450 0 0 ® ® 0 0 0 4+ 0
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Texana - EoD Content
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Texana - EoD Content

May
Reservoir Content (acre-feet)
170,000
160,000 N —
» \ =
150,000 \ p
/
140,000 A
[
130,000 III.II\I ........ 7 S— S — — R — —
120,000 !
/
110,000 e
/
100,000 I.I.N.!L. ......................................................... —
90,000 /
........... U OO OO USSP OO PSP EUPPRRRRPPO RS
80,000 g i ! ] _ | _ _ | | |
95 90 80 70 60 50 40 30 20 10 5
Excedence Frequency
No Rel  Trigger 40 Trigger 39 elev 40 elev 36 elev 34 elev 44




Texana - EoD Content
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TABLE 4-8, Cont'd.

NUMBER OF CONSECUTIVE-MONTH EVENTS WITH SALINITIES GREATER THAN 35.0 PPT

CONSEC- MAXIMUM

UTIVE NUMBER CASEA CASEB CASEC CASED CASEA CASEB CASEC CASED
MONTHS  OF EVENTS

1 468 6 5 11 12 9 8 19 8
2 4567 3 3 7 3 7 6 16 9
3 466 2 1 3 1 3 3 2 1
4 465 0 1 4 2 1 1 4 6
5 464 0 0 1 0 1 1 6 2
8 463 0 0 1 0 0 0 0 0
7 462 0 1 1 2 0 0 0 0
8 461 1 1 0 1 0 0 0 0
9 460 0 0 2 0 0 0 0 0
10 459 0 0 0 0 0 0 0 0
11 458 0 0 0 0 0 0 0 0
12 457 0 0 0 0 0 0 0 0
13 456 0 0 0 0 0 0 0 0
14 455 0 0 0 0 0 0 0 0
15 454 0 0 0 0 0 0 0 0
16 453 0 0 1 1 0 0 0 0




to 40.4 percent (with the proposed release program in effect), considering that
violations of the upper salinity viability limits probably have occurred historically about
a third of the time? If such salinity reductions could be realized, what effect would they
have on the overail estuarine ecosystem, particularly with regard to fish and shellfish
resources? These are questions that estuarine biologists and ecologists will have to
answer in order for the acceptability of the TPWD/TWDB proposed Lake Texana
release program to be finally determined.

-67-




SECTION 5. ALTERNATIVE RELEASE PROGRAMS

The TPWD/TWDB proposed release program (MLRS3) for Lake Texana that has been
described and evaluated in the previous sections provides for a two-phased release
schedule that is dependent upon the daily stage of the reservoir. When the level of the
reservoir is above elevation 40 feet MSL, releases are made to pass all inflows to the
reservoir up to: (1) the daily equivalent of the historical monthly median flows in the
Navidad River for the months of November through March and July, and (2) the daily
equivalent of the historical monthly mean flows for the remaining months. For
reservoir stages below elevation 40 feet MSL, all inflows up to the annual median
daily flow in the river for the historical critical drought period from January, 1954,
through December, 1956, or about 5.0 cfs, are released. The reservoir stage condition
at elevation 40 feet MSL is referred to herein as the “trigger level” for the proposed
MLRS3 release program.

To investigate the effect of varying the elevation of the trigger level on the low-flow
releases from Lake Texana, on the firm annual yield of the reservoir and on salinity
conditions in Lavaca Bay, analyses have been performed similar to those described in
the previous sections for the TPWD/TWDB proposed release program (MLRS3). The
SIMDLY reservoir daily operations model of Lake Texana has been operated by the
TWDB to simulate the daily releases from the reservoir for stage trigger levels ranging
from elevation 10 feet MSL up to elevation 42 feet MSL. For these simulations, the
same inflows to Lake Texana (1941-1979 hydrologic conditions) that were used for the
previous analyses of the TPWD/TWDB proposed release program (MLRS3) were
specified as the inputs to the reservoir. For each trigger level analyzed, the firm annual
yield of the reservoir was determined, and the resulting daily releases from the
reservoir were summed by month over the entire 1941-1979 simulation period. Using
the several sets of simulated monthly releases from the reservair for the various trigger
levels analyzed, the corresponding monthly salinity concentrations in Lavaca Bay then
were determined using both the total inflow and the gage site monthly salinity-flow
regression equations.
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To assess the effect of varying the stage trigger level for the Lake Texana releases on
salinity conditions in Lavaca Bay, the sets of calculated monthly salinities for the
various trigger levels have been analyzed to determine the numbers of months during
the 1941-1979 simulation period when the upper and the lower salinity viability limits
listed in Table 4-5 for upper Lavaca Bay are violated. These resuits are listed in Table
5-1 for both sets of the salinity regression equations, together with the corresponding
firm annual yield figures as determined by the TWDB.

The variations of the numbers of months with salinity viability limit violations over the
specified range of stage trigger levels for the Lake Texana releases are illustrated by
the graphs in Figure 5-1. For both the upper and the lower salinity viability limits, two
curves are indicated; one based on the total inflow regression equations and the other
based on the gage site regressions. Also plotted in this figure is the variation of the
firm annual yield of the reservoir with changing trigger levels.

To understand and interpret the meaning of the various curves plotted in Figure 5-1, it
is important to recognize that, in general, a decrease in the elevation of the stage
trigger level results in a corresponding increase in the amount of water released from
the reservoir during non-flood periods. Based on the general formulation of the
TPWD/TWDB proposed release program, when the water surface elevation of the
reservoir is above the specified stage trigger level, releases are made equal to the
inflows to the reservoir up to either the 1940-1979 historical daily median inflow or the
1940-1979 historical daily mean inflow, depending on the month of the year. For
reservoir elevations below the stage trigger level, releases are made at a rate of 5.0
cfs, which is the historical daily median flow condition that occurred during the drought
of the 1950’s. Since the 1940-1979 daily median and mean flows are significantly
greater than 5.0 cfs (see tabulated flows in Section 2), considerably more water
potentially can be released from the reservoir when the water surface elevation is
above the specified stage trigger level. It follows, then, as the stage trigger level is
lowered, more water can be released from the reservoir.

Higher releases of fresh water from the reservoir translate to lower salinities in Lavaca
Bay, which, in turn, results in fewer violations of the upper salinity viability limits. This
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trend is reflected by the curves in Figure 5-1 for the upper salinity viability limits. As the
stage trigger level is lowered from elevation 44 feet MSL' , the numbers of months with
violations of the upper salinity viability limits uniformly decrease from maximum values
of 196 based on the total inflow regressions (Case D) and 237 based on the gage site
regressions (Case D’). For the 1941-1979 simulation period, there is a total of 468
months when potential violations could occur. Hence, the maximum numbers of
monthly violations that occur with the trigger level at elevation 44 feet MSL represent
41.9 percent and 50.6 percent, respectively, of the total number of possible violations.

The reductions in the numbers of violations of the upper salinity viability limits as the
stage trigger level is decreased are directly attributable to corresponding increases in
the releases from the reservoir. As indicated by the curves, this trend continues down
to about elevation 34 feet MSL, below which the curves flatten and no pronounced
decreases in violations occur. Below this trigger level, the numbers of violations of the
upper salinity viability limits remain between about 170 and 175 for the two sets of
regressions. These minimum numbers of monthly violations represent between 72
and 89 percent of the maximum numbers of monthly violations that occurred with the
trigger level set at elevation 44 feet MSL. This is equivalent to reductions on the order
of about 11.0 to 18.0 percent of the maximum trigger level condition, i. e., full capture
mode without releases.

The flattening of the upper-limit salinity violation curves below about elevation 34 feet
MSL suggests that no measureable benefits with respect to salinity may be realized by
lowering the trigger level for the release program below this stage condition. As
indicated by the firm annual yield curve in Figure 5-1, the yield of the reservoir at this
threshhold trigger level condition is about 60,000 acre-feet. This magnitude of yield
represents a reduction of approximately 20 percent in the currently-permitted
authorized diversion for the reservoir (75,000 acre-feet/year) and a reduction of about
26 percent in the total yield of the reservoir when operated in the full capture mode
without any releases for bay and estuary purposes (80,984 acre-feet/year).

' Since elevation 44 feet MSL is equal to the maximum conservation pool level of Lake Texana, this
trigger level condition corresponds to a no-release condition whereby the reservoir is operated in the full
capture mode.
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The occurrence of the threshhold trigger level at elevation 34 feet MSL relates to the
relative magnitudes of the required monthly release amounts, as dictated by the
proposed release program, and the available monthly inflows to the reservoir during
the 1941-1979 simuiation period. It is apparent that the patterns of releases from the
reservoir for trigger levels below this threshhold condition remain fairly consistent, with
no appreciable difterence in the overall inflows 1o the bay and no corresponding
changes in violations of the upper salinity viability limits. At the lower trigger levels,
this occurs because, under the general rules of the proposed release program, the
releases from the reservoir are controlled more by the magnitude of the inflows to the
reservoir, rather than by the required release amounts dictated by the release
schedules. in other words, the inflows to the reservoir are much less than the required
release amounts, and only these reservoir inflows are released to the bay. Hence, the
predicted salinities in the bay based on the regression equations do not change
appreciably as the trigger level is lowered.

The appropriate stage of the reservoir at which to set the release trigger level remains
to be determined. It is apparent from the shape of the upper-limit salinity violation
curves presented in Figure 5-1 that setting the trigger level below about elevation 34
feet MSL does not result in appreciable benefits to Lavaca Bay with respect to salinity.
Furthermore, it is questionable whether setting the trigger level at elevation 34 feet
MSL is reasonable considering that this operation results in reductions of only 11.0to
18.0 percent in the numbers of monthly violations of the upper salinity viability limits,
but causes the yield of the reservoir to be reduced to a level (60,000 acre-feet/year)
that is approximately 20 percent below the currently-permitted authorized diversion for
the reservoir (75,000 acre-feet/year) and about 26 percent below the total yield of the
reservoir when operated in the full capture mode without any reieases for bay and
estuary purposes (80,984 acrfe-feet/year). Considering the shape of the yield curve in
Figure 5-1, it appears that elevation 39 feet MSL may represent the optimum condition
for the stage trigger level for releases from Lake Texana.
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SECTION 6. SUMMARY AND CONCLUSIONS

The TPWD/TWDB proposed release program (MLRS3) for Lake Texana that has been
described and evaluated in this study provides for a two-phased release schedule that
is dependent upon the daily stage of the reservoir. When the level of the reservoir is
above elevation 40 feet MSL, releases are made to pass all inflows to the reservoir up
to: (1) the daily equivalent of the historical monthly median flows in the Navidad River
for the months of November through March and July, and (2) the daily equivalent of the
historical monthly mean flows for the remaining months. For reservoir stages below
elevation 40 feet MSL, all inflows up to the annual median daily flow in the river for the
historical critical drought period from January, 1954, through December, 1956, or
about 5.0 cfs, are released. The reservoir stage condition at elevation 40 feet MSL
has been referred to herein as the stage “trigger level” for the TPWD/TWDB proposed
release program.

In effect, depending on the natural hydrelogic conditions that may be occurring within
the Navidad River Basin and on the amount of water stored in Lake Texana, the
TPWD/TWDB proposed release program defines the specific rate of inflow that is to be
maintained into Lavaca Bay from the Navidad River for each month of the year, such
that historical hydrologic influences on the estuarine ecosystem are mimicked. The
theory underlying this release program is that if the historical freshwater inflow regime
is maintained, or at least approximated, then the estuarine ecosystem also will be
preserved.

The effectiveness of the TPWD/TWDB proposed Lake Texana release program has
been analyzed and evaluated with respect to its impacts on salinity conditions in
Lavaca Bay. Projections of salinity levels in Lavaca Bay have been made using
previously-developed salinity-flow regression relationships for the bay with different
conditions of inflow. These inflow conditions have included: (1) historical flows; (2) a
baseline case with historical flows from the Lavaca River and historical flows adjusted
for senior water rights above Lake Texana; (3) inflows similar to the baseline case, but
with Lake Texana in operation without any bay and estuary release program in effect;

-74-




and (4) inflows similar to the baseline case, but with Lake Texana in operation with the
TPWD/TWDB proposed release program in effect. These salinity results indicate that
violations of established salinity viability limits (upper and lower bounds) for estuarine
organisms would occur in Lavaca Bay between 20- and 50-percent of the time even
without Lake Texana in operation. With the TPWD/TWDB proposed release program
in effect for Lake Texana, the impacts of the reservoir on the salinity levels in Lavaca
Bay will be reduced, with the average percentage of time that the viability limits would
be violated lowered by as much as 10 percent. It is apparent from the projected
salinities, however, that salinity conditions in Lavaca Bay will be affected by Lake
Texana, even with the TPWD/TWDB proposed release program in effect.

The basic question to be addressed with regard to the effectiveness of the
TPWD/TWDB proposed Lake Texana release program is whether or not the projected
salinity changes in Lavaca Bay with the release program in effect are acceptable
relative to the salinity conditions that would occur in the bay both without Lake Texana
in operation and with Lake Texana operating in the full capture mode, i. e., with no bay
and estuary releases. For example, is it acceptable to reduce the average percentage
of time that the salinity levels in the bay will exceed the upper salinity viability limits
from 50.8 percent (with Lake Texana operated in the full capture mode) to 40.4 percent
(with the proposed release program in effect), considering that violations of the upper
salinity viability limits probably have occurred histerically about a third of the time? If
such salinity reductions could be realized, what effect would they have on the overall
estuarine ecosystem, particuiarly with regard to fish and shellfish resources? These
are questions that estuarine biologists and ecologists will have to answer in order for
the acceptability of the TPWD/TWDB proposed Lake Texana release program
ultimately to be determined. In this regard, the information describing salinity impacts
developed in this study and presented in this report should provide much of the
technical and supporting data needed.

Alternative release programs also have been considered in this study. Analyses have
been performed to investigate the effect of varying the elevation of the trigger level on
the low-flow releases from Lake Texana, on the firm annual yield of the reservoir and
on salinity conditions in Lavaca Bay. Based on the simulated releases from the
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reservoir for different trigger levels, corresponding salinity conditions in Lavaca Bay
have been projected and analyzed to determine the numbers of months during the
1941-1979 simulation period when the upper and the lower salinity viability limits for
upper Lavaca Bay are violated. In general, a decrease in the elevation of the stage
trigger level results in a corresponding increase in the amount of water released from
the reservoir during non-flood periods, which, in turn, generally results in fewer
violations of the salinity viability limits in Lavaca Bay. As the stage trigger level is
lowered from elevation 44 feet MSL’, the numbers of months with violations of the
upper salinity viability limits uniformly decrease. This trend continues down to about
elevation 34 feet MSL, below which no pronounced decreases in violations occur.

it is apparent from the results of these analyses that setting the trigger level below
about elevation 34 feet MSL does not produce appreciable benefits to Lavaca Bay
with respect to salinity. Furthermore, it is questionable whether setting the trigger level
at elevation 34 feet MSL is reasonable considering that this mode of operation results
in reductions of only 11.0 to 18.0 percent in the numbers of monthly violations of the
upper salinity viability limits, but causes the yield of the reservoir to be reduced to a
level (60,000 acre-feet/year) that is approximately 20 percent below the currently-
permitted authorized diversion for the reservoir (75,000 acre-feet/year) and about 26
percent below the total yield of the reservoir when operated in the full capture mode
without any releases for bay and estuary purposes (80,984 acrfe-feet/year).
Considering the relationship between reservoir yield and the specified trigger level as
developed in this study, it appears that elevation 39 feet MSL may represent the
optimum condition for the stage trigger level for releases from Lake Texana.

' Since elevation 44 feet MSL is equal to the maximum conservation pool level of Lake Texana, this
trigger level condition corresponds to a no-release condition whereby the reservoir is operated in the full
capture mode.
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APPENDIX A.

1941-1979 MONTHLY FLOWS FOR VARIOUS LAVACA BAY DRAINAGE
AREAS
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APPENDIX B.

1941-1979 MONTHLY TOTAL INFLOWS TO LAVACA BAY
FOR CASES A, B, C AND D
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APPENDIX C.

1941-1979 MONTHLY TOTAL FLOWS
AT LAVACA AND NAVIDAD RIVER GAGE SITES
FOR CASES A’, B’, C AND D’
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APPENDIX D.

1941-1979 SIMULATED LAVACA BAY MONTHLY-AVERAGE SALINITIES
BASED ON TOTAL LAVACA BAY INFLOW REGRESSIONS
FOR CASES A, B, C AND D
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APPENDIX E. -

1941-1979 SIMULATED LAVACA BAY MONTHLY-AVERAGE SALINITIES
BASED ON LAVACA AND NAVICAD RIVER GAGE SITE REGRESSIONS
FOR CASES A’, B', C’ AND D’




g ey ce ot ALCIT B4 "9 Bl " FA I ) S gy 49y ol AN -] 834 [ AT LS

4 Mot 1€y LA NN SETY 1675 GLtE LA T ol Y o & ae "y 67 17w HWNKTNTH

L4571 4 3 33 X 4588 TE"PE g9 v 8L &AL 4S04 AN E I vg-ce 84768 ae Iy HAWTXYW
8951 1961 At -61 cgtLl LIV N ! CcETRT L vy ol By "1 0RteT L A L L2 A et FDYUAAY
85a7 A Togal o T £CIC (LA ! 5t SYeLE S04 51 R Faoa 4 567G vLt? bl A" LT % GL6T
AT VT Y881 61T SC gl LAY BwooTE Bu bl 8 "B TT°5¢ 61°¢ PE"FT B ot es 861
b £V g L7 a1 1691 8L°91 ¢8°&d crE*rrt BL°Y ZETCH <1Ue 245711 985 - Ac "6 L7167
£8°C1 3 0 R8s "9 et Yy e AR =9 6Ly (T8 L ARt QL LE 89 "¢ P61
84601 94 "L 6% "CT Pr 6t cLTe 61 71T (35 LAY LA £y 8 i ! 662 LA AN Y GLAT
598 &5°L 6L 7Y et e 4 eIt wct1t B8e "L /B°C Fo°IT 6BTTl 10 4 741
rg L 89 °£1 698 P4 4 TL°9 A9 "6 G L by o B4 LSET F&ae 4 WLt 14T L&Y
va vl F6ETVE 8-l 8BS 61 /1791 chrET A4 Ry cLtE AT T °r-é 599 £/°8 <L6T
B6"9Y Tovets aB"eT c6&"9 gera Hé6 "9 LE*LT 6HW ST ?6°CC 6T"vC 96 °€C v& LT va*6C 46T
A £57vE | vEtlg ey "9 HE B4 ety 86 "6 506°/ 1275 £ec9r oL 61°12 6F "4 Bl4T
68781 a8 B?"5%1 U] | 68F1 AL 6T eI GaTLT <9 "3 8L°G Lo B 57 ¥3°CT 6961
166 8t "8 6851 L9eT 10 68T L& K20 fl = /E2°C1 bstat BF"ZT 18 A 4 8941
A" " I £6 "B PoLY - L2k U g | £y 31 WilT4T 60 8¢ ac-8tl | A BLAE L LT+ £967
£8°51 14" 14 LTt o) Bl 4 FETPT - ¥btCT 576 Al - L4758 L6l et vée- ¢ LA 7961
£2°17T v L YA 4 L4 o L5041 a@r-at LLtCT (9 S &9 e ad 8L 21 b4 95 L G961
547461 vy 62 LE 68 LT 180T B "HT 91 L2 a4 T6°F¢C F R A A ¢ I9°FT Bz 9% ve61
év-ed g9 al 6L746T L8 ?E 6 L4 AE"8 LS LT Ty i cI*4C GT "8 Jr-et ZL°ET 941
cT9T 64757 ¥8 "L 54678 [ Ynee FT. 0ml By "H ?T°C1 i &6,°C1 85T L TArA €961
£9"6 @921 P8 I5°ET ?9 ¥ 14 A LLtE (W 4 POl 8 Geter SL BT P4TE £nts (P51
cc” LN 4 A 4 vvoE $5Tel 16°% BL G FHY et eR° Ll ' fut it 2 T¢°6 06T
89 "6 &9 L £9 "L | 534 10 A A ELTET M L BE 6 [ A S~ 9&6°CT LE"V AL VT 45461
¥ el G666 8Ll 45781 /BH L&t8T PSR e ke BB 8 e 61 6511 8¢ ve 9 BLAT
18°67 -1’ Auey! £y 1%1- I (] kv R ¥ 9L [@-9¢ @S ve "y (AP Ly G L£&6°LT 20 4 4 L5AT
TE 68 28 QL 56K £5°BE 1 Tve 18 °9¢ £y by Y} 14384 ¢/ "BE v8-CY Ve o ar-Ty oTéT
b3 Gy oY) ve ot G AL S5C78E B¢ 1 L2 [0 4 HETT 85°L 84 °8C [ 47 Ara S &5°F U1 4 G561
ST AN ¥R A 5L T6E 48 8L 9 b 1§:°9%¢ LY TRHE bt "oy 6481 L T W vetoy 8Z°6F Br-Ty ¥oéT
LA 18"8C ey L858 9F "8 wB g A R ) £ - Bt oTon 59 GE 8T RCTET £R4T
dE 61 989 8578 L578E I3 S A LbTLE ] b At £98 9T or“Te el ¢
ol Y 1414 P A v&THT SPUTT Batee €Y "HL LYy 1A= AN £8 1€ S5 T0C AT 1Y L5671
8@°¢C ve ot 1 N L5788 LN 1320 £1761 6&"F 88761 £6°T1 CEC4T B? AT araet
e ey 6975 ket ¥ES 5747 VT [ 42 At 6t 4875 1961 £CTLE AVAT
4471E vo-avy 66" L8 L5788 Wwa gt 1y 9t SEET B8y 21 £5 "9 L78 s cET8 8a°vT 8ray
&HEU9T £6°51 SrTed L8 eE 9? "ue Ccr Ll £9 9T ALST 9L "L 61 vl vité 3¢ Ik LbET
¥g8 "L €511 LA SN £C8 GRS Yy L bt L /A 2 ] £6°8 cRTEY (a~/ v ol -
ar-oy chll a9 e 85T b LT £S04 91 il <32 I +aT? LE7CT cp8 GkeT
HETTT Ly 18701 L6110 [YaRY" $&HET &6 9Y vet1T 6675 /a9t Ae "L 21 vest
T6°vI 6879 £e "8 80 "LC 2T R oot AL L2781 SECET &8¢ €8 1c 5L &3tey EvsT
L8 £9°81 v T V19t Gdtnl vy oGl &4 T 1b°%1 68 7L 1 A vl cH 61 CvoT
1574 £9 €T TLL £y e 8- 5T £0°4 £5°7 4 0 4 -1 we "G GlL Y cTL™9 Tr&T
TIRNINNY RN AON 190 3G Hhw STine M AW Moy My gac Ny MY3IA

Lad NI SNOLSSANDIN BH-3 98T 41 ddMt NO GASPd AVT 9IVAYT NI SATLINLIWS ATHLNOW 40 AMYWYNS

SNOISSIHDIH 3LIS IDVO HIAIH AVAIAVN ANV VOVAVT NO Q3sva
V 3SVYO HO4 S3LLINITVS IFOVHIAV-ATHLNOW AVE VOVAV1 Q3LVINWIS -3 379V1



4

cerel (21 e | [AZRN" Gty 4 2 G Uni cHty 198 s@ate i e Bé 6 S "CT ADg diS

Pl ALY SR 56 °C &5 [ v Ty & et 2 4 st e F6 g PR WNWINIY

vatoy GL 6L £578% HE TE 18 9y £9Hy by rRUYE EIA 1Y [ 4=t Bl 6F G6r v WOKWT XYW
v 51 €561 ve st £8°41 L3TET St 8T YA &3°3T & "Cl oe'Gt PRI fvrT GETLY M IAY
=1 3 NS 85°¢v¢ 68" £CLT My "% et9T 1 20" Bl L 4 678 £°9 £rC ST % 661
cavl £57°8T SE7TY [Mutrad SA°E ¥LtLe Bl el bii™H 9LRE gzey Ti-51 g1 4T v.°8 34671
9Ll ol 5701 48791 8 91 tf.cm -l A SE et 1779 U991t &6 BT 6 (L61
v8Ct 4 st 3 S er "9 g["9T R8-ce a8y "G "Ly g9 e re AT eLLe 2 PLAT
&66701 T6 L é% "CC gcral [ SO ¢ 66"y B "R 1o 4 A e = Yy ttv1 S 59711 CL6T
?9°8 LT L4y PCTII 1 ar "It ACTTT yath 4 S 67T £L°11 H0°ET ot 4 L6l
8L 88 1 A A - GCTY Rty ne'é va R £V e [-1-ar4 b2 'V 4 verat 9T £L67
L Rl A § B2 4 aC "B 88 gt po 9T -1 @3tL 439 IL°E mn,:t L4 ve"e L1478 z/61
9@ LT Tes L6881 GB"9 13 23 ba9 §R4T f0a°51 646°CC SR RE A 1 o B&¢/T vB&E TL6T
k4 AN T4 I AN rcoic 9C"9 e L Ly 81 LAhTE ALY 5T1°5 9T 89 c ba Il 1 cEé ALET
5&°91 L& L 19°51 [C"CT T A b6t 61 5671 B "T11 B6 "V ¥ Ta ¢ =1 2 4 vetcl 6961
164 8y "8 846701 8=grl PI°CT 66°51 LA TG £l °E 885 r°cl 430" 1 § A L1 4 8961
LR T8E £6 "9% 5L 885 IR 2 4 L4010 b THT A& B1 £9°£41 68T 108 2 - T4 8/ 4F -1 L9641
2807 e "ev SEt6L 15°1c P9 "91 v il €374 vl £Ltn £L°L g¢” rod: R A FAFRRN | PI6T
211 L GLy T£7°ET St LT ne "ue Rl &1°? 47 ¢ Lot 94 Bs 91 Vet eL C961
66741 ve “av v g A 5701 Lot Py 9T Yo L I4've ' T W 4e"Ct B8P "¢l [ Yol A veéT
ATV ' &9 51 861 L5°8E Wh 9L &e "RE SRTH @s 81 Bc "Ge L8 M cr "ac gr-ar LT £961
£5°v1 @8 "51 ag ac [ 4 294 Pl B B46°€C 88 41 €4y SL°5H vZ8 (4 B At ot Rl 4 | S3aA ¢ 961
vgrs B5-91 408 4 19°¢t P a2 IA Y énTt 89 °H1 (C 8/ 01 b6y [T 1941
Vi we"v 65 "y ok e AR § faf g3y "5 LLTE Bo il LBTFIE 1 8 8v "8 -0 V9461
£9"6 8574 A L ve L L6°FT L5} B A N v/ vr'é o178 @A ET 6T Ui 6561
AN 494 I£°ET S8BT Pote - v8Ed 1y A1 £1 79 £6°83 vk "8c 472N 3"t 129 BGET
vLTRT ov LT G @g "¢ Bt " L/CY £E?°BY LYTh 0y " LR [ 6&"LT beE " Té (561
L& vE FEBL QL6 £5"8E 85 "3 £F "9% vy gL 60" RE LA 4 @L78E b8 e NGTGE 7 4 4 2047
by L0 e arv G a8 L4 -1 I 33N A) 6" 9Y v 11 SR 1/ 76T em.: grte 13l 56T
B e L4 Rl GEAE £5°82 [6°8C 1E 98 Y "HE 4C "WE e AL T8°E£C 14 B BL 4L RE T vG6T
£C 78 {450 10 BCEY L5 Yb R BECH BY 1T Th cd | T 617/C [ ' BetuT FAN 1 ! FR6T
61761 P9 1578 45788 i I <L e aytic I - ol A 6578 L 1% Rt 89" CDE S 4 TR6T
LE746E ool BL7E8 79"l LT [ I 43 By 9 £ ve A $> [ AT 8¢ "4F ar "1y 1561
@ﬂ.rt ve iy 5 Mo £5°RE P9 "3T Q6L CPULT WA "9 Tg gt i8¢t PRy § eenTL 55701 HGAT
£6°C1 195 e 6t 51 [BAa AT A vt LR CeCT H2 A 1981 ¥rté £yt (bat
“waric v ey L4 R4 | A £1578T1 Hé b TETET P9 Gl ey W "cd A T8 Lit4 A 8vé1
CBT9t £9 51 23 S PrLE R < JHTRT Lhtgl bsLobL 1L CRATET v1°6 cReeT one £v6T
8L7L €571 LA P £1°5 PR AL "L rLL (A7 8s°13 L2280 e L yite PAGR Bt ovaT
86 ¢1 £0°LT 59"C L4758 I wnté 591 vl 81 "ac 6H6TS v1ET reET catg Cvét
Pv-IT cl"? cgret 4 ot dj.ﬁﬁ LR LT L te-rr 88 " LATAY G TE v et [ vrol
CLtvl g 9 458 (9 Mo “Te £yt 6T 1l I ¢ £rg el cetIe vtz LA 64T Fhot
YLt £atgl PETET -9t mm.sm Teoal <Lt [c-gt QL K1 PEUET T LT 16°61 Trsl
£ L YETET £9L we -8 [ AN Lt a 2] A IR FoTy [ Tty 8L e Tvért
TINNNY 03q AON 170 A48 L ane mnre NIe AW MAV Hud ERE! i~ NEIA

Lold NT SNOISSIMOAY -5 YOT J471 40M NO 03ASVYR AWY YARAYT NMT SATLIINITIWS ATERJMOW 40 AMUWWNS

SNOISSIHOIY LIS IDVD HIAIH AVAIAVN ANV YOVAVT NO a3sva
8 3ASVI HO4 SILLINITVS IOVHIAV-ATHLNOW AVE VOVAV1 GILVINWIS 2-3 319Vl



aytac

Letet
B Lk
L5061
8791
SLTET
4701
YV

ve et
LA A
be LT
4C°91
gc-it
6L 46T
S5é6°87
LT
cBrecl
PLTTE
aceEs
cE"CT
868

8 8l
=L AR
3L °81
a4t
98 4c
g1 "Gg
we Ll
=12 Rt
Lo
[ A
ceTaT
LA T4
£y s
ceTg

€81
cetat
QL "6
8191
84°%

"IRANRNY

£ g
=l

[ I

Fa T
Lo

va e
k23 4V

yeUeg
8c cc
L4 14
e 78
248
Sr L
82481
v oy
1§ A~
4" "1 4
13
By s
Vo oy
L4’ 14
(S5
4" %14
varavr
&L 68
T1°%e
88"t
&L
€98
Btic
14" "1
Vo gy
e “av
L4 1
9L
v "Ry
vy tav
g£Le
vy Tub
ve "oy
&2 L1
1414
25"
ey
CHTHT
85787

J3aa

SNOISS3YOIH IALIS IDVD HIAIH AVAIAVN ANV VOVAV

v el
oLty
S8 6%
|33 A

48 °8LF
¢ttt
12t
?1°8
YL
89 "¢
5]
?&°EL
Bcve
&1L
T1°LE
ac -1
(512 3
L6
6%
G 4L
51201
&1 9%
LY
424
9LL
&°VT
SL"Y
SETAL
153 N 3%
RETHE
SL 6L
6B°ET
RE "6%
SE 6T
4 I~
SETAL
vET9L
6a"s
BET6E
LA A
eL
PLGT
Qv L

AN

AN

- e
v LIPRN

L5788

2l
21
P&7ECT
£ LE
v 9

AR
g8 cr
LT 7%

691
6v "9

855

BC 6T
?rLL
TL°G

£5°8F
g e
46702
£L57"8%
25wl
G221
bC"L

c9 s

L6791
847

£5°88
L5°8%
L THE
ve"BY
£L5°8E
87 "¢
£5°8¢
ol B 4

L5 7HE
45788
15"y

Vo ac
g8ar-ce
5¢ "LE
RETCS

i

190

AR

PLTE

(R 22

£6°6T

6y
06"

AELT
69" LT
L a1
8k

Fog

35718
1178

£k "L

4t "BE
T
AN

[r-ec
11 eE
ch Bt
T1bs
AL
LA

691
18 nT
S0°TY
7y RY
Ly
VHTE

T ve
L TE

S
1L
[E-ve
13 bs
frve
11T0E
Mg~

3 T ¥4
YA
11°vE
LL7TY
YA

445

Ldd HI

70

ab

1

a5

“b
£

"
°5
e

1™

‘te

"RE

BEL

£H

"I

YE 1

&Y
2t
Vi
b 43
28
on
6
133
£5
e
Fe
132
[y
e 4
CA
v
ie
1
Ty
tHé
i
I40
17
I}
[y
Ve
[
133
84
117
9y
Yé
¥
P

"ST
1
9T
-]

‘Br
‘eE
v
sof
A
‘g
“PE
2
2™
‘5a
g

!
"9E
vE
2
A
AN
N4

"RE
<o
e

P

(&1 V]
"YE
Y
"L
s
-
‘e
ve
"é

MY

LA
£7 "R
[l ) ¢
) G
b2
E7"BY
(851
86 "HC
LY "8E
] S A
LW T
rety
bzts

B1"Ed

ehmy

e

NOTSS2MIEY -5 P61

1676

PR

Yo 11 3
3et

vos
76
vy
HB "L
19
we "5
L5
2€ L
81 g1
947y
647CT
B6"C
6¢ "of
By "L
Th "y
GERE):
6% "HE
ALY
Zac§
42"
6~/
3 LT
B85S
bl OE
£8°91
4i: 0L
6L 4L
BRI
&6 01
Lin s
PaRats
ETRrY:
52 "0
L0
5951
49 "€ ¥
v b1
£ "E
Ty

NAr

<71 BaMi NO axS5vd

G710

e

we "o

L4043

o1 RSy

B1°¢
597 IE
Tkl
o0 4
IAA 4
SeTY
8é6"¢
@9t
PET9Y
veitv
[ 4
&Lk
T1°EE
8573
8¢
BE "y
yeooe
&ERBI
e
oE"Cl
I1°e
¥P°6
BE "9
vaoYe
686
£8°50
£1°%
et
L4508
£k o
LY TGT
1A
8" ?
48
628
&C71
&L
£&TNg
£6°E

ASH

pe Ty
1" 4

QL RS
e 81

L0058
87 P1
PR
cEet
LI
PEPT
H 2
€ "8e
?L°8BY
g i |
4 2
¥we vl
0e"9c
2574
©1°L2
£9°9¢
v "8y
9578
ey -ee
?8°91
LRG
Yy "9C
AR
?L°HE
ey

| aTiA

ge T
1673
fL°BY
BELT

165

LA
G9°€
veté
B CE
vasc
L2 Rt

T£°¢
et
ey

HYW

[l N |
12

87 48
Le81

[-ToR S
BB -01
[l =
iy "gE
T6°0T
vLTTT
vecar
G379
Bz "6F
P 6C
ar -t
£T"ET
BeT6F
R4
éntn
L4 A-T4
6 el
&7 "5C
e8-s
¥5°8
cerr
% 2 4
F¢E
8476
£4.74
87468
Ll
BL46T
B 4F
570t
68787
LA
Yoo
16°G
LT
21T
ity cE
e ot
8L/

H134

LTy
ot - 1

£A'Y
L
1976
19°C¢
BR"TT
1 2: 0 4
@s"%C
[£°8
168
L7276
LERT
210 4
L2 2
48°TT
I£°R
I AA X
Y{"8C
sS4 vc
I
g4
&6F°91
L Tl
0r " T¥
we iy
or"Tv
L
9LmEd
1 4
ar"Tv
ne gt
IA e
vL6C
68 °9
BEIT
'8
A 4
Uil ¢
A

ok

NOr

ARG 01s
WAWTNTW
WAKI XYW
HIWHAAY

b6 61
BL&T
£L6T
PLEE
FL6T
| 242
FC6T
£/67
161
alél
69671
89471
(96T
P9&T
RR46T
P4t
FP6T
c941
1961
west
6C6T
85461
{561
9561
£R&T
P61
£56T
<661
TEET
AS6T
Vet
AvsT
LY6T
Fv4T
=1 2208
14 438
Frat
TYAT
Tvat

MYTA

AYR YAPAET NI SRIJIMITIVE ATHINOW A0 AMYWWNS

NO a3sva
D ASVYD HOL SALLINITVS FDVHIAV-ATHLNOW AvE VOVAVT A3ILVINKWIS €-3 314VL



89271

8d-01
9L 1
58T
e et
e Tl
)
168
Tvevt
Ty
£L°CT
L9EY
va11
v6"LT
9L-91
£9°TT
L87LE
6% eg
8841
£6°4
ve-g
£6°4
89°¢1
2.2
122

By " ao
8658
LAl
Ay "Ez
98 "vg
a5
grar
BT "¢g
L6741
z9-a
89T
15°2
694
RS
069

TIVNINNY

Be"Lx

Tee

[
L4l 1
86 °CC

verTE
VU6t
I8 ar
132

98 V1
Pv L

¥oTeT
P6"kE
£5°3

LEYVE
ek Tl
BC"¢T
£6°6¢
va ey
PETL

v v
ve "y
g1y

A
88 ¢

vl

P ¢
ST
va "oy
Ve ur
Ve ov
B9 "9¢
vers

v@ At
va iy
T 5

¥a-dv
120 14
P67
av"1g
L16

Tete

?S T

FA A S

234

[2- 2 ¥
51751
15T
E8%6

e
18"y

&e76

o1 I ¥4
Cr 81
PN o
18°8C
£5°8C
r2t8r
LE"6E
9?5

i8"9L
GE "4f
L6°EL
Zé&v

1444

QL L

kA -2
YL

5 -3
RET6E
LET6g
L e
k4 BEA
SE "%
RE 6T
e"IC
SET6E
£orre
£1°8

59 ¢

A "ac
48791
L9l
[oh NS

AON

SNOISSIHDIH JLIS FDVD HIAIH AVAIAVN ANV VYIOVAV1 NO a3svd
«d ASVI HO4 SIULINITVS TDVHIAV-ATHLNOW AVE VIOVAV1 @ILvINWIS -3 374vVL

HeC1
SE"E

£5"8¢
61741

Be?T
8°TT
&9 °EC
V8 9
LB°aT
T£°17
A0 4
69791
L9
095
85471
v gt
£9°5
15718
crne
8147
4588
M.@ ljr‘
L 1 8
ZE'L
479
vicet
88°¢
£5°8F
L5398
£578BL
CLtaT
45 8%
81 b1
£5°BY
HEV
£5°8¢
45°8¢
% ¥
ac ol
L5758
&5°%C
ac”
TE“9

130

T4 =TI
171 LHE
| I 4 I veg
Yot 323 s P
SL°h YH VI
H&E Y5
8By 91 2 A 2
H1"%7 bt cC
Fod Rl § F?gT
I3 2 HY "1
bata Fat A A 4
L1 PPl P §
Pc"a vté
L&y FVRT
@49 e Sv °CCT
Hy 23 A |
LYo [E "9E
ff.ﬁd Fetng
[ ot " Fid
F45Ra5 3
[£ 9L
Lo 5ol
247 od” A=
$9°¢1 Lo
G CI YaTkI
VTA Sl T
[ 3 | =T A
T17bE 15.79¢
&Y 1L LT
Titey 1y 9y
8¢ "8 oty
e t1e TR
AT (SN
B2 R Y9 rEL
brar ra"al
HETHL [ - Yl
g ic we "3l
TR ST
HE"LT yr"8
L2TTT 1851
LLTEE £P 4l
XU 6L TRT
@ 1T J LRt
H38 nny

v 8L
41781

24°8
811
AT
LY
ciAtG
b °FT
«JJ-Q
LEThl
L9 8¢
LA}
L791
veE"e
9 8t
9% °c
rERT
£9 "HY

i o

Ly LG
F&5Y
9?5 °E

8f "%

1S At
450 )
9 ag
£9 "HE
£9°8¢
£9 "ht
L
=1 ) X9
£y "8
[
(S0 A ¢
L9
L34
FEE

S8 YT
LYl
645711
Sk

e

e

Ly e
&I "W
11

LAY
Lo b
hH"P
'l Ve
S
LR
2L
(Y4
BT
BL "9
7Y Q1
8&6°¢
[Tl }
2 e
flt9
IH"A
&LTAT
LETR
23S
1eg
hae L
3 Gl "
(4’2
&8 RE
LA
& "y
v&s"41T
A"
v "ar
1402
L5
gL
SRkT
&1
rECT
Yo pl
vA°ILT
L&
10 Il 4

M

8yl
nYy "y

LT N
8°¢1

8T°v
1888
PRLET:
q)l& IN
[-Yols 4
v
6L°L
B89 ¢
b3°7g
LTy
" T
CE°¢
??IE
&b "%
14
1210 43
|10 4
Py "RT
89°3¢
C2'gl
ZI°ar
vo 81
v
b5t 9y
874
=) S
£ET9
A A s
S92
e a1
51 ol o
@9s9
ey
vt 8
871 "a
cw.1
|- T
1s.mﬁ
£67L

AUM

cevat
80t

PLTHE
1991

8.5
U
vy "9
506
FAN
TE"¢T
38y
£T17EC
L9
_il ltﬁ
14 M
WE"CT
H6" 3T
aetL
LA T
K Jat =T
LZA 4
Bk "6
a9l
iAo ¢
405
y-ac
It=e
“/ 8y
98 "GE
i “vC
mﬁ.hm
186°CT
ﬂm 3%
FE&THT
e

e ce

BTt T
LI ¢
VA
LT9T
e Wl
e 9
L2

Ml

8y

BL 2T

?8°9
en et
a1 °c
vetat
67V
&9 °CT
-1 -2 4
109t
| &40 2
2 2
/85
EFCTT
-
U420
Ty -9t
e a4t
TESC
rn o1
418
LT T
846'ET
81°C
69" h
veog
L4
vecy
€eree
ve-

L4
Far-) ¢
o B ¥
v g
=1y
69
GEET
e8¢fn
Prul
£é&ET
3 -

HEW

it
ag v

3L a4
Lyt

4278
P64
183
PLLT
[ 5 S S
B6°TT
PL VT
[
44°8BZ
oL gl
SE°Y
sa~eT
84748
ST
V-2
& “RE
=Tl ) &
cr et
(512 I
(e g
£8°F
Tt
| oA
87 6%
854
8¢ "&F
I5"EC
verey
8/74%
£907
- R
L T
BRI
£e s
ARTFT
14747
Br-cc
L&t
5L

gl

601
o1 4

0" Iy
£r et

T 4
£1-
1974
.12 2 o
IG“CT
(8 ¢
a6
8 "B
y3°6C
8481
PPTLE
212 4
I § 4
T6°T1
13"ar1
grroy
8R"ZC
3 Mk 10 ¢
67V
2% 2t
1=
69
e TV
ar "Tv
[“ 1 & 4
ar v
o9 W ¥
ar -1t
-1 & 4
6T 01
cesce
T2¢%C
"
AL
b
P 4
481
e ac
sy

NG

Add a1s
WA TN T W
W TX YW
JIPHIAY

&6/61
BLAT
LL67T
GL6T
G467
V6T
LLAT
EL67T
FEA)
8/61
L9461
8967
£961
FF6T
G961
AL
€981
CP6T
I961
a961
&R6T
8R6T
L5461
PCAT
2661
561
£n61
TEET
54T
ané6t
sv61
[ 4-2
Lv61l
kA Z-2
Gr&l
LA L-N¢
£vel
A 43
TPl

HYTIA

ldd NL SNOISSHMIIN U-6 PIT o | HAML NHO C48vd AVH YIVAYT NI SIILINIOIVS ATTHLNOH J0 AMYWNNS



APPENDIX F.

RESULTS FROM FREQUENCY-DURATION ANALYSES OF LAVACA BAY
SALINITIES FOR DIFFERENT CASES OF FRESHWATER INFLOWS
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