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The permittee may only apply this cessation of lethality provision once. If the effluent again 
demonstrates significant lethality to the same species, then this permit will be amended to -add a WET 
limit with a compliance period, if appropriate. However, prior to the effective date of the WET limit, 
the permittee may apply for a permit amendment removing the WET limit, in lieu of an alternate 
toxicity control measure, by identifying and confirming the toxicant and/or an appropriate control 
measure. 

f. The permittee shall complete the TRE and submit a Final Report on the TRE Activities no later than 
28 months from the last test day of the retest that confirmed significant lethal effects at the critical 
dilution. The permittee may petition the Executive Director (in writing) for an extension of the 28-
month limit. However, to warrant an extension the permittee must have demonstrated due diligence 
in their pursuit of the TIEITRE and must prove that circumstances beyond their control stalled the 
TIElTRE. The report shall provide information pertaining to the specific control mechanism(s) 
selected that will, when implemented, result in reduction of effluent toxicity to no significant lethality 
at the critical dilution. The report will also provide a specific corrective action schedule for 
implementing the selected control mechanism(s). Copies of the Final Report on the TRE Activities 
shall also be submitted to the U.S. EPA Region 6 office (6WQ-PI) and the TNRCC Region 14 office. 

g. Based upon �~�e� results of the TRE and proposed corrective actions, this pennit may be amended to 
modify the biomonitoring requirements where necessary, to require a compliance schedule for 
implementation of corrective actions, to specify a WET limit, to specify a BMP, and/or to specify CS 
limits. . 
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TABLE 1 (SHEET 1 OF 2) 

BIOMONITORING REPORTING: DAPHNIA PULEX SURVIVAL 

Date Time Date Time 
Dates and Times 
Composites 
Collected 

No.1 

No.2 

FROM: 

FROM: 

T~tUriti~ed:, __________________ __ 

TO: 

TO: 

am/pm date 

Dilution water used: Receiving water Synthetic Dilution water 

PERCENT SURVIVAL 

Time Rep Percent effluent (%) 

0% 32% 42% 56% 75% 

A 

24h B 

C 

D 

E 

A 

B 

48h C 

D 

E i 

I Mean at test end I I I I I 
I CV%" I I I I I 
·Coefficient of Variation = Standard Deviation x lOO/mean 

Dunnett's Procedure or Steel's Many-One Rank Test as appropriate: 

-

I 
I 

Is the mean survival at 48 hours significantly less (p = 0.05) than the control survival? 

CRITICAL DILUTION (100%): ____ YES ____ NO 

Enter percent effluent corresponding to the NOEC below: 

NOEC survival = _______ % effluent 
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TABLE 1 (SHEET 2 OF 2) 

BIOMONITORING REPORTING: FATHEAD MINNOW SURVIVAL 

Date Time Date Time 
Dates and Times No. 1 FROM: TO: 
Composites 
Collected No.2 FROM: TO: 

Test initiated: am/pm date 

. Dilution water used: Receiving water Synthetic Dilution water 

PERCENT SURVIVAL 

Time Rep Percent effluent (%) 

0% 32% 42% 56% 75% 100% 

-
A 

24h B 

C 

D 

E 

A 

B '-1'_ 

48h C 

D 

E 

Mean at test end 

CV%· 

·Coefficient of Variation = Standard Deviation x l00/mean 

Dunnett's Procedure or Steel's Many-One Rank Test as appropriate: 

Is the mean survival at 48 hours significantly less (p = 0.05) than the control survival? 

CRITICAL DILUTION (100%): ___ YES ___ NO 

Enter percent effluent corresponding to the NOEC below: 

NOEC survival = % effluent ----
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Diamond Shamrock Refining Company, L.P. TPDES Permit No. 01353 

24-HOUR ACUTE BIOMONITORING REOUIREMENTS: FRESHWATER 

The provisions of this section apply individually and separately to Outfall 001 for whole effluent toxicity testing 
(biomonitoring). No samples or portions of samples from one outfall may be composited with samples or portions 
of samples from another outfall. The provisions of this Section are in addition to other biomonitoring requirements 
in this permit. 

1. Scope. Frequencv and Methodology 

a. The permittee shall test the effluent for lethality in accordance with the provisions in this Section. Such 
testing will determine compliance with the Surface Water Quality Standard, 30 TAC §307.6(e)(2)(B), 
of greater than 50% survival of the appropriate test organisms in 100% effluent for a 24-hour period. 

b. The toxicity tests specified shall be conducted once per six months. The permittee shall conduct the 
following toxicity tests utilizing the test organisms, procedures, and quality assurance requirements 
specified in this section of the permit and in accordance with "Methods for Measuring the Acute 
Toxicity of Effluents and Receiving Waters to Freshwater and Marine Organisms, Fourth Edition" 
(EPA 600/4-90/027F), or the most recent update thereof: 

1) Acute 24-hour static toxicity test using Daphnia pulex. A minimum of five (5) replicates with 
eight (8) organisms per replicate shall be used for this test. 

2) Acute 24-hour static toxicity test using the fathead minnow (Pimephales promelas). A minimum 
of five (5) replicates with eight (8) organisms per replicate shall be used for this test. 

The permittee may be required to repeat an invalid test, including the control (0% effluent). An invalid 
test is herein defined as any test failing to satisfy test acceptability criteria, procedures, and quality 
assurance requirements specified in the test methods or in this permit. An invalid test shall be repeated 
within the required reporting period. 

c. In addition to an appropriate control, a 100% effluent concentration shall be used in the toxicity tests. 
Except as discussed in item 2.b., the control and/or dilution water shall consist of a standard, synthetic, 
moderately hard, reconstituted water. 

d. This permit may be amended to require a Whole Effluent Toxicity (WET) limit, a Best i' . .ianagement 
Practice (BMP), chemical-specific effluent limits, additional toxicity testing, and/or other appropriate 
actions to address toxicity. The permittee may be required to conduct additional biomonitoring tests 
if biomonitoring data indicate multiple numbers of unconfirmed toxicity events. 

2. Required Toxicity Testing Conditions 

a. Test Acceptance - The permittee shall repeat any toxicity test, including the control, if the control fails 
to meet a mean survival equal to or greater than 90 % . 

b. Dilution Water -In accordance with item l.c., the control and/or dilution water shall normally consist 
of a standard, synthetic, moderately hard, reconstituted water. If the permittee utilizes the results of 
a 48-Hour Acute test or a Chronic test to satisfy the 24-Hour Acute Biomonitorulg requirements in 
accordance with item I.e., the permittee may use the receiving water or dilution water that meets the 
requirements of item 2.a. as the control and dilution water. 

c. Samples and Composites. 

1) The permittee shall collect one flow-weighted 24-hour composite sample from Outfall 001. A 
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24-hour composite sample consists of a minimum of twelve (12) effluent portions collected at 
equal time intervals representative of a 24-hour operating day and combined proportional co flow. 
or a sample continuously collected proponional to flow over a 24-hour operating day. 

2) The permittee shall collect the 24-hour composite samples such that the samples are 
representative of any periodic episode of chlorination. biocide usage. or other potentially toxic 
substance discharged on an intermittent basis. 

3) The permittee shall initiate the toxicity tests within 36 hours after collection of the last portion 
of the 24-hour composite sample. Samples shall be maintained at a temperature of 4 degrees 
Centigrade during collection. shipping. and storage. 

4) If the outfall ceases discharging during the collection of the effluent composite sample. the 
requirements for the minimum number of effluent portions are waived. However. the pennittee 
must have collected a composite sample volume sufficient for completion of the required test. 
The abbreviated sample collection. duration. and methodology must be documented in the fuIl 
report required in Pan 3 of this Section. 

3 .. Reporting 

All reports. tables. plans. summaries. and related correspondence required in any Part of this Section shall 
be submitted to the attention of the Toxicity Evaluation Team (MC 150) of the Water Quality Division. 

a. The pennittee shall prepare a full report of the results of all tests conducted pursuant to this permit in 
accordance with the Report Preparation Section of "Methods for Measuring the Acute Toxicity of 
Effluents and Receiving Waters to Freshwater and Marine Organisms. Fourth Edition" (EPA 600/4-
901027F). or the most recent update thereof, for every valid and invalid toxicity test initiated. All full 
reports shaH be retained for three (3) years at the plant site and shall be available for inspection by 
TNRCC personnel. 

-
b. A full report must be submitted with the first valid biomonitoring test resulti for each test species and 

with the first test results any time the permittee subsequently employs a different test laboratory. Full 
reports need not be submitted for subsequent testing unless specifically requested. The permittee shall 
routinely report the results of each biomonitoring test on the Table 2 forms provided with this permit. 
All Table 2 reports must include the information specified in the Table 2 fonn attached to this permit. 

c. If semi-annual biomonitoring is required. the test results (Table 2 reports) are due on the sixth (6th) 
month and annual anniversary dates of permit issuance. The results of the initial toxicity tests are due 
six (6) months from the permit issue date. 

d. If quarterly biomonicoring is required. the test results (Table 2 reports) are due on the third (3rd) , sixth . 
(6th). and ninth (9th) month and annual anniversary dates of permit issuance. The results of the initial 
toxicity tests are due three (3) months from the permit issue date. 

4. Persistent Mortality 

The requirements of this Pan apply when a toxicity test demonstrates significant lethality. here defmed as 
a mean mortality of 50% or greater to organisms exposed to the 100% effluent concentration after 24-hours 

a. The permittee shall conduct two (2) additional tests (retests) for each species that demonstrates 
significant lethality. The two retests shall be conducted once per week for two (2) weeks. Five effluent 
dilution concentrations in addition to an appropriate control shall be used in the retests. These 
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additional effluent concentrations shall be 6%, 13%,25%,50% and 100% effluent. The first retest 
shaI1 be conducted within 15 days of the laboratory determination of significant lethality. AlI test results 
shall be submitted within twenty (20) days of test completion of the second retest. Test completion is 
dermed as the 24th hour. 

b. If one or both of the two retests specified in item 4.a. demonstrates significant lethality, the permittee 
shall initiate the Toxicity Reduction Evaluation (TRE) requirements as specified in Part 5 of this 
Section. 

5. Toxicity Reduction Evaluation 

a. Within fony-five (45) days of the retest that demonstrates significant lethality, the permittee shall 
submit a General Outline for initiating a TRE. The outline shaI1 include, but not be limited to, a 
description of project personnel, a schedule for obtaining consultants (if needed), a discussion of 
influent and/or effluent data available for review, a sampling and analytical schedule, and a proposed 
TRE initiation date. 

b. Within ninety (90) days of the retest that demonstrates significant lethality, the permittee shall submit 
a TRE Action Plan and Schedule for conducting a TRE. The plan shall specify the approach and 
methodology to be used in performing the TRE. A Toxicity Reduction Evaluation is a step-wise 
investigation combining toxicity testing with physical and chemical analysis to determine actions 
necessary to eliminate or reduce effluent toxicity to a level not effecting significant lethality at the 
critical dilution. The TRE Action Plan shall lead to the successful elimination of significant lethali ty 
for both test species defined in item l.b. As a minimum, the TRE Action Plan shall include the 
following: 
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1) Specific Activities - The TRE Action Plan shall specify the approach the permittee intends to 
utilize in conducting the TRE, including toxicity characterizations, identifications, confirmations, 
source evaluations, treatability studies, and/or alternative approaches. When conducting 
characterization analyses, the permittee shall perform multiple char~terizations and follow the 
procedures specified in the document entitled, "Methods for Aquatic Toxicity Identification 
Evaluations: Phase I Toxicity Characterization Procedures" (EPA/600/6-911oo3), or alternate 
procedures. The permittee shall perform multiple identifications and follow the methods specified 
in the documents entitled, "Methods for Aquatic Toxicity Identification Evaluations, Phase II 
Toxicir-; Identification Procedures for Samples Exhibiting Acute and Chronic Toxicity" (EP Al60-
OIR-92/080) and "Methods for Aquatic Toxicity Identification Evaluations, Phase III Toxicity 
Confirmation Procedures for Samples Exhibiting Acute and Chronic Toxicity" (EPAl6oolR-
92/081). All characterization, identification, and confirmation tests shall be conducted in an 
orderly and logical progression; 

2) Sampling Plan - The TRE Action Plan should describe sampling locations, methods, holding 
times, chain of custody, and preservation techniques. The effluent sample volume collected for 
all tests shall be adequate to perform the toxicity characterization! identification! confirmation 
procedures, and chemical-specific analyses when the toxicity tests show significant lethality. 

Where the permittee has identified or suspects specific pollutant(s) and/or source(s) of effluent 
toxicity, the permittee shall conduct, concurrent with toxicity testing, chemical-specific analyses 
for the identified and/or suspected pollutant(s) and/or source(s) of effluent toxicity; 

, 

3) Quality Assurance Plan - The TRE Action Plan should address record keeping and data 
evaluation, calibration and standardization, baseline tests, system blanks, controls, duplicates, 
spikes, toxicity persistence in !he samples, randomization, reference toxicant control charts, as 
well as mechanisms to detect artifactual toxicity; and 



Diamond Shamrock Refining Company, L.P. TPDES Pennit No. 01353 

4) Project Organization - The TRE Action Plan should descn"be the project staff, project manager. 
consulting engineering services (where applicable), consulting analytical and tcixicological 
services, etc. 

c. Within thirty (30) days of submittal of the TRE Action Plan and Schedule, the permittee shall 
implement the TRE with due diligence. 

d. The permittee shall submit quarterly TRE Activities Reports concerning the progress of the TRE. The 
quarterly TRE Activities Reports are due on or before April 20th, July 20th, October 20th, and January 
20th. The report shall detail information regarding the TRE activities including: 

1) results and interpretation of any chemical-specific analyses for the identified and/or suspected 
pollutant(s) perfonned during the quarter; 

2) results and interpretation of any characterization, identification, and confirmation tests perfonned 
during the quarter; 

3) any data and/or substantiating documentation which identifies the pollutant(s) and/or source(s) 
of effllient toxicity; 

4) results of any studies/evaluations concerning the treatability of the facility's effluent toxicity; 

5) any data which identifies effluent toxicity control mechanisms that will reduce effluent toxicity 
to the level necessary to eliminate significant lethality; and 

6) any changes to the initial TRE Plan and Schedule that are believed necessary as a result of the 
TRE fmdings. 

Copies of the TRE Activitie~ Report shall also be submitted to the U.S. EPA Region 6 office (6WQ-PI) 
and the TNRCC Region 14 office. ...._ 

e. The pennittee shall continue routine biomonitoring quarterly (as a minimum) during the TRE, using 
the most sensitive species unless, after initiating the TRE, the effluent ceases to induce significant 
lethality for twelve (12) consecutive weeks with at least weekly sampling and testing. Such evidence 
shall be submitted with a statement of tIltent to cease the TRE. The permittee may then resume testing 
as required by this Section. 

This provision does not apply as a result of corrective actions taken. Corrective actions which eliminate 
or reduce effluent toxicity include source reduction .or elimination, housekeeping improvements, 
changes in chemical usage, and modifications of influent or effluent treatment. 

f. The permittee shall complete the TRE and submit a Final Report on the TRE Activities no later than 
eighteen (18) months from the last test day of the retest that demonstrates significant lethality. The 
permittee may petition the Executive Director (in writing) for an extension of the IS-month limit. 
However, to warrant an extension the permittee must have demonstrated due diligence in their pursuit 
of the TlEITRE and must prove that circumstances beyond their control stalled the TIEITRE. 

The report shall specify the control mechanism(s) that will, when implemented, reduce effluent toxicity 
as specified in item 5.g. The report will also specify a corrective action schedule for implementing the 
selected control mechanism(s). The permittee shall also submit copies of the Final Report on the TRE 
Activities to the U.S. EPA Region 6 office (6WQ-PI) and the TNRCC Region 14 office. 

g. Within three (3) years of the last day of the test confirming toxicity, the permittee shall comply with 

Page 28 



\ 

Diamond Shamrock Refining Company, L.P. TPDES Pennit No. 01353 

30 TAC 307.6.(e)(2)(B), which requires greater than 50% survival of the test organism in 100% 
effluent at the end of 24-hours. The permittee may petition the Executive Director (in writing) for an 
extension of the 3.year limit. However, to warrant an extension the pennittee must have demonstrated 
due diligence in their pursuit of the 11EJTRE and must prove that circumstances beyond their control 
stalled the TIE/TRE. . 

The requirement to comply with 30 TAC 307.6.(e)(2)(B) may be exempted upon proof that toxicity is 
caused by an excess, imbalance, or deficiency of dissolved salts. This exemption excludes instances 
where individually toxic components (e.g. metals) form a salt compound. Following the exemption. 
the permit may be amended to include an ion-adjustment protocol. alternate species testing. or single 
species testing. 

h. Based upon the results of the TRE and proposed corrective actions. this permit may be amended to 
modify the biomonitoring requirements where necessary. to require a compliance schedule for 
implementation of corrective actions, to specify a WET limit. to specify a BMP. and/or to specify a 
chemical-specific effluent limit(s). 

-
~--
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TABLE 2 (SHEET 1 OF 2) 

DAPHNIA PULEX SURVIVAL 

GENERAL INFORMATION 

I Time (am/pm) I Date I 
Composite Sample Collected 

I I I Test Initiated 

PERCENT SURVIVAL 

Time Rep Percent effluent (%) 

0% 6% 13% 25% 50% 100% 

A 

24h B 

C -
D 

E 

MEAN· 

1. Enter percent effluent corresponding to the LC50 below: 

24 hour LC50 (Daphnia or Ceriodaphnia) = ____ % effluent 
(circle appropriate genus) 

95 % confidence limits: ______ _ 

Method of LC50 calculation: _____ _ 

J:f24-hour survivorship data from the chronic Ceriodaphnia dubia test is being used. the mean survival per dilution 
for all 10 replicates shall be reported on this row. -
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Time 

24h 

II 

TABLE 2 (SHEET 2 OF 2) 

FATHEAD MINNOW SURVIVAL 
lPimephales promelas) 

GENERAL INFORMATION 

I Time (am/pm) 

Composite Sample Collected 

I Test Initiated 

PERCENT SURVIVAL 

Rep Percent effluent (%) 

0% 6% 13% 25% 

A 

B 

C 

D 

E 

MEAN 

1. Enter percent effluent corresponding to the LC50 below: 

24 hour LC50 <Pimephales) = ____ % effluent 

95 % confidence limits: ______ _ 

Method of LC50 caIculation: _____ _ 
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I Date I 

I I 

50% 100% 
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APPENDIX NO.5 

SOIL SALINITY INVESTIGATION PLAN 
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Diamond Shamrock Refinery Irrigation Tract 
TPDES Permit No. 01353 
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9s~~ 
TPDES Permit No. 01353, Other Requirements, Item 13 requires the Diamond 
Shamrock Refinery to develop a plan for investigation of soil salinity and sodium 
absorption ratios within the wastewater irrigation tract. This plan was to be submitted 
within 90 days of permit Issuance (which was 18 June 1999). 

Diamond Shamrock is currently preparing an application for permit amendment to 
expand the existing irrigation tract. 

1.0 PAST AND PRESENT IRRIGATION TRACT MANAGEMENT 

,., SOILS 

A soils map for the existing and proposed irrigation area Is shown in Figure 1. The 
mapping of indigenous soil units is superimposed over the irrigation area. Solis 
mapping was based upon unpublished soil survey data for Live Oak County provided 
by the USDA Natural Resources Conservation Service (NRCS, formerly Soil 
Conservation Service). 

According to the general soils map for Live Oak County, the general soil group on the 
existing irrigation tract is the Runge-Papalote-Wilco group. These are typically deep, 
moderate to very slowly permeable, well drained upland soils that have Sondy and 
loamy surface layers and loamy to clayey subsoils. The soils map for the irrigation 
tract indicates the presence of numerous Individual soil types. Soils on the site appear 
to be fairly homogeneous with respect to composition, depth. and permeability. The 
soils are generally sandy clay loam. Permeabilities may be as low as O.OSlnches/hour 
In specific locations, but they are generally within the range of 0.2 - 2.0 inches/hour. 

The individual soil types and pertinent characteristics are described In Table 1, based 
upon the information provided by the NRCS. The mapping units correspond to the 
soils map in Figure 1. Surface soil textural classification for the Irrigation tract Is also 
shown in Figure 1. . 

UDS16099.WP 

,: . ~ . - ~ - '-
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Additional soils data is available from sampling conducted in accordance with existing 
permit requirements. An annual soil sample from the root zone of the Irrigated site is 
collected and tested for oil and grease, pH, total nitrogen, nitrate nitrogen, potassium, 
phosphorus, and conductivity. These data are displayed in Table 2. In addition, the 
existing permit requires that surface samples of soil shall be collected quarterly from 
heavily irrigated areas and analyzed for exchangeable sodium percentage (ESP). 
Results of the ESP tests are shown in Table 3. 

The subsurface characteristics of the irrigation tract were described in an earlier report 
by Underground Resource Management, Inc. (URM, 19841. The tract is located on an 
outcrop of the Catahoula Formation, which is primarily clay and mudstone, with 
scattered beds and lenses of gravel and sand. The Catahoula yields very small to 
small quantities of fresh to slightly saline water in the project area. Two borings were 
performed to determine the underlying stratigraphy. The northern portion of the site 
is underlain by a thick caliche deposit which ranges in thickness from greater than 40 
feet to less than 15 feet. Sadiments obtained in the borings were dry to depths 
greater than 30 feet, and no free water was encountered in the drilling program. 
Surface sediments in the area appeared to be slowly permeable and significant 
seepage of waters would appear to be low. The borings did not indicate the presence 
of any shallow ground water at the site. The permeability of the underlying sediments 
was low and seepage would not be expected to be significant (URM, 1984) 

1.2 WASTEWATER QUALITY 

Historical data for wastewater quality is shown In Table 4. 

The existing TPDES permit for the refinery stipulates that the effluent application rate 
not exceed an annual average rate of 2.95 acre-feet/acre/year. Past application rates 
have been at or near this permitted value. 

, .3 COVER CROP MANAGEMENT 

The current cover crop on the existing irrigation system Is coastal bermudagrass and 
winterryegrass. Approximately 341.6 acres of bermuda and rye have been under 
cultivation on the existing 617-acre tract, the exact acreege at anyone time 
dapending upon the layout of the pivot and side roll sprinkler Irrigation systems at any 
particular time. 

The irrigation area will be expanded under a proposed permit amendment. A minimum 
of 403 acres is proposed for irrigation, and the actual area could be greater on the 
expanded irrigation tract that will have a total area of 1376 acres. Bermuda will be 
grown year-round, but the prinCipal growing season Is March through October. Rye 
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will be grown during the cool-weather months. The dual cropping approach provides 
evapotranspiration needs on 8 year-round basis. 

Both bermuda and rye have been successfully cultivated on the irrigation tract using 
effluent from the refinery as the sole source of Irrigation water. Crop growth has been 
vigorous to date. The main difficulty at the site has been the neec;l to irrigate under 
the occasional prolonged wet-weather conditions. 

Nutrients 

The nitrogen application rate for bermuda is recommended at 100 Ibs N/acre per 
cutting, according to the Texas Agricultural Extension Service. Ryegrass will requira 
an additional 200 Ibs N/acre per year. 

The nitrogen requirements for the cover crop will be provided by the nitrogen content 
of thp. refinery effluent. No othar fertilization is practiced at the site. 

All irrigation will utilize treated effluent. The effluent application rate for the cover 
crop is projected to be 2.95 feet/year or less. 

Harvesting 

When the system Is operating at the maximum effluent application rate, and maximum 
allowable nitrogen concentration, on a specific Irrigation tract, 4 cuttings of coastal 
bermudagrass per year are anticipated from that tract. The number of cuttings will ba 
reduced if the average nitrogen concentration in the effluent is below the maximum 
allowable. The bermuda Is harvested with hay cutting and baling equipment by a 
contract lease operator. The cover crop is occasionally burned to control fire ants. 

Salt Tolerances 

Bermudagrass is relatively tolerant of high salt loadings. Published data indicatas that 
a 100% yield potential for bermuda would require a maximum soil extract conductivity 
of 6.9 mmhos/cm and an irrigation water conductivity of 4.6 mmhos/cm (Schwab, 
G.O., et aI., 1981, "Soil and Water Conservation Engineering"). Ryegrass is also 
relatively salt tolerant, but to a lesser extent than bermuda. The salt concentration in 
the root zone is controlled by leaching. 
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2.0 SCHEDULEP MONITORING ACTIVITIES 

Several monitoring activities that will provide information on soil salinity are planned 
for the Irrigation tract. 

2.1 COMPREHENSIVE SOil SAMPLING 

Comprehensive SOils data for the irrigation tract will be obtained with an onsite 
sampling survey, in accordance with the permit renewal application requirements. A 
compOsite sample will be prepared for each irrigation zone on the irrigation tract. Each 
sample will actually consist of three composite samples, one from each of the three 
vertical zones of 0-6. 6-18. and 18-30 inches. Each composite sample will be 
prepared from 15 subsamples. 

Each composite sample will be tested for pH. conductivity. sodium adsorption ratio. 
total nitrogen, nitrate-nitrogen. potassium. phosphorus. calcium. magnesium. sulphur. 
and sodium. Nutrient parameters will be analyzed on a plant available or extractable 
basis. Laboratory analyses will be provided by the Texas Agricultural Extension 
Service soil testing laboratory In College Station. 

2.2 ANNUAL SOIL SAMPLING 

TPDES Permit No. 01353. Other Requirements. Item 13 requires annual soil sampling 
. from the root zone of the irrigation site. This provision could be satisfied with e single 
soil sample from the site. as was provided under the previous permit stipulation. To 
support the soil salinity investigation, Diamond Shamrock will increase the spatial 
coverage of the annual soil sampling activity and provide one composite sample per 
pivot irrigation zone. Each of these composite samples will be split into three vertical 
layers for testing. nominally, 0-6. 6-18. and 18-30 inches. Each sample will be tested 
for oil and grease. pH,total and nitrate nitrogen. potassium. phosphorus, conductivity, 
calcium. magnesium, sulphur, sodium. and SAR. 

2.3 QUARTERLY SOIL SAMPLING 

TPDES Permit No. 01353, Other Requirements, Item 12 requires quarterly sampling 
of surficial soils from the most heavily irrigated areas on the tract. To support the soil 
salinity investigation. Diamond Shamrock will increase the spatial coverage of the 
quarterly surficial soil sampling activity and provide one sampl.e per pivot Irrigation 
zone. 

2.4 WASTEWATER SAMPLING 

Wastewater sempling will continue in accordance with TPDES Permit No. 01353. 
Irrigation Requirements, Item 10. Testing will be provided for BOD5 , COD, oil and 
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grease, ammonia-nitrogen, phenols, sulfides, total chromium, hexavalent chromium, 
and pH. To support the soil salinity investigation, Diamond Shamrock will add 
measurement of conductivity to the sampling activities. 

3.0 FUTURE IRRIGATION TRACT MANAGEMENT 

3.1 SOilS 

In the past Irrigation prectice, salinity in the root zone has been controlled by leaching 
and this practice is expected to continue. The sampling data described in Section 2.0 
will be reviewed for indication of any spedal management activities that may be 
required. For example, a program of calcium amendment will be implemented If 
needed to reduce ESP, in accordance with TPDES Permit No. 01353, Other 
Raqulrements, Item 12. 

3.2 WASTEWATER QUALITY 

Wastewater Quality Is not expected to be substantially different from the historical 
wastewater quality. 

3.3 COVER CROP MANAGEMENT 

The historical cropping of bermuda and rye has been successful and will be continued. 
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TABLE 1 
SOlL~ PAOPEfmfS 

OIAMONO SHAMROC~ IRRIGATION TRACT 

""'oont_ 
o.pth P.:lmg steve 

(in, USDA T <""". No.2oo 

0-5 'Cl~y 75-90 

.... 72 lalY 75-96 
, 011 a.y Lo.m, loam. s"ndy Cl.y lo .. rn 45-10 

11-38 Cloy Lo;nn, Cf.." Smdy 0 .... 51-80 

3B-e4 Cloy Lo"",, Loom 51-75 

0-8 S~ a .... Loom, Lo""', Fine SlIndy Lo,,", 28-65 i 

, 8-38 Sondy a .... La .... , Cloy Loom 28-75 
I 38-80 Sandv a"", Lo.om. Cloy lo.m, Rne Son<!:lto.om 2B-80 , 

0-7 IClay i 70-80 

7·14 ,Gr_olly Cloy. Gre.elly Cf .... Loam 45-55 

14 20 !Cemon~ 
I 

.. 

20-l10 IS~ty Lo"",, Lo.m 70-00 

I 0-11 . fine Sondy La .... I 30-40 

I 011 S..-dy CI.y Lo.m 35-55 

1'-17 s..ndy CI.y, CI.y, allY lo;nn 5:l-75 , 
17-30 Cl .... loom. Cl.., 4!>-70 I 

0 

30-72 Sandv Cloy. s.nctv aooy la .... 40-67 

0-12 CI .... Lo.m. Clay 70-85 
: 
12~6 CI.v, CI.y Loam. Smdv a .... 10-90 

, 0- 10 CI .... 7!>-95 

\ 15-4' CI.y 75-95 i 42-80 CI." 7!>-95 

I 0- 14 CI .... Lo_ 51·85 i i 14-38 CI.y~ C.y lo..-n 75-95 , 
38-110 CI"". a.y Lo.m 75-95 I \) 14 Fino Sendy loom 

, 26-1;0 

14-38 Sondy Cloy. Cloy. 0 .... loam I 45-70 

i 35-60 I s..ndv CI •• to"", a .... Lo"" S __ Loom I 40-70 

i OB CI.y ; Ero-BO I , 
8·43 Cloy 85-95 

I 43-62 
, 

Loam, a.y Loom I B5-95 
, 82-80 Lonn 

: 70-BO 

I 0-18 Fi .... Sandy Lo.m ! ~5O 

Sandy Clay lo.m a~la_ 
: 36-55 I 18-72 , 0- 13 G,,,,,elly Loem 20-35 

\ 13-20 Cement 
, - . 

0-5 aay i 75-85 

5-28 a.y 
, 

7!'>-85 

I . 2B-J7 Ooy l~. aooy, Ero-95 

37-80 Ilown 70-80 

Higt1 W..." Toble 
Liquid PI~.tjc\ty Powm.oJ,;li tv AWC 00ptII 

Umit Index (inlh" flnlin' (ft, 
51-7b 30-50 <0.06 >11.0 
56-t10 3~4 <0.011 - -
32-48 15-21 0.~2.0 I >0.0 
46-110 , 25-37 0.2-0.0 
39-52 17-30 0_6-2.0 I 

28-45 : 13-28 0.6-2.0 I >6.0 
36-50 "-30 0.6-2.0 --
33-50 20-30 0.5-2.0 · . 
55-aa 33-41 i 0.05-0.2 >6.0 
SHIll 29-41 0.05-0.2 i 

I 
. . -. .. : I .. 

20-30 !>-12 0.5-2.0 · -
<30 I NP·7 2.0-11.0 0.11·0.16 >11.0 

24-37 
, 

9-20 0.112.0 0.11·0. III >11.0 : 
33-67 15-33 0.5-'.0 O. I 3-0.18 - . 
30-55 18-32 0.5-2.0 0.130.19 
35-50 17-27 0.62.0 0.10-0.15 .. 
3555 i 18-30 0.2-0.6 >11.0 
42·112 I 27-42 <0.06 · . 
55-75 32-48 <0.06 0.12-0.20 >110 
b5-75 32-48 <0.06 0.12-0.20 --
55·75 32-48 <0.06 0.12-0.20 · . 
37·50 18-30 I - . · . 
38-65 19-35 .. - . 
40-63 20-35 -. · -
<26 NP·II 

I 
.. · -

41·60 21-30 .. --
38-48 18--31 .. · -
~6 3:l-41 I <0.06 0.14-0.:>0 >8.0 
111·76 35-49 I <0.06 0.14-0.20 · . 

! 

36-51 17·28 , 0.2-0.6 0.130.19 · -
20-30 512 i 0.&-2.0 0.07-0.1 I · -
21-30 5-13 I .. .. 
30-40 11-21 I - . .. 
25-35 7·15 , 0.5-2.0 0.0S-0.10 >8.0 

.. -. I .. -- · . 
56-66 33-41 

I 
<0.06 0.14-0.20 ! >6.0 

~1I6 3341 <0.06 0.14-0.20 .. 
61·66 29-.41 0.05-0.2 0.08-0.18 .. 
20.30 5-17 0.5-2.0 0.08 0.18 · . 

J.,..~ .. ~tnc. 



Date pH 

2-Sep-93 7.8 
10-Aug-94 8.1 
, 0-Aug-94 8.5 
11 -Sep-95 7.8 
28-Aug-96 7.5 
,-Sep-97 7.8 
2-0ct-98 8.1 
8-Aug-99 8.5 
3-Sep-99 

JMAI911 ~1991DS 1 509~A.XLS 

-- - • =- -=-:"<"; 

Table 2 
Soil Analysis on Irrigation Tract 

Diamond Shamrock 

Nitrogen Phos Potassium 
(ppm) (1!I!m) [ppm) 

240 <0.5 3700 
3600 5 4860 
3100 3.85 4690 
823 1.18 2250 
178 15.6 4760 
346 778 4380 

276.7 3090 1690 
1930 138 3500 

Oil & 
Cond Grease N03-N 

(uhmos/cm) (1!I!m) (1!I!m) 

2000 <10 13 
59 <10 9.4 
110 <10 12.3 
660 52.6 2.53 

3088 10.05 35.5 
640000 20 54_7 

99 20 1 , .4 
422 410 16. , 

59 

JAmes MlerTllcl'li" & Auociato8, fnc. 
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Oate Sout~ 

22-Jan 92 9.43 

9.08 

4-May-9' 8.25 

9.00 

6·Jul-92 8.44 

8.69 

28·Sop-92 8.06 

9.19 

9-0cc·92 8.45 

8.22 

5-Jun 93 6.59 

10.42 
, 4-Sep-93 13.35 

10.88 

I 
7·0cc·93 7.42 

".72 
, -Apr-93 7.22 

9.49 

7·Mar·93 7.59 

13.16 

29-Aug'94 10.19 

11.00 
, -0~c-94 7.46 

13.48 

, G-Mar·95 26.90 
10(;0 

15-Jutl-9b 8.70 

16-NoY·95 0.088 
26·Feb·96 G . .,9 
5-Nov-9G 4.'6 
10 Feb·97 13.32 

24-Apr-97 1.6', 
2-Sep-97 4.06 

3-0et-!l7 4.2 

3,-Ma r·98 16 

29-May·98 1.8 

21-Sep-98 14.70 

31-D~c-98 U.25 

16-Feb 99 9.66 

19·Mey-99 2.21 
9-AuQ-99 1:1.4 9 

J.., !\/9i16/99r)S 1 ~09~B.XLS 

Table 3 
Quarterly IrrigatIon Soli. Analysl. 

Exchangeable Sodium Percentages 
Diamond Shamrock Three Rivara Refinery 

.4 I!:> '3 

Center Wesl Ea~t 

7.65 10.81 

8.34 9.7~ 

7.85 8.03 5.46 

7.93 7.73 4.88 

7.76 7.83 4.39 

'12.13 5.28 5.87 

1 , .5~ 6.3' 5.44 

10.39 6.47 5.40 

8.16 7.88 3.37 

10.00 12.38 9.12 

12.33 12.15 9.44 

10.25 I 1.67 9.37 

2.40 2.80 4.30 

2.66 2.94 3.21 

0.049 0.091 0.0!i!.> 
9.37 13.62 7.28 
5.12 3.99 8.05 

13.84 8.88 8.71 

4.21 2.21 5.22 

4.36 11.06 , .59 

7.4 6.8 I . I 

7.2 B. I 7.9 

9.3 8.2 ;0.8 

6.69 6.12 7.72 

0.02 0.32 0.02 

12.b9 7.(;G 12.16 

3.73 6.99 10.65 

16.87 16.76 10.02 

11 12 .7 

Side Row Side Row Side Row 

4.44 

4.&9 

5.72 

4.39 

5.61 

6.52 

7.91 

10.21 

6.-" 

0.50 

0.47 0.38 

0.051 C.046 
, .52 3.B6 

t..l 7 c..00 

0.74 !.i. 8 , 

0.33 295 

6.85 2.52 

3.4 3.9 

1_' 4.1 

6.9 7 

3.34 4.42 b.O" 

0.55 0.02 0.02 

7.44 3!.>0 

1.48 10.55 

8.89 12.95 9.12 



30 - DAY AVG 
DATE FLOW 

MO I YR (gpdl 

Jui·97 926,519 
Aug·9' 1,380,058 
Sep·97 1,169.620 
Oct·97 686.92 I 
Nov·97 701.200 
Oec·97 804.196 
Jan-98 1.135,106 
Feb·9B 838,046 
Mar·98 1,0541,564 

Apr·9B 1,270,471 
MaY'98 1.371,771 
Jun·98 1.341,903 
Ju:·98 863,765 
A.Jg·98 996.805 
Sep-98 796.278 
Oct·98 993.062 
Nov·98 651,939 
Dec·98 870,886 
Jan·99 942.987 
Feb·99 1,299,339 
Mar·93 879,768 
Apr·99 886.016 
May-99 1,209.154 
J","·99 ~,361,503 

J'J A.'OS· TBI·4.X.S 

.", 

TABLE 4 
HISTORICAL WASTEWATER DATA 

800 (5) TSS 
img/ll (mglll 

5.5 N/A 
9 N/A 

29.5 N/A 
33.8 N/A 
19 N/A 

30.4. N/A 
15.S1 N/A 
11 .4 N/A 
19.B fo../A 
14 ~I!A 

31.4 N/A 
30.4 N/A 
32.5 N/A 
26.3 N/A 
13.3 N/A 
9.7 N/A 
4.8 N/A 
5.6 N/A 
9. , N/A 
9.1 N/A 

22.9 N/A 
190.5 "J/A 
21.1 N/A 
25.9 N/A 

-..... 

IRRIGATION 

AMMOI'; A APPLICATION 

NITROGEN RATE 

irrgfll (ac'e·feetlmo.) 

0.36 88.15 
0.874 131.29 
12.4 104.08 
6.7 29.51 

1.62 43.03 
7.1 76.50 

0.32 107.97 
3.38 33.43 
6.7 90.60 
3.7 109.15 

15.1 , 30.48 
10.4 123.53 
10.1 60.96 
12.8 58.1' 
8.13 65.97 

0.318 63.99 
0.3 46.01 

0.23 72.15 
1.91 89.70 
0.87 , , 1.63 

3.3 75.59 
2B.3 51.65 
5.23 103.89 
2.1 121.16 



APPENDIX NO.6 

COST ESTIMATES 



COST ESTIMATE 

NEW WATER TRANSMISSION FACILITIES TO SERVE CHOKE CANYON W.S. 

Transmission Pump Station 1 LS 
16,500 LF of 8" PVC @ $14/LF 
1 0 Fittings @ $300/EA 
4 - 8" Valves @ $600/EA 
300 LF of 12" Casing Installed by Boring 

@ $100/LF 
1 EA Creek Crossing @ $4O,OOO/EA 
4 Air Release Valves @ $2,000/EA 
Service Pump Station 1 LS 
Ground Storage Tank @ $35,000/LS 

Contingencies (10%) 

TOTAL CONSTRUCTION COST 

Engineering 

Inspection 

Land I Easements 

TOTAL PROJECT COST 

Appendix 6-1 

$25,600 
$231,000 

$3,000 
$2,400 

$30,000 
$40,000 

$8,000 
$75,000 
$35,000 

$45,000 

$495,000 

$55,000 

$22,000 

$36,000 

$608,000 



COST ESTIMATE 

NEW REGIONAL WTP AT CHOKE CANYON RESERVOIR AND 
CHOKE CANYON WATER SUPPLY TIE-IN 

New 2.0 MGD Water Treatment Plant 

New Transmission Line to C.C.W.S. 
8" PVC 5,000 LF @ $14/LF 
Parallel 6" PVC 9,000 LF @ $10/LF 
10 Fittings @ $300/EA 
5 Valves @ $600/EA 
200 LF of 12" Casing by BOring @ $100/LF 
4 Air Release Valves @ $2,000/EA 

Contingencies (10%) 

TOTAL CONSTRUCTION COST 

Engineering 

Inspection 

New TNRCC Permit 

Land (12 Acres) 

TOTAL PROJECT COST 

Appendix 6-2 

$4,000,000 

$70,000 
$90,000 
$3,000 
$3,000 

$20,000 
$8,000 

$420,000 

$4,614,000 

$507,500 

$140,000 

$10,000 

$36,000 

$5,307,500 



COST ESTIMATE 

NEW CONVENTIONAL THREE RIVERS WWTP AT NEW LOCATION 

New Conventional WWTP 

New Force Main 1,500 LF @ $7.50 

Lift Station Modifications 

Demolish Existing Plant 

Contingencies (10%) 

TOTAL CONSTRUCTION COST 

Engineering 

Inspection 

New TNRCC Discharge Permit 

Land (12 Acres) 

TOTAL PROJECT COST 

Appendix 6-3 

$1,000,000 

$11,250 

$20,000 

$25,000 

$105,750 

$1,162,000 

$128,000 

$58,000 

$10,000 

$36,000 

$1,394,000 



COST ESTIMA TE 

NEW LAGOONIWETLANDS THREE RIVERS WWTP AT NEW LOCATION 

New LagoonlWetlands WWTP 

New Force Main 1,500 LF @ $7.50 

Lift Station Modifications 

Demolish Existing Plant 

Contingencies (10%) 

TOTAL CONSTRUCTION COST 

Engineering 

Inspection 

New TNRCC Discharge Permit 

Land (50 Acres) 

TOTAL PROJECT COST 

Appendix 6-4 

$1,000,000 

$11,250 

$20,000 

$25,000 

$105,750 

$1,162,000 

$128,000 

$58,000 

$10,000 

$150,000 

$1,508,000 



COST ESTIMA TE 

RENOVATE EXISTING THREE RIVERS WWTP 

Renovation and Modifications 

Contingencies (10%) 

TOTAL CONSTRUCTION COST 

Engineering 

Inspection (5%) 

TOTAL PROJECT COST 

Appendix 6-5 

$400,000 

$40,000 

$440,000 

$44,000 

$22,000 

$506,000 
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Mr. Craig Pedersen 
Executive Administrator 
Texas Water Development Board 
1700 N. Congress 
Austin, Texas 7a711-3231 

Dear Mr. Pedersen, 

TOM NANCE 

The live Oak Underground Waler Conservation District (LOUWCD) is pleased to 
submit to the Texas Water Development Board (TWDB) a copy of our adopted 
Management Plan as mandated by Senate Bill 1 of the 75th Texas Legislature. 
The Live Oak Underground Water Conservation District Management Plan 

PAGE 83 

(LOUWCD Mf» was adopted by the LOUWCD Board of Directors at their quarterly 
meeting on November 1, 1997, by unanimous consent. In addition, a certified copy of 
the LOUWCD Board of Directors resolution adopting the plan is also attached. 

The LOUWCD, established in 1991, has historically had an excellent working 
relationship with the TWDB and it is our hope that we can CQunt on your support as we 
implement the enclosed plan, it is the intent of our Board of Directors that we will begin 
implementation of this plan immediately to facilitate the success of our efforts. 

The LOUWCD MP was developed during open meetings of the Board of Directors in 
accordance with all nQtice and hearing requirements stated in the District"s 
procedures. Documentation thai notice and hearing requirements were followed 
is presented in a separate attachment. The following cross-references are 
provided as a means of documenting the completeness of our Management Plan 
as applicable to the statutory requirements of Senate Bill 1 and T AC Chapter 356. 
During preparation of the LOUWCO Management Plan, (LOUWCD MP) all planning 
efforts were coordinated with the Nueces River Authority, as mandated by 
36.107 (a) and TAC 356.6(a)(4). Documentation of this coordinated effort, 
including the resolution acknowledging this coordination, is included in this 
packet for your review. 36.1071(8)(1) is addressed In LOUWCD MP Section 2.0 . 
.. 36~ 1.q~1(~J(2) is addressed in LQUWCDMP Section 1.0. . ......... . 
36.1071(a)(3} Is addressed in LOUWCD Section titled SB-1 Management Goals 
Determined Not.Applicable 1.0 
36.1071 (a){4) is addressed in LOUWCD MP Section 4.0. 
3ES.1071 (a)(5) is addressed in LOUWCD MP Section titled S8-1 Management Goals 
Determined Not Applicable 2.0 
The requirement of 3S.1071(e){1) is met by the submission of the LOUWCD MP to 
theTWDB. 
36.1071 (e)(2) is addressed in LOUWCD Section 3.0. 
36. 1071 (e}(3)(A) 'is addressed in LOUWCD MP Section titled Topography, Drainage 

and Groundwater Resource$ of Live Oak County. 
36.1071 (e){3)(B) is addressed in LOUWCD MP Section titled Projected Water 

Supplies in Live Oak County 
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36.1071 (e)(3)(C) is addressed in LOUWCD MP Section titled Projected Demands 
for Water in Live Oak County and in LOUWCD MP Section 3.0. 

36.1071 (e)(3)(0) is addressed In LOUWCO MP Section titled Projected Demands 
for Water in live Oak County. 
36.1071(e)(4) is addressed in LOUWCD MP Section titled Potential Demand and 

Supply Issues and Solutions. 

Recently we provided your staff with a copy of our District Rules. In accordance with 
the requirements of 36.1071 (f) we are attaching an additional copy of the District Rules 
in a separate enclosure. These District Rules were adopted by the LOUWCD Board of 
Directors at the regularly scheduled meeting on July 1, 1997, and will be used during 
the implementation of the LOUWCD MP. 

36.1071 (g) and TAC 356.6(a)(5) will not be applicable at this time, but will 
be addressed in five years In 2002 when the LOUWCO MP must be recertified. 

The LOUWCD MP will be in force for 10 years from the date of certification. If there is 
any other documentation we can provide to the TWDB· that will ensure the prompt 
certification of the Live Oak Underground Water Conservation District Management 
Plan, please do not heSitate to call me or my staff. I look forward to working with you 
and your staff throughout the implementation of the various elements of Senate 
Bill 1. 

Sincerely, 

Scott Bledsoe III 

• • " _. , •• _ ••••• "._. '0"'-' ._._ ••••• _po. ...•.... -. ,.. . ..' .-....... , . ...-- ... -'-'- -' ._ .... - ... 
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DISTRICT MISSION 

The Live Oak Underground Water Conservation District will strive to develop, promote, 
and implement water conservation, augmentation, and management strategies to 
protect water resources for the benefit of the citizens, economy, and environment of the 
district. 

TIME PERIOD FOR THIS PLAN 

This plan becomes effective upon certification by the Texas Water Development Board 
and remains in effect until a revised plan is certified or September 1,2007, which ever 
is earlier. 

STATEMENT OF GUIDING PRINCIPLES 

The Q!$tri¢t recognizes that the groundwater resources of the region are of vital 
importance. The preservation of this most valuable resource can be managed in a 
prudent and cost effective manner through regulation and permitting. This 
management document is intended as a tool to focus the thoughts and actions of those 
given the responsibility for the execution of district activities. 

General Description 

The District was created by the citizens of Live Oak County through election, 
November,1991. The current Board of Directors are Scott Bledsoe III - Chairman, Mark 
Katzfey - Vice-Chairman, Lonnie Stewart - Secretary and Treasurer, Mark Riser and 
Howard Crawford, Live Oak Underground Water Conservation District (LOUWCD) has 
the same areal extent as that of live Oak County, The county has a vibrant economy 
dominated by agriculture and petroleum. The agriculture income is derived primarily 
from beef cattle production, wheat, com, sorghum, and cotton, with some sheep and 
goat ranching. 

Location and Extent 

live Oak County, consisting of 1,072 square miles, is located in South Texas. The 
county Is bounded on the east by Bee, San Patricio, and Kames counties, on the north 
by Atascosa county, on the west by McMullen County, and on the south by Jim Wells 
County. George West, which Is centrally located in the county, is the county seat. 
Three Rivers, the only other municipality in the county, Is located in the northern 
portion of the county. 
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Topography. Drainage and Groundwater Resources of Live Oak County 

Live Oak County is on the Gulf Coastal Plain in southam Texas. Most the 1.072 
square miles of the county are devoted to farming and ranching which provide the 
principal income for the 9,000 inhabitants. The production of oil is also an important 
industry. 

The prinCipal water-bearing formations underlying the county are the Carrizo sand, 
Oakville sandstone, Lagarto clay, and Goliad sand, and range in age from Eocene to 
Pliocene. The formation dip toward the coast at rates ranging from less than 20 to 
about 140 feet to the mile. 

About 2,150,000 gallons per day of ground water was withdrawn in 1957 from 
approximately 1,000 wells in the county. Some irrigation. municipal, and stock supplies 
were obtained from surface-water sources. In Live Oak County the water-bearing 
sands above a depth of 2,000 feet contain approximately 20 million acre-feet of fresh 
and slightly saline water. Even though it may be ImpraGti~! to recover much of the 
stored water, the rate of withdrawal could be increased several times more than the 
1957 rate without appreciably depleting the water available from storage for many 
decades. A large but unestimated amount of fresh to slightly saline water occurs In the 
Carrizo sand in the northem and northwestern parts of the county at depths as much as 
6,000 feet, MQ,t Qf the water in the Carrizo sand in Live Oak County is more than 
4,000 feet below land surface and therefore is too deeply buried to be economically 
developed for most uses. 

Most of the ground water in live Oak County is substandard in quality for municipal, 
industrial, and irrigationsl uses. However, because better Water Is not available in most 
areas in the county, substandard water has been used successfully by users of all 
three categories. Generally the Goliad sand contains water of better quality than that 
In any formation except the Carrizo sand. In favorable areas properly constructed wells 
in the Carrizo, Oakville, lagarto, and Goliad may yield 1,000 gallons per minute or 
more. Yields from wells tapping the other water-bearing formations generally are small· 
and the water commonly is suitable only for stock. 

Most of live Oak County is rOiling to moderately hilly, although some areas are nearly 
flat. The altitude rlinges from about 460 feet in the southwestern part of the county to 
about 90 feet near Lake Corpus Christi. The county Is drained by the Nueces Rivet 
and its tributaries, the Frio and Atascosa Rivers, with the exception of a small, 
elongated area near the Bee County line which is drained by tributaries of the Aransas 
River. 

The water-bearing formations in Live Oak County are continually recharged by the 
Infiltration of a small part of the precipitation, which falls on the more permeable strata. 
However. most of the precipitation that falls in the county runs off in steams. 
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evaporates, or is transpired by plants. The remaining water, probably less than five 
percent, may reach the zone of saturation where it moves slowly toward an area of 
discharge such as a well, natural outlet, or, under artesian pressure, it may seep or 
percolate slowly upward into overlying beds. 

Surface Water Resources of live Oak County 

There are two surface impoundments used to supply water other than for livestock 
consumption, Choke Canyon and Lake Corpus ChristL The average annual supply 
from these impoundments is 241,000 acre-feet, however, the calculated firm yield is 
252,000 acre-feet. For planning calculations the impoundments will be assumed to 
supply 162,500 acre-feet per year by the year 2050. The$1i! figl,lre$ c;ame form the City 
of Corpus Christi. The owners and operation is the Nueces River Auuthority and the 
City of Corpus Christi within all reaches of the Nueces River in live Oak County. The 
City of Corpus Christi is the major user of surface water in live Oak County with the 
City of Three Rivers and the petrochemical plant, Diamond Shamrock. 

Projected Water Supplies of Live Oak County 

The annual rate of production for the Gulf Coast aquifer is 5,242 acre-feet. The 
estimated recharge rate for the Gulf Coast aquifer is small. 

Groundwater Use in Live Oak County 

During the past five years, annual groundwater usage in the County has varied from a 
high of 6geO acre-feet to a !ow of 7,479 acre-feet. Annual usage for the past five years 
is as follows: 

1995 7691 acre-feel 
94 7479 acre-feet 
93 7769 acre-feet 
92 8960 acre-feet 
91 8689 acr.e4eet 

Projected Demands for Water In Live Oak County 

This management planning document is based upon the estimates provided by the 
Texas Water Development Board and will be used until alternatives are generated, 
The TWOB has projected that the total water demands for live Oak County will be 
9783 acre-feet by the year 2050. This estimate is based on projections of the 

following breakdown and population statistics. George West will have a demand of 584 
acre-feet per year and a population of 3499 by the year 2050. Three Rivers will have a 
demand of 446 acre-feet per year and a population of 2341 by the year 2050. The 
projected agricultural demands are 2145 acre-feet per year, projected mining demands 

------------

~ • _ •• OM ••• ' 
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are 2915 acre-feet per year, projected domestic and stock demands are 1324 acre-feet 
per year, and projected manufacturing demands are 1345 acre-feet per year by the 
year 2050. Total projected demands in 2050 will be 9.783 acre-feet per year. With the 
exception of Three Rivers and Diamond Shamrock (used both surface ~nd 
groundwater), all others use is from groundwater. 

Potential Demand and Supply Issues 

The supply and demand totals for 2050 are as follows: 

Groundwater from 
Carrizo Wilcox aquifer 2.399 acre-feeUYBar 
Gulf Coast aquifer 5,242 acre-feeUyear 
Surface water 162,500 acre-feeUyear 
Total projected Supply 170,141 acre-feeUyear 
Total projected Demand 9,783 acre-feeUyear 
Balance (plus) 160,358 acre-feeUyear 

The total demand of groundwater is estimated to be 7,641 acre-feet per year by the 
year 2050 which is the same as projected supply. Projected supply will meet projected 
demand until the year 2050. A majority of the surface water Is contracted already. 
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MISSION STATEMENT 

LIVE OAK UNDERGROUND 
WATER CONSERVATION DISTRICT 

MANAGEMENT PLAN 

PAGE 89 

The mission of the Live Oak Underground Water Conservation District is to protect and 
assure a sufficient quantIty of quality water for our constituents use. 
We value: 

"Collection and maintenance of data on water quantity and quality 
"Efficient use of groundwater 
"Conjunctive water management issues 
"'Development and enforcement of water district rules concerning 

conservation of ground water. 

GOALS, OBJECTIVES, AND ACTION STEPS 

GoaI1.0.Collection and maintenance of data on water quantity and quality 
1.1.Measurement of water quantity and quality 

a. Take measurements of depth to water level below the land 
surface on strategic wells on an annual basis. 

b. Take water samples for chemical analysis on strategic 
wells on a monthly and annual basis. 

c. Publish water quality and quantity data, and update 
reports annually. 

1.2. Measurement of pollution sources and wells 
a. Identify wells that are polluted and take appropriate 

action. 
b. Identify sources of pollution and take appropri~te a~io", 
c. Provide information to the public about wells that are 

polluted and the sources of pollution. 

Goal 2.0 Efficient use of groundwater 
2.1. School education 

a. Provide speakers to address water topics. 
b. Distribute water resource education packets for use in the 

classroom 
c. Sponsor teachers to attend workshops and seminars on the 
conservation of water and natural resources. 
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2.2. Farm education 
a. Provide speakers to address water topics at farm meetings. 
b. Distribute water resource education packets to farm leaders 

and farmers. 

PAGE 18 

c. Sponsor farm leaders to attend workshops and seminars on the 
conservation of water and natural resources. 

2.3. Home education 
a. Provide speakers to address water topics. 
b. Distribute water resource education packets to community 

people. 
c. Encourage community leaders to attend workshops and 

seminars on the conservation of water and natural resources. 
Goel 3.0. Developement and enforcement of water district rules 

3.1. Develop rules concerning the protection of water quality, well permitting, 
and prohibiting waste of water. 

a. Develop rules 
b. Develop enforcement and implementation guidelines. 

3.2 Adopt a permitting system by January 1, 2000, permit cost basis 
determined by administrative costs, not to exceed $25.00. 

3.3 Implement procedure to have all non-exempt wells operating under 
production permit by January 1 , 2001. 

3.4 Implement and enforce a system of rules for the drilling, I;ompleting and 
equipping of water wells by December 1,1999. 

3.5 District Manager will prepare and present an annual report to the Board 
of Directors on District performance in regards to achieving management 
goals and objectives (during last quarterly Board of Directors meeting 
each fiscal year beginning December 31,2000). 

Goal 4.0 Conjunctive water management issues 
4.1 Coordinate emergency response/drought contingency planning with 

surface-water entities. 
4.2 Evaluate existing historical data and data derived from new monitoring 

programs to enhance.t,I"d~f'$.tJ!'nding of aquiferlsurface~water... . ..•.. _-­
relationships. 

4.3 Evaluate the impact of surface-water usage on groundwater resources 
within the District as needed. Provide comments regarding sulface-water 
rights requests for 100 percent of those requests effecting the 

groundwater resources of the district. Coordinate with surface-water 
entities on conjunctive use issues in regards to regional planning efforts 
by January 1, 2000 and every five years after. 

. ' .. _-------:; 

. , 
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88-1 MANAGEMENT GOALS DETERMINED NOT -APPLICABLE 

Goal 
1.0 Control and prevention of subsidence. 

The rigid geologic framework of the region precludes significant subsidence from 
occurring. 

Goal 
2.0 Cooperative resolution of natural resource management issues. 

The district has no documented occurrences of endangered or threatened 
species dependent upon groundwater resources. 

PAGE 11 
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RESOLUTION 

Whereas. the Live Oak Underground Water Conservation District has held the 
appropriate public hearings, and; , 

PAGE 12 

Whereas, the District has presented the management plan to the county officials and 
the Nueces River Authority. 

Whereas, the District has followed the rules set forth by S8 1 and the TWOB, 

Now, Therefore be it Resolved, that the Live Oak Undergroung Water Conservation 
District voted to pass the District management plan. 

In favor_' __ ,;.;;,5 ____ _ Against_.....:...0 _____ _ 

Passed nd Approved thisLday of ~g .llllG· , 1998. 

if~ Attest by: /;~)l ) I, '-, #"" .-,1..'.1:.-
colt Bledsoe III. President Lonnie Stewart. Secretary 


