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Dear Mr. Pinzon:

CH2ZM HILL is pleased to transmit this Step 2 Report for the Aquifer Storage and Recovery
Feasibility Investigation. This phase of the investigation consisted of extensive fieldwork performed
in conjunction with the development and testing of observation wells. This followed the completion
of an initial desktop study phase and was performed to further the understanding of the Laredo
Formation in the Laredo area.

One of the most important criteria considered during the project was understanding the ability of
local aquifers to accept injected water and return that water when needed. This characteristic is

" known as the aquifer’s permeability and in the case of the Laredo Formation, the permeability is very
low. Although injection and recovery is possible the rates will be lower than desired and physical
plugging of the aquifer is possible. The Conclusions and Recommendations section of the report
discuss the findings in more detail. In the future, we recommend that the City consider options for
enhancing the permeability of the aquifer to improve injection and recovery rates.

We have enjoyed working with the City on this project. City personnel were instrumental in the
conduct of this study and their efforts are greatly appreciated.

Sincerely,

CH2M HILL

J. Michael Anglea, P.E., DEE
Project Manager
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Acronyms and Abbreviations

ASR
bgs
gpm

mg/1

mL

O&M
Psi
SAP
SP

TOC
TSS
TSS
TWDB

Aquifer Storage Recovery
below ground surface

a measure of the quantity of water
modified fouling index
milligrams per liter
milliliters

millivolts

operation and maintenance
pounds per square inch
sodium acid polyphosphate
spontaneous potential

total dissolved solids

total organic carbon

total suspended solids

total suspended solids

Texas Water Development Board
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Glossary

Anion. An ion that bears a negative charge.

Aquifer. Any zone below the surface of the earth, which stores, transmits, and yields water
in sufficient quantities for human use.

Cation. An ion that bears a positive charge.
Dip. The angle at which a geologic layer or stratum is inclined from the horizontal.

Drawdown. The amount of drop in water level from the original, or static, water level as a
result of the pumping of a well.

Eh. The oxidation-reduction potential of water. Measured with a hydrogen electrode, in
units of millivolts.

Friable. Easily crumbled, as with rock that is poorly cemented.
Groundwater. Water contained underground within an aquifer.

Native groundwater. The groundwater that occupied the storage zone before ASR was
initiated, also the groundwater that surrounds the ASR storage “bubble.”

Outcrop. An exposure of bedrock or strata through the overlying soil.

pH. The measure of the acidity of water, with a pH of 7 being considered neutral. A lower
pH indicates a more acidic solution.

Raw water. Water that is used in its current state, without additional treatment.

Recharge. The injection of water underground for storage in an aquifer, as in ASR
operations.

Recovered Water. Water pumped from an ASR well after recharge has occurred. Typically
consists of a mixture of stored water and formation water.

Recovery. The withdrawal of stored water from underground.
Rock cores. Cylindrical samples of rock typically collected by drilling.
Sandstone. A cemented sediment composed of quartz grains.

Shale. A sediment formed by laminated material primarily of clay grade (less than
1/256 millimeters in size).

Siltstone. A very fine grained rock consisting of particles of silt grade (1/16 millimeters to
1/256 millimeters in size).

Specific capacity. A measure of well capacity defined as the amount of well yield per foot
of water level drawdown in the pumped well.
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Total dissolved solids (TDS). An indicator of a water’s salinity, defined as the mass of
dissolved solids per unit volume of water (commonly expressed in mg/1).

Transmissivity. The rate at which water of the prevailing kinematic viscosity is transmitted
through a unit width of an aquifer under a unit hydraulic gradient.
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1.0 Introduction

1.1 Overview

The City of Laredo, Texas, operates a water supply system that serves residential,
commercial, industrial, and wholesale customers in the City and surrounding areas. The Rio
Grande River is currently the sole source of raw water. The City is located along a reach of
the river between the Amistad and Falcon Reservoirs.

The City is experiencing growth in population and water demand, particularly in areas
north and south of the City. The current and projected growth is resulting in increased
water demands and the requirement for expanded water system facilities. Additionally, the
population growth will result in the City requiring additional municipal water rights in the
near future. While there is an active market in water rights purchase and sales, the amount
of water available to meet continued growth in this area has a finite limit, especially during
drought conditions. The Ric Grande Watermaster has periodically implemented restrictions
on agricultural water rights and has the authority to prorate municipal water rights should
this ever become necessary.

Due to continued growth, the City of Laredo applied for, and received, partial grant
funding from the Texas Water Development Board (TWDB} to begin evaluating whether
Aquifer Storage and Recovery (ASR) would be feasible and beneficial to the City. The City
applied for the grant funding in July 1995.

The ASR concept works by storing large volumes of water through wells drilled into
existing underground water bearing geologic formations known as aquifers. Water is
typically produced for ASR storage during times of the year when excess treated water
supplies are available. The stored water is later recovered by pumping the wells to meet
demands when supply is limited, or treatment capacity is exceeded. Experience with ASR
systems for other utilities has shown that ASR systems can typically be implemented for
substantially less cost than the more conventional alternatives to meeting peak water
demands.

This report on the preliminary feasibility of ASR for the City of Laredo represents the
second step in a three-step investigative process. The report presents the results and
recommendations from an extensive field investigation and analytical testing program.

1.2 Report Organization

Section 2.0 of this report presents the various activities performed during the project.
Results of the field investigation are presented in Section 3.0. Section 4.0 presents a
summary of the findings and the results of an economic analysis. Section 5.0 presents
conclusions and recommendations.

DFWRANCHHAND\P:\118069\FINAL REPORT1980SEC10514.00C 1-1



2.0 Description of Investigation

2.1 Introduction

The investigation reported herein consisted of several tasks to evaluate the subsurface
conditions in the Laredo area. The work as reported is divided into two sets of tasks. The
first set describes the preliminary field investigation activities, which included a geologic
evaluation based on existing geophysical logs, and an existing well survey and
groundwater quality sampling program. The second set of tasks were the construction and
testing activities, which included a test drilling program and an aquifer compatibility test
designed to evaluate and characterize the Laredo Formation. The preliminary field
investigation activities were conducted between September 1996 and January 1997. The
construction and testing activities were conducted between January 1997 and February
1998.

The TWDB provided construction labor and equipment for the well installations and
exploratory drilling, an existing well survey and groundwater sampling, and geophysical
logging. The TWDB also provided substantial testing assistance. TWDB labor and
equipment were provided through an agreement between the City and the TWDB. The
involvement of the TWDB through this arrangement provided the construction services for
this work at substantial savings to the City, and helped greatly in the success of this project.
Engineering costs and direct costs incurred by the City were partially offset by a Research
and Development grant from the TWDB.

2.2 Preliminary Field Investigation Activities

2.2.1 Supplemental Geophysical Evaluation

The results of the Step 1 investigation for this program recommended proceeding with a
test-drilling program in the Laredo Formation. This formation is the shallowest of three
geologic units identified in the Laredo area with the capability to transmit groundwater.
However, during much of the Step 1 investigation, deeper geologic units were the primary
focus and limited information was obtained regarding the Laredo Formation. As a result, a
supplemental geophysical evaluation was conducted as a precursor to the subsequent field
investigation. The goal of the geophysical evaluation was to assess potential drilling
locations in the Laredo area based on the distribution, thickness, and continuity of sand
layers within the Laredo Formation. The area investigated was selected to coincide with the
logical location of future ASR facilities (near potable water transmission lines and water
storage tanks). A map showing the location of the City of Laredo major water system
facilities is presented as Figure 2-1.

The findings of this evaluation were summarized in a CH2M HILL draft memorandum
dated November 20, 1996, that was distributed to the TWDB and City of Laredo. The
evaluation was later updated to include data from the field investigation and is presented in
Appendix A. The evaluation is based on analyses of existing geophysical logs from oil and
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gas wells, and water wells in the Laredo area. Included are geophysical profiles and a net
sand thickness distribution map. The findings of the evaluation are summarized below:

* The Laredo Formation consists of relatively fine-grained sediments including clays, silts,
and very fine sand and sandstone. The formation contains relatively thicker and more
permeable sediments in the upper portions of the formation relative to its entire
thickness. This zone is referred to as the upper sand zone.

¢ The Laredo Formation outcrops within the City in a southwest to northeast strike and
dips to the southeast. The formation thickens to the southeast along the dip. Because the
outcrop occurs within the City, shallower portions of the formation, including the upper
sand zone, are absent or only partially present in some areas, particularly in the
southern and western portions of the City.

¢ In areas where the entire formation is present, a distinct pattern relating the thickness of
the upper sand zone and geographic area is not evident based on existing information.

¢ Based on the geophysical profiles, four of the seven locations originally selected for test
drilling appeared to contain thin or incomplete sequences of the “upper sand zone”.
Complete sections of the upper sand zone were identified at the three selected test sites:
the Del Mar and McPherson storage tanks and the East Corridor storage tank and
booster station (Figure 2-1).

More specific information regarding the Laredo Formation and findings from the
geophysical evaluation are discussed in Section 3.0.

2.2.2 Existing Well Survey

In December 1996, an existing well survey and groundwater sampling task was conducted.
The TWDB provided most of the labor to conduct this task. The objectives of this study
were to identify and locate existing water wells screened in the Laredo Formation; to obtain
water samples for laboratory analysis; and to obtain measurements of water levels and
pumping rates in the wells. This information was used to further evaluate potential drilling
locations. Table 2-1 summarizes wells identified during the survey. The well locations are
shown on Figure 2-2 and include, where available, construction information obtained from
drillers' logs on file with the TWDB. The locations of the wells were obtained using a hand-
held global positioning system unit. A copy of the location and other field infoermation the
TWDB obtained during this task is included in Appendix B.

Eleven existing wells were sampled by TWDB or City of Laredo personnel between early
December (1966} and late January (1997). Three of the 14 wells identified by the TWDB were
not accessible for sampling. Based on construction information, it was determined that two
of the wells sampled, 85-29-301 and 85-37-204, are not screened in the Laredo Formation.

The groundwater samples were submitted to the City of Laredo Water Pollution Control
Laboratory for analysis of cations, anions, and general chemistry parameters. Selected
cations were analyzed at Core Laboratories of Corpus Christi, Texas. Analytical results
associated with this effort are discussed in Section 3 along with analyses performed later in
the project.
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TABLE 2-1

Summary of TWDB Water Well Survey and Sampling

Laredo Aquifer Storage and Recovery Project

Sampler SWN Owner Lab Sample? Status Remarks
TWDB 85-20-901 [Laredo Reddy Mix Co. AQ-01 FTumps into 8' x 20" concrete tank
Was used for domestic, except
TWDB 85-28-301 _ |Flores No Abandoned drinking water
TWDB 85-28-601 |Anzon, Inc. No Unused
Was used for domestic, yard water,
TWDB 85-29-708 |Trevino AQ-02 wash
TWDB B85-37-404 [Minne AQ-03 Domestic
TWDB 85-37-406 |Whiteside AQ-04 Domaestic
TWDB 85-29-301 |Killam Cattle Co. AQ-05 Domestic
TWDB 85-28-102 [Laredo Country Club AQ-06 Irrigation
TWDB 85-29-401 [Mann AQ-07
TWDB 85-29-706 |Catholic Cemetary AQ-08 Irrigation
TWDB 85-28-709 [Mercy Hospital AQ-12 Irrigation - good water reported
City of Laredo  |85-29-804 |Polston AQ-13 In Use - Temporarily Industrial
TWDB 85-37-204 |Garcia AQ-14 Stock
TWDB 85-29-203 [Enron Oil & Gas Co. No Inoperative Near gas production well #2
TWDB 85-29-402 |Benavides No Inoperative
Did not visit this well, unable to contact
TWDB 85-29-707 [Bermudez No owney

Notes: SWN = state well number
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2.3 Construction and Testing Activities

Based on the results of the preliminary field activities, test hole sites were selected at the
following locations: McPherson storage tank, Del Mar storage tank, and the East Corridor
storage tank and booster station (Figure 2-1). As discussed earlier, it was determined that
each of these sites could serve as a future location for operational ASR facilities and all three

are located above relatively complete sections of the upper sand zone within the Laredo
Formation.

A typical construction cycle included several tasks, beginning with the drilling of an
exploratory boring, followed by mudded borehole geophysical logging, monitor well
installation, well development, aquifer testing, and groundwater sampling. Later tasks
include modified fouling index {MFI) testing and aquifer compatibility testing. A summary
of each of these activities is presented below.

2.3.1 Borings and Well Installations

A total of four exploratory borings and four monitor wells were constructed at the three
sites. Two exploratory borings and two monitor wells were constructed at the Del Mar site.
A summary of the borings and well completions is presented in Table 2-2.

Table 2-2 Borings and Wells Completed
Laredo Aquifer Storage and Recovery Project

Construction Dates Lacation Wells Completed
1/7/97 — 113/87 McPherson Storage Tank TW:-1

2/9/97 - 2/20/97 Del Mar Storage Tank TW-2

3/19/97 - 4/7/97 East Corridor Storage Tank TW-3

7/9/97 — 7/15/97 Del Mar Storage Tank TW-2A

Each of the first three well sites (TW-1, TW-2, and TW-3) were drilled through nearly the
entire thickness of the Laredo Formation (800 to 1000 feet). These drilling depths were
chosen to verify the results of the supplemental geologic evaluation and confirm the
stratigraphic position of the upper sand zone.

Following data review and a discussion with the TWDB and City of Laredo in early June,
1997, a fourth boring, TW-2A, was scheduled at the Del Mar site for the purpose of
obtaining rock core samples. TW-2A was drilled within 200 feet of TW-2 and was advanced
to the base of the upper sand zone (430 feet).

All four borings were advanced using the mud rotary drilling technique. Prior to or
concurrent with TWDB mobilizing to each site, selected sites were secured by temporary
fencing and mud pits were constructed. During the drilling of all borings, cuttings were
obtained at 10-foot intervals and stored onsite in sample bags. Boring logs were prepared
for each boring and are presented in Appendix C. In general, a 7 7/8-inch diameter pilot
hole was drilled to the target depth. After reviewing the geophysical logs (discussed in
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Section 2.3.3), a completion depth was selected and the borehole was then reamed with a 10

5/8-inch (9 7/8-inch in the case of TW-2A) bit. Each of the first three wells was plugged
with drill cuttings to within 10 to 20 feet of the completion depth. The bottom of the hole
was then tremie grouted with neat cement to the base of the planned well bottom. The
fourth boring, TW-2A, was drilled and reamed to the base of the selected construction

depth and plug back was not needed.

The well construction details for each location varied depending on the subsurface
conditions encountered. A summary of construction information and sand zone intervals
identified on geophysical logs is listed in Table 2-3. More detailed information may be
found on well construction logs in Appendix C.

Table 2-3 Test Well Construction Details
Laredo Aquifer Storage and Recovery Project

Monitoring Well  Total Depth Plug Back 'Sand Zone Screen Material, Screen
Drilled Depth Intervals Size, and Type Interval
(feet) (feet) (feet) (feet)
TW-1 885 495 330-390; 440- 304 SS, 0.030-inch  330-390;
490 louver screen 440-490
TW-2 800 460 276-312; 330- Carbon steet, 0.030 270-430
358; 376-392; & 0.040-inch louver
406-420; 450- screen
500
TW-3 914 630 446-458; 476- Carbon steel, 430-610
492; 498-506; 0.040-inch louver
532-572; 590- screen
604
TW-2A 430 430 262-272; 276- Schedule 80 PVC; 260-300;
298; 316-324; 0.020-inch slotted 315-345;
330-346; 392- pipe 390-410
398

Note: ' Sand intervals identified from geophysical logs

Each of the first three wells was constructed with 6-inch steel casing and well screen (0.030
to 0.040 slot). Stainless steel was used on the first well and carbon steel on the latter two.
. The last well, TW-2A, was constructed of 4-inch PVC casing and 0.020 slotted well screen.

Two screen intervals were installed in the first well, TW-1. One screen interval was installed
in wells TW-2 and TW-3. The entire assemblage of sand zones was screened in these later
wells to investigate if the lower permeability units between the sand zones may yield water
via secondary porosity (fractures). The potential for the fine sediments from the low
permeability zones to pass through the screen was not thought to be significant based on
the relative consolidation of the formation.

A fluid velocity log was run on well TW-2 to identify the most productive zones.
Information from this log and other TW-2 geophysical logs (discussed below) was used to
select rock coring intervals and the screen interval for observation well TW-2A. Based on
these logs, TW-2A was screened in three distinct zones and rock coring was performed.
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2.3.2 Rock Coring

Rock coring was performed at the Del Mar site during the construction of the fourth well,
TW-2A. Core intervals were selected across stratigraphic zones that were identified from
the geophysical logs run on the adjacent well, TW-2. The rock cores were obtained for
laboratory analysis to further evaluate characteristics of potential ASR storage zones. A rock
core sample from each of the three sand intervals encountered in the boring were submitted
to Mineralogy, Inc., of Tulsa, Oklahoma, for the following analyses:

* Porosity, grain density, horizontal and vertical air permeability
e X-ray defraction

¢ Scanning electron microscopy

e Cation exchange capacity with leachate analysis

e Specific gravity

* Laser particle size distribution

¢ Acid residue

2.3.3 Geophysical Logging

Geophysical logs were run on mudded boreholes and cased wells by the TWDB and two
separate subcontractors. A summary of the geophysical logs obtained is provided in
Table 2-4. A complete copy of the logs run is provided in Appendix D.

Table 2-4 Laredo Geophysical Logging Summary
Laredo Aquifer Storage and Recovery Project

Well Location Depth Date Geophysical Log Run and Operator
Crilled Logged ‘
TwW-1 McPherson 884 1/21/97 Resistivity, Spontaneous Potential (SP),
Gamma Ray—TWDB
4/16/97 Fluid Velocity, Fluid Resistivity,
Temperature—TWDB
TW-2 Del Mar Storage Tank 800 2/20/97 Resistivity, SP, Gamma Ray—TWDB
4/16/97 Fluid Resistivity and Temperature—TWDB
7/26/97 Fluid Velocity, Fluid Resistivity and
Gamma Ray—Century Geophysical
TW-3 East Corridor 914 3/25/97 Resistivity—TWDB
TW-2A Del Mar Storage Tank 430 7/15/97 Resistivity, SP, Gamma Ray—Sigma Data

Immediately following completion of drilling and prior to well installation, mudded
borehole geophysical logs were run to evaluate the site stratigraphy and occurrence of
upper sand zone deposits. Within each mudded borehole, resistivity, spontaneous potential
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(SP), gamma ray, and conductivity logs were run. Mudded borehole logs for wells TW-1,
TW-2, and TW-3 were completed by the TWDB. A complete set of logs was not obtained for
TW-3 due to equipment problems. Sigma Data of Pleasanton, Texas, logged the TW-2A
borehole.

After completion of the first three wells, logging in the screened borehole was conducted to
evaluate water producing zones and water quality. The TWDB ran fluid resistivity,
temperature, and fluid velocity logs at TW-1 and TW-2. However, as a result of equipment
problems, fluid velocity logs were only obtained at TW-1, and no logs were obtained at TW-
3. Temperature and fluid resistivity logs were run at TW-1 and TW-2. Century Geophysical
of Elko, Nevada, ran fluid velocity, resistivity, and gamma logs at TW-2.

2.3.4 Well Development

Following well installation, well development was performed to remove fine grained
materials from the borehole and well casing. Typically, a mud cake forms within the boring
during drilling, which tends to plug the formation. The mud cake is a vital part of drilling
as it helps to minimize borehole collapse. However, after well installation, development is
performed to remove the mud cake and native sediments that can pass through the well
screen. During the investigation, development included several cycles of flushing the well
with water and purging the well by airlift pumping. Development typically was performed
during a 6 to 8-hour period and ended after relatively clear water was encountered.

2.3.5 Aquifer Testing

In the Step 1 report, existing water well records were reviewed to determine general
pumping rates and aquifer characteristics. While a range of values was reported, data used
to calculate these values were very limited and often considered unreliable. On the basis of
this information, the field investigation sought to obtain additional aquifer information.

Multiple aquifer tests were performed on all three of the test wells installed during the
investigation. The aquifer tests performed included step drawdown tests, and short and
long-term constant rate pumping tests. The duration and chronology of aquifer testing is
summarized in Table 2-5.

The tests were run using a 4-inch submersible pump and 2-inch discharge piping provided
by the TWDB. Flow rates were measured with a standard water meter provided by the City
of Laredo and were recorded manually. All water generated during the testing was directed
to a sanitary sewer. For most of the tests, water level responses were measured
automatically with a data logger and transducer. At the end of pumping, recovery
measurements were also obtained during most tests.

The first three aquifer tests were run between 24 and 48 hours and included a step-pumping
test at each location. In early May, additional step pumping tests were run at the TW-2 and
TW-3 locations to evaluate the effects of redevelopment discussed later in this report. In
mid July, following construction of an observation well (TW-2A) at the Del Mar site, a third
test was run and water levels were obtained from both the pumping well (TW2) and TW-
2A. Additional aquifer test data were obtained during the pumping and recovery phases of
the January 1998 aquifer compatibility test at the Del Mar site.
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Table 2-5 Aquifer Test Summary
Laredo Aquifer Storage and Recovery Project

Test Date Conducted  Pumping Well Pumping Rate Duration Qbservation
Designation (constant rate) Well
McPherson 2/5/97 TW-1 50 40 hours None
Del Mar 3M1/97 TW-2 50 42 heurs None
East Corridor 4/8/97 TW-3 54 24 hours None
East Corridor 5/8/97 TW-3 54 | 13 hours None
Del Mar 5/13/97 TW-2 68 5 hours None
Del Mar 7128197 ™W-2 40 8 hours TW-2A
Del Mar 1/23/98 TW-2 54 7 Days TW-2A

Note: The 1/23/98 Pump Test was actually conducied as part of the aquifer compatibility testing discussed in
Section 2.3.9

2.3.6 Water Sampling

Groundwater samples were obtained throughout the project on both new and existing
water wells. As discussed earlier, several samples were obtained in December and January
from existing water wells located by the TWDB and City of Laredo. Additional samples
were obtained by CH2M HILL and City of Laredo personnel following the construction of
each new monitor well. All samples were collected through existing well appurtenances.
Temporary submersible pumps were installed within the new monitor wells for this
purpose. Prior to sampling, a minimum of three well volumes was purged during which
time measurements were recorded for pH, temperature, and conductivity. Dissolved
oxygen and oxygen redox potential measurements were also made on selected samples
obtained near the end of the project. All samples were retained in laboratory containers and
stored in coolers prior to submittal to the laboratory. Treatment plant water samples were
also obtained from two different locations across the City to evaluate the quality and
variability of water originating from the Jefferson Water Treatinent plant. These samples
were handled in a similar manner to the groundwater samples.

2.3.7 Weil Redevelopment

Between May 6 and May 8, 1997, well redevelopment activities were performed at TW-2
and TW-3 following the initial pump testing and groundwater sampling. The purpose of
the redevelopment was to determine if well yields could be improved with additional
development. Relatively low specific capacity values obtained during the initial pump tests
and the accumulation of fine-grained materials in the wells TW-2 and TW-3 led to the belief
that drilling mud used during the construction process had not been sufficiently removed
from the borehole during initial development.

The redevelopment process included a three-step procedure. First, the well screen was
flushed with clean water using a jetting tool, beginning from the base of the screen. After
jetting with clean water, a sodium acid polyphosphate (SAP) solution was prepared at the
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surface and injected through the jetting tool directly against the well screen. The SAP is
used as mud dispersant to facilitate mud cake removal. Approximately two well volumes of
SAP were injected into the screen zone. Clean water was added at the top of the well to
maintain flow and carry the SAP solution into the well screen zone. Following a 12-hour
period, the well was flushed with clean water and then airlifted for approximately 3 hours
to remove the solution. Within one day after flushing, short duration aquifer tests were run
at both locations to evaluate the effects of redevelopment. All water pumped to waste was
directed to a sanitary sewer.

2.3.8 MFl and TSS Analyses

In order to assess the overall ability of the City of Laredo treated water to be injected into
porous media, MFI tests were conducted. These tests are run by passing the test water
through a 0.45-micron filter and measuring timed volumes of water through the filter.
Times and volumes are recorded to identify the time and volume required to plug the filter.
The filter is then weighed, the total suspended solids (TSS} of the test water calculated, and
an MFI value calculated from the results. These values, the TSS and the MFI, are then
compared to other ASR facilities and an assessment of the ability of the water to be injected
into an aquifer determined. A comparison of the results to other sites can then also be used
to yield an estimated potential clogging rate in the well. This clogging rate would represent
the head buildup over time in the wellbore associated with injection. This rate is in addition
to the head buildup associated with the aquifer hydraulics and wellbore losses calculated
from pumping tests.

The MFI tests were run at several locations in the City of Laredo distribution system to
assess the plugging potential of the treated water as a function of location in the
distribution system. The testing was conducted at the Jefferson Street WTP to measure the
plugging potential of the water immediately following treatment, and then at several
distant locations in the distribution system to determine whether residence time in the
pipelines may increase the plugging potential of the water. In addition to the testing
conducted at the Jefferson Street WTP, tests were run at the East Corridor testing site, the
Northwest Storage tank, and the Del Mar testing site.

2.3.9 Aquifer Compatibility Testing

In August 1997, all the information obtained from the testing to date, including analytical
data obtained from previous groundwater sampling, rock coring, MFI, and TSS analysis,
were reviewed to evaluate whether a full scale ASR system could be developed for the City.
The results revealed some potential geochemical issues, but found no serious problems with
the native groundwater or the quality of the City’s treated water supply that might be
detrimental to such a facility. Of overriding concern, however, was the very low aquifer
transmissivity of the Laredo Formation. Low aquifer transmissivity results in low yielding
wells, and substantially increases the risk of aquifer plugging from injection.

The results of the testing indicated most issues surrounding ASR implementation were
satisfactory but that the aquifer transmissivity was low. For this reason, a small-scale
aquifer compatibility test was conducted to directly measure the effects of injecting City of
Laredo water into the Laredo Formation. The testing plan was developed to directly
measure water quality changes and borehole hydraulic response to injection of the City
water and subsequent recovery by pumping.
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In preparation for the test, a Class V temporary injection permit was submitted to the
TNRCC on behalf of the City and subsequently approved on November 3, 1997. In January
1998, the aquifer compatibility test was performed at well TW-2.

The testing had two specific objectives: to evaluate geochemical changes associated with the
injection and subsequent removal of injected surface water and to evaluate aquifer
hydraulics associated with these activities. The testing was initiated with a four-hour shake
down test to assess operation of the injection and recovery system as a precursor to a
longer, two-week injection and recovery test.

If the results of this phase of the investigation find the feasibility of ASR implementation
high, the next step will be to construct an ASR prototype facility and actually test the ASR
concept at full scale. This type of test is usually conducted as a final step in ASR feasibility
testing and the testing results in finalizing the design parameters for a full scale ASR facility
that may include several wells and sites.
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Results

3.1 Aquifer Characteristics

The Step 1 report contains an overview of the regional geology in the Laredo area. The
following section discusses specifically the Laredo Formation, which was the focus of the
second phase of the investigation.

3.1.1 Aquifer Setting and Distribution

The Laredo Formation was deposited within a transitional deltaic and marine system. The
Formation consists of interbedded sands, sandstones, clays, shale, and siltstone. The coarsest
materials encountered within the Formation are likely to have originated from southeasterly
flowing rivers that were subsequently reworked by wave action and redeposited parallel to
the ancient shoreline.

The Formation is present at the surface in Laredo and outcrops in a north-south trending
band that occurs between Sombrerito Creek located northwest of the City, and Chacon
Creek, located east of the City. The limits of outcrop are shown on Figure 3-1. The thickness
of the Formation ranges from 620 feet at the outcrop to more than 875 feet in wells located
east of the outcrop. Figures 3-2 and 3-3 are geophysical profiles that depict the distribution
of the Laredo Formation in the subsurface beneath Laredo. The location of the profiles is
shown in Figure 3-1. The profiles were generated from resistivity logs obtained during the
geophysical log review discussed in the previous section. High resistivity layers generally
correlate with higher permeability layers such as sand. Low permeability sediments such as
clays and silts are inferred from low resistivity responses. The west to east profile shown in
Figure 3-2 illustrates that the formation dips and thickens to the east. There are few
significant changes shown on the north-south profile.

The depth to water at most locations is between 100 and 120 feet below ground surface
(bgs). The principal water bearing units within the formation are interbedded sands and
sandstone layers that are separated by clay, shale, silt, and siltstone. Unconsolidated
materials generally occur only within the upper 100 feet of the formation. The geophysical
profiles indicate that many of the stratigraphic layers can be correlated across great
distances in Laredo.

The geophysical evaluation summarized in Appendix A identified an upper sand zone
within the Formation that contains the greatest concentration and thickness of waterbearing
sandstone layers (Figure 3-2). The saturated upper sand zone appears to occur within a
relatively narrow, north-south trending band that encompasses most of central and eastern
Laredo. The upper sand zone is approximately 200 to 250 feet thick across most of eastern
Laredo, which is where the complete section is present (Figure 3-2). In western Laredo, the
upper sand zone is present at the surface and is only partially saturated. While the entire
formation thickens to the east and southeast, in this direction it also becomes finer grained
and contains fewer and thinneg sand layers.
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There are approximately 3 to 5 individual sand intervals that are the predominant
waterbearing units in the upper sand zone. The resistivity of these intervals is generally
between 10 and 20 ohms, which is relatively low as compared with coarser and more
permeable waterbearing units typically used for water resource development. The sand
layers range in thickness from 15 to 60 feet. Sand layer thicknesses identified on geophysical
logs from test borings are summarized in Table 2-3 and were used as the basis for selection
of screen interval in the test well. The total cumulative thickness of sand layers within the
upper sand zone ranges from about 140 to 190 feet. Additional information on the thickness
and distribution of the upper sand zone may be found in Appendix A, Figure A-1.

3.1.2 Aquifer Properties

3.1.2.1 Aquifer Test Results

Several aquifer tests were performed to evaluate specific aquifer properties, principally the
aquifer transmissivity. Transmissivity was calculated as a function of time and the
drawdown measured in the well during the pumping. All test data was plotted as time
versus drawdown on semi-log paper. Time versus drawdown graphs for representative
well tests from locations TW-1, TW-2, TW-2A, and TW-3 are shown in Figures 3-4 through
3-7. Additional aquifer test plots from all the tests may be found in Appendix E.

Where multiple pump tests were performed at a single well (TW-2 and TW-3), values for
transmissivity were estimated by generating a theoretical drawdown curve that was
matched to the actual drawdown response. The theoretical curve was generated for the
pumping well using the Theis equation modified to include a well loss term (CQ’). The
relationship is as follows:

s = Q W(u)/4ntT + CQ°
Where:
s = drawdown (feet)
Q = discharge (gpm)

W(u) = well function, where u = r’'S/4tT and r=well radius and S = Storage
coefficient

t = time (minutes)
T = aquifer transmissivity (ft'/day)
C = well loss coefficient

The value for storage coefficient was calculated from the July 1997 aquifer test at TW-2,
which utilized an observation well. The storage coefficient for TW-3 calculations was
estimated from the TW-2 test. Because T and S are aquifer constants that should not vary
between tests at the same well location and Q is measured directly during pumping, well
losses are the only other variable that can define changes in the drawdown observed
between tests in the same well. Additional discussion of well losses is provided in the
following section.

Transmissivity values were also evaluated using the Cooper-facob straight-line method. In

A
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general, a good match was achieved for each of the drawdown curves analyzed using best
fit values of aquifer properties and the well loss coefficient and the Cooper-Jacob method.
Deviations from the straight line were uncommon but where present are thought to have
resulted from flow rates that varied slightly during testing. This approach proved to be a
more reliable and prudent method of analyzing the data as compared with calculating
discrete values of transmissivity and then averaging the results. There were no boundary
conditions identified during any of the aquifer tests performed.

A summary of the values derived for transmissivity and storage coefficient is summarized
in Table 3-1. As shown, the calculated transmissivities range from 141 to 195 square feet per
day (ft’/day) in the pumping wells (TW-1, TW-2, and TW-3). All the calculated
transmissivity values are consistent with regional information reported in the Step 1
investigation. The calculated storage coefficient from the july 1997 test performed at TW-2 is
approximately 9 x 10°, indicating confined aquifer conditions.

Table 3-1 Summary of Aquifer Test Results
Laredo Aquifer Storage and Recovery Project

Well Location Observation Well Transmissivity (ft’/day) Storage Coefficient
TW-1 N/A 141 N/A

TW-2 TW-2A 168 0.0000904

TW-3 N/A 195 N/A

Note: N/A = not applicable

3.1.2.2 Step Test Analysis

Step pumping tests were performed as part of the aquifer testing to evaluate the
components of wellbore and other head losses. Initially, there was speculation that the low
specific capacities calculated from initial tests at each test well were a reflection of
inadequate well development. Following the preliminary development and initial pump
tests, both TW-2 and TW-3 were redeveloped (Section 2.3.7). After redevelopment, a second
step test was conducted at both wells for the purpose of evaluating changes in the well loss
associated with redevelopment. TW-1 was not redeveloped because of concerns regarding
the well construction. During placement of the gravel pack in this well, part of the formation
collapsed in the upper portions of the well screen.

The drawdown data from testing before and after redevelopment were analyzed using the
Hantush-Bierschenk method of determining well losses. The method involves calculation of
both well losses and aquifer losses that are based on measured changes in the drawdown
that occurs with different flow rates. Step test graphs and well efficiency calculations that
include evaluation of well losses are found in Appendix E. Calculated well losses and well
loss coefficients for TW-2 and TW-3 before and after redevelopment are shown in Table 3-2.
The well losses in both wells decreased following development, reflecting improvement in
well efficiencies, particularly in the case of TW-2. Only a slight improvement was observed
in TW-3.
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Table 3-2 Step Pumping Test Evaluation
Laredo Aquifer Storage and Recovery Project

Well Location Pre-redevelopment Well Losses Post-redeveiopment Well Losses
c ce? c ca?

TW-2 0.0137 34 0.0044 11

TW-3 0.0062 16 0.0047 12

Note: Q = Discharge
C =Well Loss Coefficient
CQ? = Well Loss

3.1.2.3 Spatial Distribution of Specific Capacity

Specific capacity calculations were performed using the data obtained from the aquifer tests
and compared with specific capacity data from existing water wells (Section 2.1). Specific
capacity is a parameter used to assess the general condition and permeability of a well. It is
a measure of the quantity of water (gpm) obtained from a well for each foot of drawdown
during pumping. The distribution of specific capacity measurements is shown on Figure 3-
8. In general, very low specific capacities occur in the Laredo area and there does not appear
to be a strong trend to the reported values. Higher specific capacity values generally occur
in the central and northeastern areas of the City where upper sand zone deposits may be
thicker and/or more permeable. The specific capacity values calculated after 100 minutes of
pumping for test wells TW-1, TW-2, and TW-3 were 0.36, 0.72, and 0.82 gpm/ft,
respectively. Values around 1 gpm/ft appear typical for the Laredo area.

There are three wells screened in the Laredo Formation for which specific capacity values of
one or greater were reported on well completion logs on file with the TNRCC. These wells
include 85-21-7(1) (Union Pacific), 85-29-102 (Laredo Country Club), and 85-29-709 (Mercy
Hospital) and the reported specific capacities are 2.65, 2.8, and 1.05 gpm/ ft, respectively. It
is unclear whether the reported values reflect more permeable deposits in the area of the
wells. Of the three wells, only the Union Pacific well was not identified during the
preliminary well survey. All three wells were installed by Woods Drilling using the air
rotary drilling method and are constructed with a minimum seven-inch ID casing. A limited
drawdown test was performed at the Country Club well in 1997 by City and TWDB
personnel and a value of about 1.5 gpm per foot of drawdown was estimated. This suggests
that either the original test was inaccurate or the well has fouled since construction. A more
extensive pump test was attempted at this well but downhole well appurtenances limited
access to monitoring equipment.

3.1.3 Groundwater Quality

Groundwater analytical data from existing wells are presented in Table 3-3. Three of the
locations sampled, including the Unitec well, well 85-29-301, and well 85-37-204, were
determined not to be screened in the Laredo Formation and were not consider further in this
evaluation. Test well analytical data is provided in Table 3-4. Laboratory analytical data
reports can be found in Appendix F. Test parameters generally included major anions and
cations and general water quality parameters. Metals were also analyzed at some locations.

DFWARANCHHANDWP 1 18069FINAL REPORT 1999SEC30514.00C 4



Table 3-3
Groundwater Analytical Results
Existing Water Wells
Laredo Aquifer Storage and Recovery Project

LabID AQ-1 AQ-2 AQ-3 AQ-4 AQ-5 AQ-6 AQ-7 AQ-8 AQ-12 AQ-13 AQ-14 *LCC * UNITEC
Fiald ID & 85-20-901 | 85-29-708 | 85-37-404 | 85-37-406 | 85-29-301 | 85-29-102 | 85-29-401 | 85-29-706 | 85-29-709 | 85-29-804 | 85-37-204 | 85-29-102 | Uniroyal Tire
Location {laredc | (Catholic {Notin (Killam (Laredo {Mercy |(Lake Well)| (Notin Country | Track (Not i
Redi Mix) | Cemetery) Laredo FM)| Cattle Co)| Country Well) Laredo FM) Club Laredo FM)
Club)
Date Collected 12/4/9¢6 12/4/96 12/5/96 12/3/96 12/3/96 12/3/96 12/4/96 12/4/96 12197 112187 1/30/97 M3/97 3m7
Parametar Units

Temperature C 275 25.3 274 27.3 276 294 27.3 27 27.2 289 15.6 38 49
TDS mgA 2065 5163 2243 3410 3465 1785 1465 1420 1366 2200 1654 1552 2164
pH S.U. 7.47 7.48 7.38 7.43 8.7 8.92 8.85 B.74 8.48 8.13 7.48 8.5 8
Field pH S.U. 7.3 7.59 73 7.18 8.4 8.59 8.84 8.7 8.72 NA 7.7 8.63 7.92
Cond. S.U. 2970 7070 3200 4510 4980 2800 2170 2290 2080 4030 3000 3250 4730
Field Cond S.U. 7110 4505 5050 2830 2210 2340 NA 4020 2730 3314 3745
Pheno Alk mgh 8.5 20
Alkalinity mg/ 268 244 328 352 280 220 276 340 325 970 500 244 1196
Hardness mg 389 323 322 271 103 22 24 9.23 11 10.3 165 20 20
Dissolved Oxygen (%) |% NA NA NA NA NA NA NA NA NA NA NA 10.7 211
QRP millivolts NA NA NA NA NA NA NA NA NA NA NA 58.6 504
Nitrogen (TKN) mg/l NA NA NA NA NA NA NA NA NA NA NA 1.2
lggggnic Carbon mg/l NA NA NA NA NA NA NA NA NA NA NA 1 2
Silica Dioxide mg/l NA NA NA NA NA NA NA NA NA NA NA 12.5
Cations
Aluminum mg NA NA NA NA NA NA NA NA NA NA NA 0.07
Iron mg/l NA NA NA NA NA NA NA NA NA NA NA
Manganese mg/l NA NA NA NA NA NA NA NA NA NA NA
Calcium mgl 88 83 76 107 10 3.19 1.69 2.22 24 2.5 37 6 6
Sodium mg/l 422 982 521 892 695 349 445 512 473 956 639 618 422
Potassium mg/l 7.098 39 5.62 7.56 1.63 0.9 0.67 1.28 1.5 21 6.3 1 5
Magnesium mg/l 41 28 32 67 1 0.31 0.16 0.9 0.6 1.3 18 0.09 0.9725
Lithium mgt 0.117 0.073 0.14 0.1 0.03 0.02 0.02 0.06 0.11 0.2 0.18
Anlons
Bromide mg/l 0.924 1.74 0.64 1.03 1,08 1.11 0.78 0.74 0 i3 5.1 1.848 3.275
Chloride mg 315 743 243 356 358 397 378 271 278 482 280 495 843
Sulfate mg/ B76 2830 1027 1601 1855 521 329 341 472 629 541 580
Floride mgi 2.629 5.84 3.23 4.6 4.62 2.35 0.83 0.87 0.7 1.7 1.9 1.7 2.9
Phosphate mg/ 0
Ammonium mg/l
Nitrate mgl 0.49
Nitrit ma/l
Bicarbonate my/l 326.7 297 399 429.2 3219 234.1 278.0 365.8 379.2 1134 610
Carbonate mg/l 0 0 18.8 32.9 56.5 47.1 49.4 24 0
Mass Balance % -10,7 -25.8 -8.9 -4.7 -28.0 -27.3 -10.4 0.3 -10.3 -11.7 3.3 -7.8 -7.8
Note:
* Samples cofiected for metals analysis were field filtered
NA a Not Analyzed
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Table 3-4

Groundwater Analytical Results Test Welis

Laredo Aquifer Storage and Recovery Project

|NA = Not Analyzed

Lab ID AQ-15 AQ-16 | AQ-17 | AQ-18 AQ-19 AQ-20 AQ-21 AQ-22 | AQ-23 | AQ-24 | AQ-50 | AQ-51 | AQ-62 | AQ-53 | ‘TW-2
FleldID & TW-1 TW-1 | TW-1 TW-1 ™1 TW-1 TW-1 TW-2 TW-2 | TW-2 | TW-2 | TW-2 | TW-3 TW3 Same
Locatlon }{McPherson) (Del Mar) (East
Corridor)
Date Collected 2/6/97 2/6/97 | 2/6/07 | 2797 201197 201197 27197 3097 | 3997 | 3Mm9T7 | NWOT | 3087 | 4997 | 4AN1/97 | T7/28/97
Parameter Units

Temparature C 26.2 25 25.2 241 25.2 26.8 NA 26.3 27.9 27.8 28 26.8 28.9 29.1 NA

TDS mgA 1752 1282 1224 1204 1240 1300 1764 1660 1692 1670 1674 1670 1470 1266 1440

pH S.U. 895 ] 8.79 8.83 8.82 8.88 8.58 8.6 86 88 8.7 8.8 8.7 85 8.8

Field pH S.U 5.13 9.02 8.92 9 8.98 8.98 na 8.76 B.77 8.8 B8.74 8.81 8.69 8.75 8.91
Cond. S.U 2890 2880 2900 2900 2900 2510 2830 2830 2800 2800 2820 2820 2390 2060 2550

Field Cond S.U 3000 2995 3250 3400 3250 3050 na 1900 2750 2800 2700 2700 2610 2300 2401

Pheno Alk mg) 27 20 18 18 25 15 16 16 15 14 14 13 19 20 17
Alkalinity mg/l 185 184 180 181 180 182 182 215 220 219 219 218 208 302 228

Hardness mag/ 21 20 10 18 17 17 40 24 32 32 22 40 18 15
Dissolved Oxygen (%) |% NA NA NA NA NA NA NA NA NA NA NA NA NA NA 114.1
ORP millivolts NA NA NA NA NA NA NA NA NA NA NA NA NA NA 167.1

Nitrogen {TKN) mg/ NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Organic Carbon mgh NA NA NA NA NA NA NA NA NA NA NA NA NA NA 1

Sllica Dioxide mgA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 12.5

Cations

Alurminum mg/l NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Iron mg/ NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
|Mang§nase mg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Calcium mg/h 7.61 8.72 6.2 5.74 571 5.48 5.1 10 7 6 6 5 9.6 3 3
Sodium mg/l 736 739 718 712 715 703 708 557 581 553 514 599 488 422 501
Potassium mgl 2.36 1.98 1.76 1.65 1.67 1.7 1.54 2 2 2 2 1 1 1 2
IMagnesium mg/ 0.194 0.308 0.38 0.47 0.524 0.871 0.59 2 1.38 1.12 1 1.03 3.88 1.9 0.49
M’uium mg/l 0.06 0.03
lAnions
[Bromide mgl 0.924 1.15 117 1.24 1.13 1.23 1.27 1.48 1.44 1.48 1.48 1.48 1.06 0.27 1.43
Chloride mg/ 469 481 426 413 549 549 489 429 425 425 425 418 317 258 3571

Sulfata mg/l 616 593 609 605 614 593 631 491 484 484 483 478 438 343 -
Floride mgl 2.4 2.2 222 2.26 22 2.34 2.3

Phosphata mgl

Ammonium mgl

Nitrate mgh

Nitrite may/l

Bicarbonate mg/ 159.7171422| 175.8 175.6 176.8 158.5 178.0 182.9 262.1 268.2 | 267.0 267.0 265.8 386.5 388.9

Carbonate mgl 63.52941176| 47.1 43.9 42.4 58.8 35.3 a7.6 22.4 21.2 20.0 20.0 18.8 268 28.2

Mass Balance %o 2.45 3.28 4.03 4.41 -2.31 -1.74 -0.29 -4.95 -3.08 -5.60 -9.16 -1.104 -7.05 -7.82 -7.82
{Note:

* Samples collected for metals analysis were field filered

°* Sulfate value is erronsous
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Data quality and control included an evaluation of holding times as well as mass balance
calculations for the major anions and cations. Ideally, the difference in the concentrations of
cations and anions (expressed in milli equivalents) should be in the range of 10 percent or
less. Laboratory data quality problems were identified during the initial analysis of samples
and are reflected in the mass balance calculations included in Table 3-3. The mass balances
for samples AQ-2, AQ-5, and AQ-6 were in excess of 20 percent. Laboratory staff indicated
that the holding times for several of the original samples (AQ-1 through AQ-8) were
exceeded in the laboratory. As a result, data from these locations need to be considered
estimates.

Percentages of various cations and anions are summarized in Table 3-5 and are plotted in a
Piper diagram shown in Figure 3-9. All the groundwater samples have sodium as the
dominant cation but the relative proportion of the anions varies between bicarbonate,
sulfate, and chloride. Three water types are shown on Figure 3-9 including a sulfate-
dominated water chemistry, (type “A”), a mixed water chemistry (type “B”), and a mixed
chloride-sulfate type (type “C”). Figure 3~10 shows the spatial distribution of pH, and the
anions chloride, sulfate, and bicarbonate. Along the western margin of the City, type A
groundwater is present that is relatively low in pH and high in TDS and sulfate. In the north
central areas, type C water is present. Wells screened in this area have an intermediate

TDS (1,670 to 1,785 mg/1) and a high pH ranging from 8.58 to 8.92. The reason for the high
pH is due to the relatively low concentration of calcium. In the central to east-central areas
of the city, groundwater is mixed with relatively equal amounts of bicarbonate, sulfate, and
chloride. Wells in this area have an intermediate TDS (1,266 to 2,200 mg/1) and a high pH
ranging from 8.13 to 8.85.

Figure 3.9 Groundwater Types:
Piper Plot, Laredo ASR Project A =8520-901, 85-29-708, 85-
Laredo, Texas 57-404, 85-37-406

B =TW-1, 85-29-102, 85-29-
401, Del Mar Distribution
Water

504" C =TW-2, TW-3, 85-28-709,
85-29-301, 85-29-706, 85-29-

Na'+K  HCO3'+C0s°
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Table 3-5
Percentages of Various Anions and Cations
Laredo Aquifer Storage and Recovery Project

%Saodium and | % Bicarbonate
Location Sample ID %Calcium | %Magnesium Potassium and Carbonate| %Chloride %Sulfate

85-20-901 AQ-1 16.69 12.83 70.48 16.49 27.36 56.15
85-29-708 AQ-2 4.51 2.51 92.98 5.74 24.73 69.52
85-37-404 AQ-3 7.33 5.09 87.58 18.80 19.71 61.48
85-37-406 AQ-4 6.04 6.23 87.73 12.89 18.40 68.71
85-29-706 AQ-8 0.25 0.17 99.59 33.90 34.27 31.83
85-29-401 AQ-7 0.22 0.03 99.75 26.88 44.52 28.60
85-29-301 AQ-5 0.82 0.13 99.05 10.81 18.49 70.70
85-29-102 AQ-6 0.52 0.08 99.40 17.79 41.76 40.45
Del Mar Storage Tank

(surface water) Del Mar 45.44 9.83 44.73 23.06 37.70 39.24
85-29-804 AQ-13 0.15 0.13 99.72 36.66 25.71 37.63
85-29-709 AQ-12 0.29 0.12 99.59 30.77 30.69 38.54
TW-1 AQ-21 0.82 0.16 99.03 13.64 44.24 42.13
TW-2 AQ-52 1.82 1.45 96.73 28.58 35.36 36.06
TW-3 AQ-53 0.80 0.42 98.78 33.61 33.57 32.81
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3.1.4 Aquifer Characteristics at the Del Mar Test Site

Following preliminary testing at each of the three test sites, the Del Mar site was selected for
additional testing, which included geophysical logging, a second monitor well construction,
rock coring, and eventually, a limited aquifer compatibility test. The selection was based on
factors such as security and accessibility as well as its location relative to service areas
considered most appropriate for ASR applications.

Based on the geophysical logs run in well TW-2, the upper sand zone was determined to
occur between 270 and 500 feet bgs. Within this zone, prominent sand units were identified
in five different depth intervals (Table 2-3). The three shallowest zones occurring between
270 and 420 feet bgs appeared to contain the greatest thickness and highest permeability
layers relative to the deeper units. As result, TW-2 was subsequently screened across the
entire 165-foot interval encompassing the three sand units.

Fluid velocity logs were run in TW-2 to evaluate both the occurrence of distinct fractures
and the relative permeability of the sand zones occurring within the screen zone. The logs
are included in Appendix D, Attachment D-2, and show flow contribution from four
primary zones: 290-306, 330-360, 373-386, and 410-420 feet bgs. The 330-360 foot interval
appears to be contributing the most flow during pumping. Similar flow contributions were
observed from both the 330-360 and 410-420 foot zones, suggesting that they have similar
permeabilities. This was later confirmed by the core permeability tests performed on TW-2A
samples from these intervals (see below).

Rock cores from TW-2A suggest groundwater flow occurs principally within the sand
bearing units. Few secondary porosity features (fractures, partings, bedding planes, vugs)
were observed within the lower permeability units (siltstone and shale) and where present,
they showed little evidence of groundwater flow. Within the sandstone units, groundwater
flow is believed to occur primarily with the primary rock porosity as opposed to secondary
porosity features. However, it was not possible to directly observe the presence of
secondary porosity features within many of the more friable sandstone cores. These cores
were often broken, primarily along bedding planes, and it is likely that many of the
observed fractures were induced by drilling and are not necessarily naturally occurring.

Field and laboratory examination of rock cores obtained from test well TW-2A reveal that
the primary waterbearing units consist of relatively fine-grained, friable sandstone.
Additional rock core descriptions may be found in Appendix C. Rock core samples were
obtained for laboratory analysis from three representative sand zones (292-293.4, 330-330.4,
and 400.65-401.9) and were determined to be relatively similar with respect to mineralogy,
texture, and reservoir quality. The mineralogic content of these cores is approximately

89 percent quartz, 9 percent clay minerals, and about 2 percent feldspar minerals. The bulk
of the clay is present as glauconite pellets, and sedimentary mudstone and shale fragments.
A mixed layer illite /smectite and relatively minor volumes of chlorite and illite dominate
the clay mineralogy. A helium porosity of approximately 30 percent was measured in each
core and the horizontal permeability of the cores ranged from 631 to 809 millidarcies. The
laboratory identified minor occurrences of pore throats filled or “clogged” with clay
materials. The laboratory determined that some clays were susceptible to expansion but
suggested that under a relatively constant hydration state and stable salinity values,
formation damage caused by expansion of clays would be minor. Additional information
regarding the laboratory rock core analyses may be found in Appendix G.
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Three aquifer tests were performed at the Del Mar site including two single well, constant
rate tests and one constant rate test utilizing TW-2A as an observation well. As discussed
earlier, specific capacity values were calculated for each test and compared to evaluate
changes in well losses. Table 3-6 is a comparison of the values for specific capacity and well
loss coefficients.

Table 3-6 Comparison of Agquifer Test Properties, Del Mar Test Site
Laredo Aquifer Storage and Recovery Project, Laredo, TX

Date TW-2 Pumping Rate Specific Capacity Well Loss Coefficient
(gallons per minute) (gallons per foot of
drawdown)
March 1997 49 0.50 0.0137
May 1997 (Constant Rate test) 68 0.72 0.0044
July 1997 54 0.59 0.008

As shown, there was an increase in the specific capacity following the redevelopment
activities that occurred in May. The specific capacity subsequently fell during the period
when the well was idle. The reason for the drop in specific capacity following development
is unknown. However, the change may be the result of chemical precipitation caused by the
addition of the surface water during development, and possibly bacteria growth within the
well screen.

The July 1997 groundwater from well TW-2 (Table 3-4) contains a significantly lower TDS
(1440 mg/1) than the average of five analyses from samples collected in March 1997 (1673
mg/1) and the pH is slightly higher (8.91 vs. 8.78). The groundwater is a sodium-chloride-
sulfate water chemistry type and does not change with the change in TDS. The implication
of the difference in TDS is simply dilution not chemical reaction. The groundwater is under
moderately oxidizing conditions with an Eh (the oxidation-reduction potential of water) of
367 millivolts (mv). The low iron and non-detected manganese concentrations confirm the
oxidized condition of the aquifer.

The total organic carbon (TOC) at the Del Mar site is about average for groundwater, as is
the nitrate, but the ammonium and organic forms of nitrogen are slightly higher than the
average groundwater. Normally, the nitrate (oxidized) form of nitrogen would dominate
the nitrogen speciation under these oxidizing conditions. The alkaline pH coupled with
these forms of nitrogen suggest a relatively healthy, natural, aerobic microbial population in
the aquifer.

3.2 Surface Water Characteristics
Surface water quality was evaluated through laboratory analysis and field measurements.

3.2.1 Modified Fouling Index Results

Summary results of the MFI tests are presented in Table 3-7. Complete results are included
in Appendix H. The results indicate the plugging potential of the treated City of Laredo
water is relatively low and that the potential for plugging did not increase with distance
from the Jefferson Street WTP.
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Table 3-7 MFI Test Results
Laredo Aquifer Storage and Recovery Project, Laredo, TX

Testing Site Average MFl Value Average TSS (mg/l)
Jefferson Street WTP 3.4 1.35
East Corridor Site 2.39 1.19
Northwest Storage Tank 2.68 1.01
Del Mar Testing Site 3.86 0.69

The above MFI values indicate that with an aquifer transmissivity in the range of 150 to
200 square feet per day (ft*/day), an annual clogging rate of 4 to 6 feet would be expected.
This value is based on a comparison of MFI values at several ASR sites with varying
transmissivities. However, the transmissivities at these other sites are all much higher than
those reported in Laredo. The value can be interpreted to imply that in a 6-inch well with
160 feet of screen recharging at about 33 gpm, an increase in water level in the well due to
clogging of the screen should only be about 4 to 6 feet during a one year injection duration.

3.2.2 Laboratory Analytical Results

Surface water samples were obtained from the Jefferson Treatment Plant and the Del Mar
Storage Tank area. These results are presented in Table 3-8. The surface water quality is
characterized as sodium-sulfate water chemistry. However, several distribution system
water samples were obtained during the aquifer compatibility test. These samples were
analyzed for similar constituents and also included iron and manganese. The results of
testing performed during the compatibility test are discussed later in this section.

3.3 Aquifer Compatibility Test Results

3.3.1 Testing Methodology and Overview

The aquifer compatibility testing was conducted at the Del Mar site using the two test wells,
TW-2 and TW-2A, discussed previously. Well TW-2 was selected as the test well in which
water would be recharged and recovered and well TW-2A was selected as the monitor well
in which aquifer water levels would be monitored. Well TW-2 was selected for the recharge
and recovery testing primarily because of its size, a 6-inch diameter compared to the 4-inch
diameter of well TW-2A.

A temporary piping setup was constructed at well TW-2 that conveyed water from existing
onsite piping through a 2-inch fire hose to well TW-2. The source of the water was the
elevated storage tank on the Del Mar site, although the connection point was an existing
buried 2-inch pipe near an abandoned treatment vessel. Temporary piping was also
installed to convey the recovered water to an onsite sanitary sewer.
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Laredo Aquifer Storage and Recovery Project

Table 3-8
Surface Water Analytical Data

Lab ID * JEFFERSON *DEL MAR
Treat. Plant Treat. Plant
Date Collected 7/16/97 7/15/97
| Parameter Units
TDS mg/l 516 NA
pH S.U. 8.18 NA
Field pH S.U. 8.75 7.21
Cond. S.U. 1093 NA
Field Cond S.U. 1075 1109
Pheno Alk mg/l 1 NA
Alkalinity mg/l 101 NA
Hardness mg/l 266 262
Dissolved Oxygen (%) |% 109.3 88.9
ORP millivolts 345.9 403.2
Nitrogen (TKN}) mg/l 3.4
[Organic Carbon ma/l 5 2
Silica Dioxide ma/l 9.5 8.3
Cations
Aluminum mg/| 0.35 0.18
Iron mg/l
Manganese mg/!
Calcium m 78 NA
Sodium mg/t 121 119
Potassium m 4 4
Magnesium mg/l 20.9 21.1
Lithium mg/l
Anjons
Bromide mg/l 0.128 1.37
Chiloride mg/l ' 141 137
Sulfate mg/l 179 Error, bad data
Floride mg/l 0.724
Phosphate mg/l
Ammonium mg/| 0.44
Nitrate mg/l
Nitrite mg/l
Bicarbonate mg/l
Carbonate mg/l
Mass Balance % -7.82 -7.82
Notes: * Samples collected for metals analysis were field filtered
NA Not Analyzed
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Well TW-2 was equipped with a 4-inch submersible pump, 2-inch drop pipe, and 2-inch
above ground piping that allowed water to be injected into and pumped from the well. The
check valve was removed from the pump body to allow water to be injected back through
the pump during the recharge portion of the testing. Preliminary calculations and testing of
the pump before installation into the well indicated a recharge rate back through the pump
of approximately 25 gpm should be possible. In order to inject at higher rates into the well, a
1-inch injection tube was also installed in the well next to the pump. Preliminary
calculations indicated that an additional 33 gpm could be injected through the injection tube
and a combined injection rate of up to 50 gpm may be possible with the piping
configuration installed. It is important to note that the injection rate into the well is
dependent on both the system pressures delivered to the well, and the water level in the
well. Both of these variables were expected to change during the testing and this variability
had to be considered in selecting the target recharge rate.

The aquifer compatibility test was conducted at the Del Mar site beginning January 14, 1998,
and ran through January 30, 1998. The test included a preliminary, or shakedown, test to
check the operation of the equipment. The shakedown test consisted of recharging water
into the aquifer through the pump and injection tubes for a short period of time, followed
by pumping the well. The recharge portion of the shakedown testing was conducted by
slowly increasing the injection rate while monitoring well water levels, flow rates, and line
pressures. The intent of the test was to establish the performance range and limitations of
the testing configuration. The recovery portion of the shakedown test was conducted in a
similar fashion, with the well pumping rates varied to establish the performance range of
the pump and piping configuration.

The shakedown testing indicated a maximum recharge rate of 30 gpm was possible through
the pump and 26 gpm through the injection tube. A maximum combined rate of 52 gpm was
measured with both recharge through the pump and injection pipe. These rates were
measured with a depth to water level in well TW-2 of about 120 feet bgs. During the longer-
term test, the water level in the well was expected to rise and the maximum possible
recharge rate would decrease. Based on this fact and the shakedown test results, a target
long-term recharge rate of 30 gpm was selected for the next test.

The pump installed in well TW-2 was tested during the shakedown test and pumping rates
from 54 to 60 gpm were observed possible. The pump had the ability to pump against
higher total heads than necessary for this test and the low rate possible from the pump
required substantial throttling of the pumped flows. The low pumping rate is the result of
throttling the pumped flows to a piping pressure of 100 psi. This pressure was considered
the maximum piping pressure for the configuration installed.

Following the shakedown test, potable water from the City of Laredo distribution system
was recharged into well TW-2 followed by recovery of the water by pumping the well. Once
during the recharge portion of the test, recharge was shut off and the well was backflushed
by pumping. A cumulative summary of the water injected versus recovered during the test
is provided in Figure 3-11. A summary of the volumes and rates used during the testing is
presented in Table 3-9 below.
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Table 3-8, Aquifer Compatibility Testing Summary
Laredo Aquiler Storage and Recovery Project, Laredo, TX

Test Component Volume Recharged Volume Recovered Rate Duration
{gallons) _ (gallons) (gpm) (days:hours)
Shakedown Test ~3,600 5,600 variable 4 hours
Recharge 287,848 0 28 7 days 2 hours
Bacidlush 0 1,950 65 0.45 hours
Recovery 0 513,655 52 6 days 22 hours

During the test, water levels were monitored in both the test well, TW-2, and the onsite
monitor well, TW-2A. The water level response observed in these wells is presented in

Figure 3-12. Also during the testing, the water quality of the water recharged and recovered
from well TW-2 was monitored regularly.

The water quality-monitoring program included two types of water sampling analyses.
These were defined as field and laboratory analyses. Field samples were samples analyzed
in the field using a sealed flow through sampling cell and field water quality instruments.
Laboratory analyses were samples taken to the laboratory for different suites of parameters.
Two types of laboratory analyses were performed, type A and type B. Type B parameters
were collected daily whereas type A parameters were collected less frequently. The suite of
analyses for each type of sample and the sampling schedule is presented in Tables 3-10 and
3-11 below.

Table 3-10, Sampling Suite of Analyses
Laredo Aquifer Storage and Recovery Project, Laredo, TX

Field Analyses Laboratory Analyses Laboratory Analyses
Type A Type B
Ph pH pH
Conductivity Conductivity Conductivity
Temperature Chloride Chloride
Oxidation Red. Potentiai Alkaiinity Alkalinity
Total Hardness Total Hardness
Turbidity Turbidity
Calcium Sutlfate
TDS Bicarbonate
Sulfate
Bicarbonate
Magnesium
Sodium
iron
Manganese
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Table 3-11, Sampling Schedule
Laredo Aquifer Storage and Recovery Project, Laredo, TX

Test Sample Type Frequency
Shakedown Test
Field 3 during injection, 4 during recovery
Type A Laboratory 2 during injection, 3 during recovery
Cycie No. 1
Field Daily
Type B Laboratory Daily
Type A Laboratory Every other day

3.3.2 Discussion of Test Results

3.3.2.1 Aquifer Hydraulics

Prior to the aquifer compatibility testing, three pumping tests were conducted on well
TW-2. These tests were presented in the previous section discussing aquifer testing and
were used to establish the baseline characteristics of TW-2 and the Laredo aquifer at the Del
Mar site. As discussed in the previous section, the first aquifer test on TW-2 was conducted
following its construction during March 1997. The next test was conducted following
redevelopment of well TW-2 during May 1997. Both the March and May 1997 tests were
single well tests utilizing only the pumping well for water level data. Finally, in July 1997,
monitor well TW-2A was constructed at the site following coring activities and the third
pumping test was conducted. The July 1997 test utilized the new monitor well for water
level measurement.

The baseline characteristics of well TW-2 and the aquifer in the vicinity of the Del Mar site
were used to compare the water level response observed during the aquifer compatibility
test. Because the shakedown portion of the testing was run at varying rates of different
durations, this part of the test was not hydraulically analyzed. The baseline well and aquifer
parameters are listed below:

Transmissivity 168 ft'/day
Storage Coefficient  0.000904
Well Loss Coefficient 0.008

The drawup observed in wells TW-2 and TW-2A during the recharge portion of the testing
was compared to the drawup calculated from the above baseline parameters. The results are
shown in Figure 3-12.

As seen in Figure 3-12, the water level rise in monitor well TW-2A matches fairly well with
that calculated from the baseline parameters. It was expected that approximately 18 feet of
water level rise should be observed in TW-2A over the duration of the test and
approximately 22.6 feet were observed. However, in test well TW-2, it was expected that
approximately 54.0 feet of water level rise would be observed. In well TW-2, approximately
157 feet of water level rise was observed.
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During the recovery portion of the aquifer compatibility testing, drawdown observed in the
two wells was again compared and then calculated from the baseline well and aquifer
parameters. These results are shown in Figure 3-13.

The results shown in Figure 3-13 indicates more drawdown was observed in well TW-2
during the recovery portion of the test than expected. It was expected that approximately
112 feet of drawdown would be observed in well TW-2 when 129.8 feet were actually
observed. The drawdown results for well TW-2A also differ from the calculated amounts
but less than that in TW-2. It was expected that approximately 35 feet of drawdown wouid
be observed in well TW-2A during the recovery portion of the test and approximately 42
feet were observed.

3.3.3 Discussion of Geochemical Results

Analytical results from sampling conducted during the compatibility test are presented in
Table 3-12. The groundwater at the Del Mar site was found to be dominated by sodium,
chloride, and sulfate, and exhibited a relatively high pH of approximately 8.9. The recharge
water was also found to be a sodium, chloride, sulfate type water but the pH is
approximately 8.2, which is lower than the groundwater. The results of the geochemical
analyses of these two waters and the aquifer matrix suggested that upon mixing, the
calcium and magnesium in the recharge water would have a tendency to precipitate, and
drop out of solution as a solid in the aquifer. The analyses also suggested that the
precipitation would only occur when the two waters mixed, and if this mixing could be
either minimized or kept away from the wellbore, damage to the aquifer may be minimized.
The water quality-monitoring program presented previously was developed to track
potential geochemical reactions during the testing and to evaluate if the hypothesized
reactions were occurring.

The water quality results from the aquifer compatibility testing are presented as a series of
graphical plots. These plots are Figures 3-14 through 3-24 and present the recovery water
quality (y-axis) against the percent recharged or recovered from the aquifer (x-axis). The
recovery water quality (y-axis) is expressed as the concentration of the particular chemical
constituent being presented. The percent recharged or recovered from the aquifer (x-axis) is
expressed as the percentage of the recharged total volume that has been recharged or
recovered at that point.

The results of the chloride monitoring are presented in the first plot, Figure 3-14. This figure
shows the average concentration of chloride in the recharge water was about 134 mg/1
while the average concentration of chloride in the groundwater was approximately

418 mg/1. As the recharged water was recovered from the aquifer, the recovered chloride
concentration stayed close to that of the recharge water for over 20 percent recovery.
Following this point, the recovered water exhibited a mixed quality of groundwater and
recharge water. At 100 percent recovery, the recovered water quality exhibited a chloride
concentration of about 230 mg/1, which is below drinking water standards.
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Table 3-12
Aquifer Compatibility Test Analytical Results
Laredo Aquifer Storage and Recovery Project

iron Manganese Sulfate Chloride

Sample ID Sample Type Date Time * Result * Result * Result MEQ * Result MEQ
CY1.1.01 LAB-A 01/15/98 1345 <0.05 <0.05 196.00 4.08 139.0 3.92
CY1.1.02 LAB-A 01/17/98 1045 <0.05 <0.05 187.00 3.89 132.0 3.72
CY1.1.03 LAB-A 01/19/98 0900 <0.05 <0.05 188.00 3.91 133.0 3.75
CY1.1.04 LAB-A 01/21/98 0900 0.05 <0.05 190.00 3.96 136.0 3.84
CY1.R.01 LAB-A 01/23/98 1340 0.17 <0.05 195.00 4,08 137.0 3.86
CY1.R.02 LAB-A 01/23/98 1620 0.10 <0.05 186.00 4.08 137.0 3.86
CY1.R.03 LAB-A 01/25/98 1305 <0.05 <0.05 250.00 5.21 191.0 5.39
CY1.R.04 LAB-A 01/26/98 1628 0.18 <0.05 264.00 5.50 211.0 5.95
CY1.R.05 LAB-A 01/27/98 0950 <0.05 <0.05 279.00 5.81 231.0 6.52
CY1.R.06 LAB-A 01/28/98 1405 0.06 <0.05 325.00 6.77 282.0 7.96
CY1.R.07 LAB-A 01/29/98 1000 <0.05 <0.05 351.00 7.31 306.0 8.63
CY1.R.08 LAB-A 01/30/98 0930 0.05 <0.05 359.00 7.47 324.0 9.14
DLY.CY1.01 |[LAB-B 01/15/08 1345 NA NA 160.00 3.96 134.0 3.78
DLY.CY1.02 |LAB-B 01/16/98 1105 NA NA 189.00 3.93 133.0 3.75
DLY.CY1.03 |LAB-B 01/17/98 1045 NA NA 187.00 3.89 132.0 3.72
DLY.CY1.04 |LAB-B 01/18/98 1010 NA NA 181.00 3.77 128.0 3.61
DLY.CY1.05 |LAB-B 01/19/98 0900 NA NA 186.00 3.87 132.0 3.72
DLY.CY1.06 |LAB-B 01/20/98 0950 NA NA 192.00 4.00 137.0 3.86
DLY.CY1.07 |LAB-B 01/21/98 0900 NA NA 192.00 4.00 137.0 3.86
DLY.CY1.08 |LAB-B 01/22/98 0900 NA NA 192.00 4.00 137.0 3.86
DLY.CY1.09 |LAB-B 01/23/98 1620 NA NA 194.00 4.04 136.0 3.84
DLY.CY1.10 |LAB-B 01/24/98 1225 NA NA 191.00 3.98 136.0 3.84
DLY.CY1.11 |LAB-B 01/25/98 1305 NA NA 245.00 5.10 188.0 5.30
DLY.CY1.12 |LAB-B 01/26/98 1005 NA NA 260.00 5.41 202.0 5.70
DLY.CY1.13 {LAB-B 01/27/98 0950 NA NA 277.00 5.77 230.0 6.49
DLY.CY1.14 {LAB-B 01/28/98 1405 NA NA 323.00 6.72 281.0 7.93
DLY.CY1.15 |[LAB-B 01/29/98 1000 NA NA 352.00 7.33 300.0 8.46
DLY.CY1.16 |LAB-B 01/30/98 0930 NA NA 362.00 7.54 326.0 9.20
Note:
* All results in milligrams per liter (mg/L)
MEQ = Millequivalents
NA = Not Analyzed - See Table 2-6 for sample type and parameters analyzed
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Aquifer Compatibility Test Analytical Results

Table 3-12

Laredo Aquifer Storage and Recovery Project

DFWARANCHHAND\P:\118069\FINAL AEPORT 1998\Table3-12

Bicarbonate Calicium Magnesium

Sample 1D Sample Type Date Time * Result TALK? MEQ * Result MEG * Result MEQ
CY1.1.04 LAB-A 01/15/98 1345 146.00 146.31 2.3980 93.00 4.64 12.20 1.00
CY1.1.02 LAB-A 01/17/98 1045 148.00 147.52 24179 80.96 4.04 20.40 1.68
CY1.1.03 LAB-A 01/19/98 0900 145.00 145.09 2.3780 78.60 3.92 20.40 1.68
CY1..04 LAB-A 01/21/98 0900 154,00 153.62 2.5178 85.80 4.28 18.50 1.52
CY1.R.01 LAB-A 01/23/98 1340 155.00 154.84 2.5378 86.60 4.32 19.40 1.60
CY1.R.02 LAB-A 01/23/98 1620 151.00 151.18 24779 83.40 4.16 20.90 1.72
CY1.R.03 LAB-A 01/25/98 1305 183.00 195.07 3.1973 26.40 1.32 4,90 Q.40
CY1.R.04 LAB-A 01/26/98 1628 216.00 232.87 3.8167 20.00 1.00 3.60 0.30
CY1.R.06 LAB-A 01/27/98 0950 231.00 249.94 4.0965 18.00 0.90 5.30 0.44
CY1.R.06 LAB-A 01/28/98 1405 234,00 256.04 4.1964 18.00 0.90 6.08 0.50
CY1.R.07 LAB-A 01/29/98 1000 239.00 263.35 4.3163 17.20 0.86 4.38 0.36
CY1.R.08 LAB-A 01/30/98 0930 233.00 259.69 4.2564 15.60 0.78 4.62 0.38
DLY.CY1.01 |LAB-B 01/15/98 1345 146.00 146.31 2.40 NA NA NA NA
DLY.CY1.02 |{LAB-B 01/16/98 1105 147.00 147.62 242 NA NA NA NA
DLY.CY1.03 |LAB-B 01/17/98 1045 146.00 146.31 2.40 NA NA NA NA
DLY.CY1.04 |[LAB-B 01/18/98 1010 145.00 145.09 2.38 NA NA NA NA
DLY.CY1.05 |LAB-B 01/19/98 0900 144.00 143.87 2.36 NA NA NA NA
DLY.CY1.06 |[LAB-B 01/20/98 0950 144.00 143.87 2.36 NA NA NA NA
DLY.CY1.07 ILAB-B 01/21/98 0800 157.00 151.18 2.48 NA NA NA NA
DLY.CY1.08 |LAB-B 01/22/98 0900 143.00 142.65 2.34 NA NA NA NA
DLY.CY1.02 |LAB-B 01/23/98 1620 149.00 148.74 2.44 NA NA NA NA
DLY.CY1.10 [LAB-B 01/24/98 1225 179.00 179.22 2.94 NA NA NA NA
DLY.CY1.11 [LAB-B 01/25/98 1305 183.00 195.07 3.20 NA NA NA NA
DLY.CY1.12 |LAB-B 01/26/98 1005 207.00 226.77 3.72 NA NA NA NA
DLY.CY1.13 |[LAB-B 01/27/98 0850 226.00 249.94 4.10 NA NA NA NA
DLY.CY1.14 |LAB-B 01/28/98 1405 226.00 257.25 4.22 NA : NA NA NA
DLY.CY1.15 |LAB-B 01/29/98 1000 238.00 264.57 4.34 NA NA NA NA
DLY.CY1.16 |LAB-B 01/30/98 0930 NA 262.13 4.30 NA NA NA NA
Note:
* All results in milligrams per liter (mg/L)
MEQ = Millequivalents
NA = Not Analyzed - See Table 2-6 for sample type and parameters analyzed
? Bicarbonate value calculated by the following relationship: total alkalinity/.8202
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Table 3-12

Aquifer Compatibility Test Analytical Results
Laredo Aquifer Storage and Recovery Project

Sodium Total Alkatinity | Phenolic Alkalinity | Hardness Turbidity TDS

Sample ID Sample Type Date Time * Result MEG * Result * Result * Result (NTU}) * Result
CY1.1.01 LAB-A 01/15/98 1345 105.00 4.57 120.00 ND 292.00 0.30 642.00
CY1.1.02 LAB-A 01/17/98 1045]  106.00 4.61 121.00 ND 286.00 0.46 658.00
CY1.1.03 LAB-A 01/19/98 0900]  105.00 4.57 119.00 ND 280.00 0.13 668.00
CY1.1.04 LAB-A 01/21/98 0900 107.00 4.65 126.00 ND 290.00 0.19 666.00
CY1.R.01 LAB-A 01/23/98 1340 97.00 4.22 127.00 ND 296.00 1.67 716.00
CY1.R.02 LAB-A 01/23/98 1620 96.00 4.18 124.00 ND 294.00 0.76 618.00
CY1.R.03 LAB-A 01/25/98 1305 210.00 9.14 160.00 5.00 86.00 0.16 890.00
CY1.R.04 LAB-A 01/26/98 1628 250.00 10.88 191.00 7.00 65.00 0.10 1010.00
CY1.R.05 LAB-A 01/27/98 0950 260.00 11.31 205.00 8.00 67.00 Q.10 1096.00
CY1.R.06 LAB-A 01/28/98 1405 350.00 15.23 210.00 9.00 70.00 0.07 1254.00
CY1.R.07 LAB-A 01/29/98 1000 380.00 16.53 216.00 10.00 61.00 0.07 1350.00
CY1.R.08 LAB-A 01/30/98 0930 410.00 17.84 213.00 11.00 58.00 0.07 1410.00

0.00

DLY.CY1.01 |LAB-B 01/15/98 1345 NA NA 120.00 ND 298.00 0.07 NA
DLY.CY1.02 |LAB-B 01/16/98 1105 NA NA 121.00 ND 300.00 0.07 NA
DLY.CY1.03 |LAB-B 01/17/98 1045 NA NA 120.00 ND 279.00 0.24 NA
DLY.CY1.04 |LAB-B 01/18/98 1010 NA NA 119.00 ND 274.00 0.68 NA
DLY.CY1.05 |LAB-B 01/19/98 0900 NA NA 118.00 ND 300.00 0.21 NA
DLY.CY1.06 |LAB-B 01/20/98 0950 NA NA 118.00 ND 284.00 0.26 NA
DLY.CY1.07 |LAB-B 01/21/98 0900 NA NA 124.00 ND 290.00 0.16 NA
DLY.CY1.08 |LAB-B 01/22/98 0900 NA NA 117.00 ND 290.00 017 NA
DLY.CY1.09 {LAB-B 01/23/98 1620 NA NA 122.00 ND 284.00 0.91 NA
DLY.CY1.10 ILAB-B 01/24/98 1225 NA NA 147.00 ND 148.00 0.28 NA
DLY.CY1.11 |LAB-B 01/25/98 1305 NA NA 160.00 5.00 88.00 0.16 NA
DLY.CY1.12 |LAB-B 01/26/98 1005 NA NA 186.00 8.00 70.00 0.16 NA
DLY.CY1.13 |[LAB-B 01/27/98 0950 NA NA 205.00 10.00 67.00 0.18 NA
DLY.CY1.14 {LAB-B 01/28/98 1405 NA NA 211.00 13.00 62.00 0.10 NA
DLY.CY1.15 |LAB-B 01/29/98 1000 NA NA 217.00 11.00 58.00 0.07 NA
DLY.CY1.16 |[LAB-B 01/30/98 0930 NA NA 215.00 12.00 55.00 0.18 NA
Nota:

* All results in milligrams per liter (mg/L)
MEQ = Millequivalents
NA = Not Analyzed - See Table 2-6 for sample type and parameters analyzed
ND = Not Detected
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Table 3-12
Aquifer Compatibility Test Analytical Results
Laredo Aquifer Storage and Recovery Project

Conductivity Field Parameters (Standard Units) Mass Balance Calculation

Sample ID Sample Type Date Time (umoh's) PH_RSLT F-Cond F-Temp F-pH F-Eh Cations Anions Balance %
CY1.1.01 LAB-A 01/15/98 1345 1106.00 7.6 NA NA NA NA 10.21 10.40 +0.91
CY1.1.02 LAB-A 01/17/98 1045 1105.00 7.9 NA NA NA NA 10.33 10.03 1.45
CY1.1.03 LAB-A 01/19/98 0900 1104.00 7.6 NA NA NA NA 10.17 10.04 0.61
CY1.1.04 LAB-A 01/21/98 0900 1105.00 7.6 NA NA NA NA 10.46 10.31 0.71
CY1.R.01 LAB-A 01/23/98 1340 1124.00 7.6 NA NA, NA NA 10.14 10.46 -1.68
CY1.R.02 LAB-A 01/23/98 1620 1132.00 7.6 NA NA NA NA 10.06 10.42 -1.79
CY1.R.03 LAB-A 01/25/98 1305 1514.00 8.4 NA NA NA NA 10.86 13.79 -11.91
CY1.R.04 LAB-A 01/26/98 1628 1677.00 B.6 NA NA NA NA 12.17 15.27 -11.29
CY1.R.05 LAB-A 01/27/98 0950 1809.00 8.6 NA NA NA NA 12.64 16.42 -13.00
CY1.R.06 LAB-A 01/28/98 1405 207C.00 8.6 NA NA NA NA 16.62 18.92 -6.46
CY1.R.07 LAB-A 01/29/98 1000 2230.00 8.6 NA NA NA NA 17.75 20.26 -6.60
CY1.R.08 LAB-A 01/30/98 0930 2370.00 8.6 NA NA NA NA 18.99 20.87 -4.71
DLY.CY1.01 |LAB-B 01/15/98 1345 1089.00 7.60 1097.00 17.70 7.46 433.10 NA NA NA
DLY.CY1.02 |[LAB-B 01/16/98 1105 1094.00 7.60 1109.00 17.30 7.46 514.50 NA NA NA
DLY.CY1.03 |[LAB-B 01/17/98 1045 1107.00 7.60 1114.00 17.30 7.30 194.70 NA NA NA
DLY.CY1.04 {[LAB-B 01/18/98 1010 1095.00 7.60 1114.00 16.70 7.21 203.60 NA NA NA
DLY.CY1.05 |[LAB-B 01/19/98 0800 1099.00 7.60 1114.00 16.40 7.29 187.70 NA NA NA
DLY.CY1.06 |[LAB-B 01/20/98 0950 1102.00 7.60 1121.00 16.40 7.28 185.40 NA NA NA
DLY.CYt1.07 |LAB-B 01/21/98 0900 1114.00 7.60 1126.00 16.40 7.31 197.80 NA NA NA
DLY.CY1.08 |jLAB-B 01/22/98 0800 1112.00 7.60 1130.00 16.40 7.04 189.50 NA NA NA
DLY.CY1.09 |LAB-B 01/23/98 1620 1120.00 7.60 1147.00 18.30 7.36 -30.90 NA NA NA
DLY.CY1.10 }LAB-B 01/24/98 1225 1206.00 8.00 1219.00 19.80 7.77 -84.90 NA NA NA
DLY.CY1.11 |LAB-B 01/25/98 1305 1491.00 8.40 1535.00 21.80 8.14 -112.00 NA NA NA
DLY.CY1.12 |[LAB-B 01/26/98 1005 1630.00 8.50 1653.00 23.00 8.15 -59.70 NA NA NA
DLY.CY1.13 |LAB-B 01/27/98 0950 1807.00 8.60 1829.00 24.20 8.26 116.70 NA NA NA
DLY.CY1.14 |LAB-B 01/28/98 1405 2060.00 8.60 2120.00 25.10 8.43 65.20 NA NA NA
DLY.CY1.15 [LAB-B 01/29/98 1000 2230.00 8.60 2260.00 25.40 8.44 28.50 NA NA NA
DLY.CY1.16 |LAB-B 01/30/98 0930 2370.00 8.60 NA NA NA NA NA NA NA

Note:

* All results in milligrams per liter (mg/L)

MEQ = Millequivalents

NA = Not Analyzed - See Table 2-6 for sample type and parameters analyzed
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The chloride mixing response is a good indicator of the physical mixing of the recharged
and native groundwater during an ASR cycle. Unlike many other chemical constituents,
chloride in the two waters does not typically react and the observed chloride concentration
represents the proportional mix of the two waters. The results shown in Figure 3-14 indicate
that the mixing of recharged and native groundwater is low and based on mixing alone,
water recharged into the aquifer may be recoverable for subsequent drinking water use.

The results of the total dissolved solids (TDS) concentrations are presented in Figure 3-15.
The results of the TDS monitoring indicate a similar response to chloride; however, if
examined closely, the results suggest somewhat higher TDS concentrations are seen as
recovery progresses, relative to the corresponding chioride concentrations. This observation
is further reinforced in Figure 3-16, which compares the chloride and TDS response as a plot
of percent recharge water against percent recovery. The percent recharge water represents
the percentage of recharge water recovered (taken as a percent of the original recharge
water concentration) in the sample taken at the corresponding percent volumetric recovery.

The TDS response as compared to the chloride response suggests that some chemical
changes are occurring during aquifer storage that result in dissolved ions in the recovered
water that are in addition to those resulting from the simple mixing of the two waters.

The observed calcium concentrations are shown in Figure 3-17 and are plotted against
chloride in Figure 3-18. The results indicate the calcium that was recharged into the aquifer
remained there and was not removed in the recovered water. As shown on Figure 3-18,
calcium concentrations in the injected water were approximately 85 mg/1. The recovered
water calcium concentrations dropped to less than 30 mg/1 by the time 50 percent of the
recharged water was recovered. The reduction in calcium concentration is thought to be the
result of calcium precipitation in the aquifer combined with calcium ion exchange with
sodium on the aquifer clay minerals. This is supported in Figures 3-19 and 3-20, which
indicate somewhat higher concentrations of sodium in the recovered water than would be
expected based on mixing alone. Additionally, as shown in Figures 3-21 and 3-22, the
alkalinity of the recovered water was higher than can be attributed to mixing alone. The
increase in alkalinity may be a byproduct of calcium precipitation that reduced the pH
(Figure 3-23) of the native groundwater and resulted in additional dissolution of
bicarbonate in the aquifer matrix.

The observed temperature of the recharged and recovered water is presented in Figure 3-24.
The recharged water was cooler than the native groundwater as shown in the figure, with
the average recharged temperature approximately 17 °C, and the groundwater temperature
approximately 27 °C.

3.3.4 Summary of Aquifer Compatibility Testing Results

The results of the aquifer compatibility testing indicate that substantial head buildup results
from injection of potable water into the TW-2 well at the Del Mar site. As discussed earlier
(Figure 3-11), approximately 157 feet of drawup was observed in the aquifer during
recharge, which is approximately 100 feet more than would be expected if the well were
being pumped. The well was backflushed during recharge to observe if any possible
particulate plugging could be removed and reduce injection head buildup. Backflushing the
well did appear to reduce the head buildup somewhat but not an appreciable amount.
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The head increase observed is similar to that observed at other ASR sites where recharge of
potable water occurs into an aquifer with a low transmissivity. Recharge into similar low
transmissivity aquifers typically results in substantial head increases that only exhibit
moderate improvements with backflushing, and that continue to build up head until
injection ceases. The mechanisms responsible for substantial head buildup in a low
transmissivity aquifer are not completely understood, but are believed to result from
hydraulic resistance in the vicinity of the wellbore to injection, and small particles in the
injected water that essentially close off the small pores available in the wellbore and
immediate areas of the aquifer.

The recovery portion of the testing indicates additional drawdown in the well resulted from
the testing. Based on the pumping tests conducted previously at well TW-2, approximately
17.5 feet of additional drawdown was observed during the recovery portion of the test. It is
not certain that the reduction in capacity is directly the result of injection into the well, or if
biological growth in the wellbore could have reduced the well capacity between the aquifer
test performed in July 1997 and the date of this test. This was discussed previously as one
possible mechanism to explain the differences between the observed resuits of the three
pumping tests performed on this well. This is also supported by the observed increase in
alkalinity during the recovery portion of the testing.

It was observed that the temperature of the recharged water was cooler than the native
groundwater. This difference would result in higher heads required to recharge the aquifer
as water viscosity increases as the water temperature decreases. The lower temperature of
the recharge water results in a decrease in the apparent transmissivity of the aquifer as
transmissivity is a function of both the aquifer matrix geometry and the fluid properties in
the aquifer. In this case, if all the water in the aquifer were 17 °C instead of the observed
27 °C, the observed transmissivity would decrease from 168 ft*/day to about 133 ft'/day.
However, recharge of the aquifer did not change all the water in the aquifer to a lower
temperature and, therefore, the observed transmissivity would lie somewhere between the
two values. It is also important to note that the maximum expected increase in head
associated with a lowering of the transmissivity is only about 15 feet, which only accounts
for a small percentage of that actually observed.

The geochemical analysis indicated that much of the calcium in the recharged water
remained in the aquifer following recharge. It is likely that the calcium precipitated as
calcium carbonate after being mixed with the native groundwater. Some of the calcium may
also have exchanged for sodium in the aquifer clays. The precipitated calcium could become
fixed to the aquifer matrix and result in a reduction of pore size in the aquifer. This type of
reaction would result in a decrease in permeability of the aquifer matrix across the entire
recharge although most the damage would occur near the wellbore. It is likely that this
effect was responsible for a portion of the head increase observed during the aquifer
compatibility testing; however, it is probable that this activity did not result in the total
increase in head observed.
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4.0 Summary of Findings

4.1 Summary of Activities and Results

The City of Laredo overlies the Laredo Formation, a fine-grained aquifer that outcrops in a
north-south band throughout the City and dips to the southeast. During this investigation, a
limited test drilling program was conducted in the Laredo Formation to evaluate the
potential for implementing an ASR program in the aquifer. The investigation included the
construction of 4 boreholes at 3 locations in east-central and northeast Laredo. A monitor
well was constructed in each borehole and several pumping tests were conducted and
groundwater samples obtained. Additionally, 17 existing water wells were located and
water samples obtained. This information was used to refine the understanding of the
Laredo aquifer and supplement existing information. At one of the three test sites, the Del
Mar storage tank site, a limited aquifer compatibility test was performed to further evaluate
aquifer conditions.

The aquifer within the Laredo Formation was found to consist of multiple sandstone layers
that are interbedded with low permeability shales and claystones. The upper portions of the
Laredo Formation appear to have the best potential for water resource development and are
referred to as the upper sand unit. The saturated upper sand zone appears to occur within a
relatively narrow, north-south trending band that encompasses most of central and eastern
Laredo. This unit is approximately 200 to 250 feet thick in central and eastern Laredo, about
150 feet of which consists of water-bearing sandstone layers. The depth to the saturated
portions of the upper sand unit is controlled by the dip of the formation and ranges from
about 100 feet in west-central Laredo to greater than 800 feet in east Laredo. In western
Laredo, the upper sand zone is present at the surface and is only partially saturated. While
the entire formation thickens to the east and southeast, in this direction it also becomes finer
grained and contains fewer and thinner sand layers.

The Laredo Formation supports local water wells for limited supply. Yields to wells were
found to be about 60 gpm, with drawdowns in the range of 50 to 70 feet. The results of this
investigation indicate that well specific capacities from 0.5 to 2.5 are possible but generally
1.0 gpm/ft can reliably be developed in central and eastern areas of the City where the
entire saturated thickness of the upper sand zone occurs. It is probably possible to construct
wells with higher specific capacities using alternative drilling techniques.

Water quality of the Laredo Formation groundwater was generally found to be mineralized, -
with sodium and chloride concentrations in the range of 422 to 982 mg/1 and 243 to

743 mg/|, respectively. Two primary groundwater types were identified across the City, the
character of which appears to be dependent on the distribution of the upper sand zone. In
western and southern Laredo, where the upper sand unit is thin or absent, the groundwater
is low in pH and high in TDS. Sodium and sulfate are the dominant cations and anions. In
central to eastern Laredo, the groundwater in the upper sand zone is characterized by high
pH (8.81 - 9.13) and intermediate TDS (1,266 — 2,200 mg/1). The dominant cation is sodium
and the anions chloride, bicarbonate, and sulfate generally occur in near equal
concentrations.
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Water quality samples of the finished water from the Jefferson WTP were obtained and
analyzed during this investigation. The sample results were used with the geological core
analysis and the groundwater quality analyses to evaluate potential chemical reactions that
may occur during storage of the treated water in the aquifer. The evaluation utilized a
thermodynamic equilibrium computer model, which predicted the potential chemical
reactions that may occur if the recharge water, native groundwater, and the mineral
composition of the aquifer matrix were intermixed.

Additionally, MFI tests were conducted on the WTP finished water. These tests measure the
physical ability of the water to be pushed through small pore spaces by passing the water
though 0.45 micron filters. The volumetric rate over time that water will pass through the
0.45 micron filter is related to how quickly the water may plug a wellbore over time.

The results of the geochemical modeling suggested that the native groundwater might have
the potential to precipitate calcium carbonate when mixed with the treated WTP water.
Additionally, it was observed that the native groundwater exhibits relatively high levels of
TOC and nitrogen compounds. These parameters indicate that the aquifer has a high
potential of developing biological growth. Bacterial growth in well casings and screens is a
major concern in ASR systems as plugging of the wellbore can occur during injection.

The MFI test results indicated that the WTP finished water had a relatively low potential for
aquifer plugging. The measured MFI values were in the range of 2 to 5, which indicate only
a small buildup of head should occur during injection.

The results of the investigation following the above test drilling and water quality analyses
indicated that storage of water in the Laredo Formation may be possible. However, the
aquifer was known to have a very low transmissivity. The low transmissivity also indicates
the pore spaces in the aquifer are small and that plugging of the aquifer during injection
could occur with only little cause. Because some of the results to this point indicated
potential problems with wellbore plugging, a field test, the aquifer compatibility test, was
developed to test recharge of the aquifer on a small scale and measure the chemical and
hydraulic aquifer reactions in an actual test.

The aquifer compatibility test was conducted on well TW-2 at the Del Mar site. The test
involved recharging the aquifer with treated WTP water followed by recovery of the water
through pumping the well. A total of 288 thousand gallons of treated water were recharged
into the aquifer at 28 gpm through well TW-2 over a period of 7 days. Following recharge, a
total of 514 thousand gallons were pumped from well TW-2 at 52 gpm over a period of 7
days. During the testing, numerous water quality samples were obtained and analyzed.
Water levels in well TW-2 and monitor well TW-2A were measured on a regular basis.

The testing resulted in relatively high heads being required to inject water into the aquifer
and confirmed that the aquifer has a high tendency to plug. The overall water quality
during recovery was good but did confirm that calcium precipitation was occurring.

4.2 Discussion of Results

The investigation results indicate the north-central area of Laredo is best for water
production and ASR applications. This area provides the best aquifer thickness at
reasonable drilling depths. Further west, the aquifer thins and the better sand zones do not
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regularly occur. Further east the aquifer dips to greater depths and results in deeper wells
and probably lower well yields. The area tested, in the vicinity of the Del Mar abandoned
WTP, is one of the better potential locations for an ASR application.

The treated water from the Jefferson WTP tested low in TSS and the MFI values were low.
This indicates that the treated water in Laredo has low or similar physical plugging
potential relative to other ASR facilities in the United States. However, these other ASR
facilities have much higher transmissivities and it is possible that even low MFI values can
result in relatively significant plugging of low transmissivity aquifers.

The results of the aquifer compatibility testing indicate that calcium does precipitate when
the treated water mixes with the native groundwater. This chemical reaction forms a solid,
calcium carbonate, which can plug off a portion of the aquifer pores. Additionally, the
potential for biological growth in the wellbore and aquifer is high, which provides another
mechanism to potentially plug the aquifer.

The aquifer compatibility testing demonstrated that injection of the Laredo treated water
into the Laredo Formation results in high head buildup and aquifer plugging. The
mechanisms that cause this head increase were identified but the relative contribution of
each is not yet understood. Calcium precipitation was observed and could be responsible
for the observed behavior. Biological growth in the casing and screen is also possible but is
not strongly supported by the geochemical data.

It may be possible to control either of these plugging mechanisms by proper design and
operation of ASR facilities. Control of the biological growth is likely to be controlled by
maintaining a chlorine residual in the well and wellbore at all times. The calcium
precipitation can probably be controlled by keeping the mixing zone in the aquifer, away
from the wellbore. This could be accomplished by not recovering all the water injected and
thus permanently replacing the native groundwater with treated water and establishing a
new equilibrium in the aquifer.

However, each of the above mechanisms to control the aquifer plugging may also have
potential side effects. Chlorine contact time leads to higher disinfection byproducts and any
calcium precipitation could negatively affect this aquifer because of its very fine grained
nature. In summary, it may be possible to inject and store treated water in the Laredo
Formation; however, it would require additional testing to obtain a full understanding of
the plugging reactions, and the final ASR facilities would require careful operation to
maintain their ability to inject and recover water.

4.3 Economics

The results of the Step 1 investigation presented preliminary costs associated with
implementing a 5 mgd ASR system in the Laredo Formation. The preliminary costs were
based on several assumptions regarding well size, depth, spacing and yield that were made
during the Step 1 investigation. During the Step 2 work, these assumptions were updated
from the field testing and are presented adjacent to the Step 1 findings in the following
table:
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Table 4-1 Step 1 and Step 2 Assumptions
Laredo Aquifer Storage and Recovery Project, Laredo, Texas

ASR Well Design Criteria Step 1 Assumptions Step 2 Refined Assumptions
Average Depth 650 feet 600 feet

Well Casing Diameter 12inch 12 inch
Recovery Rate 300 gpm 150 gpm
Recharge Rate 250 gpm 75 gpm
Minimum Well Spacing 1,000 feet 1,500 teet

It must be noted that the above well yields and spacing assume that the larger full scale ASR
wells will perform at higher efficiencies than the test wells and that they will be located in
areas of the highest transmissivities. Based on the above values, the following cost estimate
was developed:

Table 4-2 Cost Estimate - 5 Mgd ASR System
Laredo Aquifer Storage and Recovery Project, Laredo, Texas

ltem Unit No. Required Estimated Unit Estimated
Cost Total Cost
ASR Well 12-inch dia, 600 ft Total Each 28 $ 70,000 $1,960,000
Depth, 200 foot screen
25 hp Well Pump and piping Each 28 $ 10,000 $ 280,000
Wellhead Piping Foot 28 $ 50,000 $ 1,400,000
Disinfection Facility Each 28 $ 6,000 $ 168,000
| & C Allowance Each 28 $ 5,000 $ 140,000
Miscellaneous Other Construction 10 % 1 $ 3,948,000 $ 394,800
Engineering and Testing Each 1 $ 900,000 $ 900,000
Contingency 20 % 1 $ 5,242,800 $ 1,048,560
Total for 5 mgd Waellfield $ 6,291,360

The above cost estimate is seen to be considerably higher than the estimate developed in the
Step 1 report. The largest difference is the assumed well capacity, which has decreased from
300 gpm to 150 gpm. This doubled the number of wells required for the 5 mgd recovery
flow. The assumed well spacing also increased from 1,000 feet to 1,500 feet because of the
areas of low transmissivity and the interference that would be caused between each well.
The increased spacing changed the conceptual layout of the wellfield to consist of wells
individually tied into existing distribution system piping. The layout in the Step 1 report
assumed a common piping manifold connecting all the wells to a common disinfection
facility. Because of the increased spacing, it is thought more economical to locate individual
wells throughout the distribution system.
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The estimated costs for engineering and testing were also increased to reflect the
uncertainties identified in the testing program. In order to implement an operating ASR
facility for the City, each well would require careful location selection, construction and
testing.

The results of this investigation indicate that an ASR application in the Laredo Formation
would require several low yield wells. It has been estimated that the potential injection rate
in each well would be approximately 75 gpm, which is one half of the estimated potential
recovery rate. Substantial well plugging was also observed during the testing, which will
require investigation prior to implementation of the full concept. The work done indicates
an ASR application for the City will require a substantial level of operation and maintenance
(O&M). The estimated O&M costs for the above facility were based on the current level of
understanding. These costs are approximate because neither the actual well yields that are
obtainable, and nor the operations required to minimize the observed well plugging are
well understood at this time. However, an estimate was developed to identify a potential
range for these costs.

The O&M cost estimate assumes one person would operate the ASR facility full time, 8-
hours per day. It was assumed that each well would require cleaning every 3 years at a cost
of $ 10,000 each. Power costs were estimated at $0.07 per kilowatt-hour, and it was assumed
the stored water would be recharged over a period of 8 months and recovered over a periocd
of 4 months. Zero cost was assigned to the value of the treated water. The O&M costs are
presented as an add-on cost to the finished water. Based on these assumptions, the
estimated O&M cost for a 5-mgd ASR system is expected to be in the range of $0.60 to $0.65
per thousand gallons of water stored and recovered.
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5.0 Conclusions and Recommendations

5.1 Conclusions

A limited geochemical and hydrogeologic evaluation indicates that injection of potable
water into the Laredo Formation is possible. However, the results of the evaluation indicate
that injection will be complicated by the low transmissivity aquifer conditions. These
conditions make the aquifer very susceptible to physical plugging even though the
distribution water has a very low plugging potential relative to other ASR sites where
higher transmissivities exist. In addition, the geochemical characteristics of the surface water
and groundwater are such that calcium has the tendency to precipitate (form a solid)} within
the mixing zone of these waters and/or destabilize the clay mineralogy, thus decreasing the
size of the pores within the aquifer matrix. Also, biologic activity may be supported by the
geochemical conditions and has the potential to further plug the aquifer. While it is possible
that these plugging issues can be managed, additional evaluation of the geochemical and
hydraulic factors is needed to better understand the situations that may occur during more
lengthy injection and recovery cycles.

During the Step 1 evaluation, water balance estimates indicated that the optimum ASR
system would have a 10 mgd recharge and recovery capacity to meet peak demand
projections. A conceptual ASR system was proposed that would consist of two 5-mgd ASR
facilities, each located in different areas of the City where demands and growth are highest.
However, based on the current findings, it was determined that the geologic conditions may
not be able to support two facilities, the estimated cost of the ASR system would be higher,
and management of the system more technically oriented than previously considered. The
low transmissivity conditions will result in lower well yields that require not only more
wells but also a greater spacing between wells to limit interference effects. This constraint
will probably limit the size of an ASR wellfield based on available land areas. For this
reason, it is probably more realistic to consider a 5 mgd or smaller ASR facility as the largest
size that the Laredo area could support.

The 5-mgd facility would consist of 28 injection wells, spaced at a minimum of 1,500 feet
apart. As a result of the additional wells required, greater spacing between wells and
potential plugging issues, the resulting system would require careful and consistent
operational management as well as regular maintenance. The total cost of the facility is
estimated to be approximately $5.8 million dollars. O&M costs are estimated to be in the
range of $0.60 to $0.65 per thousand gallons of water stored and recovered.

5.2 Recommendations

If the City decides to pursue an ASR as a water management tool, the following activities
are recommended:

1. Investigate options to enhance the well yield. Enhancement options could include
techniques such as hydrofracting or chemical treatment to improve the specific capacity.
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Optimize the location for the prototype facility by better delineation of the highest
transmissivity zones within the Laredo Formation. Testing of existing wells, particularly
more recently installed wells in the northern areas of the City, would be helpful to verify
both aquifer conditions and the change in well yields associated with larger well
diameters.

. Conduct additional cycle testing on a new prototype ASR well to further evaluate
geochemical and hydraulic changes. While it may be possible to manage plugging from
calcium precipitation or possibly bacterial growth, appropriate remedies must be tested
before large-scale implementation occurs.

Evaluate possible pretreatment options such as chemical addition to limit the
precipitation of calcium and wellhead filtration to further reduce entrained solids.

Pursue an ordinance to protect stored water and stop well construction in large areas
north of Laredo. Currently, there are no regulations or ordinances in place to control or
manage well constructions in the City.
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Appendix A Geophysical Evaluation of the
Laredo Formation

A.1 Introduction

The purpose of this evaluation is to summarize the findings of a limited geologic study
performed to assess potential drilling locations in the Laredo area based on the distribution,
thickness, and continuity of sand layers within the Laredo Formation. This evaluation was
originally performed in the Fall of 1996 and utilized oil and gas well geophysical data
compiled in the Laredo area obtained by Alvin Schultz from the Post Cabrian Association
log library in San Antonio. The evaluation was later updated to include information
obtained during the 1997-1998 field investigation. The area studied was selected to coincide
with the distribution of potable water transmission lines and structures.

Several hundred oil and gas well geophysical logs are available for the area. However, very
few logs contain complete data for the Laredo Formation due the presence of surface
casings. The surface casings are installed in accordance with Texas RailRoad Commission
guidance to isolate shallow water bearing zones from potential brine contamination
occurring in deeper formations.

Twenty-nine geophysical logs that contained information on conditions in the Laredo
Formation were selected for analysis and include logs from the three test holes drilled
during the field investigation. These logs contain information on an area that extends from
11 miles north of the City to 3 miles south of the City. Many of the wells drilled south of the
City are very recent (10 years or less) and do contain information for the Laredo Formation.
The location of each well log is shown on Figure A-1.

Two activities were performed using the geophysical data: 1) calculation of approximate
sand thickness measurements and 2) development of geophysical cross sections.

A.2 Sand Thickness Calculations

Table A-1 contains gross, net, and upper net sand thickness measurements for 29 wells in
the area. Net and upper sand thicknesses are the most relevant measurements for purposes
of this study. Gross sand refers to the entire thickness of the sand-bearing zone and includes
numerous low resistivity layers (clays, silts). The net sand refers to the cumulative thickness
of individual sand layers within the sand zone. These measurements were also plotted on
Figure A-1 to evaluate the distribution of net and gross sand thicknesses.

Within the sand zone, a distinction was made between net upper sand and net lower sand
zones. In general, the resistivity profiles indicate that the upper sand zone contains thicker
and more permeable sand beds relative to the rest of the sand zone. This finding differs
from preliminary conclusions presented in the Step 1 report, which indicated that the lower
sands had higher yields and potentially better water quality relative to upper sand units.
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Table A-1

Net Sand Measurements
Laredo Formation, Laredo, Texas
Log/Well # Geophysical Log - Location ID GROSS SAND NET SAND | UPPER NET SAND
TW-1  iMcPherson Test Well NM 165 140
TWwW-2  |Del Mar Test Well NM 211 155
TW-3  |East Corndor Test Well NM 197 171
89-29-102 |Laredo Couniry Club Well NM 240 190
1 Yarborough Hachar #1 495 329 166
2 Lamar Hunt Reuthinger #1 510 289 200
3 General Crude #1 Hachar 250 140 90
4 Clayton Williams #2 N.D.Hachar 482 273 132
5 Southland Drilling Co. #1 Hachar Poor Log Quality - Use for Correlation Only - See #4
6 Southland #1 Killam & Hurd 440 280 165’
7 AHERN #A-1 Hubbard 700 326 159’
8 Killam & Hurd #1-P24 Fee 580+ 420 195’
9 Watson (Sanchez O’Brien - #1 A F. Muller G&S Unit 510 230 1707
10 Watson (Sanchez O’Brien Jacaman #1 590 255 1507
11 Sanchez O’Brien #1 Webb Co. 650’ 2307 125
12 Michael Pet. #1 Hurd-Peko-Garcia 570 185 145
13 General Crude #] Killam & Hurd 485 335 175’
14 Daigle & Young Park #1 300 142 122
15 Good Hope Ref. #1 Killam & Hurd 445 337 230’
16 Hawkins/Rodriguez Cattle Co. - 160 -
17 ReMex M-G Mexico - - 217
18 Morgan #1 McNary 520 315 140]
19 Morgan #3 Link - 83 -
20 C.F. Braun - -
21 TransAmerica #12 Schwarz 430 237 132
22 Cattle Land Qil Co. #1 A.F. Muller - 100 10
23 AMOCO #2 Killam & Hurd - AMOCO Range - 130 -
24 Gulf Oil Company M. Alexander #4a 500 280 160
25 Amoco Killam & Hurd - Amoco "G" 300 100 80
26 Amoco Killam & Hurd - Amoco "H" 280 100 80
Data Incomplete - entire Laredo Formation not logged due to surface casing
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This latter finding is probably flawed because no consideration was given to the location of
wells evaluated relative to the strike and dip of the Laredo Formation.

Attached to this memorandum are two geophysical logs from sites #7 and #12 that illustrate
the occurrence of the upper versus gross sand zones relative to the entire thickness of the
Laredo Formation (see Attachment A-1). These logs also contain calculations showing how
gross, net, and upper net sand thicknesses were determined. As shown on the logs, within
the upper sand zone, several individual sand layers occur that are separated by low
resistivity units. It is inferred that low resistivity units correlate to low permeability clays
and silts.

The net and upper sand thickness measurements shown on Figure A-1 illustrate that there
are no significant trends in the thickness of sand across the area that was assessed. In
general, the greatest thicknesses of upper net sands occur north and east of the City with a
range of 160 to 200 feet. The thickness of sand generally decreases toward the west.
Approximately 230 feet of upper net sand exists at log #15, located east of the City. South of
the City, only three geophysical logs contain data for the entire thickness of the formation
where net upper sand thicknesses are from 132 to 160 feet.

A.3 Geophysical Profiles

Two geophysical profiles were developed (a north-south section in A-A’ and a west-east
section in B-B’) to illustrate the thickness and continuity of sand layers within the Laredo
Formation. The profiles are shown in Figures A-2 and A-3 and their locations shown on
Figure A-1. Note that the profiles show correlations only for those portions of the
geophysical logs containing information on the Laredo Formation. Shaded zones refer to
low resistivity zones composed of clays, silts, and fine sands. The profiles shown were
interpreted from geophysical logs containing spontaneous potential, resistivity, and
conductivity curves. To simplify the presentation of these profiles, only resistivity curves are
illustrated.

Note that the Laredo Formation outcrops in a north-south trending band, approximately
seven miles in width. Since the formation dips and thickens to the east, wells located in the
east will reflect thicker sequences of the formation as compared with wells to the west.

Profile A-A’ runs north-south and indicates that the top of the sand zone begins 300 to 1100
feet below ground surface (bgs). The base of the sand occurs at 550 to 1550 bgs, depending
on the location of the log relative to the dip and structure of the formation. Based on
relatively high resistivity measurements, three to six separate sand zones occurring in the
upper 200 feet of this interval appear to have the greatest capacity to transmit groundwater.
These layers are between 5 and 60 feet thick and the logs indicate that interbedding is
common within these layers.

In profile B-B’, the top of the sand zone occurs approximately between 100 feet bgs (outcrop)
and 900 feet bgs. The base of the sand zone occurs between 400 and 1300 feet. Based on
resistivity profiles, the most productive sands appear to occur in the upper 200 feet of this
zone. However, this is only true where the upper 200 feet are present and is not the case for
well #22 (see Table A-1). At test well locations TW-1 and TW-2, the upper sand zone occurs
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between 330 to 490 and 270 to 420 feet bgs, respectively. However, consistent with findings
of the earlier memorandum, specific sand layers do not correlate between all logs. The
upper sand zone is present on all of the logs.

A.4 Discussion

West to east (downdip) stratigraphic correlations are generally more difficult to make
relative to northeast-southwest correlations along strike, suggesting that individual sand
beds may be more continuous along strike. This observation is a likely indication of the
environment in which the sediments were deposited and appears consistent with the
findings of Ricoy and Brown (1977) who studied the depositional environments of the
Laredo/Sparta Formation in South Texas. These authors indicate that in southeast Texas,
the depositional environment for the Laredo/Sparta Formation consisted of a coastal
barrier- bar sand facies. This facies is associated with a wave-dominated, high-destructive
deltaic system, formed by the reworking of channel-mouth bar deposits and redeposition of
the sand along strike marginal to the channel mouth. According to Ricoy and Brown, the
resultant deposits form arcuate to cuspate sand bodies that were oriented parallel to the
current coast line.

The authors indicate that the greatest thickness of net sands (300 feet) within the Laredo
Formation occur in a narrow band near the outcrop with a predominant orientation parallei
to strike. This band appears to encompass the entire area discussed in this study as well as
areas farther east. OQutside of this band, the net sand thickness thins considerably downdip
as the formation generally becomes finer grained.

A.5 Implications for Drilling Sites

Originally, this information was utilized to evaluate drilling sites that were selected as part
of the proposed ASR feasibility assessment. The locations coincided with the location of
water towers, treatment plants, and/or pumping stations. At least two of the originally
proposed well sites ([6] Northwest Storage Tank and [7] Jefferson Water Treatment Plant)
are in areas that do not appear to contain the entire thickness of “net sand” deposits and
may not contain any “upper net sand” deposits considered to have the greatest potential for
development. Proposed well #1 (Milmo Storage Tank) and #2 (proposed 5 million gallon
storage tank) may also occur in areas that may be missing some part of the “upper net sand”
zone. Log/well #18 (Table A-1 and Figure A-1) contains approximately 140 feet of net sand
but is located about 1 mile downgradient of these proposed well sites. Because of the greater
thickness of net upper sands in the northeast areas of the City, it was determined that the
best potential for resource development might occur at locations near the Del Mar Storage
Tank McPherson Storage Tank, and East Corridor Storage Tank and Booster Station.

References

Ricoy, J.U. and Brown, L.F., 1977. Depositional Systems in the Sparta Formation (Eocene)
Gulf Coast Basin of Texas. Transactions-Gulf Coast Association of Geologic Societies, v
XXVIL 17 p.
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Sites 7 and 12
Geophysical Logs
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Appendix B

TWDB Well Survey and Sampling Effort
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Held |dlslal sk Ve Aal i Aclalé . (/;:ﬁ')g‘
: 0
Aquifer
: ! i Wl No. B 2 B IO

930384
a0

/
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Texas Water Development Board

Well Schedule
State Well No. @ E@ Previous Well No. r l l i l I l T —l Counry
River Basin @ Zone @ Lat. EFBE] m Long. »] ? ?1 !-’3[0' 4(7‘

o2l 8 4
Qwner's Well No. M/ 7( 7 ‘?G'at.ion

lebd mr“

;?éb

1/4, _____ 1.4, Section , Block ,Survey ___
A’M’// Sk 34{/«.4«..&, 74 Caracd/
O\vneti il e EOQ& TDC.'—V- c.d' Driﬂlt! al. ) ac.. 14:& C.' Z ‘ Ii
Dl d Aty lel! 2 el div|. 7] 1REE
Address Tenant/Oper.
' Source of urce o
vwied (TBEA (716G ows [ AT owadim [B) ense [TA5TA acbum B
Aquife baredo 7z 43 T vee (TTTTT13
T i e _ratary o steel 3
\-‘ Complaton <t Hal vt stee! £ Tl e o Slonud Zone 5 |
: Open Hole (O} ]
Lifk Data Pump MFr Type _AOxe No. Scages Comented from  ©_w/ C%
Diam. Serting (Feet)
Bowls Diam. in.  Serring f.Columa Diam. in. fin . From To
fodor L a7 g /|72
Moror Mfr. Pomt Hou& D Horsepower I [ l l'l IW 2 o7 / 7!2- / ?F
Yid  Flow GPM MZ GPM Meas,Repe. Est. Daze
peormance Tax  Due 52C 2 L7 Lengthof Test p: tuion — 2L com :
Seatic Level —Fr Pumgping Level 72’& Deaawdown J GPMIft ‘
Qualicy (Remarks _ /1 Jedbe Bosta peits \'/" 2 LTET el goo ,
Water Use Primary chJccQ @'S«onduy D Tertiary D '
e~ 17 O35, @, 800000 8 DOO00;
e (3 UL e Y ..
Duce JHlJ!llilm-rllll \
Can S w/ﬂélh 't/edd? cJ!f G TS cﬂhwway ,‘ L
L ccee oF &'45 §igm . //a- ﬁé/C.C*"‘r‘ 18
ity _ e Coe v 2o BRI mew  speeeer  BI7]
remas 'L Lo b el [ 71 Ad (2l lal2led ludolele] (A2 | Aele]
L
o ’_d:jarudao.m el /9616
S0 3
S
e RN Aque
o wane STAB 303

930384
993

o ;pféﬂéj



- v > - ﬂ -
PELS | &+ { S ' 2
rile or copy with tate o Fot ues by TWDD only .
Taxss Wat.. Davelopmant Bosrd 0 OATA :‘i.l‘:: ._._-_f_'___-_}____-l_
P. O. Bom 12384, Capitol 3tatice LLERS LOG AND WELL DA REPORT 7
Austis, Tenas 78711 DRILL. L z;ﬁ&_._.nux___._,
1) vell ovmar:__ M. Pecro _,u..t.."‘ ante 14‘7 3an _Sernars Laredo  Jeras
. - —--. e
1) Lasd Owser: e, .eiro ou ﬂt:‘
[ -__.-' - ——
3) Istended weer  Indaserial{d Muaieipald 11ectgstion 8 jomer ___ZOUSE uSQ
4) Locatiom of wvellr Couaty 'vebb Labar, League Abdtract Ne.
i wip sk SEE of Secties black Ha, Saivey_

oum o momy v vo w—

A Zar acol cinel

\rr

ailes ia irection

trn___Laredo

l1iaes, and ts londmarks. resds .
ORELERS LOG OF WELL

9T I

stiniac

Method of drilling:

All seasurementcs sade from

Sketsh map of wall locatiss with distasces from two sectiom
and cresks,

Dismater of hole___ 3= tn. Dace drilled -23UST &, 1550

i fr. above ground level.

From Ta Uescripetion aad colet of Trom To Descripcion and color of
[€13] (fc) formation msterial [€13] {£t) formation ssterisl
1 3 susace 130! 130 galt wareraand
3 9 vellow candgione 1w 1172 Iray sancy saale
S 14 sel ¢ -=atersond 1721 1549 .atersend
14 3z rellorr sandstone 1544 223 “roy sazle
- 32 Xk 521t -t ersondt
52 7- cray sandy shale
12 Q- selE uaterscad
S2 110 ra2y sIndst shale (Use continuatisa sheets 1f necessary)
A T
COMPLETION DATA
COMPLETION CAS VS SCREEN
i Seraight wall(d Type:  o1diX  mew[d <
i Typ
! Coder reamad (J Cemeaced irom 1 fz.
i - Perforaced 1 Slor.udﬁ
| Gravel packad[J Lo = ¢,
Opan hole(d Dismecer | Sakti Dlametcer Setring
{inches) | from (1L} ta {fe) {inches} from (fr) o (3t
| Other LT 5.7 N - - .
70 Cade gumacd -23 Al Lz
carcify fthat chis well wes drilled by se (or under wy suparvision) and chat
ents-Kerein are true to the best of wy inowledge and belief,
2\’4 avid 2, “e la 2ruz Nog. Ba. 07
- . Compy Swas
Please acttach tlactric log, chamicai soalysis, md o partissar infermarien 1f availably.
1f vall vas tested by your compeny ar Lf vou {nstalled che parmanent pump plamse complatas the followiag:
WATER LEVEL AND PUMP DATA
Static vater leval 37 Pump type
fr. balow__ SlT=CcCe Dasigned pumping rate w0 ol
Pampiag level Type pover uait
feat Bours xom
e P Horsepowaer,
132 25
- B “=“-Depth to dowls, cylinder, Tet, ste,, ~ ° oo fe. delow pump cas
Xame of contractor testing well or ilaostailiag perwsaent pump :f other thas your comp
BS-AE-302

1 e
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_7a5- 588 (\Jot Malina_ | /%
Mot in wse - Jdd- $r9¢C ')

Cc;)/&‘ Fr "/79 QK |

e

ae

Az, Feos
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Texas Water Development Board
Well Schedule

Sexe Well No. (B0 LB (G107 | | preeviows WellNo,  LLL I T T T 1] Couny 4ebé L77
River Basin Lis Greadle 53] 740 A L. 2[7BY5E4E Long. 2773 01 s0 :: 0

(R

Owner's Well No. #' / Locatien

14, 1.4, Sectioa , Block . Survey
Owner '4%01 Sr.il«K | Driller Uin [ kin o |wla J l i | '
! !
SEENEEEE
Address 2/ 8 Mlinas M 4 780¢ ¢ m’j /Aa.% /‘14/ - /745/ ﬂ’tj;e iy
' Soumof So £
Dueited [T ][] ([7BI0]  oers 7] O Duum ] it a5, B
A I/uwwgal ] ¥ I T
Well Const. Casing
Conscucion stetd __ el [] Matera stecd &
Cani Blaak Pipe (C)
e “Screen ] el Sreen ot Slowed Zane (5
mpietion Material Open Hole (O) ‘
Lit Dara Pump ME. Type b m @ No. Saga Cemented from  __t0 __ |
— Diam. Setting (feet)
BowlsDiam. __ . ... in. Seeing ___ &kColumaDiam. __________in lig) __From To
o g € 2] /1o
Yied  Flow GPM  Pump GPM Meas. Repe..Est Date /. ’ : '
Performance Test )—"’S- ? Length of Tese Production -;-‘2'2— GPM ‘ \
%
Static Level ——ft. Pumpinglevel —ewft.  Drawdown . Sp.Cap. GPM/fr. !
Qualiey (Remarks : BN

Wacer Use  Primary Unarcl] 0D soomtsey L] Tewsy L1,
o wee (W [y] (OOO0O00 g= OOOOO"

Qualicy

I/IIJMSI‘IMHI ] e [T 1202] - L8] __goercter 71

e D Llélldﬂ[ﬂzﬁélm[ﬂ&]]-@m—o/ .,
o[ 719 V1T v [ 23] -BR] e ( i

Dar

| | 1
Roried sy L), (kes DusfmpiCinet TR [BRIE  comm
yii

raing Agency o ( i

Remarks /D] od el pr de[/ Ao |4 1.. V‘L,r‘_u.u T mﬁ
7/ ]
2M-C(J.J’OL"€<Q ‘Fe,[:Q UG |l /A3 + 5 90
3 f%af’&cc:
s Aqufer
6 Wleo.&Y-’ZS éc

s ho pheto | /
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TEXAS WATER DEVELOPMENT BOARD

State Well Number - 85 29 102 Previous Well Number

WELL SCHEDULE

- County - Webb 479

River Basin - Rio Grande - 23 Ione - 2 Latitude - 27 39 52 Longitude - 99 26 35 Source of Coords - 1
Owners Well No. Location 1/4, 1/4, Section . Block . Survey
Owner - Laredo Country Club Driller - Woods Drilling Co.
Address Tenant/Oper.
Date Drilled - 10/04/1993 Depth - 800 ft. Source of Depth - D Altitude - 532 ft. Source of Alt. - M
Auifer - 1281RDO LAREDO FORMATION Well Type - W User -
WELL Const. Casing
CONSTRUCTION  Method - HYDRAULIC ROTARY Material - PVC, FIBERGLASS, OTHER PLASTIC | Casing or Blank Pipe (C)
Screen | Well Screen or Slotted Zone (
Complet ion - PERFORATED OR SLOTTED Material - PCV, FIBERGLASS, OTHER PLASTIC | Open Hole (0)
| Cemented from to
LIFT DATA -  Pump Mfr. Type - SUBMERSIBLE PUMP No. Stages | Diam. Setting(feet)
| (in.) From To
Bowls Diam. - in. Setting - ft. Column Diam. - in. |
¢ 6 0 440
Motor Mfr. - Fuel or Power - ELECTRIC MOTOR Horsepower - 2] S 6 440 660
jjo 5 660 800
YIELD Flow- GPM  Pump- GPM  Meas.,Rept. Est- Date- 4]
5|
PERFORMANCE TEST Date- Length of Test- Product ion- M 6]
7|
Static Level- ft. Pumping Level- ft. Drawdown- ft. Sp.Cap.- PN/ ft 8{
9|
QUALITY (Remarks- 10|
11}
WATFR USE Primary- IRRIGATION Secondary- Tertiary- 12}
13|
OTHER DATA AVAILAIBLE Water Levels- M Quality- ¥ logs- D Other Data- 14|
15|
WATER LEVELS Date- 10/04/1993 Measurement - -65.00 6]
Date- [ / Measurement - 17|
18]
Recordegl By Date Record Collected or Updated- 11/05/1996 19§
I
Repertlm ﬂgency TEXAS HATER DEVELOP!ENT BOARD ) .
am\ms T " R
- Measuréd yield 280 P with 1oo’""q e
. . feep drawdown after,ptmmg 2 hours' n e
- m»;lm.ee-ewbedfmotomam ’
340 -to 440 feat. Pusp set at 420
feat.
n§
L0
Y, TN <t
R
©

. Mquifer - 124LRD0 -
Well No. - 85 29 102




—

State of Texas .?it_ﬂ“laql!-'ld
\-l& WELL REPORT .......waﬂﬂjﬂa
. j !
'] )

\.%EFF

¢
Aons.:ozo..iﬂ.r
£7) _ miesin D‘w_m NZB»» direction rom Dn nnm
(NE, SW, sc.) own}
Q!’lg?{gg;g!nggio SBCtion of survey s, or he Must locats and idendily the wad on an ofchel
Quarter- or Halt-Scals Texas County Genaral Highway Map and atlach the map (o this form.
J LEGAL DESCRIPTION:
SectionNo. ________ BlockNo. ______ Township Abstract No. Survey Nams
Distance and direction from two inkersecting secion or survey Inee
#f sex ATTACHED MAP
3) TYPE OF WORK (Check): 4 PROPOSED USE (Check): 5 DARLLING METHOD (Checkk O Orven
o New wos O Despening Coomestic Clindustiat  TlMontor O Public Supply ' Mud Rotary O A Hammer 0 Jensd [ Bored
O Reconditioning [ Piugging Buigaon OTestWet Oinecion (] De-Watering OarRotary (0 CatleTooi [0 Omer
® WELLLOG: TRAMETER OF HOLE 7) BOREHOLE COMPLETION:
Date Drilling: ~ n) | Fromin) To () A Open Hole Duiu_.z..
m!E.th.hl_omw-mp\h Sutsce | o b0’} O Gravel Packad Eo-!pbbklﬂmlmrh.bl.ll
Compisted NEII%MMW.&: Lo 800" ¥ Gravel Packed give intarval .,
Fom)  ToMm) Description and color of formation material 8) CASING, BLANK PIPE, AND WELL SCREEN DATA:
O — | (@Y O | o | Pet: Sotas ae DB e
/] = 2o ﬁ.muum&;_th w\h.\\brp (n) | Used mﬂc!‘?-é From To Screen
- R 2 iy QEEJK O |40
B W PNt Py a2 al 34"
=
OATA [Rule 207.44(1)]
\ wom D Lo TLO N No.otSeckaess LE
\V/ 20 Mo O N NoctSacksVesd 2
12) TYPE PUMP: LI n!!_.mi Llonds Qcrtling Cn
O Tutiea O um &\mﬁa!.et O cysinder
ATUR ey IV .
O oer — vaufyﬂc,. coR
Depth 10 pump bowds, cylinder, jet, ec.. NUD mQmem ] Speciied Surtace Siab Installed  [Fule 287 44(2XA)]
S Speciied Swel Sieeve instaled  [Rule 287.44(3XA))
14} WELL TESTS: [ Prtess Adapier Used  [Fule 287 44(3)(B)]
Type Teat &vﬂ.ﬁ O Beder Ouetes O Estimamwa 0 apororsd Adamative Procedurs Used  {Rule 287.71]
= *
Y IO pmwih LOS. R dawdown after T wATER .
15) WATER GUALITY: Smichve G4 fbsowiendsutace Duw £9=-¥-F3 |
Did you knowingly penelrais any strata which contained undesirsbie Adesianfow __Jiloare. . gom.
congituents?
Oves o ;nb.i.n.n.vomqomﬁ SIRABLE WATER" 12) PACKERS: Tyve Deoth
Wasa a!zn._tiitasno Qv azo

gggcﬁitﬂ&!u«a‘.ﬂﬁ&liiﬂék&&!il&lagggsglzgﬂagii understand
~at falure 10 compiete Aeme 1 thiu 15 will esult in the iog(s) being retumed for completion and resubmitial.

OMPANY NAME [ VDD P Y :n. Rp&n &= WELL DRILLERSUCENSENO. _2 2 2~ /) @ bn

.DDRESS OU m\ Yo ~00 bocedo . 77X ZEoYY
(City) {State) )

(Signed)

{Regisiered Driller Traines)

lease altach log, chemical snalysis, and other pectinent indormation, if available. For TWC use only:  Well No. Locaied on map

#C-0198 (Rev. 05-18-50) TEXAS WATER COMMISSION COPY 35-2% /o2 X
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Water Quality Field Data

SWN: L5279 (o2 Sample No.ﬁ@-oé
County: Webb Name: Jar o C’ounr/r/ Club Date: [2-3-96
Aquifer(s): Lovedt Address: /45 Couwdyy Club [ By: J. . Derron
Lareds TX
/}+ & owner's well # /
Bottle1 Bottle 2 Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Total

X (2 SUB-

500 mi liter 250 mi 1 liter Samples

-AnioRs MSS Nitrate Radioactivity 3

o m 0.5 ml 2 mi Al filtered
[ mi] H H SO HNO unless other-
/IO (Hite} (Sulfuric) (Nitric) wise stipulated
Time in Starting pH
Water Level Y77 LsD  Remark Noewtry | Time out Sample time /& <X O - mlof 0.02N to
Temperature (00010) 2?'}‘/ c Weather welluse /K @ ) —_____ ml ol Sample
Specific Conductance (00094) 2 % 30 umhos/cm|Outside Temp 7/ Ending pH
pH (00400) 557 Sampling point
Eh (00090) mv. Time: /60 |/6/5|1CA ml. m. lph |ml. |pH
1enol ALK (82244) /Y mgn pH: |858[R.4| 85T

Total ALK (39086) - 220 mg/ht  |Temp: 2¢4 29,3129 .4
Carbonate (00452) megl L. 5 mght |En
Bicarbonate (00453) meg) 254, FmaNl  |Cond. [Rélo|24|R 830
Total Cations(+) " other notes:
Total Anions () /602 )0 emp onN
Total Hardness (00900) /0 (well fergea 3times m) 5m wX
Dissolved Solids /9 |




Water Quality Field Data

SWN: 8E5R9/02 Sample No. 4R -06
County: \Wyy, | Name: / g r 2o (;’aagfrk (f///é Date: /2-3-7&
Aquifer(s): Lareds Em. Address: /54 5~ o udvy Cle s Dr. By:./. Dbrﬁ)/\/ ,

: Larego X
owner's well #

Bottle1l Bottie 2 Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Total 1
b? /4 : - sSuB- 3
500 mi 1 liter I [iter 1 liter Samples
I mi
HNO3 |
(Nf/‘flc) , 4/0%'(’/74)/3)\" !
DN Timein SartingpH |
Water Level LY/ LSD  Remark Time out ' Sample time /% éZ & ml. of 0.02N to
Temperature (00010) 27, ¢4 ¢ Weather well use /RL . ______ ml. of Sample
Specific Conductance (00094) R ¥ 3D umhos/cm|Outside Temp EndingpH
pH (00400) 357 Sampling point ._D/c4q/'ze, Dipe
Eh (00090) mv. Time: |/4ol/brsl/bzd m. lpH |m. [pH . |pH
Phenol ALK (82244) mg/  |lpH: & z3|8¢ 18.57
Total ALK (39086) mg/l  |Temp: | B¢ {27 3254
Carbonate (00452) meg/t mg/| Eh:
Bicarbonate (00453) meg/ mg/l  [Cond. [0l ¢ 283
Total Cations(+) other notes:

Total Anions (-) J608 pump o
Tolal Hardness (00900)
Dissolved Solids







TEXAS WATER OEVELOPMENT BOARD

WELL SCHEDULE
State Well Number - B5 29 203  Previous Well Number - County - Webb 479
River Basin - Rip Grande - 23  Jome - 2 Latitude - 27 35 50 Longitude - 99 25 05  Source of Coords - 1
Owners Well No. Location 1/4, 1/4, Section . Block ,» Survey
Owner - Enron 011 & Gas Co. Driller - Richardson Water
¥well Drilling Co.
Address Tenant/Oper.
Date Drilled - 01/02/1981 Depth - 483 ft. Source of Depth - D Altitude - 499 ft. Source of Alt. - N
Aquifer - 124LRD0 LAREDO FORMATION Nell Type - W User -
WELL Const. ] Casing
CONSTRUCTION  Method - HYDRAULIC ROTARY Material - STEEL | Casing or Blank Pipe (C)
Screen ] well Screen or Slotted Zone (
Completion - PERFORATED OR SLOTVED Material - STEEL | Open Hole (0)
| Cemented from to
LIFT DATA - Pump Mfr. Type - SUBMERSIBLE PUMP Ko. Stages | Diam. Setting(feet)
| (in.) From To
Bowls Diam. - in. Setting - ft. Cohmn Diam. - in. |
11c s 0 189
Motor Mfr. - Fuel or Power - ELECTRIC MOTOR Horsepower - 2} s 5 189 231
3Ic 5 231 420
YIELD Flow- &M Punp- PN Meas. Rept. Est- Date- s 5 420 483
5]
PERFORMANCE TEST Date- Length of Test- Product ion- L I
7
Static Level- ft. Pumping Level- ft. Drawdown- ft. Sp.Cap.- P/ ft 8]
9|
QUALITY (Remarks- 10§
11}
WATER USE Primary- UNUSED Secondary- : Tertiary- 12|
13§
OTHER DATA AVAILAIBLE Water Levels- M Quality- N Logs- D Other Data- 14}
15§
WATER LEVELS Date- 01/02/1981  Measurement- -90.00 16|
Date- 12/03/1996  Measurement- -71.20 17{
. 18]
Recorded By J ; DQ:-YZOAZ Date Record Collected or Updated- 12/03/1996 19]

:ml?m—mmmmmm ”7/=7—5/ 01('645/4/7

Umused industrial well. Measured i /
yield 50 GPM in 1981. 2‘4

et/ Wa,ﬂw-:r"vc. at- s Yome.
Loell Near 9as produethov toedl w2z

Aquifer - 124(R00
¥ell Ro. - 85 29 203



Stats of Te For TOWR use only

Sand originei or :
ihed NN -— - E
| :‘.:-:n Onr::rm'u... of Wacer Resoyrces WATER WELL R. J.. . Weil ::on‘: ,zz z
| 5.0 8ox 13087 ATTENTION OWNER: Configentiality Priviiege Notics on Reverse Side bty ""—‘4&:—‘

I Aumm, Toxase 79711

EWrWN D ¢+ Gas (e,

1 owner __Amoco Production Co, . Addron Ri-e-INIINCTIRS  TrTrOrefreroth o 0
(Cley) {Srate) (¥ 47-1]

| IName) iBtrest or AFD)

d LOCATION OF WELL:

county _NObD 6 males in N, B giesetion trom ____LATOdO
(N, 3W, mc) (T
Killdien & Hoard = Amocn Weil # B =1 b
O Legal dmcrpiion:

| Ordler mus compinte the legal description to the right b’ Na. Block No. Ti

with distance and direction fraom two intersacting sec-
{ tiom or rarvey |ines, o he Must iocete and identify the Abstract No. Survey Name

wett on an otficisl Quarter- or Half-Scale Texas County . . .
| Genersi Highway Map and sTisch the map to the form. 0 nd & from two . or murvry lines

2 Sow stiached map.
B TYPE OF WOAK (Check}: 4] PROPOBED USE (Cheek): 5) DRILLING METHOD (Cheeh):
ENewe Wit Qo 9| ®p i O industrist O Public Suopty & Mud Rotary O Air Hommer [ Driven (] Sored
O Reconditioning 1 Prugging Qirrigation O Testwell OOther | Cawfomy O Cidie Toot Tlewed [JOwner
6 WELL LOG: DIAMETER OF HOLE 7 BOREHGLE COMPLETION:
- £
Dia. (in.} ram {f) To i) £] Open Hoie CEStraight Walt €] Underresmad
| 63/L | e 48] | Ot Packed, O Other
Dweavitied _1/2/81 1f Grawel Packed give intervet . . . from f.t0

firom a2 Duwscription snd color of formation 8] CASING, BLANK FIPE, AND WELL SCREEN DATA:
0 - 4 Burface Soil E:, N;. 2::! ;l:::n'cd.'e.z::c.. ' Secting (fe.] CC;.
4 = 15 white Sand & fine gravel Usea|  Screen Mgt f commercut Fom | To S
115 = 20 Rust Shale & gravel Set slots from 1897 t_,le'u
120 ~ 42 Rust Shale w/black fine sand and from 420 to L83

142 = 72 sandstone w/gravel

{72 = 104 gray shale w/gravel streak

{204 = 124 gray shale
1121, = 1,5 blue shale w/gravel streak

145 -~ 197 blue shale
1197 = 207 blacksand

1207 - 227 black sand CEMENTING DATA
227 - 24,8 blue sandy shale c from f.w
248 ~ 268 blus shale w/sandstone Mathod used
268 - 351 blue shale Cemented by
351 = 371 blue sandy shale (Company ar individuer
371 - 391 blue shale 9} WATER LEVEL:
1391 - L4lJ blue shale sandy Static levwi 90 1. pelow tand mrface  Dare
Lbd = 454 black sand Artesian flow __________gom. Oste
454 ~ LT72 black sand
‘L72 - 1+79 hard sand black 10} PACXERS: Tvoe Depth
%79 - 481 black sand Rubber Neopreme 188 & 419
11 TYPE PUMP:
Q Turbine Odet & Submerubla C Cylinder
O Other
{Use raverse side f necessary) Ospth 1o pumg bowis, cylinder, jet, eec., = ft,
13) WATER QUALITY:

Qid you knowingly penetrate any strata which contained undesirabie 12) WELL TESTS:

;.::.,mu;nvf;EPon;o‘?unnesmAax_e WATER" = Tvoe Tes: =Pmp  —Bauer  Fiews I Emmive

Typeofwarer? __________Depthofseraa Yieid: 50 apom with f1. arawdown after ____ hrs.

Was a chemical anaiysis maae? Z Yoy J No with 315' Of n air line.

| hereby certify that this weil was drilled by me (or under my supervision) and that
sach and aif of the statements herein are true 10 the best of my knowiedge and belist.

NAME Jesse N. Richardson ‘ Water Well Driliers Regi n No. 1679

Tvpa or Prine}

ADDRESS 808 Lincoln Alice, Texas 78332

{Seate) (Zio}

[Street ar AF D} /' iCity)
/7- (4«4‘1/'/*"1./ nmmmmmmi Lo, Inc
iCompeny Namat v

1Water Weit Oriller)
Please artachClectric 109, chemical analysis, and other pertinent information, if avsilable. gs - ? - 2 5 3
TOWR G392 (Aev. 1-12:79) OEPARTMENT OF WATER RESOURCES COPY

{Signed}
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TEXAS WATER DEVELOPMENT BCARD

WELL SCHEDULE

Aquifer

LA T Field No._ _ _  _ _ _ _ . __ e sr.r..w.nNa._&S_:.zf:_EQ ———— \/

Owner's Well No. _ _ _ _ __ _ _ ____ Cuz‘.y___;'__’_)_b__

I T
1. Location:_ _ _ 1/, _ _ _1/kSee._ _ _ _ _,Bleek _ _ _ _ _ __Swvey_ _ _ _ _ _ _ _ . _ . _._____ [ |
[ S r -~/ . ~ ’ . PR I
_.g.az.._'i.'... _;.“_-l,.:_':_‘-?_'-ﬂég;’- ___________ fm e m—m = e o o m — — - — o — + |_ +—
i1 . = ] P , R
2 ower f§204 80 CATTE Lo oL o s Do xol o il ) !
: - = T T
Tanmt:________’_____________________.Add;us:_._____________________ _ | |
S SRNC I o NENE TR /) S 7 R E Y. = S A PINSUU shad shats st sinbs
- - - - - l
3. Elevatim of _ _ _ _ _ _ _-.—4.[__-_-_--1”__%';&-.“- ttove msl, d‘“‘"-‘m““’?._-;_‘_{f_r_;w_-_..; L |
T
. 4 -~ Q B f
k. Drilled: _ _ _ _ _ .}_/- /8 _ 15 ¢ 0_s pug,feante Tool, Rotary, _ _ _ _ __ ———— EASING & SLANK TTE
- -~
S. Depth: Rept._ _~_ _ 3 _ _ft. Meas._ _ _ _ _ _ ot Cemented From 4 __ ft. to__ [~ 2.
g_.-..\_____ Dian, Type vefting, ft.
6. Completion: Open Hole, 131._%" Underreamed, Gravel Packed _ _ _ _ _ _ _ _ e o (i=.) From to
7. Pump: Mfgr._ _ _ _ _ _ _ _ o e e Type_ _ _ _ _ e e - ;s
. ; -"‘ - . 1} + .
No. Stages_ _ _ _ _ , Bowls Diam._ _in,, Setting __ _ _ _ _ ft. A SR b= —_ - é'_\
Column Dlam._ _ _ _ _ _ _ _ in., Length Tailpipe _ __ _ _ _ _ _ f4 [
8. Motor: Fuel _ _ i 3w _ - _ _ _ _ Make &Model _ _ _ _ _ _ _ _ _ __ __ WP, _ _ _ _ o ___1_ -
_______ I g

9. Yield: Flow_ _ __ _ e, Pump gpm, Mesas., Rept., Est._ _ _ _ _ _ __ ___ ———

10, Performance Test: Date _ _ _ _ _ _ _ Length of Test_ _ _ _ _ Made by _ _ _ _ __ __.___ r_ __________ RN DN S
Static Level_"r—_"‘_ _ft. Pumping Level _ _ _ft. Drawdown__ _ _ _. £t 1
Production _! S e __ _&m

. — - - . : - 5
11. Water Level: Z/- 3 ‘flrt. S AL JAar br Ae T & 3 0 which is 2: £3 g, surface.
——— -——— meas o — - — == - = Tows — . - e T L e e = e - - - -—_ - - - he
I é_f{-[)'_’n"ﬁ_ LY, A . oo e Jveioh st 20T surpsce,
below
. . 19 _ sbove : __ _ _ which is £t, 3BOVe gynface.
- —— meas,~ = = — = — T T "below ~ T T T - T e e m e s — e s ma == T T A - - below
£y, Topt. 19 above_ _ _ _ _ _ _ _ o _______ e which 18 _ _ _ _ ft, 890V gunpece,
------- Redugintn Meas.~ = = e = e e T T T S - below

12. Use: Dom., Stock, Public Supply, Ind., Irr., '.-Jatarflooding,kﬁservatio Not Used, _ _ _ _ o _ - - e o e e e e e

12, GQualityr (Remarks on taste, odor, color, etc.) _ _ _ _ _ _ L _ o o o e o e e e e e e e o
Temp. 7/ °F, Date s led for snalysis 9“3 ‘- . -

Tew._Lb T apled for snalysls ¢~ _ o' — WELL “SCREEN g
Temp._ _ _ °F, Date sampled for amalysis_ _ _ _ _ _ _ _ | icreen Openings |

Dism. Type sSetting, 9. i

Temp._ _ _ °F, Date sampled for analysis _ (4=} from <2 |

T |

14. Other data available as circled: Driller's Log, Radicactivity Log, Electric Log, I
Formation Samples, Pumping Test, _ _ _ _ _ _ _ _ _ _ _ e e o e e e e e e e - —— T B [ ?‘"‘:"'

15, Resord By _ _ . e e mmm————— Date_ /' _ .. __

16. Hemarks:

S Opstey)

TWDBE-GW-49 (Sketch}
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Water Quality Field Data

SWN: RZE 2930/ Sample No. /7 -05~
County:  \Jepp _ name: £ /o2y Cadblee Co. Date: /3 -3- 94,
Aquifer(s):  Lareso Fr/ Address: £ Roy #59 By: J. Dervon
Laredo Tz
owner's well #
Bottle1 Bottle 2 Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Total
A C SUB-
500 ml 1 liter I {iter 1 liter Samples
I m| I fitte
HNO3 un other-
(/Vr@:,) 4/ 07[1(/ V{'k/azw stipu
Time in Starting pH
Water Level éﬁ 4 ($LSD  Remark ﬁé; Time out Sample time /f: 35 _____miof 0.02N to
Temperature (Ob010) 7, é c Weather well use szfgzg ) ______ ml of Sample
Specific Conductance (00094) BSOS L umhos/cmfOutside Temp Ending pH
pH (00400) B, 34 Sampling point £ ve e 4Y tv e/l
Eh (00090) mv. Time: |/</psl 140 /2| a5l /20 | /o 2 v, m. |pH |ml |[pH
“henol ALK (82244) S man | 185157182818 23 33| 734
Total ALK (39086) AREO man  |remp: |26.8|26 AR7.0|27.0|22.51272.6
Carbonate (00452) meg/ f - mg/i Eh:
Bicarbonate (00453) meq ZAR{ mg/l  |Cond. |so| S0zl 5070507 |5080 | 505
Total Cations(+) [ { other notes:
Total Anions {-) P vmp oN 1400
Total Hardness (00900) 20 clovdy 19420
Dissolved Solids 3/00 pumped off at14 30
T Estmared yreld S22/







Texas Water Development Board
Well Schedule

State Well No. llilﬂ_] 4o |1

PreviousWellNo.‘ [ [II I[] ] County WEAAR

River Basin R10 G2AWIE [A3]  zone @] Lat EFIEEIEE] Long. [ AR BEIIE %o [

Owner's Well No. Location 1/4, 1.4, Section____, Block » Survey
owaer LI2IH IV M4 W] W prer|j22101S | W RII1L L |06
210 - 726-47 7/
AﬁeﬂMMM 78241 _Tenanvoper.
Source of

Date Drilled [} (013 2] [1]q[8]8]

Depth .na. Depth Datum @ Altitude

So f
Alt. Datum [

Aquifer LLLELT] T Well@ User | | [TTTT]
Well Conast. Casi
C:nstructioan:;od "YOEA')L’C .QOT . MT::r?al PVC El
Casing or Blank Pipe (C)
Sc
Completion ~QPEN Matorial (]| el Seroen or Sloted zone )
Lift Data Pump Mfr. Type SUAM No. Stages Cemented from!¥0 to 340
I— Diam. Setting (feet)
Bowls Diam. in.  Setting ft.Column Diam. in. in) _ From To
" Fuel s 5 o X4 o
or -
Motor Mfr. Power ELECTRIC IE HorsepowerLJ I hrT } z o] |45] 24o] SBlep
Yield Flow GPM Pump GPM Meas. Rept., Est. Date s
Performance Test Datewl—gﬁl,ength of Test-g—HLS— Production —30——— GPM ‘
5
Static Level ft. Pumping Level ft. Drawduwnl-‘jo—ft. Sp.Cap. GPM/ft.
Quality (Remarks .
Water Use  Primary D Secondary___ l:l Tertiary D 8
et Lot M gy 1 o UL 5 UOICIO0
pae ([0 [([ABB Meos [ | 19151+ L L] )
iw:vt:;;Date [@'@ m Mea.s.l | I?IB_J ¢ I—l—_]l 2
pate [ [ LTI fsens [ T T ] ][] s
14
15
Date Record Collected 16
weanieazy (1K AanE It R ———
Remarks !
2
3
4
5 L Aquifer_________
6 A i well No_ 42 -9 40|
920023 L\

9951



Pleass . b ik,
oy eevlr State of Texss Water Well Drillars Boary

Send orm.. .. (-]

ried i o e WATER WELL REPORT #.0. B 13087
i Watey Austn, Tenas 78717

’.‘O. ..‘fl' ‘m;’ﬂ" ATTENTION OWNER: Confidentiaity Proviepe Nouce on Reverse Side

ToJ ONE BAnm
11 OWNER A.R.L.A. Pams Address 200 D Nept X L1

IName) IStrest or RED) gitvi iStarn) (Zint
2 LOCATION OF WELiga 1y 0 City ed
County mileg in dirsction from
INE.Sw _wrc) {Towni

2 Leget deatngton:

Drilier must cOmMpietn the 14g8I JeCTiDLGN 10 the 71gnt Section Na. Block Na. T

with cistance #nd direction from rwo (nterecTing sec-

non or survey iines, Or he Must |locate and dentify the Abutraet No. Survey Name

wait on an officisl Quarter- or Hait-Scaie Texas County

Generat Highway Map and attach the map to ths form. Distance and direcion {rgm Twes LVirsecting sectdn OF Survey (nes

5 Ser rvaches map. aNng8s -37 -3

3) TYPE OF WORK (Check): 4) PROPOSED USE (Check): S| DRILLING METHOD (Checit): O orven
New Well O Desoening | T 0omestic Dincustris OMonitor O Public Suonty Mo Rowry [ Air Homeer [JJeted T Boret
D Reconditioning [ Plugging Dirrigation T Test Weit Oinjection O Othar @ air Rotary D cable Toot  COter
8 WELL LOG: DIAMETER OF HOLE 71 BOREMOLE COMPLETION:
Date Drilling: Du.fin) Fromift)  To(fr) %3 Oten Hole 2 Strasght ‘Wall 0 Underresmed
Started 10-19 o 88[6 3/% | sumer | 1000 [ Gravel Packed Mowe _Lased to 240°
Compieted . L0m22 19 88 It Gravei Packed grve intarvat . . . from ft. 10 .
’:;‘:"," (L‘_’] . Oescription ":.“::I of tormation 8) CASING. BLANK PIPE, AND WEL L SCREEN DATA:
o 6 Caliche on ol Bl | e o
Tr—mﬁﬁe_ﬁmr__ Used Screen Mgf., i commarcial From _[ To Scree
02 230 Shale Gray T [ FVC Plainm T 250

236 280 Tand Gray Ashite - —Upen cR=300

D o
neU T Jivwil J

"Flug set J00-34C

9) CEMENTING °‘§ﬁ-o [Aule :nfgsbil
Camented from ft. © f1. No. of Sacks Uwd
—Io-

BaSReT, PIUE '&“‘Cﬁ"@{xﬁ%i’ﬁtﬁp
'f: Woods Drilling Ce., —oravity)

16) SURFACE COMPLETION
O Specitieg Surtace Siab nstailed [Ruie 319.441c:]
O3 Pitless Acapter Used [Pule 319.44{d)]

G 3 Apcrowed Alternstive Procedurs Used [Rule 319.71)
o LD
0 } _‘! U ] 10 warer Levew
Y ag = 95 10-22-88
el erp 19187 Stanc (e f1. Delow tand turfece  Date—
- Artesisn flow em. Oate
» ‘.“.%.‘.‘Q.L;q 12 PACKERS. Type Oeprn
tghed WATERVE fione
13} TYPE PUMP:
O Turbine O sar A= submaersibie O Cytinaer
n
O Otner IRy
(Use reverse side if necessary) Oepth 2 pump bowls, cyiinder, at, ete., 1.
15} WATER QUALITY:
Qe you knowingly penetrate any strats which contandd undetirable 14) WELL TESTS:
water? ] Yes = VIV — - -
Type Tes:. - Pump — Barer & Jerzea - Estmatea
1f yes, submat ¥E TLOF UNDESIRABLE WATERY -
Tyoe of water? _‘;%:s.f;___ Depth of sirata M__ Yeela _,,3_0_ gom with 2 /7 tt_drawaown after _2__ hes.
Wit 2 chemical analyss mage? L Yes No

| hare by cartity that this weii was arilisd By me (ar unger My Jupervis.on) and that sach §ng all Of The ILATEMENT NATEIA TE [TLE IO the DEIT L1 MY
kAQwiadge ang Delaf. | understand that failure t0 complete tams 1 thru 12 wejt resuit .n "he iaglt) Beng returned for comoisnian ang reILLMITISl

COMPANY NAME __ __ - _—-T-_~ ' - . Water Well Oriller’s Licsnse No. Ay VJ

{Typa ar #riac)

f

T A Al

ADDAESS _© o -=TF T :
‘Streer af AF DI (Crty) +Sate) ‘i
(Signed) {Signed)
ater il Drilige} (annw.d Drilgr Trained)
Please aptach o emical anatysis, and other pertinant information, if avadable.

S
%0392 (Awv. 08-10-85} TEXAS WATER COMMISSION COPY
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Water Quality Field Data

SWN: 3529 ?/&/ Sample No. 409 -07
County: \webb Name: /o W Date: / 2 - 4 - 7&,
Aquifer(s): Laredo Em Address: Ve By: | Z) ervon
Laredogx
owner's well #
Bottiel Bottle 2 Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Total
SuB-
500 mi 1 liter I liter 1 liter Samples
I ml 4
HNO3
(Niteie) | /szf/ﬁ/g)
- = Timein StatingpH __ |
Water Level 73./ LSD  Remark %f,.;, | Time out Sample time (dzb— ml. of 0.02N to
Temperature (00010) R7. 3 ¢ Weather well use _Dgﬂé ml. of Sample
Specific Conductance (00094) R R/ umhos/cm|Outside Temp Ending pH
pH (00400) Sampling point Cave e AY- coed/
Eh (00090) mv. Time: |/0z5/030| /035 Voo | iofsT/aslm. |pH | ml. {pH | mi. [pH
henol ALK (82244) 24 mg/l pH: $74|8.8/|8. 48 351X .

Total ALK (39086)
Carbonate (00452)

Bicarbonate (00453)

Total Cations(+) éiz_ other notes:
Total Anions (-) '00/’// oN /OZ2Z- 3 -2 «
Total Hardness (00900) & /0 ) = [ 7> -
Dissolved Solids (320

276 mgr Temp: |27./12/2|272.3|22.3|37.3|87.3
meg 2&.€ mg/t |Eh:

meqh 275 5 mg/l  |Cond. |u2olr/bol=i80 |2/90121590122/0







TEXAS WATER DEVELOPMENT BOARD

WELL SCHEDULE
State Well Mumber - 85 29 402 Previous Well Number - County -~ Webb 479
River Basin - Rio Grande - 23 Ione - 2 Latitude - 27 34 53 Longitude - 99 29 27 Source of Comrds - 1
Owners Well No. Location 1/4, 1/4, Section « Block s Survey
Owner - Dr. Emrique Benavides Driller - David E. De Lz Cruz
Address 0 4 rege Tenant/Oper.
Date Drilled - 12/11/1975 Depth - 300 ft. of Depth - B ‘Rltitude - 480 ft. Source of Alt. - B
Aquifer - 124LRD0 LAREDC FORMATION . Well Type - W User -
WELL Const. Casing
CONSTRUCTION  Method - CABLE-TOOL Material - STEEL | Casing or Blank Pipe (C)
Screen { Well Screen or Slotted Zone (
Completion - PERFORATED OR SLOTTED Material - STEEL | Open Hole (0)
| Cemented from to
LIFT DATA -  Pump Mfr. Type - SUBMERSIBLE PUMP No. Stages | Diam. Setting(feet)
| (in.) From To
Bowls Diam. - in.  Setting - ft. Colusm Diam. - in. |
1jc 7 0 185
Motor Mfr. - Fuel or Power - ELECTRIC MOTOR Horsepower - 2] 7 185 205
3jjc 7 205 230
YIELD Flow- GPH  Pump— GPH Meas. . Rept. Est- Date- 4 s 7 230 252
5ic 7 252 300
PERFORMANCE TEST Date- Length of Test- Product fon- M 6]
7
Static Level- ft. Pumping Level- ft. Drawdown- ft. Sp.Cap.- P/t 8|
9]
QUALITY (Remarks- 10|
11|
WATER USE Primary- UNUSED Secondary- Tertiary- 12|
13|
OTHER DATA AVAILAIBLE Water Levels- M Quality- N lLogs- D Other Data- . 14
15|
WATER LEVELS Date- 12/11/1975  Measurement- -76.00 16]
Date- [/ / Measuresent- 17|

18|
Recorded By . l . Z )g‘tﬁ AZ Date Record Collected or Updated- 12/05/1996 19§

|
Reporting Agency - TEXAS RATER DEVELOPMENT BOARD .
REMARKS - vy 77 Tape e/ wot Lol Free.
Unused domestic well. Measured
yield 25 GPM with 125 feet draw-
down in 1975. Cemented from 0 to
180 and 259 to 270 feet.

porng woperahre .

Aquifer - 124LRDO
Well No. - 85 29 402



Send original copy by
cartified mail to the

Tenas Water Development Board
. 0, 3ox 13047

Auscin, Texas 748711

$tate of Texas

WVATIR WELL RETORT

4
Por TWDB use oniy
Yoll BNe. .37 “
Located on aap_ . - -

feceived: E:’_T——

1) ONNER
Persom haviag well drilled __}r, Jgas Mamn “M-'_".'ZJ_Liaim__i_J.;nL?_‘."m;_
[ ) {Street or LFD) (Cify) (3cate-
Landowner, n . * Mdrens " "
(Bama) (Street or D) (Ciry) (Scate:
2)LOCATION OF WELL:
County e » L uilss ia direction from Larsis

A
(X, S0, ete.) TTown)

hivey oumber, ste,*
S

A

L2

(Use revarse stide if nacessary)

Locate by sketch map shoving landmarks, toeds, crukl,/

North

T

or

Give Lagal locatton with distances sad directions from
adjacest sectious or survey lices.

Ladboe
~“ Slesk

Lasgue

Abscract ¥o.

(W% ETk SWk 3Z%) of Sectiem

J)TIIE OF WORR (Chack): 4) PROPOSED UK {Check): S)ITYTE OF VELL (Chack):
Nev Hall x Despacing Domestic Industrisl mnicipal Rotary Drivea Dug
Reconditioning Plugging Irrigetion Test Well Other y Cabls Jetted Bored
§IWELL LOG:
Dimmater of hola o = in. Depth drilled *° ft, Dapth of compleced wall Einle} ft. Seca deilled 5 <
All measuremsncrs made from Q ft.above ground level.
Trom To , Description and celor of $) Casing:
(fe.) (fe.) formacion marsrial Type: 0l4 x Sew Stesl x Plascic Ochar
1 Z  .r.vel 275-27rwwaster sa1d Comaated from tr.vo __o_ - :
“gia“ TR
2 35 yellew sani steas 295.3°0-;riy clay amater _Saccieg
. {iochas) from (fe.) To {ft,) Gage
35 1@e :ray maady saale - - e
- . - 7 8P, 1 Tte acave surfics o7
j2¢ 13¢ wster saas
L1386 1ed Ta7 saniy iaale
1ad 173 water ga3ad 10) SCREEN:
e
b b Anl § L1 =37 ss0iy ahzla
A hd Perforated Sloctad 2
16 252 oatap mgaq
Diameter Secring Sl=t
208 T3 a2y gaady asls (ioches) From (fr.) To (fr.) Size
AL Z-2 . watRT %.'d ril 3% o=
222 272= L8y 338iy Agzia 2l
(Use reverse side {(f necessapy) .
LT CMPLITION (Check:: i1y WELL TISTS:
Straighe wail Gravel packad Other Was 4 pump Cast nade? Tes N {f yes, by wrom!
Undar Teamad Open Hole
Yiald: spm with fr. drawd after At
8) WATER LEVEL:
static level a £e. delow land surface Jace__:. - - 7% Jaller tesx_ _ - _gpm with_ 1= fi.irawdown attet
Arcesian prassure ibs. per squars inch Date Artesian Ilow spm
Depth to pump bowls, cylinder, jec, atc., F{ Tesparature of water
balow land surface. 12) WATER QUALITY:
Was & chemicsal analysls made? Tes X %o
5id any straca sancain undesirable vaces? Yes e
Type of water? bt depth ¢ scraca_ -
I hereby certify thac this well was drilled by me :or under Iy supervision) aad thac
asch and ail of the stacemancs herein ars trie 0 the best 3f By knowledge and belief.
E NAME ] P e e e Lt Wacer well Jrililers egiscration No. 2
lype ar Priac) .
e - : )
ADORESS o el aTce - - Lﬁarc/ / Taz =
proes s (!?n or AFD) / / %, - = -——7 (Ciey)-— - —-4Scata) . -
(Signed) e et & (Cf-r iy T T s

(Watyf Well Defllek) | /

1 Company ana}

*Additional Lnstructions an reverss side.

Plesse attach electric log, chemical analysis, ‘and other pertisenc informatiom, Lf available. g 5__ - 7 . 40 —Z



o~ 4E

File orl, . ¥i. Scate of Taxas Ffor TWDB uee oply :
Taxas Watar Development Baard VATER VELL vall b._ﬁialf'_Li :
7. 0. Box 1)087 CONPLETION AND PLUCGING REPORT Porm GM 33 recaived
Austia, Texss 768711 form Od S4 received J
1) Weli Owmer:— k¥, Joaaj B. Maaa 0 721 Lisdecwsad la~e a Taxas
Steaag or AID
1) Land T2 . I o L [ cier [} State
Streat o City $cate
1) Tatended Usa: !nﬂuuruID Huﬂ:lnlD lrﬁuuenD; Dn.luca’;b!tochm: Other__X
4) Lacation Of Wall: <County Yaoa Labor League Abstract No.
w4 ME4 SWE SEd of Section Mlock Mo Survey.
Circls as many a2 known)
dy_miles u__,__ls_v__)_urutu- !m_ﬂlm_m Use reverss side to sketch map of wall locstion showisg distances
Nz, etc
from adjacent section or survey lioes, or to hnd-.rlu, rosds, snd creeks.
COMPLETION AND PLUCCING DATA
s) Brillcr_.llllﬂ—‘..-h-h—cuz_——huun:wc thaber, a1 Mdreas 2210, L aprde
4) Party Completing Or Plugging Well o game = Registration Smber P ] Mdress 0 __ 8
N oritlea_12 7 11/ 1975; ousl; Cable TootEEk Rotary(); oOther Oeners Vell Mumb 1
4) Dimseter Of llnh_”:_!.nehll, !ro‘_J_tomh-:, and inches, from ____ to_  [fest; Total dopth_zgg. feet.
9) Casing and Cement:
Diameter Set in Well t Left in Well Cement Baskets or Cement |
{lnches) Trom (feet) To (feer) | From (faer) To (feec) Packers, Depth (feet) From (faer) Ts f(feer)
~ o -‘{-‘ @ I3 ~s~a1* Saxirs 15 sm-iace 1.2
1irTECR 227 CI¥S T ]
plug 1502320 1 153 h iy 0 WD
10} Wall Log: All messurwents mada from__x.___feet sbove 11) Skatch Of Wall: Show method of completion and/or plugging
ground leval. iocluding all casing and cemented (atervals.
Trom To Description and color =f formation 1
(e )| (fx.) material
1 L F-ayel
2 35 allay sa“l s-ane
i 198 Tay 53 # saals !
12e 1-n a hr 23N ;
187 ra¥x sazdy sRale :
20 warkre gahd )
13, {ray mandy sszle !
1z Ja L) waler Sak
P H Xl (TAY Easdy shals '
25 L] rater sio ;
A 212 ‘TaY 2anay -gz2ls ;
205 294 water 3:ng
22 3°0 sd3le _Ji—m o)
: X7
v ]
] N i
; 1
i !
—+
I i H |
r v ]\
i
T T
i ]
\ ! f
+ ! 1
| { 1
12) Frash Water-Bearing Zone(s): Depth in feet to top of _ 1 '3 , Thickness_ 20 feet.
13) Uodesirable Water-Baaring Zona(s): DOepth in feet co top of. 122 Thieknes:_i___f“;‘
14) Static Water Lavei{s)__Za  feet below lsed surface. Was the vaCer level messursd after peoetrating the firat water-bearing
zane , or after drilling to tocal d-pth:]’ Chack applicabie box{s).
15) Describe in detail the tvpe, volume and nanner of placement of all cenment. Indicacte depth o top of cement hehind each casing
scring. ODatccibe and give percent of all Jement additives:
o S o V-, i i
i8) «as undesirabla water sxciusian ar Ea.ta_n:*‘_.m ar plugging program zhecked for sdsguaes”
1f 30 descride method({s) used. ]
r'y ol B e — aavgat ] 12 i
17) Attach elsctrical, zamma ray ar cther wechanical log(s}, wacer analyses, and ochar percinent data if available.
VALIDATION
18) Wa, ch parcy pewd ﬂ-mer‘:ym exclusion i L rarention | lptugging| Itcheck applicable box) operacionms,
AA and the landowner or party having vell drilled, deepened or otherwise altered,
P — certify that the uadesiradle vartar exclusion or retention or plugging operstions

were performed in the naaner described above.

TWORE Gw 55



Send Original Copy by
Cortified Maf{l to the

Texas Water Development Board REPORT OF Received:
P. 0. Box 12386 Form GW 7
Austin, Texas 78711 UNDESIRABLE WATER Form GW 8

Form GW 9

I. To be completed by water well driller.

State of Tea

£

For T.W.D.B. yse only:
Well No. L5 - 27- &&

(Type or Priat)

1. Water Well Driller: favid &, .- La Cre-
Company Name: L] 4 L L
Address: 231 Li aria uarede Tzxay
(Street or RFD) (Cicy) (Stace)
2. Landowner: br. Jea: %, lasg
Address:______ ¥ 721 Lisdsquesy Lars iz L% 3
(Street or RFD) City) (State)
3. Person Having Well Drilled: Bavy
Address:
{Street or RFD) (City) (State)
4. Location of Well: County ae37 Labor
League _ Abstract No
NW*, NE*, SW*, SE% of Section Block
Survey
A miles in direction,
{NE,SW,etc.)
£ karsz -~
rom k3 (Twn)
5. Date Well Drilled: MWLk Wiekt

6. Has a Water Well Report (Form GW 7) relating to this well been forwarded to the

Texas Water Development Board?

Yes_x

No Date_1_f11/7-

Ii o, please submit Water Well Report with this form.

7. do heraby certify that in drilling, deepening, or otherwise altering the ak:cve

deseribed well, water injurious to vegetation, to land, or to fresh water has
-zen encountered and the landowner or person having the well drilled has been
informaed that such well must be completed or plugged in such a manner as to avoid

iniury or pollution.

Date Jf/f//i“/ ;7 d/

Reg. No. df 1;?

II. To be completed by landowner or person having well drilled.

1. I do hereby certify that I have been informed that the above described well
encounterad water injurious to vegetationm,
well must be completed or plugged in such a manner as to aveid injury or pol-

lution.

Date IS

YOBE -GW-54

 (signed)

te land or to fresh water and that the

PR -

(Landowner or person having
well drilled)




LAREDO (P.O) 5 MI

g_ .\\

]

(LAREDO WEST) | &

A\

8038 1 5E

\
1 Srans BN

| ‘/c ruafrona J
91 BAVD,

De !l 7ar BLVD,

- M35







TEXAS WATER DEVELOPMENT BOARD

WELL SCHEDULE
State Well Number - 85 29 706 Previous Well Mumber - County - Webb 479
River Basin - Rio Grande - 23 Jone - 2 Latitude - 27 31 41 Longitude - 99 28 55 Source of Coords - 1
Owners Well No. Location 1/4, 1/4, Section . Block . Survey
Owner - Catholic Cemetary Driller - David E. De La Cruz
Mdress "P& .ISQZ{ < 3éé!ég/gdo E% Tenant/Oper.
Date Drilled - 12/08/1965 Depth - 236 ft. of Depth - D Altitude - 464 ft. Source of Alt. - N
Auifer - 1241RD0 LAREDO FORMATION Vell Type - W User -
WELL Const. Casing
CONSTRUCTION  Method - HYDRAULIC ROTARY " HMaterial - SVEEL | Casing or Blank Pipe (C)
Screen : | Well Screen or Slotted Zone {
Completion - PERFORATED OR SLOTTED Material - STEEL | Open Hole (0)
| Cemented from to
LIFT DATA - Pump Mfr. Type - SUBMERSIBLE PUWP No. Stages | Diam. Setting(feet)
| (in.) From To
Bowls Diam. - in. Setting - ft. Column Diam. - in. |
: 1jc 7 0 175
Motor Mfr. - Fuel or Power - ELECTRIC MOTOR Horsepower - 2| s 7 175 195
3lc 7 195 212
YIELD Flow- GPM  Pump- : GPM Meas.,Rept. Est- Date- 4| s 7 212 232
— 51c 7 232 235
PERFORMANCE TEST Date- Length of Test- Production- 6PN 6|
7|
Static Level- ft. Pumping Level- ft. Drawdown- ft. Sp.Cap.- P/ ft 8|
9]
QUALITY (Remarks- 10|
11}
WATER USE Primary- IRRIGATION Secondary- Tertiary- 12}
13
OTHER DATA AVAILAIBLE Water Levels- M Quality- Y logs-D Other Data- 14}
15|
WATER LEVELS Date- 12/08/1965 Measurement- -76.00 16|
Date- 12/04/1996 Messurcment-  B0.50 Sviec/ TLC:/ e 17|
' 18|
lecorded By 41 . Derv‘oU Date Record Collected or Updated- 12/04/1996 19|
' I
leporting Agency - TEXAS WATER DEVELOPMENT BOARD
— A/
EMARKS - /77/— 7‘9/&(‘&51 7
Owmer's #1 well. Measured yield 25 0.7
GPN with 64 feet drawdown in 1965.
Cemented from 0 to 175 feet. Lonable to msert E-live .

boe/l pomgs v Yo 7mauc) Srerage ‘I““iUK(Cemou?ﬁ,

P(G/O b

Aquifer - 124LRDO
Well No. - 85 29 706




Seate of Taxae ? TWD| 23]
7ils origimal copy v e a O use by TWDS cul .
Taxas Hc:lr Developme.. Sodrd Well Po. £ -~
P. 0. Jox 12384, Capicol Statiom ORILLERS LOG AND WELL DATA REPORT located sn mop__coc
Avatin, Texas 78711 |, x Dete
Map oo
1) Well Owaer: Catholic Cementery 1219 Saunders Laredo Texag
Catholic -Qg;ngn;gu 121 Qhk'mlmdg:g Laredo T

- 2
1) - Land Owmaer el — ;aze T_EXES
3) Intended use: Induserial{T] tMunicipai{] ilrrigacion OF jochar
4) Locacion of wall: Councy Webb Labor Laagus Abstracc Ne.

wib Nk Sék SE of Sectionm Block Ne, Survey

1Crwe e Sty 00 P snpam)

miles in dlrection SR i, T I~/ I ol W X o ~

e laredo “TéXas —
Tome L4 W ELL
,—.»:J X
. i
e B
4
K
e
5
Sketch map of well location with distaaces from two section
ar gurvey linu! and to I.mhlrul rudl! and creskd.
ORILLERS LOG OF WELL
I:ltthod of drilling:__otancard ri; Dtametar of bale_ 8 -1'-. in. Date drilled 12/ §/ +5
| All messuremenc: made from Q ir, above ground level,
Troms To Description apd caler of From Te Descripcion and calor of
(ft) [£4{3] formation mAterial (ft) (£2) formation matar:al
L 3 Surface 195 ~12 Gray sandy shale
3 15 Yellow rock 212 232 J7ater sand
L3 £330 Lray cla
15| 26 | Gray clay oray oy
26 36 7ater sand
36 ] 152 Gray sandy shale
162 | 171 Adet sand ( humid )
171 | 175 Gray clay i
173 195 ~ater sand (Usa coneinuation shests if necessary)

COMPLETION DATA

| COMPLETION CASING SCREEN
1
! Straighe wallO3 Type: Oldq Yew(J Ivpe
" Cndar reamed (J Cesentad from 1 iz,
Parioraced ) Slaceed 3
Gravel packed O ; ta__ 1725 e
|
‘ Open hole(] J D.amacaer Seccing Diamecer | Settiag
. {inchas) Srom (it} ta (ft) (inches) : from ft) i £3 (frs
, Other I above ;
i
; "o.Dhi surface 238 H 175 1C =
1
1 | ZiZ 232
i
‘ ]
| i
| r | |' ;
. ; . U ! \

i
L
i I haraby carcify chat this well vas dr:iled by me (or under av supervis:an) and chat
! 4 here.n are true o che bast of 3y knowledge and Selief,

— Avid c. Je 12 Cruz 0 nes Y. 07
ey
| Pleade attach electric log, chamical analysis, ‘and sther percinent :nformacisn 1f 4valiabie.

i If wall was tesced by vour company ot :f vou installed the permanent puap piaase complece che fallow:ng:

L WATER LEVEL AND PUMP DATA
| 1
| Statiz water level 75 ! Pump Crpe
‘ ft. below Surface Deaigned pump.ng cate spm_ 2
|
. Puanpiog level Type power unit
feet nours _ iPm
- . Horsepower
140 25
i Dapth to Sowis, sylioder, jer, etc., ft. Eelow pump :ase
¢
|

Name of comfraczor testiiag well or inatalling pecnanent puxp if other chan vour company: : J S—-'?? - 7Jé




i i _ - . 4" !/lv
;4 41 Q paciPic

| —&

Sc\uu‘c/a/_s

_ methersod
o-g‘((r.ﬁ +
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\ HER StorageThak
£70000 \ q : 25-29-70b =
pull g Iy I ; N 8 (SEADFTOPE | . TR bme
FEET ;ﬁ: - ; M im Py 8 oS
AN By 7
&l = i [+ ]
A t -+ ‘ ¥3 4 J
: el 4 A ] |Pat ari™s lL [ /i
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Mapped, edited, and published by the Geological Survey
Control by USGS and NOS/NOAA - e
Topography by phctogrammetric methods from aerial eu:‘“
photographs taken 1964. Field checked 1965 {l
Patycomc projection.  10,000-foot grid based on L e
Texas coordinate system. south zone ToiszCs'h JTAZ MILS
1000-meter Universai Transverse Mercator grid ticks, iy
zone 14, shown in blue. 1927 North American Datum
To place on the predicted North American Datum 1983
move the projection lines 27 meters south and UTM GRID AND 1980 MAGNETIC NORTH :
32 meters east as shown by dashed corner ticks OECLINATION AT ZENTER OF SHEET ;
Red tint indicates area in which only landmark buildings are shown Revisions shown in purpe compiled from aeriai ' FOR
hot hs taken 1973 and otn dat
Fine red dashed lines indicate selected fence lines gnotograpns " and other source data

This information not fieid checked. Map edited 1980

Areas covered by dashed light-blue pattern are subject Purple tint indicates extersion of urban areas

to controlled inundation

% 5-29- 706




Water Quality Field Data

SWN: g5z 7-76& Sample No. /) -0 ¥
County: lebh Name:( o0 /re. ( erpeafarl Date: /2 -<-9,
Aquifer(s): Laredo ¥/ Address: £V Rox 23ét By: ./, ZQU@//
edo
owner's well # /
Bottle1l Bottle 2 Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Total
| SUB- 3
500 ml 1 liter | [iter 1 liter | Samples
I ml ' il filte
HNO3 unless other-
( /Vn"rm’l , A/ 071/(/ VZC’// c{),w stipu
’ Time in Starting pH
Water Level RO, SO LSD  Remark ﬁé){c | Time out Sample time / 35 ml. of 0.02N to
Temperature (00010) R7,0 ¢ Weather welluse / PR . ml. ol Sample
Specific Conductance (00094) = O _umhos/cm|{Outside Temp Ending pH
pH (00400) S 70 Sampling point.Q/gZ arge af-yuell.
Eh (00090) mv. Time: |/ 317 |/325]/330|/335|/3%5]/352ml. m. {pH [ml [pH
henot ALK (82244) <O mg/l  |pH: SOl ANE 578,678 70| 870 |

Total ALK (39086)
Carbonate (00452)

Bicarbonate (00453)

Total Cations(+)
Total Anions (-)

Total Hardness (00900) 7

Dissolved Solids

31{0 mg/| Temp: 26.0 =6.3|26 8 | =270 |70 | R N
meg/ 2‘/ mg/l Eh:
meqd 3Gl mgn  [Cond. |Réoo|2670| 2épol2eA 2370433

other notes:

,00/:1/ oA/ (317

0

/333







TEXAS WATER DEVELOPMENT BOARD

WELL SCHEDULE
State Well haber - 85 29 707  Previous Well Masber - County - Webb 479
River Basin - Rio Grande - 23 Zone - 2 Latitude - 27 28 30 Ltongitude - 99 27 46 Source of Coords - 1
Owners Well No. Locatfon /8, 1/4. Section . Block . Survey
Owner - Fausto Bermudez Driller - Woods Orilling Co.
m;,ggga sz&wqgt érgéa;:lx ZX'Qﬂ . Tenant /Oper.
Date Drilled - 06/24/1984 Depth - 260 ft. Source of Depth - D Altitude - 465 ft.  Source of Alt. - N
Aquifer - 124LRDO LAREDO FORMATION Well Type - N User -
WELL Const. Casing
CONSTRUCTION Nethod - AIR ROTARY Material - PVC, FIBERGLASS, OTHER PLASTIC | Casing or Blank Pipe (C)
Screen | Well Screen or Slotted Zone (
Completion - PERFORATED OR SLOTTED Material - PCV, FIBERGLASS, OTHER PLASTIC | Open Hole (D)
| Cemented from to
LIFT DATA - Pump Mfr. Type - SUBMERSIBLE PUMP No. Stages ] Diam. Setting(feet)
| (in.) From To
Bowls Diam. - in.  Setting - ft. Column Diam. - in. |
1jc & 0 200
Motor Mfr. - Fuel or Power - ELECTRIC MOTOR Horsepower - 2|s 5 200 260
3
YIELD Flow- GPM  Pump- GPM Meas..Rept.,Est- Date- 4]
. 5
PERFORMANCE TEST Date- Length of Test- Product ion- GPH 6|
7|
Static Level- ft. Pumping Level- ft. Drawdown- ft. Sp.Cap.- GPM/ft 8|
9|
QUALITY (Remarks- 10|
11
WATER USE Primary- DOMESTIC Secondary- Yertiary- 12|
13]
OTHER DATA AVAILAIBLE Water Levels- M Quality- N Logs- D Other Data- 14|
15|
WATER LEVELS Date- 06/26/1984  Measurement- -52.00 16
Date- F A | Heasurement- 17|

18|
Recorded By =l 2 l zggé Al Date Record Collected or Updated- 12/05/1996 19|

Reporting Agency - TEXAS WATER DEVELOPMENT BOARD
REMARKS -

Measured yield 30 GPM with 115 feet

drawdown after pumping 3 hours in

1984, Cemented from 0 to 30 feet.

Pump set at 231 feet.

D1d wo¥ UisiY Vs arell,
Caad/e Yo cotact owwer,

Aquifer - 124LRDO
well No. - 85 29 707



Please wsr bluck

Sendt ;:.mal' :op‘;:v State of Texa. Texss Water Well Ordliers Bowc
caruf mail 1o 3087
tu'-o Department ol Water Aesourses WATER WELL REPORT : 9. '.:“'. P
:ua.:‘;.l-“;"" ATTENTION QWNER: Confidennality Priviiege Notice om Reverse Side '
» ownan _Pausta Bermudez Addrew _1220 Stewart laredo, Texas 78041
(Name! {Srrest or RED) [£-1."]] {Re) Zip)
22 LOCATION OF WELL:
County Wabh Well located on east city limits lineat dead and. laredo
IMNE.SW  etc) {Town)
O Lagel description:
Driiter must compilets the legai description to the right L Ne. Block No. T o
with diSance snd Sirsction (rom two intersacting sec-
ton or ey liney, of he must lacste and identify the A No. Survey Neme
well on 80 official Cusrtee: or Helf-Scaie Texss County . " i . .
Gaeneral Highwey Map and sttach the mao to this form. o nd from two inter 9 ction or urvey lines
&u attached map. As-8-170
3 TYPE OF WORK (Check): 4} PROPOSED USE (Checn): 8} DAILLING METHOD (Check):
o, S oo ing [ OO e (11 il O Public Suppty O Mud Rotry [T Air Hemmer (] Driven [ Borea
U] Recondinening T Prugging Xirngation D Textwet Jomer | BarRowry O Cabie Toot Oiared (JOther
41 WELL LOG: ) OIAMETER OF HOLE 7] BOREHOLE COMPLETION:
Oia {in)  From (i) To (1) ] Ogen Hole ] Straight Wail O Une
Surfacey O Gravel Packed Home C m 260"
Date arities £/25/84 6 3/4 260 i Gravet Packed geve intervad . . . from frwo h
Froem i Oscriptian nd calar :’ formation 8) CASING. SLANK PIPE. AND WELL SCREEN DATA:
e LWL
Q 4 Topsoil - O I"Z"1 Parr Siovewd, v e &
L 25 Siltstone yellow U lued]  Screen Ml.. if commercie From | To |Seree
25 205 Sandy shale _  gray Ll in 0 200
05 256 Sand gray " hew P.V.C. perf. 200 260 [2"
2%6 260 Shale gray
9) CEMENTING DATA [(Rule 319.44())
¢ d from 30 tteo_Surface  f
1. 10. 11
Menod wed__Basket & Gravity
cemenmd by___Woads Drilling Co.
10) SURFACE COMPLETION
T Sowcifiea Surface Slat Instatied {Rule 319.444c}}
O Pitless Adspter Used [Ruls 319.441d1)
T Approvea Alsrnatrve Procedure Used {Rube 319,711
111 WATER LEVEL
n Staticvel 52 fr. below land surtacs Duué_éz_L 84
n Armaan How IO oo, Date
o " [~/ | 12 PACKERS: Tvoe Depth
JUCTOT9M none
EPT-0f 13) TYPE PUMP:
MW J Turbine Odet 2 submersibie 2 Eviinder
J Other
(Use reverse siaw f necessary) Depth to pump bowis, cylinder, ,at, 8tc., _2_31____—,,_
151 WATER QUALITY:
Did you knowingly penetrate any strata which contained undes.ratie 14} WELL TESTS:
vater? O Yes O Ne i -
If yer, submit “REPORT OF UNDESIRABLE WATER” TypeTnt:  Lfumo  J8aker Dleme O Ermare
Type of mtn?Li.g.h_t_Sal.t.Dm:h of sran 2052256 vied: 30 gomwan 113 tr crawdown atter _ 3 hes.
Wat a chemecal analyismage? [ Yes Xne

knawiedge snd beiiaf. | understand that tHIUre 10 compiete itamy | theu 12 will result in the jogis Being recurnes for and rta
COMPANY NAME Woods Drilling Co, Warer Well Qriller’s License No. 2220
{Tyow or Print}
ADORESs P+0. 5489 laredo, Texas 78042
(Strowt Or RFD) Cityd (Suate) {Zip)
(Sigoed) (Signad) Fs-23-707
1 Liciersnd Water Well Dnithiv) {Ragpmtared Orilee Tranee) For TOWR use on.
. i . . . P . Weil Na. __ﬁ_aj.%‘ =
Please , chamical analysis, and other pertinent information, if available. Located an mae
oF N

DEPARTMENT OF WATER RESOURCES COPY
TDWR-0392:012/29:83)



10 /‘{

Stewert

N

| CYt-/Mle- fewee £] ,0’0

‘ drouﬁy yqrc’.

' g5-27-70
——————

LOYSIIVA

el A

-1







Texas Water Deveiopment Board

Well Schedule
Sute Well No. (OS] 2 7171218 | previousWeliNo. L1 1 111111 Couny _Crelh 79
River Basin ﬂ-d a—"“‘k 2.3 Zone @‘ Lat. @z EU/ & Long. Loi??l E 8 35— :::o: Z
Owner's Well No. Location 1/4, 1.4, Secton » Block » Survey
* _ pe) Corver M G—K‘“IA’J’L!M&/M' I,
0““[ ;.L,lr‘f&— Ak.tijd.(_frfc.cf Fedd \ Driller aqkﬂa o | i i i fo
N e | i | I |
Address ?OO /V’ Md-'//md"e./ é_dg_e#j Tenant/Oper.___ 2Aa2 = ¥22 g
™ Source of Source of —_
Date Drilled [ | “ I ] I ’CVE] Depth ..Eﬂﬂ Depch Datum B Altitude gl é 2| Ale. Datum L’j,
Aquifer CRIARPET] fo W v 117
onst. Casin
g::uu‘:tion SIethod Mau:zl < 74:"’/ @
“Screen Casing or Blank ?:pe (C) ) ‘
Completion Material D g;uns::e: (r;)ilo«cd Zone (3) E
Likt Data Pump M#f. Type Sbm .@No. Sage Cerrllje::dfmm SI.:;(@
i in. in .Column Diam. in. {in.) From To_.
Bowis Diam. Setting &.Column D o 7' ;
Motor M. romr et [ stomepowes LI 11 ] - :
Yied  Flow GPM  Pump GPM Meas..Repe. Est. Daze ’ J
Performancs Tese Date Length of Test Production GPM ‘ i
Seatic Level —— R, Pumpinglevd ———R. Drwdown ———f  Sp.Cap. GPM/fe. L |
Qua.luy (Remarks &JG.J' d/ﬂ w‘“" . u-fe& {’. ,yd/&a Gud*// WA' , ]
Water Use Pricnacy bo i IE Secondary D ‘Teﬂiary ___D . }
er Data ater Wacer Ocher 9
e 2w @ @, 000000 & 00000
o (R /77 v ([BE G2 o/ °
v o () CIL 1] e (L1101 (T0 u
ome [ [JLIILL T ] Ima L[] 11011 5 | ;‘
i
%w( !.l\. ra /4F7(c ?Oé/ buJb /b/éuu'{cf' " ; + iﬁ
Recorded By D . C—lﬁk&r E:I{Jspga‘:;dr ! LM [ 454 “’F?T?Td (20 max) R rting Agency rm
Rernadu ! | Mﬂ f//d ’
- Llec. /7ae
A -
s Aquier
6 vanBSwF DF
930384 E é 3 lé . S
v9r93 7
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Mapped, edited, and published by the Geological Survey

Controi by USGS and NOS/NCAA

Topography by photogrammetric metheds from aerial
photographs taken 1964. Field checked 1965

Polyconic projection. 10,000-foot grid based on
Texas coordinate system, south zone

1000-meter Universal Transverse Mercator grid ticks,
zone 14, shown in blue. 1927 North American Datum
To place on the predicted North American Datum 1983
move the projection lines 27 meters south and

32 meters east as shown by dashed corner ticks
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Water Quality Field Data

SWN: gs -29- 70 8 Sample No. £} &P~ O2-
County: Lebb Name: A L Tevino Date: ~L1-¥-F 6
Aqulifer(s): Lared o Address: 900 A/, Mafincke By: 2, GKe o
biaredo 7pa¢/
owner's well # i
| Bottie1 Bottle 2 Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Total
A b c suB-
Sohx \\ln‘t:r/ 2&(71 1,liter ) difer soorl ) fider Samples 3
Ani Catiofis NRrste Radjoactivity
ot 2 0.5 ml 2 / All filtered
b&\ P&)& - { unless other-
(Niric)  (Shituns)  ((Nitrid) H#A0) * wise stipulated
Time in A 23D Starti
Water Level 32.9% 1SD  Remark Time out Sample time /4 05 0.02N 1o
Temperature (00010) 25.3 ¢ Weather [t ~in well use __¥a. vl ol Sample
- Specific Conductance (00094) 79  umhos/cm|Outside Temp ¢7°F N E
PH (00400) 7.5 | Sampling point 2. G p OW
Zh (00090) mv. Time: /30 /310 |1345 | 300|325 /385 et o | mi. | pH ml. |pH
“henol ALK (82244) g‘ mgh . lpH:  [1.47]|7.5%] 2871 e lzse | 2.58)] 1345] 250 13rs] 2.5 |1¢00] 7. 59
Total ALK (39086) 2449 mgn  |vemp: |A2[1¢5T]28 3167 |48 250 A5 25.C AS A
Carbonate (00452) meg!_Al. mgn lam
Bicarbonate (00453) meg) 253, & mg/l  |Cond. p1a70 | 73% | 233°) 7342|7388 [ 7340 7204 714D 7o
Total Cations(+) _ other notes:
Yotal Anions () ot yw’& ) = ‘5/'; :'Z{N fo
Total Hardness (00900) 225 ol ewm, 3 ik pire
7560 folut o .
Dissoived Sofids geo Fom o bk Potank
0" fsr







Texas Water Development Board
Well Schedule

I AT ] rreviow wetiNe, [T T T TTTT] couny bbb

4

s

930584
L 1

Agquifer
Weil No.ss_ a?-? X

State Well No. [Az[3]
River Basin A"O G,mnﬁc @ Zone @ Lac. @_”3 ”33 Long. E@@j@m E
Owner's Well No. ‘ Location 1/4, . 1.4, Section . Block . Su.rvry
Owner > ety #o*:,,ah‘-n-/ Dl wolads| 2] VARPRRAR
. ‘ v I
Address Tenant/Oper.
Source of .
Dace Dl o [] [A9E] DeprOwum [ aisnste [ THED) oo B2
Aquiler Lo redo YEHIZAA] 1o W v« [T1T111]
Consruction Methed Muen O
Casing ot Blank Pipe iC)
Comglecion 3/5 //gQ [P] Sere P ] g:ns:;x(g,smd Zone (5)
Lift Data Pump M. Type —{ ~ BNo. Stages Cemenced from  ___to
- Diam. Setting (leer)
Bowis Diam. in.  Serting ___~_3_/_.‘§-____. ft.Column Diam. in. {in.) from To
Fuel 1949 o
Motor M. Power _2{€C @ Horsepower Lizlst-Jele] 1 lefol& ol lalole
Yid  Flow cPM  Pump L& Gpm Meu gD Date ’,/74 ’ '::: s ZZ‘:
Performance Test Dace —"v’—’unph of Tt LAC _ progucion —LE 2> com
= - s
Soric Lend T Pumping Level - 2 e Dawdown 2574 spCap. LC2 Gomite
Quality (Remarks 'y at w&f Co‘.j..‘, W (] 20 2’0 )
Water Use Primary %_Y@ Secondary lﬂ’-—‘@ Tertiary D '
Other Da W W Ot.lm
Queoms e Fe [, 100000 O00da: )
e LT} (BTG v (157 - (38 27207 ,,
o o (7B B we (L1 - @3 42/ )
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Water Quality Fleld Data
Adredo AS R

Specific Conductance (00094)

pH (00400) ¥ —
Eh (00090) — __mv,

Yenol ALK (82244)
Total ALK (38086)
Carbonate (00452) meq/
Bicarbonate (00453) meq/l
Total Cations(+)
Total Anions () Uhpalanc e
Total Hardness (00900) g
Dissolved Solids /65/

':/UAQ umhos/cm

mg/l

mg/|
mg/l
mg/|

SWN: 35-29- g Sample No. 4 &~ /3
County: loe bt Name: Lo Doyl rolsten Date: | 1~2%-%7
Aquifer(s): Aoy edo 2 Address: /503 Sciccen Covrt By: (). (ke
Clovirin ] faveds Tr 78OYS
owner's well # 4
Bottlel Bottle 2 Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Total
’ 5 A C suB-
. . 2 s
500 ‘ry 1.litey/ 7 /,/7 Samples O
/ad V4 - Vo 7"
HA/0s '/ Feted
Witric) e
N Time In 7,00 Yl J 430 G~ Staning pH
Water Level 2765 LSD  Remak T.10 Timeouwt _//;/5  Sample time /0, A\’ ml. of 0.02N to
Temperature (00010) €, 9 c Waeather N es

wolluse Tnde. - ml. ol Sample
/)w‘u”‘f’ 0“\.‘15_/___; Ending pH .

Outside Temp

Sampling point _ £nd oF 400 block oot p pe
Time: [1.5510e<|/0:¢/Vb! 5022 ml. |pH ml. |pH ml. | pH
pH: El— | — - - -

Temp: R L & 9|26.9Rd 1] —

' — | — 230 |— |aac

Cond. |“7=tolipsc lqoa |vua] ~

AT el other notes:
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City of Laredo
¥atar Utillties Department
Water Treatment Plant

Physical-Chemical and Bacteriological Test Results

Date collected: Q-31-4b D} Date tested: Q--91-9L

sample origin: __ 2300 Hwu 59 = Poston Wl klaver

Analysls requested by: Gerardo Yinzon

Wil JEEF #1
Posten Wl 2EClITs Mol

Phenclphthalein Alkalinity ___éﬁ__,__ NL mg /1.
Total Alkalinity ::iifi::: —_ NL mg/t
pH s —— e NL

Hardness _— ——— NL mg/L
Calealum - NL mg/L
Magnesium % . mg/L
Sulfate —— e e ng/L
Chlorlide ... mg/L
Turbidity - N NTU’:‘S
Conductivity —— _ UHOM's
Temperature , : ES m e -

Total Colifoim /100ml (Y/N)
Fecal Coliform /106mt (Y/N)
Heterotrophic . col/100ml

Comments:

- Sctrnglr Js_ad_a,m't_%b.t_tbm_gg.b_:m&l_ﬂ&oﬁu )

_Qhkonng Nezidual vant heaoried.

) e

e e e . e g+ !

Lab. Techniei Supervi or'“w"—-—
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Post-1* Fax Note 7671 [Deta >
City of Laredo ] NSt Ceal o e
Pater Utilities Dept. cm;f‘ r\Sno y Teme Rob
Division of micrebiological agd . N
Chemical Analytical Laboratories :’:‘“ o
Pac Trcatment Plant '
2519 Jeffercon St. 20y 191- M, 4 720105 3600

Chain of custady form

Analysis requested by: Guerarde Pinzon

Date and time requested: Datelgi.il'_ﬁﬂmeu 100 LR ./P.M,
Physleal address:_.. Moo Baet
-City of L%VC§S_ County of .ld.tbn.—_._.. State of _TE€XAS

Telephone: o)
Signature:

asn

Collector or custodian ot &ample collected: Féhjm'; éhrnndn_
physical address: wWnolt\S

Counﬂr of Lthp State of _T€XQS
Telephone: A PN P
Signature:

' Postun Wil
Physical address of polnt of collection 5300 Hw _
City of __larecio County of _Wwerp Sta af 1€Llas
Date and time of collection: Date: _w_Q.L Time: 2 ACH./P.M.

Sample identification or log number ol

Type of system:: Publlc system: Pater Source:

_ Public Distribution Rivar

e Individual Raw Lake

___ _school ' Chack w Well
Dairy Construction ¥ell Depth
Bottled Water _y” Speclal Cl2z Res. -

L e =

Saource of rranaier to laboratory llm\' 13135
Person delivering sample to laboratory _Felipe &li7on00

Date and time 'of delivery: Date: 9Q-31-9¢ Time: _jii860 @ /P.M.
1omezZ.

Person receiving sample at laboratory _feaqeli

Condition of the sample on receipt: v’ Of satisfactory condition.

B - R W e WE W T E = s we S a w—

Unsufitable to analysxs

Form lncomplete. (see encircled item.)

Sample too old. Sample not received within 30 hrs of collection.
—_Excessive chlorine present in sample.

e _Broken m shipment.

Date discrapancy.

Quantity’ too great to permit agitation.

Quantjty insufticient for analysis. (100 ml. minimum)

e Bottle not provided by this laboratory.

Only one sample per time and point of collection required.

Heavy non-collform bacteria /silt present, possibie obscuring and
compromising test. Please resubmit.

Other: - REV 01/95
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State Well No.

Texas Water Development Board
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Well Const.

Casing

Construction  Method é 754,\/ [ Maeria /7o e

Completion _%i‘ﬁ__ Maunal D

User l

RN

Casing o Blank Pipe (O)

Well Screen or Slorted Zone (S)

l
Lift Daaa Pump M. Type .Sué ~m @No. Stages &%rg::kﬁ?u)‘ = ?\
Bowls Diam. in. Seing . RColumnDiam. _____ in. i) From m’To —
Vela 7 A |/ ?’,O‘}
Mator MF. vorr _ ede (B Honepowee LLLLL 1] : NEE | .zs!eg
Yidd  Flow GPM  Pump GPM Meas. Repe.Est Date ’ |
Pecformance Tt~ Date ———— Length of Text Production e GPM :
Static Level a——— ft. PumpingLevd ———f. Drawdown wm—mf. Sp.Cap. GPM/F.
Quality (Remarks 4?’/9/ Ja—f'ﬂfe— ,
Water Use Primary ,ﬁ"éc{< .Seconda.ry D Tertiaey D 3
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$- D. 4>/<»er Y )

Recorded By _’Bfl‘d dﬂJAaa 2;{;;::‘&&11««# @E@M (::)mu)

N S,

Reporting Agency

Remarks ' M-l el /| ¢ o ..r/)/ alelad & rrcd &SP 7 -3 /.

Y

o

Aquifer

Well No. M

930344
U993
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Water Quality Fleid Dats

/.f

haredo A4S K- L
S 85"372/@ Sampie No. /7 Q) —/ ¢
County: toebb Neme: /1], /Qf toef Goeem Date:)/ -5 77
Aquifer(s): Address: ) 5y L f/h, pn By: Bron s Chipos 75
. AT oty ot L
- ownerswell 8 7= . (, //0 Kep. A tel!
Bottie1 Bottle 2 Botth 3 Bottle 4 Bottie 5 Bottle 6 Botll. 7 Total
5 A SUB-
50m  1ler 7 /«/vr Samples
/ot - ot
Frltered
éf boic) .
Time In /¥y 2 TV StadingpH < o2
Whaier Lavel // ,ffiwo Remark | Timeout /£ ‘o5 Snmploumtl,j 55 ml. of 0.02N to
Temperature (00010) - [S. & © Weather /.. . 25 weluse »6// mi. ol Sample
Mm(ooowfm l,?.QWmLmrm"—‘ 737 " Ending pH
pH (00400) £ 7 mw 8, ket by P gy Lo T A
EN (00090) mv. r Gudesiosic solie  oist s fysiYelm: fpbt [ewh W Jemt |pH
Phenol ALK (82244) mg/l . pH:- sos|29vlzos|2ys | 275l 289 - |zne ‘
Total ALK (39086) e mgh  vemp: |/8.3Vs EVY 2 ks g |7 g3 /5 159
Catbonate (00452) . megh mg/l  |Bx P2 LB 8 A
Blcarhonate (00453) meg__ mg/l uCond.”|2. ¢l 2ef2.7 |07yl aFola B YA
‘Totel Cations(+) A , other notes: oy
ot o (1 T AT
2 /5 e ’ . T
Toml Hartness (00000) /66 ¢ B f oy 150y =
Dissolved Solids M 6',0_; PO G 2:£3
pa&n/".f = 55/"”‘ '



State Well fmber - 85 37 404

Previous Well Sumber -

TEXAS WATER DEVELOPMENT BOARD
WELL SCHEDULE

County - Webb 479

River Basin - Rio Grande - 23  Zome - 2 Latitude - 27 25 15 longitude - 9928 36  Source of Coords - 1
Owners Well fo. Location 1/4, 1/4, Section , Block . Survey
Owher - John Minne Driller - Rene Gutierrez
Address Tenant/Oper.
pate Drilled - [ / Depth - 250 ft. Source of Depth - W Altitude - 465 ft. Source of Alt. - N
Aquifer - 1241RDO LAREDO FCRMATION Well Type - ¥ User -
WELL Const. Casing
CORSTRUCTION  Method - HYDRAULIC ROTARY Material - WROUGHT IRON | Casing or Blank Pipe (C)
, Screen | ¥ell Screen or Slotted Zone (
Cowpletion - PERFORATED OR SLOTTED Matertal - WROUGHT IRON | Open Hole (0)
| Cemented from to
LIFT DATA - Pump Mfr. Type - SUBMERSIBLE PUMP No. Stages | Diam. Setting(feet)
| {in.) From To
Bowls Diam, - in.  Setting - ft. Column Diam. - in. |
1jc 7
Motor Mfr. - Fuel or Power . ELECTRIC MOTOR Horsepower - 2ls 7
3
YIELD Flow- GPM  Pump- GPM  Meas., Rept., Est- Date- ]|
5
PERFORMANCE TEST Date- Length of Test- Production- M 6|
7|
Static Level- __ ft. Pumping Level- ___ ft. Drawdown- _____ ft. Sp.Cap.- ___ GPM/ft 8|
9|
QUALITY (Remarks- 10{
11|
WATER USE Primary- DOMESTIC Secondary- STOCK Tertiary- 12|
13§
OTHER DATA AVAILAIBLE Water Levels- M Quality- ¥ Logs- Other Data- 14§
15|
WATER LEVELS Date- 12/05/1996  Measurement- -100.70 164
Date- 12/05/1996  Measurement- -143.70  Lunpra 'y level 17|
) 18}
Recorded By . Meoy < Date Record Collected or Updated- 07/27/1961 19|

Reporting Agency - TEXAS WATER DEVELOPMENT BOARD
REWARKS -

MP. + 0.50

MHole [ sree | /oiare_
L0

Aquifer - 124LRDO
Well Mo. - BS 37 404
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Water Quality Fleld Data

SWN: ys 37 fof
County: Wehb Y29 Name: John Mipne
Aquifer(s): Address: 5709 Suringfield

Lo rtol 7TeXxas 280/

owner's well #

Sample No. A0 -03

Date: /z: $s-9¢L

By: 5. MooAE

Bottle1 Bottle Bottie 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Total
$80 < susB
]‘l"l‘
50 lit ! ‘~'"" ne Samples
pos \tn AV
0)6 mi I st All filtered
(:l'& O }ﬁiﬁ AT unless other-
Nitric) utudg) 4 (Niic) wise stipulated
Time in Y. 30 AM  Funp en ye AN Starting pH
Water Lovel /00.70 LSD  Remark Time out Sample time __//: ¥O _____ml.of 0.02N to
Temperature (00010) 22.%Y ¢ Weather Clo...lx - Conl welluse QJorsy-Sreck ___ mi ol Sample
Specific Conductance (00094) 3/§o  umhos/cm|Outside Temp _ 1 ¥ ° ¢ Ending pH
pH (00400) 7.3 ' Sampling point
Eh (00090) mv. Time: |/0:s§ /o:.ul[o.-vr /00 1ls |11 30ml.  |pH mi. }pH ml. [pH

mol ALK (82244)
. Total ALK (39086)
Carbonate (00452)

Bicarbonate (00453)

MSfen .

Tota! Cations(+) w S WYY other notes:
Total Anlons (-) 19: a}:‘; ;Jz: .§0
| Total Hardness (00800) 225 Ei} 4 127 g:
Dissolved Solids 2110 o o .r 143.20

g  mon lpn: |e.g2|e97|225|225]7.30] 230

IR B _mgh  |Temp: |27.3|27.2|27.2122.4|27¢¥|22.}

megt F.(o mgn |en

meqn 2808 mgn |cond. |3.1§13.1213.18]3.18 |3.18]3.18

V)
.r'.s" 1v3.7¢




O!' TEXAS WATER DEVELOPMENT BOARD

WELL SCHEDULE

1 fumber - 85 37 406 Previous Well Number - County - Webb 479

in - Rio Grande - 23  Zone - 2 Latitude - 27 25 58  -Longitude - 99 28 47  Source of Coords - 1
11 No. Location 1/4, 1/4, Section . Block _. Survey

Owner - Ramond Whiteside Driller - David De la Cruz

Tenant/Gper. Lo paro. L @ase. Service.

led - 04/01/1975 Depth - 330 ft. Source of Depth - D Altitude - 425 ft. Source of Alt. - N
- 124LRD0  LAREDO FORMATION Well Type - W User -
Const. Casing
'TOR  Method - CABLE-TOOL Material - STEEL | Casing or Blark Pipe (C)
Screen | well Screen or Slotted Zone (
Completion - PERFORATED OR SLOTTED Material - STEEL | Open Hole (0)
| Cemented from to
A - Pamp Rfr, Type - SUBMERSIBLE PUMP ¥o. Stages _ | Dia. Setting(feet)
| Cin.) From To
.. -~ in. Setting - ft. Column Diam. - in. |
o e 7 0 118
r. - fuel or Power - ELECTRIC MOTOR Horsepower - 2] s 7 118 130
3jc 7 130 180
Iow- N Pump- &P Meas., Rept. [Est- Date- 45 7 180 205
- 51¢c 7 205 305
CE TEST Date- Length of Test- Production- Py 6| S 7 305 325
ol
ovel- ft. Puping Level- ft. Drawdown- ft. Sp.Cap.- &/t 8|
9f
Remarks- 10§
11§
Primary- DOMESTIC Secondary- Tertiary- 12]
. 13|
A AVAILAIBLE Water Levels- C Quality- ¥ Llogs- D Other Data- © 14}
15)
ELS Date- 04/01/1975 Measuresent- -79.00 16}
Date- 12/03/1996  Measurement- -116.40 l""‘!f"ng I'—“'—‘ 17]
18]
y S.Moore Date Record Collected or lpdated- 12/03/1996 19}

Agency - TEXAS WATER DEVELOPMENT BOARD
ition well. Measured yield 25

h 176 feet drawdown in 1975.
d from 0 to 110 feet.

MP 4 1.00

HOIL /o

/O“L sree! plate

Aquifer - 124LRD0
Well No. - 85 37 406
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Water Quality Fleld Data

SWN: 85-37- 906 Silmplo No. 40 o4
County: wabb Y499 Name: Zapara lease Service, Tac Date: ,z-3-9¢
Aqulfer(s): Laredo Address: £.0. Box /067 BY: 5. Moere
Za  Jaxes
owner's well # 780724
Bottie1 Bottle 2 Bottile 3 Bottle 4 Bottle 5 Bottlo 6 Bottle 7 Total
¢ < sSUB-
m‘l lx 25%’ a}g I otirer A Ebiper 25 Samples
s ions Nit ctivity
2 ml 0.5 ml 2 mi JMI Al fitered
HNO H SO HNO M IT2% ynless other-
(Nitric)  (Sulfuric) (Nitric) wise stipulated
Time in Aoe L Starting pH
Water Lovel 1.0 1SD  Remark Timeout “.32/°1 Sampletime JZ.50 /7 mi. of 0.02N to
Temperature (00010) 27.3 ¢ Weather c:.«l; - Cool/ welluse ml. of Sample
Specific Conductance (00094) Y S 70  umhos/cm]Outside Temp Ending pH
pH (00400) 7.8 ' Samplingpoit Yo or well Heal
- Eh (00090) mv. ‘ Time: |2,/c |2:70]2.32 |Z¥s~{3:/8 |3 4S]ml. |pH ml. |pH ml. |pH
ol ALK (82244) O mgh 201 17.02)2.22 722 {221 | 7,12
Total ALK (30086) 252 mgn  |vemp: |22.3 (223|273 |27 |22.3]|272.3
| Casbonate (00452) megt O mgn e
Bicarbonate (00453) meg/! @?? O mgn  |cond. |#.s2 452|453 |%s3|%TF|4sY
Total Cations(+) f; nI/en other notes:
Total Anions (-) fump on )50
 Total Hardness (00800) 5% we 202 W83y
| Dissolved Solids 2450 2:3e f4.LO
- 1L.¥S ng.52
348 11825
y'ys itE.Yo




Appendix C
Boring Logs, Rock Core Logs, and Well Completion Diagrams



(I;ROJEC‘I;) NAME / LOCAEIOdN PROJECT # BORING # DRILLING CONTRACTOR
ity of Laredo ASR Feasibility Stu
. c|.|2 HILL Mtc!;’herson sibility Study 1 118069.J0.77 TW-1 Texas Water Development Board
‘ I u I WELL CONSTRUCTION :U(;ﬁ::i‘;;SED BY DEPTH TO WATER |DATE
DIAGRAM City of Laredo 135141 25/97
2 —
o. 4 > ’ > ’ r ‘ > ¥ _}
S e e Surface seal
- ey
> > > ¥ ¥
SO0
3o00' ) N
A Grout plug
_ Top of fine sand {320 ft)
Top of B/16 gravel (325 ft)
350
— .030-slot 304 stainless steel
shutter screen (6")
Top of 2nd grout seal (397.5 ft)
a0 —
N Blank steel casing (6™)
. Top of fine sand {400 ft)
Top of 8/16 gravel (434 ft)
450" ——
NOTES:
N o4 .030-slot 304 stainless steel
shutter screen (6") 6" well casing diameter
- - 10 5/8" hole diameter
— 3 2, At 357 ft gravel pack bridges. Only
(G ; 2 t;ag: g;;ivel added between 357
- QRIS . an :
- __Isog =y ﬁ.fpguf: :’;:Z'::;B;m (495 ft) likely borehola collapse in this
500" ——— ///// interval.
- A A 4 Top of native fill (510 ft) Well completed 2/3/97

ISR T S
884 —— i Total Depth = 384 ft

NOT TO SCALE




EAN

Send arigiral kopy by cenified retum Lw[mumad mailto: TNRCC, MC 177, P.O. Rox 13087, Austn, TX 78711-3087

| ATTENTION OWNER: Confident@iny ' Texas Water Well Drillers Advisary Councll
Privilege Nolice o on reversa sid . State of Texas Po“ai::ﬁm
OF Wel Dwinara copy phik) WELL REPORT Auatin, TX 78711.3087
: _ : $12-239-0630
1) owNER _City of Larede apppess P.O. Box 2950 Laredo Texas 78044
" (Name} ~{Swest or AFD) ) Smie) &R

2) ADDRESS OF WELL:

anp s FS-29-/

County Wohh n
(Strwet, RFD of aihar} (Cly) . (State) (@)
5) TYPE OF WORK (Check): 4) PROPOSEDUSE(Cheok): [ Moniter [} EnvitonmentalSoil Bodng [ Domeatic 5)
5 Newwell O Despening O industidal (3 Imgation (] Injection ] PublicSupply ) De-watering &) Teswwall @T .Y
{0 Reacondilioning [ Plugging - It Public Supply well, ware plans submitted to the TNRCC? [ Yas ] Na e 2'7 55 - 32’
§) WELL LOG! : DIAMETER OF HOLE 7) PRILLING METHOD (Shesk): ] Driven lok 079 28 533
Date Drlling: Dia.yn) | From(f) | To(h) {J AirRatary g] MudRomary  [J Sored
Siarted _1- \\199_7_ L4~3/4 Surface 40 O AlrHammes [ CableTool [ Jeted
Completed _2=7 " 1297 -3/8 49 525 () Other )
7-1/8 525 | 886
From (1) To (ft) Description and color of lormation material 9) Borenole Complution (Check): () OpenHole [ StralghtWal
a 10 White Caliche 30 Undetreamad Grave!Packefzo 3 Other ros—
10 50 Yellow shale It Gravel Packed give interval ... fom 230 fto_4088 *.
30 308 Blue & gray shale CABING, BLANK PIPE, AND WELL SCREEN DATA:
308 469 Gray Sandston
AL ‘ N Stusi, Plastic, elc. Setting (R,
469 473 Hard white rodk ~ .. Dia | of | Pef.Sied sic. ona) Cosing
4713 491 Gray sandstons ‘l {in.) | Used Scraan M{g.. il commercial From To Screan
493 236 Blue-gray shale r 6-548 n|Stee) caging Q 330
: 6-84B n i) 1_sr 33n 390 D30
6=548 n ing 390 440
£=8) smgj 53 steel scrpl 440 490 2030
6-5/8 n Steal Casin 490 4%5
9) CEMENTING DATA [Flubs a.4e3Y 120

Camented from igg fl.le 4%9 it. No. ol sacks used 2
525 fi. No. of sacks used 1

ot to
Meihodused Tremmic pipa
. Cementedby T, W,D.B. & Halliburton )
(Usa revarss skia of Well Owner's capy. if necessary) Dlstance  sepiic system fleld ines or ohar eoncentrated contamination 200 .
" 13) TYPEPUMP: Method of verification ol above distance ___Estimated
(Q Tubine [ Jot x| Submedsible  [J Cvinder
1 Other 10} SURFACE COMPLETION
Depih to pump bowls, oylinder, . otc., __ IS8 N 3 Speciied Surtace Slab inatalled [Rule 338.44(2)(A))
[0 Specified Siael Slaava Installed  [Rule 338.44(3)(A)]
14) WELL TESTS: 0 Piless Adapter Used [Rule 338,44{3)(h)]
Typasast X Pump ] Bailer ] Jensd [J Esvumaied [J Approved Alternative Procedure Usad [Rule 338.71]

Id: 4 .
Yied: __75 gpmwin_ 140  n.orawdownsher 8 s 11) WATERLEVEL:

Suavclovet 137 h. below lenﬁ surtace vate_2-5~97

15) WATER QUALITY:

Anasian flow gpm. Data
Dia you khowingly penalrate any stmta which cantained undesirable
e ents? PACKERS: Type D
O vas No + liyes, submi "REPORT OF UNDESIRABLE WATER* 12) - oot
Typa ot watar? : Depth of strata | None

Was a chemical analysis made? i[] Yes [ No

{ hereby cenify thay this well was dried by me {or under my supsrvision} and that each and ail of tha statemants herein are true ta the best of my knowlgdge and belief, |
underatand that lilure 1o complewm ftems 1 i 15 will result In the l0g(s) being retumed lor comglation and resubminal,

COMPANY NAME Mum;ﬁ,mﬁh’:pman:-anud___ WELL DALLER'S LICENSE NO. M
ypo of print .

ADDRESS 1700 Hydro Drive i Austin Texas  78728-7725
(Chy)
(Signed) _ " (Slgned)

. . (RedTstered Drillar Trainea) )
- 7" Please aRach eleciric log, chemical snalysis, and other pertinent information, it avsilabie. : g
TNRCC0199 (Rev. 082108 . White- TNRCC ~ Yellow-DALLER ~  Pink-WELLOWNEAR ~  « < L

—_— N ]




. CH2MHILL
-

PROJECT NUMBER BORING NUMBER
118069.40.2Z TW-1

SHEET 1 OF 6

SOIL BORING LOG

PROJECT Laredo ASR

ELEVATION

LocaTion _McPherson Storage Tank

DRILLING CONTRACTOR_JTWOB (Texas Water Development 8oard}

DRILLING METHOD AND EQuIPMENT_ Failing Mud Rotary 7 7/8" bit (6 1/8" star)

WATER LEVEL AND DATE sTART 1:7-97 FinisH _1-13-97 LOGGER b McAllister
2 SAMPLE ALL A SOIL DESCRIPTION COMMENTS
SE = TEST
o 2 S | & RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE,
3 z <u | > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS,
i i w19 §"-6"-6" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
W = &S | of (N) MINERALOGY
an = £z | L
0 CLAY (CL), yeilowish orange with dark yellow orange staining
— i — — 15-25% fine grave), mostly quartz, clear, light brown and dark —
10 gray
CLAY (CL), with gravel as above, fragments of gypsum
— 2 J— —_ —
20 N
CLAY (CL}, as above, with yellowish gray mottling, some siity | Driller hit hard "ledge”, bit wants to
25'— 3 — - nodules with fragments of oyster shell chert and gypsum kick off to side —
30 |
4 _ CLAY (CL), as above, increased fragments of sheil and chipped | 32-37 ft: very rough drilling
] - chert, decreasing gravel content (5-10%) .
40 _ _ , Stap 1-7-07 to install 40 ft surface  —
CLAY (CL), dark gray with yellowish orange silty nodules, some | casing
- 5 - - ?7? fragments (claystone/siltstone), "shaley", fragments of | giart 1-8-97 —
- 50 gypsum and some oyster shell
CLAY SHALE, dark gray, soft, friable
| & — — —
60 |
, SHALE/CLAYSTONE, dark gray, fine grained, soft, fissile
70 ]
SHALE, as above and SANDSTONE, light steel gray, very fine
75" — 8 _ —_— quartz sand, soft, ~0.5 ft thick —
76 ft: very rough
80 quartz sandstone layer ~0.5 ft thick _|
SHALE and SANDSTONE, interbedded in layers 0.5 to ~1.0 ft
— 9 — —_ thick, as above SANDSTONE at 90' -
90 -
SHALE, as above from ~90.5 #t Sandstone faver at 90 ft (0.5 ft thick)
] 10 _ _ o
100" 100 Sandstone decreasing |
SHALE/CLAYSTONE, as above, no distinct sandstone intervals
- 1 — — ]
110 —_
_l ) SHALE/CLAYSTONE, as above
1 — p— — 3
120 |
SHALE/CLAYSTONE, as above
125' — 13 _ -— |
130 -
Interbedded SHALE and SANDSTONE, as above, fragments of
B A - gypsum Rough drilling at 135+ ft N
140 -
SHALE and SANDSTONE, as above, some mica and shelly Rough drilling at 140+ ft
_ 15 - —_ material ]
150

—150'—-



PROJECT NUMBER BORING NUMBER
118069.J0.22 TW-1 SHEET 2 OF 6

. CH2MHILL
N SOIL BORING LOG

PROJECT... -aredo ASR LOCATION __ McPherson Storage Tank

ELEVATION DRILLING CONTRACTOR__ TWDB (Texas Water Development Board)

DRILLING METHOD AND EQUIPMENT Failing Mud Rotary 7 7/8" bit (6 1/8" start)

WATER LEVEL AND DATE START__1-7-97 FinisH _1-13-97 LOGGER ___L: McAllister
z SAMPLE P AR SOIL DESCRIPTION COMMENTS
=1 . TEST
o 2 S | & RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE,
.- z <w | > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS,
e T wS 3 666" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
E e =2 | @ E (N) MINERALOGY

—150° —— -

SHALE, dark gray, soft, fissile, fine grained layer of ayster? | Hard drilling at 156 ft, ground shefl
] 16 — — sheli at 156 ft, very hard, white and gray crushed shelly material, | fragments and mica?
160 shiny fragments from shell interior
SHALE, as above, no oyster shell
170
SHALE, as above
175'— 18 — -—
180
SHALE, as above
— 19 —_ —
180
SHALE, as above
—] 20 — —_
200 ——-2%0 Stop drilling 1-8-97
SHALE, as above
| 21 — —_
210
SHALE, as above
| 22 _ _
220
SHALE, as above, with numerous thin layers of SANDSTONE,
225' — 23 — — steel gray, Soft, very fine grain, quartz (mostly sandstone
recovered)
230
SHALE, as above
. u |- -
240
SHALE, as above
] 25 — —
SHALE, as above
- 26 —_ —_
260
SHALE, as above
270
SHALE, as above
275" — 28 —_ —
280
SHALE, as above
— 29 — —
290
B 10 _ _ SHALE, as above
300

—300



PROJECT NUMBER BORING NUMBER
118069.J0.22 T™W-1 SHEET 3 OF 6

. CH2MHILL
N SOIL BORING LOG

pRoJEGT__Laredo ASR LOCATION __McPherson Storage Tank

ELEVATION. DRILLING CONTRACTOR TWDB (Texas Water Development Board)

DRILLING METHOD AND EQUIPMENT Failing Mud Rotary 7 7/8" bit (6 1/8" start)

WATER LEVEL AND DATE stagr_1-7-97 Finisy _1-13-67 LOGGER __L. McAllister
§E SAMPLE Pg%’;.gssﬁg" SOIL DESCRIPTION COMMENTS
o
ay 2 e E RESULTS SOIL NAME, USGS GROUP SYMBOL, GOLOR, DEPTH OF CASING, DRILLING RATE,
Eg > W | > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS,

c E mg 86 6"-6"-6" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
w= = E% of N MINERALOGY
—-300' . . 0
SHALE, dark gray, fine grained (silt and clay), soft, fissile, trace | OVM- 0 ppm
— A — — of very fine sand
310
SHALE, as above
] 32 — _
320 320 ft: Top of 20740 sand pack
SHALE, as above
325"~ 33 _ —
330
SHALE, as above
— 34 — —_
340
SHALE, as above
] 35 — —
3s50' 350
SHALE, as abave, becoming sandier, less clay, trace of yellow
- ¥ | — - orange fragments of agate, siltsone and cabonite type material
360
SANDY SHALE/SANDSTONE, dark gray, very fine grained sand
— 37 — . and silt, soft, fissile, decreased clay, yellow orange tragments
370 as above
SANDY SHALE, as above
375" — 3 | — —
380
SHALE, with less sand
] 39 — —
380
SHALE, as above, fine grained, soft, fissile, clayey
R = - 397.5 ft: Top of grout seal and top of
400 400 biank casing
SHALE, as above, sandier in zones
—~ 41 | — -
410
SHALE, as above, thin sandy layers, some sandstone fragments
— 42 - — Slightly harder at ~418 ft
420
SHALE, as above
425' — 43 —_ —
430
SHALE, as above
— 44 — — 435 ft: Top of sand pack
440 Drilling much rougher at 442-444 ft,
SHALE, as above, and SANDSTONE, steel blue gray, very fine | sandstone
— s | = - grained, quartz, harder than shales 445 ft: Top of lower screen
450

—450°



PROJECT NUMBER BORING NUMBER

. cHz HILL 118069.J0.7Z TW-1 SHEET 4 OF 6
. SOIL BORING LOG
pROJECT_Laredo ASR Locarion _McPherson Storage Tank
ELEVATION DRILLING CONTRAcCTOR_TWDB (Texas Water Development Board)
DRILLING METHOD AND EQUIPMENT _Failing Mud Rotary 7 7/8" bit (6 1/8" start)
WATER LEVEL AND DATE sTART 1-7-97 FiNisy _1-13-97 LOGGER _L. McAllister
%E SAMPLE ,,ggg';!gj‘gg" SOIL DESCRIPTION COMMENTS
E; 5 - TEST
Q 2 Ze | 5 RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE,
P Z <u | > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS,
T T w g 8» 666" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
u3 E %3 wE i) MINERALOGY
b SHALE, dark gray, slightly harder, has biack sand?, slightly | Rougher slower drilling overall
] 45 _ — coarser, in shale, shale is overall less fissile ]
460 —]
SHALE, as above
] 47 — _ 469 ft: SANDSTONE, light gray with black speckles, hard, very _]
fin i i m ,
470 & sand, well sorted, quartz with caliche cement 469 ft: Hit hard sandstone, only drilled_|
J SHALE and SANDSTONE, as above 1 ftin 30 minutes
475 48 | — - 475 ft: Out of sandstone -
430 . =
SHALE, as above, fine grained and clayey, little to no
] 49 — — sand/sandstone |
430 ]
SHALE, as above, few thin stringers of sandstone
— 50 — — 495 tt: Tap of sump —
500' 500 500 ft: Top of bottorn plug —
SHALE, as above
- o1 — — Stop 1-10-97 —
510 . N _|
SHALE, as above 1ntennrttth rough drilling in sandstone
] 52 — _ <0.5 ft thick .
520 ]
SHALE, as above
525" — 53 —_ —_ —]
530 ]
SHALE, as above
— 54 | — — —
540 - |
SHALE, as above
] 55 _ _ _
550
550" -]
SHALE, as above
- 56 — — |
560 _
SHALE, as above, more clay, slightly lighter in color even when | Shale softer and more clayey
- 57 — — wet, softer —]
570 _
SHALE, as above
575" — 58 - — -
580 _
SHALE, as above
- 59 | — - —
530 _
SHALE, as above
. 60 — - —
600

—600°



‘ CH2MHILL
-

PROJECT NUMBER BORING NUMBER
118069.J0.2Z T™W-1

SHEET 5 OF &

SOIL BORING LOG

Laredo ASR

PROJECT.

ELEVATION

LocaTion _McPherson Storage Tank

DRILLING CONTRAacToR_TWDB (Texas Water Development Board)

DRILLING METHOD AND EQUIPMENT Failing Mud Rotary 7 7/8" bit (6 1/8" start)

WATER LEVEL AND DATE sTART 1-7-87 FnisH 171397 LOGGER L McAliister
z SAMPLE PN SOIL DESCRIPTION COMMENTS
-l
i~ > TEST
oy 3 St | & RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE,
g = <y | > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS,
EE & wd |9 666 OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
] g %2 iy N) MINERALOGY
—600 SHALE, dark gray, fine grained, fissile, mostly clayey, accasional
_ 61 . - stringers of thin, very fine grained sandstone .
610 ]
SHALE, as above, thin white shelly layer
— 62 — — |
620 B
SHALE, as above, no shel}
625" 83 _ — -
630 N
SHALE, as above
- 64 — — —
640 B
SHALE, as above
i 85 — — ]
.| 650 N
650 SHALE, as above
- 66 — — .
660 |
SHALE, as above
_ 67 — —_ ]
670 —
SHALE, lighter gray, 15-20% white sheily material, cystar? possibly
675' —| 68 _— — tan limestone, some brown shelly material also, nodules of yellawish —
orange silt
680 -
SHALE, as above, more sand size grains, but not in layers
- 69 — —_ ]
690 .
SHALE, as above
_| 70 _ _ —
700 00 -
SHALE, light gray, soft, clayey, ~5-10% fine black sand, not in [ayers, | Soft- drilling much faster
] 71 _ _ just sandy shale, trace of shelly material and tan and yellow orange ]
silt nodules
710 ]
SHALE, as above
- 72 - — —
720 _
SHALE, as abave
725" — 73 - — =1
730 |
SHALE, as above, less sand, only trace of shelly material, soft and
] 74 s _ clayey, nodules of yellow orange silt —1
740 _
SHALE, as above
— 75 — _ _
750 i

—750°



PROJECT NUMBER BORING NUMBER
118069.J0.2Z T™W-1 SHEET 6 OF 6

. CH2MHILL
N SOIL BORING LOG

PROJECT__Laredo ASR LocaTion ._McPherson Storage Tank

ELEVATION DRILLING CONTRACTOR TWOB (Texas Water Development Board)

DRILLING METHOD AND EQUIPMENT —_Failing Mud Rotary 7 7/8" bit (6 1/8" start)

WATER LEVEL AND DATE S?ART1-7-97 FINISH 1-13-97 LOGGER L. McAliister/B. Christian
z SAMPLE el SOIL DESCRIPTION COMMENTS
)
w= TEST
oy 2 e E | _RESULTS |  gojL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE,
Eﬁ = <y | > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS,

& & wd 19 666" QR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
w= E %3 Wi N) MINERALOGY -
150"
SHALE, light gray, fine grained, clayey, trace of sand and shell fragments, | Stop 1-12-97
— 76 — _ some arange brown silty nodules
760
SHALE, light gray, fine grained
= 77 —_ —
770
SHALE, darker gray, some light gray silt
775" — 78 — —
780
SHALE, light gray, silty
—] 79 — —
780
SHALE, as above, less silt
800" 800 . .
SHALE, dark gray, some light gray silt
— 81 — —_
810
SHALE, as above, trace silt, some grange-brown silty nodules
820
SHALE, light grained, fine grained, trace of sand
825" — 83 — —
830
SHALE, dark gray, some fine grained light gray silty sand
7 84 — —
840
SHALE, as above
I 85 — —
SHALE, dark gray
] 86 - —
860
SHALE, as above
] 87 — -
870
SHALE, as above
875" — 88 — —_
880
Total Depth 884.5

—800'



PROJECT NAME / LOCATION [PROJECT # BORING #

City of Laredo ASR Feasibility Study

DRILLING CONTRACTOR

‘ “ " Del Mar Storage Tank 118069.J0.ZZ TW-2 Texas Water Development Board
’ cHz HILL WELL CONSTRUCTION SUPERVISED BY DEPTH TO WATER |DATE
i B. Christian /
DIAGRAM City of Laredo 1701 3ria7

2 -
0 3
H
_ Surface seal
250° ——
Grout plug
Top of 8/16 gravel
300*
350
8/16 gravel pack
409"
Top of grout (435 ft}
450 — Cement / grout plug

Top of blasting sand (260 ft)

Top of native fill (460 1)

Top of 0.030 low carbon shutter screen (270 i)

Top of 0.040 low carbon shutter screen (290 ft)

Top of 0.030 low carbon shutter screen (410 ft)

NOTES:

6" well casing diameter
10 5/8" hole diameter

Well completed 3/6/97

NOT TO SCALE




Send original copy by crtiled reliin receipt raquested maki 1o: TNRCC. MC 177, P.O. Bax 13087, Auatin, TX 78711-3087

ATTENTION OWNER: Confidentinily Texzas Water Wall Drillers Advisory Counci -

Privilege Notice on on cevarme side State of Texas ’.Q'I::?m
of wel Quners copy (pink) WELL REPORT Ausiin, TX 78711-3087
. : $12-239-06%0
1) OWNER _Citvy of lLaredo ADODRESS P.0. Box 2950 laredo TX 78044
{Name) _{Strest or RFD) - (City) (Gtate) &e)
2) ADDRESS OF WELL:
Caunty _WEBA DelMar Strest ~_ Laredo Texas 78044 croe  BZ-A -4
{Street, AFD or olher} (City) (State) @P)
3) TYPE OF WORK {Check): €) PROPOSEDUSE(Check): [ Manitor (] EnvionmensiSailBading [] Domastic | B)
X New Wall ] Despaning O Indusital (] Imigation [ Injecion ] PublicSupply () De-wamingli] Testwel T ;7031,/_2 4
O Reconditioning (J Pugging it Public Supply weil, were plans submitted to the TNRCC? [] Yes [J Ne a
V on 099 28.%
8) WELL LOG; DIAMETER OF HOLE 7) DRILLING METHOD (Check):  [J Driven
Date Oriting: Dia. (in) | From (R.) To () (] NrRotary EXMudRotary (] Bared
Sterad _2~1C0- 1997 4-3/4 Surdace 20 (] Arrammer [ CableTaol (3 Jetiad
Compiated w___ po-5/8 20 450 Q Other P
7-7/8 450 800
From () To (1) Desaription end cojor of formation msterial - 8] Borshole Completion (Chack): [ OpenHole [ Stmight WaR
y N O Undemreamad WMP-d:od ) Other
a2 20 ¥Yellgw Caliche . o
2o 10 vell che & B H Gravel Packed give intervai ... from 260 Lo 429 n
29 110 DBlue Shale & Gvpsum streaks | CASING BLANK PIPE, AND WELL SCAEEN DATA:
1 = ;
New Stag), Plasiic, etc. Setting (L) Gage
196 290 Gray Shele & aandatone streaks § Oa | or Part., Slofsd, stc. ® Casiing
1 290 440  Gray Sandstone {in.} | Used Screan Mig., if commercial From To Scroen
440 200 Blum:gunm_&mm-ﬁgummu Q 1269
i : i =-5/8 n | shuttar screan 2589 289 030
- ~5/B n Shuttar screen 289 409 040
-5/B n_| shutter gereen 409 | 429 .9390
9) CEMENTINGDATA [Rule 335.44{1)}
Cempniwd irom O _nrw_280 1 .No.ofsackeysed 102
429 fLw_450 fi. No. of sacks ussd 14

Methodused Tremmie pipse
Comemeddy T-W.D.B & Halliburton

Distance 1o septic system flald ines or other concentrated contamination 130 #,

{Usa reversa side of Well Ownar's capy, ¥ nacessary}

13) TYPE PUMP: Method of verification of sbove distance _ Estimated
O Tubine [Jet FkSubmemsibla [ Cylinder
J Other 10) SURFACE COMPLETION
Depth 1o cump bowis, cylindar, jer, e1c., 350 R~ RIxSpecilied Surlace Slab inamiled [Rule 338.44(2)(A))
O Specified Stesl Sieeve inswmiled [Rule 338.44(3)(A)]
18) WELL TESTS: [ Pitless Adapter Usea  [Ruls 338.44(3)(b))
Typetest: [ Pump [J Bailer [T .Jened [ Estimated O Approved Allemative Procedure Used [Rule 338.71)

Yield: _ 65 _gpmwith Tl n drawdowneter__ 8 _ hrs.

11) WATERLEVEL:
Suticievel __130 R. below lard surface Date 3=9-97

15) WATER QUALITY:

) Anesian Row gpm. Date
Oid you knowingly penetrate any swata which contained undesiraple
constituems? ERs Type Deptn
O Yes [FNo ityes, submit “REPORT OF UNDESIRABLE WATER® 12) PACKERS:
Type of water? Depth of sirata Nona

Was achemical enalysin made? (] Ysa [} Ne

| neraty cenify hat this well was drilled by me lor undar my supervision) and that sach and all of the stalemens harain 2re ifue 1o the best of my krowisdge and befiel. }
undersiand the fzilure to compilets ftems 1 thru 15 will resull in the log(s) being ralumed jor compisiion and resutmittal,

T Wat D pmant B
COMPANYNAME D25 DB oo evelopmant Board WELL DRILLER'S LICENSE NO. M Mf
(Type or print) .
Austin 728-772%
(Chy} (Bamte) 2p)
{Signed)

; (Registerad Driller Traines]
Pleasa snsch alactric log, chemicsl snatysis, and othee pentinant information, If svailabla. - i

_White- TNRCC .. Yellow-ORILLER  Pink- WELL OWNER Coa ‘ &\

: Do - ~

TNRCC-0199 (Rav. 05-21-58)




PROJECT NUMBER BORING NUMBER
118069.K0.22 ™w-2 SHEET 1 OF 6

é CH2Z2MHILL
o> SOIL BORING LOG

PROJECT. Laredo ASR LOCATION Del Mar Storage Tank
ELEVATION DRILLING CONTRACTOR_TWDB (Texas Water Development Board)
DRILLING METHOD AND EQUIPMENT.Failing Mud Rotary
WATER LEVEL AND DATE START 2997 mNisH _2:20-97 LoGGeR_L. McAllister
z SAMPLE PENETRATION SOIL DESCRIPTION COMMENTS
oF = TEST
%3 P Sc | & RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE,
3 > <5 | > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS,
EL & wg [ 8 6-6"-6" OR CONSISTENCY, SOIL STRUCTURE. TESTS AND INSTRUMENTATION
ws | £ 3 | g (N) MINERALOGY
La ] Z £z | o
0 SILT/SILTSTONE (ML), yeliowish orange, trace of fine sand, :OVM- 0 ppm
i 1 —_ — highly gypsuferous (selnite)
10
SILT (ML), as above
—f 2 P J—
20
SILT (ML), as above
25'— 3 | - —
30
SILT (ML), as above with CLAY (CL)
— 4 —_— —
40
CLAY (CL), yellowish orange and greenish gray, less gypsum,
— 5 - — trace of silt to very fine sand
50° 50
CLAY (CL), light olive gray, trace silt
] 6 - —
60
CLAYSTONE / SILTSTONE, light olive gray, friable
] 7 —_ —_—
70
SHALE, light ofive gray, fine grained, fissile, silty with trace of
75" — 8 — — shell material
80
SHALE, as above, 10-15% oyster shelt, trace of very fine sand
- 9 _ - and gypsum
80
SHALE / SANDSTONE, fine grained sand, blue-gray color,
— 10 _ —_ fissile, 10-15% oyster sheil
SHALE / SANDSTONE, light olive gray, fine grained, fissile,
— 1 — —_ less shell
110
SHALE, as above, decreasing fine sand
120
SHALE, as above
125' — 13 - —
130
SHALE, as above, increasing clay
] 14 — —
140
SHALE, as ahove, some very fine sand/sandstone
- 15 — —
150

—150°



‘ CH2MHILL
- ‘

PROJECT NUMBER BORING NUMBER
118069.K0.2Z — TW-2

SHEET 2 OF B

SOIL BORING LOG

PROJECT__Laredo ASR

ELEVATION

LocaTion __Del Mar Storage Tank

DRILLING CONTRACTOR TWDB {Texas Water Development Board)

DRILLING METHOD AND EQUIPMENT _2iling Mud Rotary

WATER LEVEL AND DATE

sTaRT_2-9-97 sy _2-20-97

LoGGER _L- McAllister

5& SAMPLE Lol SOIL DESCRIPTION COMMENTS
o} Y TEST
33 2 2c E RESULTS SO, NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE,
- z <4 | > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS,
Tk ] wqg | 8 6"-6"6" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
}_?? = r3 &E (N} MINERALCGY
i SHALE, as above
- 16 —_ —
160
SHALE, as above
— 17 — —
170
SHALE, as above, increasing clay
175"~ 18 — —
180
CLAYEY SHALE, light olive gray, less fissile, more fine grained
— 19 - - and soft
190
GLAYEY SHALE, as above, trace of sand, very fine
— 20 — _
200° 200
SHALE, light olive gray, fine grained, fissile, trace sand
. 21 | — -
210
SHALE, as above
- 22 —_ —
220
SHALE, as above, little to no sand
225" —| 23 — —
230
SHALE, as above
1 2 | — —
240
SHALE, as above, gyp777
] 25 —_ —
250" 250
SHALE, as abave, with increasing ciay, light gray color
-] 26 — —
260 -
SHALE/CLAY, light gray, soft, more fine grained, less fissile,
— 27 — — some very fine sand
270
SHALE/CLAY, as above
275" — 28 — —_
280
SHALE/CLAY, as above
- 29 — ——
290
SHALE/CLAY, as above
- 3 | — -
Lapg 300




‘ CH2MHILL
-

118069.K0.22 TW-2

PROJECT NUMBER BORING NUMBER

SHEET 3 OF 6

SOIL BORING LOG

PROJECT_ Laredo ASR

ELEVATION

LocaTion __Del Mar Storage Tank
DRILLING CONTRACTOR_TWDS (Texas Water Deveiopment Board)

DRILLING METHOD AND EQUIPMENT _Failing Mud Rotary

—450°

WATER LEVEL AND DATE START 2997 ppisy _2-20-97 LOGGER L. McAliister
& SAMPLE PN R ARON SOIL DESCRIPTION COMMENTS
= - TEST
on 2 S | B RESULTS SOIL NAME, USGS GROUP SYMBGCL, COLOR, DEPTH OF CASING, DRILLING RATE,

= > <y | > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS,
En: & wg | 9 866" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
w2 E LS 1o N) MINERALOGY
L P [ [
300 SRALE/CLAY, as above
— 1 —
310
SHALE/CLAY, as above
- a2 —
320
SHALE/CLAY, as above
325" 33 -
330
24 SHALE/CLAY, as above
340
- . SHALE/CLAY, as above
350 350
CLAY (CL), light olive gray, very fine grained, soft, plastic, less
— 36 - shelly texture
360
CLAY (CL), as above
— 37 —
370
CLAY (CL), as above
375" — 38 —
380
CLAY (CL), as above
= 39 -
390
CLAY (CL), as above
] 40 —
400" 400
CLAY/MUD/MUDSTONE, light gray, very fine grained, soft,
. M - little to no texture
410
CLAY/MUD/MUDSTONE, as above
—] 42 —_
420
CLAY/MUD/MUDSTONE, as above
425" — 43 —
430
a4 CLAY/MUD/MUDSTONE, as above
440
45 _ CLAY/MUD/MUDSTONE, as above
450




0 CH2MWMHILL
- _

PROJECT NUMBER BORING NUMBER
118069.K0.22 TW-2

SHEET 4 OF &

SOIL BORING LOG

proJecT_ aredo ASR

ELEVATION

LocATion D¢l Mar Starage Tank

DRILLING CONTRACTOR__IWD8 (Texas Water Development Board)

DRILLING METHOD AND EQuiPMENT_Failing Mud Rotary

WATER LEVEL AND DATE START_2:9-97 pFisy _2-20-97 LoGaeR _L McAliister
gE SAMPLE ALl SOIL DESCRIPTION COMMENTS
T > TEST
oy 2 S« | & RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE,
Iz = <y | > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS,
ac & wg 18 6°-5-6° OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
an ';__-, = 2 |2 E (N) MINERALOGY

)—450 CLAY/SANDSTONE, with traces of harder material, less shaley
- 46 — — texture
460
CLAY/SANDSTONE, as above
— 47 —_ _
470
CLAY/SANDSTONE, as above
475'— 48 _ —_
480
CLAY/SANDSTONE, as above
_ 49 — _
490
GLAY/SANDSTONE, as above
— 50 — —
500" 500
CLAY/SANDSTONE, as above
] 51 — -
510
CLAY/SANDSTONE, as above
~ 52 | — —
520
CLAYEY SHALE, gray, very fine grained, less fissile, more
525" — 53 —_ — pulverized
530
CLAYEY SHALE, as above
- 54 | — —
540
CLAYEY SHALE, as above
— 55 — —
CLAYEY SHALE, as above, trace of sandy zones
] 56 — —_
560
CLAYEY SHALE, as above
- 57 _— —
570
CLAYEY SHALE, as above
575" — 58 -_— —_
580
CLAY, as above, becoming slightly shaley, very fine, no sand
— 59 — -
590
CLAY, as above
] 60 — —




é CH2MHILL
-

PROJECT NUMBER
118069.K0.ZZ

BORING NUMBER

TWw-2

SHEET 5 OF 6§

SOIL BORING LOG

PROJECT Laredo ASR

ELEVATION

LocATIon _Det Mar Storage Tank

DRILLING CONTRACTOR_TWDB (Texas Water Development Board)

DRILLING METHOD AND EQUIPMENT —Failing Mud Rotary

WATER LEVEL AND DATE sTaRT_2:9-97 Fintgy _2-20-97 LoGGER _L. MoAllister
gE‘ Péﬁg‘gﬁﬁgu SOIL DESCRIPTION COMMENTS
o= - TEST
ay P S | & RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE,
= > <y | > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS,
Ee T wd 8 &"-6%-8" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
W = ez | 3 ) MINERALOGY

z £z | &
—600*
610
620
SHALE, light gray, fine texture, siltier than above, some oyster
525-J shell fragments
630
_‘ SHALE, as above
640
SHALE, as above
—
650" 850
SHALE, as above
660
SHALE, as above
670
SHALE, as above
675' —
680
SHALE, as above with trace of SAND/SANDSTONE
690
SHALE, as above
SHALE, as above, slightly sandier
710
SHALE, with trace of fine sand
72Q
SHALE, as above
725" —
730
SHALE, more clay, little to no sand
740
CLAYEY SHALE, fine grained, no sand
750

—750°




‘ CH2MHILL
. ‘

PROJECT NUMBER
118069.K0.2Z

BORING NUMBER
TW-2 SHEET 6 OF §

SOIL BORING LOG

PROJECT__L3redo ASR

ELEVATION

LocaTion D¢t Mar Storage Tank

DRILLING CONTRACTOR__TWDB {Texas Water Development Board)

DRILLING METHOD AND EQuUIPMENT._Failing Mud Ratary

WATER LEVEL AND DATE sTaRT_2:9-97 FiNisH _2-20-97 LOGGER _L. McAllister
ic SAMPLE PonANDARD SOIL DESCRIPTION COMMENTS
-l
i~ TEST
o 2 Se E RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE,
b > <u | > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS,
ec & w19 _ 5.6"6" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
750"
CLAYEY SHALE, as above
760 ]
_J CLAYEY SHALE, as above
770 ]
CLAYEY SHALE, as above, trace of fine sand
775" — —
780 _
_{ CLAYEY SHALE, as above
-
790 |
CLAYEY SHALE, as above
| -
800
800"
END OF BORING
.,_' —
825" — -1
700" - -
— —]
725' — ]

—750°




. CHZMHILL Del Mar Storage Tank
-

PROJECT NAME / LOCATION
City of Laredo ASR Feasibility Study

PROJECT # BORING #
118069.J0.2Z TW-2A

DRILLING CONTRACTOR
Texas Water Development Board

DIAGRAM

WELL CONSTRUCTION |SUPERVISED BY

B. Christian
City of Laredo

DEPTH TO WATER
121.94 ft

DATE
7/28/97

2.
¢ -

N

2200 —

250" —

3000 —

a0 —

¢—— 6" steel protective casing
Surface seal
Bentonite slurry

Top of cement grout (220 1t)

Top of 20/40 fine sand (240 ft)

Schedule 30 4" PVC casing

Top of screen (260 ft)

Schadule 80 4" PVC
0.020-slot well screen

8/16 gravel pack

20/40 gravel pack

Top of native fill (420 ft)

NOTES:

4" well casing diameter
9 7/8" hole diameter

Well completed 7/25/97

NOT TO SCALE
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Send Mww by cmﬁ-d renim recelpt fequamecd mail io: mﬁcc. MC 177, P.O. Box 13087, Auntin, TX 78711-3087;

ATTENTION OWNER: Conficeniiafily

Tezaa Watar Well Drillurs Advigory Councli

Privitege Notice on on revarse side State of Texas p O-Bi:::;ﬂl“l
of Well Owner's copy (ik) . _ WELL REPORT Austin, TX 787112087 .
5122390530
1) OWNER _ ity of Laredn ADDRESS PO Box 2950 -  Laredo Texas 78044
‘ {Name) (Street or RFD) {Chty) (Smw) (Ze)
2) ADDRESS OF WELL:
Caunty Webh r La erQl T™X GRID #
(Streel, RFD or ather) (City} (State) (Zip)
3) TYPE OF WORK (Check): 4) PROPOSEDUSE (Check): [ Monitor [J Envimnmental SolBorg ] Domestic 6)
K] NewWeil [ Deepsning O Indusirial [ Imigadon ) Injection [ PublicSupply {3 De-watring £ Tastweil
O Reconditoning () Plugging it Public Supply well, were plans aubmitted lo the TNRCC? [J Yes [J No
6] WELLLOG: DMAMETER OF HOLE 7) ORILLING METHOD (Gheek): [T Driven
Data Dritling: Dia. (in.) From (R.) To (0) CJ AirRotary X] Mud Rotary [ Boered
Searted ____7—8~-9719___ 9-7/8 Surtace 420 {1 ArHammer [ CableTool [ Jefied. .
Completed 7=28-97 19 ] Other d
From (M) To L) Dascription and colar of formation metariai 8) Borehols Completion (Check): ) ©pen Hole ] Straight wWal
[ Underreamed EXGravelPacked [ Other
fon——d0 Oc > If Gravel Packed give imsrsl _ from __240 rtw_ 420 n
40 ~ 25Q Plue gray shale & hard streaks -
250 - 254 Graywhite limegtone CASING, BLANK PIPE, AND WELL SCREEN DATA:
254 - 330 Blve gray hard ghale & sandstone | New | Stee), Prastc, mic. Satting () Gage
330 - 34 a Dia. | or Peri., Slofted, etc. Casting
- 4 u - {in.) | Used Screen Mig,, If commarcial From To Screen
410 - 420 Bl hal 4 |In C casing - <50
-} L1} PVC 3TTEaN 260 300 U220
43 - Be-bhlank 350- 315
LR ERR Rt A8 —34¢
} a—L8uEgozcon- 350143 Q30
9) CEMENTING DATA [Rule 338.44{1)}
Ceomented trom 240 fhw _26Q N No.ot sacks used -]

Methodused _Txjmmie pipe

Q! o 15° f. No.oisacksused % __

Csmentedby T . W.D.B.

{Uss reverse side of Well Owners copy, # necessary)

Distance to septic system feid #nes or other concentrated contamination 300 1.

13) TYPE PUMP; . Method of verification of above disance
O Turbine [ Jst [} Submaersitle (] Cyfinder
O Owher 10) SURFACE COMPLETION
Dapth (o pump bowda, cylinder, jet, e, __ 252 1, XX Specilled Surfacs Siab inmaliad  [Rule 338.48{2){A))
O Specified Steel Sleeve Inswmiled  [Rula 338.44(3)(A))
14) WELL TESTS: [ Pilless Adaptar Used  [Rule 338.44(3)(b)]
Typstest: [XPump (O Bailer (J Jeheaq [ Estmated 30 Approved Allarmasive Procedure Usad {Rule 338.71]

Yigle: £0 with 180 . 1 dawdownalter__ R nis.
"' gom with 4 s 11} WATER LEVEL:

15} WATER QUALITY:

Statclevel 135 i belowlandsufisce  Date___7=27-97

Anosiah flow opm. Dae
Dld you knowingly panatrate any strata which contained undesirable
conatituants? . ac T Deoth
OJYes EDNa  ifyes, submit ‘REPORT OF UNDESIRABLE WATER"® 2} PACKERS: i
Typeolwater? ____________ Depihotsirata NONE

Was a chamical anaiysis mada? O ves O Ne

| nereby certity hat this well was drilled By ma {or under my supervision) and that aach and ail of the statements herein are true to the best of my knowledge and bellet. |
undersiand that izlke to compisie ilems 1 thiu 15 will raayit in the log(s) baing retumed lor completion and rasubminal.

COMPANY NAME WELL DRILLER'S LICENSE NO.  2327WTI
. (Type or print) .
ADDRESS Austin Texas
e (Chy) ] . (Swe} . '
(Signed) _ 4 (Signed) )
e (Licensad WekDriler) , "~ (Rwgatarod Drifer Treines)

Please attach siectric log, ch;ﬁk;i lndv;ll. -nd’ouur pertinent Mommm. i avsilable.

TNACC.0199 (Rev. 06-21-98) - .. ". .. . white- TNRCC Yollow-DRILLER - Pink-WELLOWNER. =~ ... .




PROJECT NUMBER BORING NUMBER
118069.J0.2Z TW-2A SHEET 1 OF 3

. CH2Z2MHILL
A SOIL BORING LOG

PROJECT.__ -aredo ASR LocaTion D8l Mar Storage Tank
ELEVATION DRILLING CONTRACTOR TWDB (Texas Water Development Board)
DRILLING METHOD AND EqQuipmeNT_Failing Mud Rotary 7 7/8" - 9 7/8" bit
WATER LEVEL AND DATE START.7-8-97 FiniSH . 7-15-97 Locaer _P Van Noort
2 SAMPLE oD AR SOIL DESCRIPTION COMMENTS
gt o o & RESULTS
ay = Zzr | & SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE,
<3 Z <y | > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS,
Eu ] wg 18 566" OR CONSISTENCY, SOl STRUCTURE, TESTS AND INSTRUMENTATION
ga E z % &JE N) MINERALOGY
9 SILT WITH SAND, 20-40% very fine sand, orange brown Samples obtained via mud logging at
] selenite gypsum fragments, trace caliche 10 ftintervals
10
SILT WITH SAND, same as above, trace shell fragments
| 7 7/8" pilot hole
o0 8-6 mud weight
SILT WITH SAND, same as above, trace gray clay 30 second viscosity
25'—
30
SILTSTONE AND CLAYSTONE, dark gray, stiff
40
SILTSTONE AND CLAYSTONE, same as above, siltstene
50" 50
CLAYSTONE, dark gray, trace fine sandstone quartz and dark
— minerals (mafics or glauconite)
60
CLAYSTONE, same as above, increased gypsum
70
SILTSTONE, medium gray
75" —
80
SILTSTONE, with very fine sandstone, gray to light gray friable
_ sandstone
90 Hard streak at 86-8¢ ft
SANDSTONE, very fine, light gray, no HCL reaction
SILTSTONE, soft, trace qypsum, light to medium gray
110
SILTSTONE, same as above
120
SILTSTONE, same as above
125' —
130
SANDSTONE, very hard, very fine, 80% guartz, 20% dark Hard streak at 130-132, 137-142,
— minerals, moderate reaction with HCL suggests calcite cement | 148-150 ft probably
140
SILTSTONE AND CLAYSTONE, trace sand
150

=150



PROJECT NUMBER BORING NUMBER
118069.40.ZZ —TW-2A SHEET 2 OF 3

. CH2MHILL
- . SOIL BORING LOG

PROJECT__ Laredo ASR LocaTion _Del Mar Storage Tank
ELEVATION DRILLING CONTRACTOR_ _TWDB (Texas Water Development 8oargd)
ORILLING METHOD AND EQUIPMENT _Failing Mud Rotary 7 7/8" - 3 7/8" bit
WATER LEVEL AND DATE START _7-9-97 FINISH _.7-15-97 LOGGER P Van Naort
SAMPLE STANDARD
§ E . pﬁu%mu SOIL DESCRIFTION COMMENTS
EE 2 S, | E | RESULTS | soi NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE,
re z <u | > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS,
I i ws | 8 666" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
W £ s |of N) MINERALOGY
o® =z £z | E&
---150"
SILTSTONE AND CLAYSTONE, same as above
160
CLAYSTONE, clay domninant, trace sandstone
170
SILTSTONE, trace claystone, dark gray
175 —
180
SILTSTONE, same as above, with sandstone, siltstone reacts
_ with HCL Hard streak at 182-184 ft
190
SILTSTONE, same as above, mostly friable sandstone to very
— hard
200' 200
CLAYSTONE, with siltstone alternating
210
CLAYSTONE, same as above
220
SILT TO SILTSTONE, gray, soft
225 —
230
SILTSTONE
240
SILTSTONE, same as above, trace coarse siltstone, no HCL
_ reaction
250° 250
SANDSTONE, very fine, hard, reacts with HCL, trace selenite | Hard streak at 250-254 ft
| 258.50
N See rock core logs C-1, C-2, C-3 Begin rock coring 7/11/97
270
275"
280
290
3ppr——300
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PROJECT NUMBER
118069.J0.22

BORING NUMBER
TW-2A SHEET 3 OF

SOIL BORING LOG

pRoJecT__Laredo ASR

LocaTion _ el Mar Storage Tank

ELEVATION. DRILLING CONTRACTOR.__TWDB (Texas Water Development Board)
DRILLING METHOD AND EQuiPMENT _ Faifing Mud Rotary 7 7/8 - 3 7/8" bit
WATER LEVEL AND DATE sTART_7-9-97 FiniSH __7:15-97 Logaer P Van Noort
& SAMPLE Aot SOIL DESCRIPTION COMMENTS
o= > TEST
oy 2 S« | & RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR. DEPTH OF CASING, DRILLING RATE,
EE Z <w | > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS,
T c wd |8 666" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
W= E EE %E N MINERALOGY
—300'
See rock core logs 2,3
315
SANDSTONE AND SILTSTONE CUTTINGS (likely carryover
— from coring) ]
325' —]
330
See rock core log 4
. 350
30 See rock core log 5
355
CLAYSTONE, soft, dark gray N
B SILTSTONE, dark gray, hard ]
375' | -
380
Sea rock core log 6
400" 400
See rock core log 7
420
SILTSTONE, dark gray, trace sand
425" — ]
430
END OF BORING AT 430 FT Reamed hole to 9 7/8", set 4" PVC
— well, 0.020-slot at 200-300, 315-345, —
390-410 1t




PRCJECT NUMBER |BORING NUMBER

. CHZMHILL 118069.K0 TW-2A -Core C-1  sHEeT 1 OF 1
ASR ROCK CORE LOG

PROJECT : Laredo ASR LOCATION - TW-2A @ Del Mar Treatment Plant

ELEVATION : NA DRILLING CONTRACTOR : TWDB

DRILLING METHOD AND EQUIPMENT USED : Failing Mud Rotary - 6" core barrel x 20", 7 7/8" pilot hole

SAMPLE RUN C-1 START: 7/10/97 END: THOS7 LOGGER : Pater van Noort

DEPTH INTERVAL 268.5-275.5' LENGTH RECOVERY: 15,33’ PERCENT RECQVERY:  90.2%
DEPTH COLOR LITHOLOGY and DISCONTINUITIES COMMENTS

ROCK TYPE, MINERALOGY, WEATHERING, HARDNESS AND AOCK MASS SIZE AND DEPTH OF CASING, FLUID LOSS,
CHARACTERISTICS (BEDDING) ; FAULTS, ORIENTATION, INFILLING MATERIALJCORING RATE AND SMOOTHNESS, CAVING

THICKNESS, SURFACE STAINING ROD DAOPS, TEST RESULTS, ETC
268.5 - 268.9 Light to Siltstone, dark green spacs. on outside of core are probably Sea visual log for coring rates, fractures
medium gray| glauconite. Light color laminations react with HCL, hard and sacondary featuras.

laminated (< 1mm), altematiing light and medium gray wavy
laminations; thin (1 mm or <) laminations of claystone and organic
detritus trace fossils across entire core, including gastropods, &
moilusks. Pitting across some fossilifarous zones.

@ 263, begin sandy Siltstone, light and dark colored minerals,
secondary glauconite in lsnticular zones, trace seienite gypsum
(clear platy min)Laminated, decreasing laminations and less wavy,
hard

@266.2 along drill break, Sandstone lamination, very fine sand,
same at breaks occurring at 267.3, @ 267.7-267.9, same with
claystone lamination, dark gray brown, 1mm or less in thickness. ,

268.9- 273.9 | Alt. medium | Sandstone, very fine, 70-80% qtz, 20-30% dark minerals, massive
gray to light | to laminated with siltstone, Heavy minerai lag deposits along thin
gray laminations.

Fracture Summary: 259, 260.4, 262.3, 261.75, 263.3, 264.1, 264.4,

264.7, 264.8, 265.5, 266.2, 266.5, 266.7, 267.35, 267.7, 267.9,

268.55, 268.9, 269.5, 289.9, 270.6, 271.05, 271.4, 272.1, 272.4,
272.8, 273.1,273.4, 273.9

Fractures generally occur along iithologic changes and are likely
created during coring. No staining observed to suggest secondary
porosity.

Corec-1.4s DFW1/110869/data/corelogs



. CH2Z2MHILL 122X TW-2A Core C-2  SHeET 1 OF 1
ASR ROCK CORE LOG

-

[PROJECT NUMBER  |[BORING NUMBER

PROJECT : Laredo ASR LOCATION : TW-2A @ Del Mar Treatment Plant
ELEVATION : NA DRILLING CONTRACTOR : TWDB

DRILLING METHOD AND EQUIPMENT USED : Failing Mud Rotary - 6° core barrel x 20', 7 7/8" pilot hole

SAMPLE RUN C-2 START: 7112/97 END: 7H2/97 LOGGER : Pater van Noort
DEPTH INTERVAL 275.5-295' LENGTH RECOVERY: 18.95 PERCENT RECOVERY: o7%

DEPTH COLOR LITHOLOGY and DISCONTINUITIES COMMENTS
ROCK TYPE, MINERALOGY, WEATHERING, HARDNESS AND POCK MASS SIZE AND DEPTH OF GASING, FLUID LOSS, |
CHARACTERISTICS (BEDDING) ; FAULTS, ORIENTATION, INFILLING MATERIAL, JCORING RATE AND SMOOTHNESS, CAVING
THICKNESS, SURFACE STAINING ROD DROPS, TEST RESULTS, ETC
275.5-295 Medium to | Sandstone, very fine, welt sorted. 80% quartz, glauconite? or mafic | See visual log far coring rates, fractures,
light gray | minerais?, trace rose and smokey qtz, trace pyrite, jasper, selenite. secondary features

Laminated with thin, wavy lams <1mm of siltstone. Trace sheii
fragments, trace lignite in darker laminations. Hard

Fractura Summary: 276.5, 277.1, 277.6, 277.9, 279.7, 281.1, 282.3,

283.5, 284, 284.5, 286.1, 286.7, 287.1, 287.5, 287.9, 288.2, 288.55,

28B.95, 290, 290.9, 291.8, 292.05, 293.4, 294.1, 294.25. All breaks
occur along bedding planes.

Corec-2.xds

DFW1/11804%9/data/corelogs



. CH2MHILL 118069.K0 TW-2A -Core C-3  sHEeT 1 oF 1
ASR ROCK CORE LOG

o

PROJECT NUMBER |BORING NUMBER

PROJECT :

Larsdo ASR

LOCATION :

TW-2A @ Del Mar Traatment Plant

ELEVATION :

NA

DRILLING CONTRACTOR :

TWDB

DRILLING METHOD AND EQUIPMENT USED :

Failing Mud Rotary - 6" core barrel x 20, 7 7/8" pilot hole

SAMPLE RUN

C-3

START: 7112/97 END: TN2/97

LOGGER : Peter van Noort

DEPTH INTERVAL

205-318' LENGTH RECOVERY: 20.5

PERCENT RECOVERY:  100%

DEPTH

COLOR

LITHOLOGY and DISCONTINUITIES
ROCK TYPE, MINERALOGY, WEATHERING, HARDNESS AND ROCK MASS
CHARACTERISTICS (BEDDING) ; FAULTS, ORIENTATION, INFILLING MATERIAL,
THICKNESS, SURFACE STAINING

COMMENTS
SIZE AND DEPTH OF CASING, FLUID LOSS,
ICORING RATE AND SMOCTHNESS, CAVING
ROD DROPS, TEST RESULTS, ETC

295 - 300.5

Medium to
fight gray

Sandstone, very fine, well sorted. 80% quanz, 20% glauconite? or
mafic minerals?, trace pyrite, jasper, salenite. Soft to medium
hardness. Calcified zone at 297, very hard.

Laminated (wavy) with heavy mineral deposits, trace cross bedding,
trace laminaticns of silt. Trace fossil and organic zones @ 298.
QOrganic fragments consisting of wood, leaf material?

@300, vuggy zone - pyritic, fossils {oysters?) , dark brown to black, 1
1.5" infilled with sandstons, soft - some secondary minerals.

300.5-312

Dark gray

Siltstone, fine to coarse. mediurn gray. quartz and dark minerals
dominate mineralogy, trace pyrite and selenite. Hard.

Strongly laminated, interbedded with 0.01-0.05' lams. of fine sand.
Lenticuiar, boudin structures throughout - 1/4-1", coarse matarial
generally surrounded by finer silt and sand.

312-315

Sandy Siltstone, very fine sand. Medium gray. bard - soft. Wavy
laminations, trace clay laminations, trace pyrite.

Fracture Summary: 295.2, 296.3, 296.65, 297.1, 297.35, 297.6,
297.9, 298.1, 298.2, 298.5, 299.15, 299.6, 299.95, 300.5, 301.2,
302.25, 302.75, @303.1-305.8 vertical fracture w/ numerous
horizontal breaks -drilling induced) 304.15, 304.65, 305.8, 308.15,
309.4, 309.9, 310.6, 311.7, 313.2, 314.5, 314.9, 315.05, 315.55

See visual log for coring rates, fractures,
sacondary features

Corec-3.xs

DFW1/11806%/data/corelogs




rnoascr NUMBER [BORING NUMBER
118069.K0 TW-2A -Core C-4 SHEET 1 OF 1

. CH2MHILL
-

ASR ROCK CORE LOG

PROJECT : Laredo ASR

LOCATION : TW-2A @ Del Mar Treatment Plant
ELEVATION : NA DRILLING CONTRACTOR : TWDB
DRARLING METHOD AND EQUIPMENT USED : Failing Mud Rotary - 6° core barrel x 20°, 7 7/8" pilot hole
SAMPLE RUN C-4 START: 7M3/97 END: 7113/97 LOGGER : Peter van Noort
DEPTH INTERVAL 330-348 LENGTH RECOVERY: 3.6 PERCENT RECOVERY: 20%
DEPTH COLOR LITHOLOGY angd DISCONTINUITIES

COMMENTS
e T e ey Y T v T 1
ROCK TYPE, MINERALOGY, WEATHERING, HARDNESS AND ROCK MASS SIZE AND DEPTH OF CASING, FLUID LOSS,

CHARACTERISTICS (BEDDING) ; FALLTS, ORIENTATION, INFILLING MATERIAL, JCORING RATE AND SMOOTHNESS, CAVING
THICKNESS, SURFAGE STAINING ROD DROPS, TEST RESULTS, ETC
330 -333.6 Medium to Sandstone, very fine, silty, well sorted. 70-80% quartz, 20% Ses visual log for coring rates, fractures,
lightgray | glauconite? or mafic minerals?, Secondary minerals include trace secondary features. Greater down
pyrite, selenite, trace greenish black platy mineral. Soft to medium | PSSure and wom cors bit may have
hardness. Friabie on edge. contributed 1o poor racovery.
Fractures: 330.95, 331.4, 331.65, 332.25, 332.4, 332.95, 333.2,
333.35, 333.5

Corec-d.xis DFW1/118069/data/corelogs



. CHZMHILL 118069.K0 TW-2A -Core C-5 sHEET 1 OF 1
ASR ROCK CORE LOG

-

|PROJECT NUMBER  |BORING NUMBER

PROJECT :

Laredo ASH

LOCATION :

TW-2A @ Del Mar Treatment Plant

ELEVATION :

NA

DRILLING CONTRACTOR :

TWDB

DRILLING METHOD AND EQUIPMENT USED :

Failing Mud Rotary - 6" core barret x 20', 7 7/8" pilot hole

SAMPLE RUN C-5 START: 7/13/97 END: 71397 LOGGER : Peter van Noort
DEPTH INTERVAL 348 - 355 LENGTH RECOVERY: 4.9 PERCENT RECOVERY: 70%
DEPTH COLOR LITHOLOGY and DISCONTINUITIES COMMENTS
"~ FOCK TYPE, MINERALOGY, WEATHERING, HARDNESS AND AOGK MASS | SIZE AND OEPTH OF CASING. FLUID LOSS, |
CHARACTERISTICS (BEDDING) ; FAULTS, ORIENTATION, INFILLING MATERIAL, |CORING RATE AND SMOOTHNESS, CAVING
THICKNESS, SURFACE STAINING ROD DROPS, TEST RESULTS, ETC
348 -351.8 |Light to dark Alternating sandstone and siltstone, interbedded, with minar See visual log for coring rates, fractures,
gray claystone taminations; .5 - 1.5" layers of sandstons, 1mm - 2" secondary features.
siltstone lames. Trace boudin structures. similar mineralogy. soft to
medium hard.
351.8-352.9 Dark gray Siitstone to claystone. Sandstone present at 352.5 to end of core.

hard. claystone is very finely laminated. unconformable contact at
351.8.

Heavily fractured @ laminations-1-3" fragments - t0o numenous o list,
drilling induced. 30-degree low angle fault with offset @ 349.5 with
slick-n -sides, 60-degree faults at 352, 352.3, 352.7. Such faults may
rnntribiita tn hraskana within enra harrsl

Corec-5.4s

DAW/11806%/data/corelogs



|PROJECT NUMBER  |BORING NUMBER
118069.K0 TW-2A-Core C-6 sHEeT 1 OF 1

. CH2ZMHILL
- ASR ROCK CORE LOG

PRQJECT : Laredo ASR LOCATION : TW-2A @ Del Mar Treatment Plant

ELEVATION : NA DRILLING CONTRACTOR : TWDB

DRILLING METHOD AND EQUIPMENT USED : Failing Mud Rotary - 6" core barrel x 20", 7 7/8" pilot hole .

SAMPLE RUN C-8 START: 714/97 END: 714/97 LOGGER : Peter van Noort

DEPTH INTERVAL 380-399 LENGTH RECOVERY: 9.55 PERCENT RECOQVERY: 50%
DEPTH COLOR LITHOLOGY and DISCONTINUITIES COMMENTS

ROCK TYPE, MINERALOGY, WEATHERING, HARDNESS AND ROCK MASS SIZE AND DEPTH OF CASING, FLUID LOSS, |
CHARACTERISTICS (BEDDING) ; FAULTS, ORIENTATION, INFILLING MATERIAL, JCORING RATE AND SMOCTHNESS, CAVING

THICKNESS, SURFACE STAINING ROD DROPS, TEST RESULTS, ETC
380 - 385 (actualf Light to dark| Sandstone, fine to very fine. well sonied. 70-80% gtz, 20% mafics ar] See visual log for coring rates, fractures,
is 381.55 - see gray glauconite. Laminated, trace silt laminations, hard to soft (easy sacondary teatures. Core logged on
notes) scratch with knife) TNSMAT.
385-391.3 Dark gray Siltstone, interbedded with fine sandstone, trace claystone Noates: criginally reccvered 1.5-foot

sample. "Fished out® additional 7.3 feet of
core. Chose 385 fest as top of “fished*

section becauss top sand is mostly zone
to have washed out.

laminations, quartz and glauconite, pyrite, seienite. Hard to very
hard. some laminations are timy (react with HC).

Boudin structures, evidence of minor claystone laminations; .5 - 1.5"
layers of sandstone, 1mm - 2" siitstone lames.

Evidence of bioturbation including vertical burrows infilled with light

gray, coarser silt and fine sand, surrounded by black to dark green
heavy minerals (secondary glauconite?) Trace sheli fragments.

391.3-393.3 [Mediumgrayl Sandstone, fine. Weil sorted. Similar mineralogy (quartz majority).

Massive with trace laminations. hard. Fragments are 2-4° long and

fractures show signs of erosion caused during coring (care broke in
barrel).

Fracture Summary: Heavily fractured @ 380-381.55 (7 fracturess),

@385-391.3, 9 fractures (.7 fracts/At); @391.3-393, 3 fractures (.56
fracts/ft)

Corec-6.4ds DFW1/118069/data/corelogs



|PROJECT NUMBER  |BORING NUMBER

TW-2A - Core C-7  SsHEeT t OF 1

. CH2MHILL [

- ASR ROCK CORE LOG

PROJECT : Larado ASR LOCATION :

TW-2A @ Del Mar Treatment Plant

ELEVATION : NA DRILLING CONTRACTOR :

TWDB

DRILLING METHOD AND EQUIPMENT USED : Failing Mud Retary - 6" core barrel x 20', 7 7/8" pilot hole

SAMPLE RUN C-7 START: 714/97 END: 7M4/97 LOGGER : Pater van Noort
DEPTH INTERVAL 399 - 419 LENGTH RECOVERY: 18.8 PERCENT RECOVERY: 94%
DEPTH COLOR LITHOLOGY and DISCONTINUITIES COMMENTS
ROCK TYPE, MINERALOGY, WEATHERING, HARDNESS AND ROCK MASS SIZE AND DEPTH OF CASING, FLUID LOSS,
CHARACTERISTICS {BEDDING) ; FAULTS, ORIENTATION, INFILLING MATERIAL, JCORING RATE AND SMOOTHNESS, CAVING]
THICKNESS, SURFACE STAINING A0D DAOPS, TEST RESULTS, ETC
399-404.35 |Llightto dark| Sandstone, fine to very fine. well sorted. 70-80% qtz, 20% mafics or | See visual log for coring rates, fractures,
gray glauconite. Laminated, trace silt & clay laminations, soft, trace lignite. |  secondary features. Core logged on
Abrupt contz.ct at 404 - very hard sandstone (calcified) - fossiliferous 715/97.
404.35-418.8 Dark gray Siltstone, sandy, massive with wavy laminations of silt and v. fine
sandstone, Hard to very hard. boudin structures, trace fossils.
Fracture Summary: @399 to 404, 11 fractures/5.35 ft. @404.35-418.8,
6 fractures/14.45 ft
Corec-7.xls DPW1/118069/data/corelogs



EROJECT NAME / L_Q(_:ATION PROJECT # BORING # DRILLING CONTRACTOR
‘ HIL Eggt (goﬁﬁgfvegr Feasibility Study | 445069 J0.22 TW-3 Texas Water Development Board
cHZM L WELL CONSTRUCT'ON SUPEHVISED BY DEPTH TO WATER |DATE
<o DIAGRAM S 7221t 4/8/97
2! —
o >33 3 > > 7
N RaO Surface seal
- ”5’3:’:}’/ ces
= N————— Grout plug
420 — Top of fine 40/60 sand (420 ft)
Top of gravel pack (425 ft)
- Top of screen (430 ft)
450 ——
500
180 ft .040 low carhon shutter screen (6" 1D)
— 8/16 gravel pack (434 ft)
550"
600"
— Base of screen (610 ft) NOTES:
_ Base of casing (620 t) 6" wel casing diameter
Grout plug 10 5/8" hole diameter
— Top of native fill {630 ft)
Well completed 4/7/97
NOT TO SCALE
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Send original copy by sartifled retum receipt requends mall 1o: TNACC, MC 177, P.O. Box 13087, Austin, TX 78711-3087 .

ATTENTION CWNER: Confidentiaity Texas Water Wall Dritlers Advisory Council

Priviege Notice on on raverss side State of Texas — . ‘:;7:“?
oS 0.
of Well Grrer's copy (pink} WELL REPORT Austin, TX 78711-3087
. i £12-230-0530
1) OWNER _City af Lareds : Acomess P,O, Box 2950, laredo. texas 78044
(Name) + {Strast or RFD) - (City) (Smte) Zio}
2 County "eotl;gvsm BE. Corridor Laredo, TX 78044 GRID # 25_-&5'—
(Srwet, RFD or other) (Clty) (State) Zip) :
3) TYPE OF WORK (Check): "] © PROPOBEDUSE(Check): [] Monior [ EnvironmerisiSollBofing [ Demestic 5) » j
X New Well [] Despening [J Industial [ Imgation [] injection [} PublicSupply ([ Dw-watering XX Testwall ot 270,32.526
O Recondiioning [ Plugging # Public Supply well, wars plans submified o the TNRCC? (J Yes [ No .
' Yool O 27, IS
6 WELL LOG: CIAMETER OF HOLE 7) DRRLING METHOD (Chack): [ Driven Ort 27. 157
Data Drilling: Dia.{in) | From(n} To (k) O ArRotary X3 Mud Rotary [ Bored
Swried 3/20 " 19 37 14-3/4 | Gutace 20 O AlrHammer (] CablaTool [ Jetted
Completed _ 4/15 197 [10-5/8 20 630 O Cther T
7-7/8 630 1000
From (1) To (L) Daseription and color of (ommaton meteriat 8) Borshole Completion (Check): (J OpsnHols [ Sumighl Wal
a o - 0 Underrsamed £k GravelPacked [ Other
! —hire Caljche )
: ’ Il Gravel Packad giva inlsovai .__ from . to LR

10! 40" Gray. shale

40 55 Gypaum strealk CASING, BLANK PIPE, AND WELL SCREEN DATA:

55 ¢ 439° Rlue—gray shals & hard arreak | New | Siesl, Plastic, etc. Setting () Gage
g3s GIR' Gway Sandataona Dis. | or Perl., Slofted, etc. Casting
| T 1000 e hal & h 1 ar ka {n.) | Used Screen Mig., # commercial From |~ To Screen

=5/ Stmal casing Q 430 |-
- I %1 610
- g 61q 615

§) CEMENTING OATA (Rule 338.44(1)]
Cementadirom _ O o420 1t MNo.ofsacksused 134
616 415530 1 No.ofsacksused 7
Msthodused __Tremmie pipa
Camentedby T.W.D.A. & Halliburton

Distance 1o saptic sysiam fieid lines of other concanimied contlamination 200 4

{Use revarse sida of Well Owner's copy, # necessary)

13) TYPEPUMP: : Method of verification of above distance ___ Estimated
O Tumine [JJu EpSubmersibie [J Cylinder
O Otaer 10) SURFACE COMPLETION
Degth to pump bowis, cyfinder, jet, eic., _4Q5 n, B Spacified Surtace Siab Installed  [Rule 338.44(2)(A)]
[ Speciied Sioel Slsave instaiisd  {Rule 338,44{I)}{A)]
18) WELL TESTS: . [J Piiess Adapter Used  [Rule 330.44(3)(b)]
Typemst (I Pump [] Baller [J Jefed [J Esimatad 0 Approved Alernative Procedure Lized [Rule 338.71]

Yigid: __ B0  gpmwith 142 _ fr.drawdownafier__ 8 nrs. 1) WATER .

Stticlevel__73-20 g helowiand suriace  Data__4=9=97

15) WATER QUALITY:

Artasian flow opm. Oaie
Did you knowingly penetraa any strata which contidlned undesimbia
conatituonis? PACKERS: m
O] Yes ZXNo  Ilyes, submit *REPORT OF UNOEGIRABLE WATER" b Type o

Type of watsr? _ Depth of strats None

Was a chemical analysis made? OYes [JNe

1 hurayy carnify that this well was drilied by me (or under my auparvision) and that each and ali of the statements herein are trus to the best of my knowiedge and beiief. |
unaerstand that tatiure to complete llema 1 thru 15 wilk result in Ihe log{s) baing retumed for complietion and resubmitial..

companyNaue Taxas Water favelopment Board WELL DAILLER'S LIGENSE NO. o0, 3.7 7 w I,
] (Type or print)
apoRgss 1700 Hydro Drive Austin Texas 78728-7725
. {Clty) 5 : ﬁm-) — @)
(Blanes) (Signed) . {Registered Driller Traines) .

Please attach electric log, chamical analysis, and other periinent information, If svailable. .

(TNACC-0139 (Rev.0S21-98) . . ° wile-TNRCC . -Yollow-DRILLER . Pink-WELL OWNEA

v —— -




PROJECT NUMBER BORING NUMBER
118069.K0.2Z TW-3 SHEET 1 OF ¢

. CH2MHILL
o> SOIL BORING LOG

proJECT_Laredo ASR Locamion __Morth East Corridor
ELEVATION. DRILLING CONTRACTOR_ 1WDB (Texas Water Development Board)
DRILLING METHOD AND EQUIPMENT —F2iling Mud Rotary 10 7/8
WATER LEVEL AND DATE START.3:19-97 FinisH 4787 Loager .B. Christian
z SAMPLE PN DA SOIL DESCRIPTION COMMENTS
3E - TEST
aW | 2 S | 5 RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE,
3 2 <u | > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS,
WS w w3 1 8. &-6"6" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
w3 = r3 wir (N) MINERALOGY
awm = P4 =
S ul
1 CLAY, yellow orange, trace gravel DRILLER NQTES:
10
2 CLAY, dark gray
20
3 CLAY, same as above
30
4 SANDSTONE, light gray, very fine grained
40
5 SANDSTONE, same as above, with some oyster shells
50
6 SANDSTONE, same as above
60
7 SANDSTONE, gray, very fine grained 68-70 ft: Hard sandstone
° . SHALE, dark gray
80 9 SHALE, same as above
90
oo 10 SHALE, same as above 7 93-94 ft: Hard streak
1 SILT, gray
110
12 SANDSTONE, light gray
120 118-123 ft: Hard streak
- 13 SANDSTONE, dark gray
14 SHALE, dark gray
140
15 SHALE, same as above
150"
160 16 SHALE, same as above
17 SHALE, same as above 163-164 ft. Hard sandstone
170
18 SANDSTONE, dark gray 176-179 ft: Hard sandstone
180
19 SHALE, dark gray
190
200 20 SANDSTONE, gray, gypsum mottling 198-200 ft: Gray sandstone
2 SANDSTONE, same as above, darker gray
210
22 SHALE, gray
220
23 SHALE, same as above
230
24 SHALE, same as above
240 ft: k
25 SANDSTONE, gray 242 1t: Hard strea
250'
26 SANDSTONE, same as above, darker gray
260
27 SANDSTONE, same as above
270
28 SANDSTONE, same as above
280
29 SANDSTONE, same as above
290
30 SANDSTONE, dark gray, shaley

—300'




. CH2MHILL
L :

PROJECT NUMBER
118069.K0.ZZ ™w-3

BORING NUMBER

SHEET 2 ©QF 4

SOIL BORING LOG

PROJECT.. Laredo ASR

ELEVATION_.
DRILLING METHOD AND EquipmeNT_Falling Mud Rotary 10 7/8

LocATion __Narth East Corridor

DRILLING CONTRACTOR_TWOB (Texas Water Development Board)

WATER LEVEL AND DATE START 3-19-97 _  Fmash 4797 LoaGen _B. Christian
z SAMPLE P N SOIL DESCRIPTION COMMENTS
3£ P TEST
oW 3 Sc | B RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE,
ra z <w | > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS,
u w Q 6" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
EI i a = Q 6*-5"-6
e MINERALOGY
w3 | 5 | £2 |&f N)
an = 4 =
—300°
210 N SHALE, dark gray with gypsum mottling DRILLER NOTES:
32 SHALE, same as above
320 .
0 33 SHALE, same as abave Grouted to surface _
34 SANDSTONE, gray
340 —
250" 35 SANDSTONE, same as above
36 SHALE, brownish gray
360 —]
a7 SHALE, same as above
370 .
38 SHALE, same as above
380 _
93 SANDSTONE, gray, inbedded shale with some gypsum 390-420'
390 ]
40 SANDSTONE, same as above
400° 400 ft: Top of 20/40 sand =
41 SANDSTONE, same as above
410
0 2 SANDSTONE, same as above 415 f-Top of 810 sand il
43 SANDSTONE, b
430 ONE, same as above 430 ft: Top of 0.040 slot low carbon —|
0 44 SHALE, dark gray shutter screen ]
4
45 SANDSTONE, light gray
450° ]
46 SHALE, dark gray
460 —
47 SHALE, same as ahove
470 —
48 SHALE, same as above
480 -
49 SHALE, same as above
490 —
50 SHALE, same as above
500' _
51 SHALE, iight gray
510 —
52 SHALE, dark gray
520 |
53 SANDSTONE, light gray
530 ]
54 SANDSTONE, same as above
540 ]
55 SANDSTONE, same as above
550° |
56 SANDSTONE, same as above
560 —
57 SANDSTONE, same as above
570 ]
58 SANDSTONE, same as above
580 ) ) I
5 SHALE, dark gray 580-605 ft: Sandstone- good drilling
590 .
Lﬁ &0 SHALE, same as above
00!




PROJECT NUMBER

BORING NUMBER

. cH2 HILL 118069.K0.ZZ TW-3 SHEET 3 OF 4
> SOIL BORING LOG
proJECTL2redo ASR LocaTion _North East Corridor
ELEVATION DRILLING CONTRACTOR_WOB (Texas Water Development Board)
DRILLING METHOD AND EquipmeNT —Failing Mud Rotary 18 7/8
WATER LEVEL AND DATE sTaRT_3-19:97 FinisH _4-7-97 LoGaEey _B. Christian
z SAMPLE P D ATION SOIL DESCRIPTION COMMENTS
ac s TEST
oW 2 Sc | & RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE,
3 = <y (> MOISTURE GONTENT, RELATIVE DENSITY DRILLING FLUID LOSS,
Pl o mg Q 6"-6"-6" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
&S | E | &3 | &F ) MINERALOGY
an = £z | ek
—600° -
510 SANDSTONE, light gray 610 ft: Bottom of screen
SANDSTONE, dark gray 610-615 ft: Blank casing sump
620 -
630 SHALE, dark gray 615'7" to ~630™ Cement plug
SHALE, same as above
640
SHALE, same as above
650 e fi
SHALE, gray Native fill
660
SHALE, same as above
670
SHALE, same as above
680
SHALE, same as above
690
SHALE, same as above
700
SANDSTONE, gray
710
20 SANDSTONE, same as above
SHALE, gray
730
SHALE, same as above
740
SHALE, same as above
750°
SHALE, same as above
760
SHALE, same as above
770
SHALE, same as above
780
SHALE, same as above
790
SHALE, same as above
800"
SHALE, same as above
810
SHALE, same as above
820
SHALE, same as above
830
SHALE, same as above
840
SHALE, same as above
850"
SHALE, same as above
860
SHALE, same as above
870
SANDSTONE, light gray
880
SANDSTONE, same as above
8%0 SHALE, dark gray

—a00’




‘ CH2ZMHILL
o .

PROJECT NUMBER
118068.K0.2Z

BORING NUMBER
TW-3 SHEET 4 OoF 4

SOIL BORING LOG

PROJECT Laredo ASR

ELEVATION

Locamion _North East Carnidor

DRILLING CONTRACTOR_ITWOB (Texas Water Development Board)

DRILLING METHOD AND EquipMeNT . Failing Mud Ratary 10 7/8

WATER LEVEL AND DATE START 319-97 _ FinisH _4-7-97 LOGGER _B. Christian
2 _ SAMPLE AL et SOIL DESCRIPTION COMMENTS
EE' 3 2. | & _& SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DAILLING RATE,
Eg % :Hé § . “D‘S'S‘E‘d’éfs%ﬁ‘éi”&féﬂﬂ’érﬂﬁfm TESTS AN INSTROMENTATION
] = =3 | uE N) MINERALOGY

Haad 900-1,000 ft: Interbedded SHALE and SANDSTONE
910 Native fill N
920 - —
930 —1
940 —
950' —]
960 —]
a70 —
980 ]
990 =

1000

TOTAL DEPTH =1,001 ft bis




Appendix D
Test Well Geophysical Data



Attachment D-1

TW-1: McPherson Storage Tank Site
Resistivity, Spontaneous Potential, Gamma Ray, Temperature



STATE OF TEXAS
TEXAS WATER DEVELOPMENT BOARD

Resistivity Log

WELL: Mc Phereson Street Test Hole (TW-1) SWN = 85-29-103
OWNER/PROJECT: City of Laredo / Laredo Aquifer Storage and Recovery Feasibility Investigation
COUNTY: Webb

LOCATION: At City of Laredo, Mc Phereson St. elevated OTHER LOGS: Natural Gamma Ray, Fluid Resistivity,
water tank site. Approximately 1 mile N from intersection of Spinner

Mc Phereson St. and Del Mar Blvd. 1.45 miles fom W line and
2.58 miles from N line of topo map 85-29 (Laredo East)

Lat. 27-35-19N , Long. 099-28-34W

Date 1/21/1997 Fluid Level 10 feet
1 Run No. 1 Type of Fluid in Hole Natural Mud
Depth Driller 886 Source of Sample Mud Pit
Depth Logger 885.4 Rm @ Meas. Temp 3.8 Ohms @ 77 degrees F
First Reading 832 _ Density / pH 9.1 Ibs. per gallon / 9.7
Last Reading 64 Viscosity 33 seconds through Marsh funnel
Casing-Driller 10 inches I.D. 0-40
Casing-Logger 10 inches L.D. 0-40
BitSize @~ | 7.875inces
| Recorded By :;,‘; R. Williams Elevation above Mean Sea Level ‘ GL =526 KB=529
Witnessed By R. Cano Log Measured From = ground level

| Rémarks: ogged Tor formaton identification and to determine screen settiﬁé for well cémpleﬁén. Cased with 6 inch LD. steel. Screened w
stainless stee] wire based screen330 - 390 and 440 - 490, TD = 495 feet. Log curve exhibits indications of potential formation invasion b
drilling mnd and presence of bedded Anhydrite/Gypsum.

SPONTANEOUS POTENTIAL 5" =100 RESISTIVITY 16" & 64" obms/m2

+)S nﬂlivoltsldiv_lslon () Depth 0 1‘_}




STATE OF TEXAS

TEXAS WATER DEVELOPMENT BOARD

Natural Gamma Ray Log

WELL: Mc Phereson Street Test Hole (TW-1) SWN = 85-29-103
OWNER/PROIJECT: City of Laredo / Laredo Aquifer Storage and Recovery Feasibility Investigation

COUNTY: Webb

LOCATION: At City of Laredo, Mc Phereson St. elevated water
tank site. Approximately 1 mile N from intersection of Mc Phereson
St. and Del Mar Blvd. 1.45 miles from W line and 2.58 miles from N
line of topo map 85-29 (Laredo East)

Lat. 27-35-19N , Long. 099-28-34W

OTHER LOGS: Resistivity, Spontaneous Potential, Spinne
Fluid Resistivity

Date 1/21/97 Fluid Level 10 feet

Run No. 1 Type of Fluid in Hole Natural Mud

Depth Driller 886 Source of Sample Mud Pit

Depth Logger 885.4 Rm @ Meas. Temp 3.8 ohms @ 77 degrees F
First Reading 874 Density / pH 9.1 1bs per galion /9.7

Last Reading 0 Viscosity 33 secs through Marsh funnel
Casing-Driller 10 inch LD. steel 0-40'

Casing-Logger 10 inch L.D. steel 0-40'

Bit Size 7.875 inches

Recorded By R. Williams Elev. above Mean Sen Level GL =526 KB= 529
Witnessed By R. Cano Log Measured From = ground level

- ﬁéma?ks:“ljggﬁgie_d‘fgf formation identification and to determine screen setting for well completicn. Cased with 6 in. I.D. steel. Screened with
stainless steel wire based screen 330 - 390 and 440 - 490, TD = 495 feet. Log curve indicates evidence of the potential presence bedded

Anhydrite/Gypsum.
5" =100" Natural Gamma Radiation (increasing to right)
Depth | 0O 50
T n e : . S —-
- LAST L= i
READING

50 2




STATE OF TEXAS

TEXAS WATER DEVELOPMENT BOARD

Spinner (fluid velocity) Log

WELL: Mc Phereson Street Test Hole (TW-1) SWN = §5-29-103

OWNER/PROIJECT: City of Laredo / Laredo Aquifer Storage and Recovery Feasibility Investigation
COUNTY: Webb

LOCATION: At City of Laredo, Mc Phereson St. elevated water
tank site. Approximately 1 mile N from intersection of Mc Phereson
St. and Del Mar Blvd. !.45 miles from W line and 2.58 miles from N
line of topo map 85-29 (Laredo East)

Lat. 27-35-19N , Long. 099-28-34W

OTHER LOGS: Resistivity, Spontaneous Potential,
Temperature and Fluid Resistivity, Natural Gamma Ray

Date 4/16/97 Fluid Level 127 feet

Run No. 2 Type of Fluid in Hole Water

Depth Driller 495 Source of Sample Bore hole

Depth Logger 495 Rm @ Meas. Temp 5.8 ohms @ 79.52 degrees F
First Reading 320 Density / pH N/A

Last Reading 480 Viscosity N/A

Casing-Driller 6 inch L.D. steel 0-330'

Casing-Logger 6 inch LD. steel 0-330'

Bit Size 7.875 inches

Recorded By R. Williams Elev. above Mean Sen Level GL =526 KB= 529
Witnessed By R. Cano Log Measured From = ground level

Remarks: Cased with 6 in. LD. steel. Screened with stainless steel wire based screen 330 - 390 and 440 - 490, Log curvé indicates evideﬁ;e
potential invasion of drilling mud (natural), resuiting in aquifer clogging and reflected in erratic fluid velocites. Logged down @20 feet
per minute, while pumping @ 31 gallons per minute. Mud slurry filling borehole 486 to T.D.

5|| =lwl

Fluid Velocity (in revolutions per second, increasing to right)

Depth 0 scale N/A, log curve relects relative differences in borehole fluid velocity o1

320>

FIRST
READING-

330~

ToP 1%L

SCEEEN

wa

3505




STATE OF TEXAS
TEXAS WATER DEVELOPMENT BOARD

Spinner (fluid velocity) Log

WELL: Mc Phereson Street Test Hole (TW-1) SWN = 85-29-103
OWNER/PROJECT: City of Laredo / Laredo Aquifer Storage and Recovery Feasibility Investigation
COUNTY: Webb

LOCATION: At City of Laredo, Mc Phereson St. elevated water OTHER LOGS: Resistivity, Spontaneous Potential,
tank site. Approximately 1 mile N from intersection of Mc Phereson Temperature and Fluid Resistivity, Natural Gamma R:
St. and Def Mar Blvd. 1.45 miles from W line and 2.58 miles from N
line of topo map 85-29 (Laredo East)

Lat. 27-35-19N , Long. 099-28.34W

Date 4/16/97 Fluid Level 127 feet

Run No. i Type of Fluid in Hole Water

Depth Driller 495 Source of Sample Bore hole

Depth Logger 495 Rm @ Meas. Temp 5.8 ohms @ 79.52 degrees F
First Reading 480 Density / pH N/A

Last Reading 321 Viscosity N/A

Casing-Driller 6 inch LD. steel 0-330'

Casing-Logger 6 inch L.D. steel 0-330

Bit Size 7.875 inches

Recorded By R. Williams Elev. above Mean Sen Level GL =526 KB= 529
Wiﬁlessed By R. Cano Log Measured From = ground level

Remarks: Cased with 6 in. LD. steel. Screened with stainless steel wire based screen 330 - 390 and 440 - 490. Log curve indicatesrevid
potential invasion of drilling mud (natural), resulting in aquifer clogging and reflected in erratic fluid velocites. Logged up @20 f
minute, while pumping @ 31 galions per minute. Mud slurry filling borehole from 486 to T.D.

5" =100 Fluid Velocity (in revolutions per second, increasing to right)

Depth 0 scale N/A, log curve relects relative differences in borehole fluid veloc:

LB-ZD > :

Réqu-,r“@. X ""F[J_, l!BJJ‘ ] ll €
330> aviatice AW
0P 1 & Y Y/ JEY 7 ML
screen P % AX2X, T W,AV2R YoX XU M I2N]

250>




TEXAS WATER DEVELOPMENT BOARD

Temperature and Fluid Resistivity Log

STATE OF TEXAS

SLL: Mc Phereson Street Test Hole (TW-1) SWN = 85-29-103

VNER/PROJECT: City of Laredo / Laredo Aquifer Storage and Recovery Feasibility Investigation

JUNTY: Webb

CATION: At City of Laredo, Mc Phereson St. elevated water OTHER LOGS: Resistivity, Spontaneous Potential, Spinner,
< site. Approximately 1 mile N from intersection of Mc Phereson | Natural Gamma Ray

and Del Mar Blvd. .45 miles from W line and 2.58 miles from N

- of topo map 85-29 (Laredo East)

. 27-35-19N , Long. 099-28-34W

e 4/16/97 Fluid Level 127 feet

1 No. 1 Type of Fluid in Hole Water

sth Driller 495 Source of Sample Bore hole

sth Logger 495 Rm @ Meas. Temp 5.8 ohms @ 79.52 degrees F

it Reading 140 Density / pH N/A

t Reading 495 Viscosity N/A

ing-Driller 6 inch L.D. steel 0-330'

ing-Logger 6 inch LD. steel 0-330'

Sizc 7.875 inches

‘orded By R. Williams Elev. above Mean Sen Level GL =526 KB= 529
nessed By R. Cano Log Measured From = ground level

marks: Cased with 6 in. 1D. steel. Screened with stainless steel wire based screen 330 - 390 and 440 - 490. Log curve indicates evidence of

ential invasion of drilling mud (natural), resulting in aquifer clogging

emperature (in degrees C, up to right) 5" =100" Fluid Resistivity (in Ohms, increasing to left)
2 deg.Cfinch, begin value=26.4 Depth Scale = 1.2 ohnvdivision or 5§ ochms/inch, End value = 6.6 ohms Begin value = 5.8 ohms
e = e L e - L - :
4l A O ot n
=\ 1 H D 4 [ <A r*s* .
EIRST
READ ING-

150 >




STATE OF TEXAS
TEXAS WATER DEVELOPMENT BOARD

Resistivity Log

WELL.: Del Mar Boulevard Test Hole (TW-2) SWN = 85-29-403
OWNER/PROJECT: City of Laredo / Laredo Aquifer Storage and Recovery Feasibility Investigation
COUNTY: Webb

LOCATION: At City of Laredo, Del Mar Blvd. elevated water tank OTHER LOGS: Natural Gamma Ray, Fluid Resistivity and
site. Approximately 3 mile E from intersection of LH. 35 and Del Mar | Temperature

Blvd. 1.94 miles Trom W line and 3.35 miles from N line of topo map
85-29 (Laredo East)

Lat. 27-34.36N , Long. 099-28-55W

Date ' 2120097 Fluid Level 10 feet

Run No. 1 Type of Fluid in Hole Natural Mud

Depth Driller 7 776 Source of Sample Mud Pit

Depth Logger ‘ 7775 Rm @ Meas. Temp 3.92 ohms@ 77 degrees F

First Reading 776 Density / pH 9.4 pounds per gallon/ 8.6

Last Reading - - 37 Viscosity 34 seconds through marsh funnel
Casing-Driller.- . 10 inch ID. steel 0-40’

Casing-Logger 10 inch LD. steel 0-36'

BitSize -~ | 7.875 inches

Recorded By . R. Williams Elev. above Mean Sen Level GL =500 KB= 503
Witnessed By - R. Cano Log Measured From = ground level

Remarks: Logged for formation identification and to determine screen setting for well completion. Screens set at 269 to 429. Log curve
indicates evidence of the potential presence bedded Anhydrite/Gypsum and potential formation invasion by drilling mud.

i 5" =100' Resistivity 16" & 64" in Ohms/m2
Depth | O 10
o p———
—-.g :
3 3=
‘ LAST e ———
7 READING- B
1
el 3
o 50 7 H 1
+ 2 = —




STATE OF TEXAS
TEXAS WATER DEVELOPMENT BOARD

Temperature and Fluid Resistivity Log

WELL: Del Mar Boulevard Test Hole (TW-2) SWN = 85-29-403
OWNER/PROJECT: City of Laredo / Laredo Aquifer Storage and Recovery Feasibility Investigation
COUNTY: Webb

LOCATION: At City of Laredo, Del Mar Bivd. elevated water tank | OTHER LOGS: Natural Gamma Ray, Resistivity and
site. Approximately 3 mile E from intersection of L.H. 35 and Del Mar | Spontaneous Potential

Blvd. !.94 miles from W line and 3.35 miles from N line of topo map
85-29 (Laredo East)

Lat. 27-34-36N , Long. 099-28-55W

Date 4/15/97 Fluid Level 120 feet
Run No. 1 Type of Fluid in Hole groundwater
Depth Driller 429 Source of Sample N/A

Depth Logger 429 Rm @ Meas. Temp N/A

First Reading 130 Density / pH N/A

Last Reading 429 Viscosity N/A
Casing-Driller 10 inch L.D. steel 0-40'

Casing-Logger 10 inch L.D. steel 0-36'

Bit Size 7.875 inches

Recorded By R. Williams Elev. above Mean Sen Level GL =500 KB= 503
Witnessed By R. Cano Log Measured From = ground level

Remarks: Completed w1th "mch 1.D. steel casing. Non stainless louvered screens set at 269 to 429. Log curve indicates evidence of potent
formation invasion by drilling mud. Logged down at 2 feet per minute.

Temperature (in degrees C, up to right) 5" =100 Fluid Resistivity (in Ohms, increasing to left)

2deg.Cflnch,beglnvalue=26.2 Depth Scale = 1.2 ohms/division or 5 ohms/inch, Beginvalue_s 68 ohms

e — e e——
= TS B s o e ——— [ p—

ISD -~
FIRST i)
REANNG-

150




STATE OF TEXAS
TEXAS WATER DEVELOPMENT BOARD

Natural Gamma Ray Log

WELL: Del Mar Boulevard Test Hole (TW-2) SWN = §5-29-403
OWNER/PROJECT: City of Laredo / Laredo Aquifer Storage and Recovery Feasibility Investigation
COUNTY: Webb

LOCATION: At City of Laredo, Del Mar Blvd. elevated water tank | OTHER LOGS: Resistivity, Spontaneous Potential, Fluid
site. Approximately 3 mile E from intersection of LH. 35 and Del Mar | Resistivity

Blvd. 1.94 miles from W line and 3.35 miles from N line of topo map
85-29 (Laredo East)

Lat. 27-34-36N , Long. 099-28-55W

Date 2120197 Fluid Level 10 feet

Run No. 1 Type of Fluid in Hole Natural Mud
Depth Driller 776 Source of Sample Mud Pit
Depth Logger 775.4 Rm @ Meas. Temp N/A

First Reading 766 Density / pH N/A

Last Reading 0 Viscosity N/A
Casing-Driller 10 inch L.D. steel 0-40'

Casing-Logger 10 inch LD. steel 0-40’

Bit Size 7.875 inches

Recorded By R. Williams Elev. above Mean Sen Level GL =500 KB= 503
Witnessed By R. Cano Log Measured From = ground level

Remarks: Logged for fornvx;'-st-ion idéﬁtiﬁcatibn and'.?cardetermine screen setting for well completion. Log curve indicates evidence of the
potential presence bedded Anhydrite/Gypsum.

5" =100 Natural Gamma Radiation (increasing to right)
Depth |0 50
{ { i - .
-
@5 T
ADING
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DELMAR TH-Z |

COMPANY : TEXAS MATER BDARD | DIHER SERUVICES:
WELL - : DELMAR TW-2 !
LOCATION/FIELD  : LAREDD E
COUNTY : MEBB x
SIHTE V3
SECTION : TOUNSHIP RANGE
DATE : 87/26/97 PERMANENT DATHM ELEUAT IONS
DEPTH DRILLER  : 429 ELEY. PERM. DATUN: KB
LOG BOTTON :  428.38 LOG NEASURED FROM: TOC BF
LOG TOP : -Z.28 DRL MEASUREE FROM: TOC 6L
CASING DRILLER : 429 LOGCING UNIT 13
OASING TYPE : STEEL FIELD OFFICE : yEeas
CASING THICKNESS: .25 RECORDED BY : I.STEMART
BIT SIZE P - BOREHOLE FLUID H20 FILE : ORIGINAL
MAGNETIC DECL. : - ’M TYPE : 9841R
NATRIA DENSITY - Rt TEMPERATURLE LBG D2
FLUID DENSITY 1.1 MATRIX BELTA T PLOT : ROGEW 27
WEUTROM MATRIX : LIMESTOME  FLUID DELTA T THRESH: 1eaca
REMARKS :
ALL SERVICES PROVIDED SUBJECT IO STANDARD TERMS AMD CONDITIGNS
SACNAT ) i RESCFLY
[ AP -GR 102 10 Oill‘li-ﬂ

k1
1

-
apd

i

. ! 3

,.
-

3

[




lf
}
!
!

IR YR AP DL 1L U PR

COMPONY

MELL
LOCATION/T 1ELDE
CDUNTY

STHIE

BRTE

DEPYH DRILLER
LO&G BOTTIN
144 T70P

CASING DRILLER
S ING TYPE

»e

CHEING THRICKNESS:

BIT SIZE
MAGMETIC DECL.
MATRIA DENEITR
FLUID BEHBITY
KEUTRON HATRIK
RZEMARYS

.
S

TEXAS WATER BDORDP
DELMAR TW-2 TIME DRIVE

LAREPD
MEBE

i.%
LIMESTOME

TOUMSHIP

PERMANMENT DRTUM

ELEV, PERM. mAvin:
LIy MEASURED FROM:
IRl HEASURED FROM:

LOGCGING UNIT
FIELD QFFICE
RECOGROER BY

BOREHOLE FLUID
i

M TENPERATURE
MATRIE BRELIA T
FLUin nELia 1

-
.
»

v

OTHER SERUICES: ;

wined

SR

65T

W

SeAS
YEGAS
H.STENRRT

H20

BONGE
ELEURTIONS

¥B :

=F

GL

FiLY ! PROCESSED
TYPE : 97184

pEu e > D

PLOT . ROGER 25
THRESH: 1aaaa

THIS o TIMNE DRIVE, ToOOL STﬂTIﬂNﬁR? AT ABOYT 288 FT, DEPTH ON LOC [S NOT TRGE
DEFPTH., STATIONARY LOS FOR { MINUTE MHILE WELL PUNPED AT &€ GPM

ALL SERVICES PROVIDEDR SUBJFECT

T8 STANDARD TERMS AND CORBRITIONS




%DELMHR T -2

§
t
i

H

H

3

CORPANY

NELL
LOCATION/TIELD
COUNTY

STATE

SECTION

PATE

REPTH DRILLER
LOG BOTTOM
LOG TOP

CASING DRILLER
CASING TYPE

TLHAS WATER BOARD

TELMAR TH-2
LAREDD

. WEBR

.
2

-

CASING THICKHESS:

BiT S1ZE
MOCHETIC DECL.
HATRIX DENSITY
FLUIL LENSITY
HEUTRON MATRIA
REMAORKS

Daun survey at

ALL SERUVICES PROVIDED SUBJECT TD STANDARD

3

T®

BT 26797
{429

427 .18

4.38

329
STEEL
.25

—

1.1
LIMESTONE

TOWNSHIFP

PERMANENT DaTUM
BRTEM:

ELEY. PERH,

LG MEASURED FROM:
DBRL MEASURED FROM:

LOGGING UNIT
FI1ELD} OFFICE
RECDRDERr BY

BORERDLE ¥LiU1D
’M

N TEMPERATURE
MATRIX DELTA T
FLUIR DELTA T

38 fetAmin static watar.,

e e W

3THER SERVICES:

e e i AL

| IR e

BANGE
ELEVAT IONE
¥y
TOC LF
I8C GL :
2685
VEGAS
I . STEMART
H20 F1LE | PROCLESED
TYPE  © 971i8Bf
L £ 1 8
PLOT | ROGER 25
THRESH: 19959

TERMS AND CONDITIONS




! DELMAR TH-2

COMPANY 1 TEXAS WATER BOARD }ﬂrﬂﬁn sznuxcss:}
WELL : DELMAR TW-2 : }
. LOCATIOM/FIELD : LAREDD {
. COUNTY . WERR { , ﬂ
© STATE DT |
*  SECTION : TOMNSHIP : RANGE  ;
PATE ! B7/26,97 FERMANENT DATUM ELEVATIONS
. DEPTH PRILLER : 429 LLEY. PEEM. DATIM: XB :
b LOG BOTTDM ¢ 427.1@ LOG MEASIRED FROM: TOC LF :
i LoG TOP : 4.38 DRL MEASURED FROM: TOC gL :
! CASING DRILLER : 429 LOGGING UNIT : 9685
°  CASING TYPE : STEEL FIELY} OFFICE . VEGAS
CASING THICKNESS: ,25 RECORDED BY . I, STEWART
BiT S1ZE - BOREHOLE FLUID  : H20 FILE : PROCESSED
MAGHNETIC DECL. : - RNt : IYPE : 9718A
HATRIX DENSITY : - M TEWPERATURE ’ Wwe 8
FLUID DENSITY @ 1.1 MATRIX DELTQ T ¢ PLGT : ROGER 25

HEUTRON MATRIX : LIMESTONE FLUIR DELTA T : THRESH: 109888
REMARKS : ‘
Down survey at 38 FlAnin stalia watar,

HLEL SERUVICES PROVIDED SUBJECT TD STAWDARD TERMS AND CONDITIONS




DELMAR Th-2

g sy

Lemsreme et}

COMPANY : TEXAS WATER BOARD | | DTHER SERVICES: |

MELL : DELMAR Tu-2 1 ;
LOCATION/FIELL  : LAKEDD | §

COUNTY . WEBB { |

STATE . TR

SECTION : TOMNSH TP : RANCE ¢

BATE T BTA26°797 PERMAONENT DaTi ELEURT IOING

DEPTH DRILLER  : 429 ELEY. PERM. DATUM: KE

LOG BOTTOM :  427.5@ LDG MEASURED FROM: T0C F

196 TOP :  278.18 BRL MEASURED FROM: TOO 6L

CASING DRILLER : 429 LOGGING UNIT . 96ms

CASTNG TYPE : STEEL FIELD OFFICE : UEGAS

CASING THICKNESS: .25 RECORDED BY . .STEMART

BIT SIZE ;- BOREHOLE FLEID  : H20 FILE : PROCESSED
WAGNETIC DECL. : - RM : TYPE : 9718A
MATRIX DENSITY : - R TEWPERATURE 106 o4

FLBID DENRSITY il HATRIK DELIA T ' PLOT ¢ ROGGER 26
HEUTROE MOTREIE  © LIKESTOND TLULIG DBELYa T H THRESH: 10aae

REMARKS
Surveu ruan uy holz at 38 Fifsmin while pume ranning at 68 galisMin.

ALL SERVICES PROVIBER SUBJELT TR STAMDARD TERME AND CONDRITIONS
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15 JLY 1997
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COUNTY
LOCATION:
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FILING NO.
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Logged Interval
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Permanent Darum
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STATE OF TEXAS

TEXAS WATER DEVELOPMENT BOARD

Resistivity Log

WELL: East Corridor Test Hole (TW-3) SWN = 85-29.501
OWNER/PROIJECT: City of Laredo / Laredo Aquifer Storage and Recovery Feasibility Investigation

COUNTY: Webb

LOCATION: At City of Laredo, East Corridor water tank site, near OTHER LOGS:

the location of the new airport terminal on East Corridor Rd. 2.97

miles from W line and 2.90 miles from S line of topo map 85-29

(Laredo East)

Lat. 27-32-31N , Long. 099-27-06W

Date 3/25/97 Fluid Leve! 5 feet

Run No. 1 Type of Fluid in Hole Natural Mud
Depth Driller 1,001 Source of Sample Mud Pit
Depth Logger 998 Rm @ Meas. Temp N/A

First Reading 996 Density / pH N/A

Last Reading 12 Viscosity N/A
Casing-Driller none

Casing-Logger none

Bit Size 7.875 inches, 0 - 860 6.125, 860 - 1,001

Recorded By R. Williams : Elev. above Mean Sen Level GL = 462 KB= 465
Witnessed By R. Cano Log Measured From = ground level

Remarks: Logged for formation identification and to determine screen setting for well completion. Screens set at 430 to 610. Log curve
indicates evidence of the potential presence bedded Anhydrite/Gypsum. SP and 64" resistivity non-functional due to electrical interferen:

Spontaneous Potential 5" =100 Resistivity 16" & 64" in Ohms/m2
(+) 10 milivolts/division (-) Depth | 0 10
|2 >
: )
LAST i
READING
_—
T
o0 >
>
{
— 5
J T
1 -
t i
i &
T ™




Attachment D-2
TW-2: Del Mar Storage Tank Site

Resistivity, Spontaneous Potential, Gamma Ray, Spinner



Attachment D-3
TW-2A: Del Mar Storage Tank Site
Resistivity, Spontaneous Potential, Gamma Ray



Attachment D-4

TW-3: East Corridor Storage Tank and Booster Station Site
Resistivity



Appendix E
Aquifer Test Curves



Attachment E-1
Test Well TW-1



TW-1 Well Loss Determination,

March, 1997

Hantush-Bierschenk Method of Determining Well Losses |

s =BQ +CQ° where BQis aquifer loss (laminar term), CQ? is well loss (turbulent term)

Lp = percentage head loss attributable to laminar flow

Lp= BQ/(BQ + CQY)

H

Q= 50
B= 219 {From graph) |
C= 0.0252 (From graph)
Lp = 63.48%
CQA2= 36.52%
Q s/Q Qfs s

30| 2.933333| 0.340909 as

40 3.225) 0.310078 129

50 3.46| 0.289017 173

TW-1 March, 1997 Step Test
Determination of Pnramet“ C

(ft3)

Well Efficiency

TW1AQTST.xls5/5/98



Drawdown

0.1 1 10
Time

At 1=500 minutes:
Q=30 gpm, 5=68

100 1000

TW-1 Step Test, March, 1997
30 GPM




Drawdown

180

160

140

120

gy
(=}
o

@®
o

[2)]
o

40

10

100 1000

TW-1 Step Test, March, 1997
40 - 50 GPM



Attachment E-2
Test Wells TW-2/TW-2A



TW-2 Well Loss Determination -
Pre-development
March, 1997
Hantush-Bierschenk Method of Determining Well Losses
s=BQ + CQ® where BQis aquifer loss {laminar term), CQ? is well loss (turbulent term)
Lp = percentage head loss attributable to laminar flow
Lp=BQ/(BQ + CQ)

Q= 50.0000
B= 1.5556 (From graph)
C= 0.0137 {From graph)
Lp= 69.48%
CQ2= 34.1667
Q s/Q s Qs B C= 0.013667
30 1.966667 59 0.508475 1.556667
40 2.1 84 0.47619 1.553333
50 2.24 112 0.446429 1.556667

TW-2 - March, 1997 Step Test
Determination of Parameters B & C

0 10 20 30 40 50 60
Qn

well efficiency calc ' TW2AQTST-fnl.xIs5/15/98




120

100
Pump off -
Electrical
. Interruption
80 Drawdown at t = 500 mins:
—_ Step 1 = 30 gpm = 59'
9 Step 2 = 40 gpm =84'
"i— Step 3 =50 gpm =111
Z 60 - _—
o
s
[
o
40
20

0.01 0.1 1 10 100 1000

Time (minutes)
TW-2 Step Test
March, 1997, Pre-Redevelopment

TW-2 Step Test Plot TW2AQTST-fnl.xIs5/15/98



Drawdown (feet)

120

100
80
/ T = 168 fir2/day
Q =50gpm
5 =9.04E-5
C =0.0137
60 & Actual
:0 ——Theoretical
*
*
40 *
*
20
0
01 10 100 1000 10000
Time (minutes)
TW-2 March, 1997

40-hour Aquifer Test




TW-2 Well Loss Determination
Post-Redevelopment

Hantush-Bierschenk Method of Determining Well Losses

s =BQ + CQ® where BQ is aquifer loss (laminar term}), CQ? is well loss (turbulent term)
Lp = percentage head loss attributable to laminar flow

Lp= BQ/(BQ + CQY)

Q= 50.0000
B= 1.1273 (From graph)
C= 0.0044 {From graph)
Lp= 83.65%
cQ2= 11.0159
s (after 500
Q (gpm) mins) s/G@ CalcQ/s B C= 0.004406
42 §5.1 1311905 0.76225 1.126837
56 77 1.375 0.727273 1.128243
68 97 1.426471 0.701031 1.126837

TW-2 May, 1997 Step Test
Determination of Parameters B & C

well efficiency calc 2TW2AQTS-fnl.xis5/15/98



100

90

80

70

60

50

Drawdown (feet)

40

30

20

10

—— Step 1 Q=42 gpm = 55

T Step2Q=56gpm =79’

—— Step 3 Q=68 gpm = 99'

— Drawdown at t= 500 mins:

0.01 0.1

TW-2 Step Test Plot

1 10 100 1000
Time (minutes)

TW-2 May, 1997
Post-Redevelopment Step Test

2TW2AQTS-Inl.xIs5/15/98



Drawdown (feet)

100

g0 Theoretical: "

T = 168 fir2/day _—

T Q =61gpm

80 S =9.04E'5 L}

C =0.0044
70 Cooper Jacob:

T =264Q/s {gpd}

1 |a=61¢gpm
60 s =1100-110
=85-72=13 1
50 1 AT = 165 fir2/day — g
*
’0
40 'Y & Actual
¢ ——Theoreticat
30
20
10
*
0 1
0.001 0.01 0.1 1 10 100 1000

Time since pumping began (minutes)

TW-2 May, 1997

5-hour Aquifer Test




70

£
o

30

Recovery (feet)

20

10

1 10 100 1000
Time

TW-2 Recovery Plot, March, 1997

Figure E- (Recovery) TW2AQTST-fnl.xls5/5/98



Attachment E-3
Test Well TW-3



TW-3 Well Loss Determination -
Pre-redevelopment

Hantush-Bierschenk Method of Determining Well Losses

s = BQ + CQ? where BQ is aquifer loss (laminar term), CQ? is well loss (turbulent term)
Lp = percentage head loss attributable to laminar flow

Lp= BQ/(BQ + CQ%)

Q= 50.0000

B= 1.3030 (From graph)

C= 0.0066 (From graph)

Lp= 79.90%

CQ2= 16.3898

Q (gpm) Qfs s s/Q B C= 0.006556

30 0.66666667 45 1.5 1.303321678
44 0.62857143 70 1.590909 1.302447552
52 0.60818713 85.5 1.644231 1.303321678

TW-3 - April, 1997 Step Test #1
Determination of Parameters B & C

s/Q (ft per gpm)

Q (gpm)

Well Efficiency Calcs 5/15/98 TW3REV-fnl.xls



90

80
70 Drawdown at T=500 mins:
Q=30 gpm, s=45

60 Q=44 gpm, s=70
_ Q=52 gpm, 5=85.5
£ 50
=
3
3
§ 40 §
[

30 -

20

10

0 . - < SN
0.1 1 10 100 1000

Time (Minutes)

TW-3 Step Test
April 12, 1997 Pre-redevelompment

Figure E-_ Step Test Graph (2) TW3REV-inl.xls5/15/98



Drawdown

Theorstical
T=195 fi"2/day
5§=9.50E-5

Q=53 gpm
C=0.0066
Cooper Jacob

<+ actual
s=t100-110 o theoretical

=73-62=9
T=208 ft*2/day

0.1 1 10 100 1000 10000
Time (minutes since pumping began)

TW-3 Pump Test Results
April, 1997



TW-3 Well l.oss Determination -
Post-redevelopment

Hantush-Bierschenk Method of Determining Well Losses

s =BQ + CQ® where BQ is aquifer loss {laminar term), CQ? is well loss {turbulent term)
Lp = percentage head loss attributable to laminar flow

Lp= BQ/(BQ + CQ%)

Q= 50

B= 1.2065 {From graph)

C= 0.0047 (From graph)

Lp= 83.68%

CQ2= 11.77

Q (gpm) Qfs s s/Q B c= 0.004707

30 0.74074074 40.5 1.35 1.208796296
44 0.70967742 62 1.409091 1.201992144
54 0.6835443 79 1.462963 1.208796296

TW-3 - May, 1997 Post Re-development Step Test
Determination of Parameters B& C

15

1.45

= 1.4

& 1.35

S 1.3

2 125

E 1.2

o 1.15
B

1.1
1.05

Q (gpm)

Well Effc Calcs 2TW3AQTS-fnl.xls5/15/98



70

Drawdown at 500 mins:

: Step 1 = 30 gpm = 40.5'
60 Wi M Step 2 = 44 gpm =62
fl Step 3 =54 gpm =79

4]
o

40

Drawdown (feet)

30

20

10

0.001 0.01 0.1 1 10 100 1000

Time (minutes)

TW-3 Step Test
May,1997 Post- Redevelopment

Step Test Graph 2TW3AQTS-nl.x1s5/15/98



Appendix F

Laboratory Reports



City of Laredo, Water Utilities Department
Water Poliution Control Laboratory Services

LABORATORY TEST RESULTS

SAMPLE 1D 85-20-901 LABID AQ-CI

DATE SAMPLED 120496 DATE RECEIVED 120456

TIME SAMPLED 10:58 TIME RECEIVED p.m.
SM25108 Conductivity 2,105 MS/em 1200556 | hm
SM2540C Total Dissolved Solids 2,065 mg/L 120576 | hm
SM 2540 H+B pH 7.47 S.u. 120486 | hm
SM2320B Total Alkalinity as CaCO3 268 mg/ 12/1066 | hm
SM2320B Phenolphthalein Alk as CaCO3 | ND mg/lL 12/1026 | hm
SM 23208 Carbonate as CaCO3 ND Calculated mgA
5M2320B Bicarbonates as CaCCO3 268 Calculated mg/L
SM 23408 Hardness as CaCO3 389 mg/L 1220096 | hm
EPA 300.7 Calcium 88 0.02 mg/lL 122096 | jcm
EPA 300.0 Magnesium 4| 0.02 122096 | jcm
EPA 3000 Bromide 0.924 0.0l mg/i 120596 | jem
EPA300.0 Nitrate 0.490 0.002 mgA. 120506 |} jem
EPA 300.0 Sulfate 876 0.02 mg/L 120556 | jem
EPA300.0 Chloride 315 0.02 mgh 12056 |icm
EPA 300.0 Flouride 2.629 0.0l mg/L 120596 | jem
EPA300.0 Nitrite ND 0.004 mg/A 120506 | jem
EPA 300.0 Crthe-Phosphate ND 0.003 mg/lL 120556 | jem
EPA 300.7 Lithium 0.117 0.01 mg/lL 12/2096 | jem
EPA 300.7 Sodium 2 0.03 mg/L 122006 I jem
EPA 300.7 Potassium 7.096 0.01 mg/L 122096 | jem
EPA300.7 Ammonium ND 0.03 mg/L 122056 | jcm




City of Laredo, Water LHilities Department

Woater Poliution Control Laboratoz Services

LABORATORY TEST RESULTS

SAMPLE ID 85-29-7

DATE SAMPLED 12/04/96

TIME SAMPLED {4:05

SM25108B
SM2540C
SM 2540 H+B
SM 23208
SM23208
SM 23208
SM 23208
SM2340B

EPA 3007

- EPA300.0
EPA 300.0
EPA 300.0
EPA 300.0

EPA300.0
EPA300.0
EPA 300.0
EPA 300.0
EPA 300.7
EPA 300.7
EPA 300.7
EPA 300.7

Conductivity

.| Total Dissotved Solids

pH

Total Alkalinity as CaCC3
Phenolphthalein Alk as CaCC3
Carbonate as CaCO3
Bicarbonates as CaCQC3
Hardness as CaCO3

Calcium

Magnesium
Bromide
Nitrate
Sulfate

Chioride

Flounde

Nitrite
Ortho-Phosphate
Lithium

Sodium
Potassium

Ammonium

4,772
5,163
7.84
244
18

36
208
323

3

28
|.74
ND
2,830

743
5.841
ND
ND
0.073
982
39.00
ND

LABID
DATE RECEIVED
TIME RECEIVED

Calculated
Calculated

0.02

0.02
0.01
0.002
0.02

0.02
0.0l
0.004
0.003
0.01
0.03
0.0l
0.03

AQ-02
1200456

120526
1200596
1200456
12/1096
12/10/96

12/20/96

12/20/96

12/20/26
120506
120596
1200596

1200596
120556
120586
120596
12/20/96
12/20/96
122096
1272096

hm

hm
hm
hm

hm

hm

jem
fcm
cm

jem

jcm

jcm




City of Laredo, Water Utilities Department
Water Poliution Control Laboratory Services

LABORATORY TEST RESULTS

SAMPLE ID 85-37-403 LABID AQ-03
DATE SAMPLED 12/05/96 DATE RECEIVED 120556
TIME SAMPLED 11:40 TIME RECEIVED pm.
SM25108 Conductivity 2,160 US/em 120596 hm
SM2540C Total Dissolved Solids 2,243 mg/L 120556 | hm
SM2540 H+B pH 7.38 Su, 120456 hm
sSM23208B Total Alkalinity as CaCQO3 328 mg/L 12/i096 hm
SM23208B Phenolphthalein Ak as CaCO3 | 8 mgl 12/1026 | hm
SM23208B Carbonate as CaCO3 16 Calcutated mgA
SM23208B Bicarbonates as CaCO3 312 Calculated mgl
SM23408 Hardness as CaCO3 322 mg/lL 122026 | hm
EPA 300.7 Calcium 76 0.02 mgh. 122056 jcm
t EPA300.0 Magnesium 32 0.02 122006 | jem
EPA 300.0 Bromide 0.64 0.01 mg/L 120506 | jom
EPA 300.0 Nitrate ND 0.002 mg/L 120556 | jem
EPA 300.0 Sulfate 1,027 0.02 mgi 120526 jem
EPA 300.0 Chloride 243 002 mg/L 120506 | jem
EPA 300.0 Flouride 3.23 0.0l mg/l. 120506 | km
EPA300.0 Nitrite ND 0.004 mg/ 120596 jem
EPA 3000 Crtho-Phosphate ND 0.003 mg/L 1205P6 | jcm
EPA 3007 Lithium 0.09 001 mgl 122056 jem
EPA300.7 Sodium 521 0.03 mg/L 1222086 | jm
EPA 3007 Potassium 5.52 0.01 mgl 122096 | jcm
EPA 300.7 Ammonium ND 0.03 mg/L 122006 1 jcm




City of Laredo, Water Utilities Departrnent
Water Poliution Control Laboratory Services

LABORATORY TEST RESULTS

SAMPLE ID 85-37-405 LAB ID AQ-04

DATE SAMPLED 20326 DATE RECEIVED [2/04/56

TIME SAMPLED 1 5:50 TIME RECEIVED am.
M 25108 Conductivity 3,044 Shm 120586 | hm
SM2540C Total Dissolved Solids 3,410 mgA 1205/26 | hm
SM 2540 H+B pH 7.43 S.U. 12004/596 hm
SM 2320 B Total Alkalinity as CaCO3 352 mgh 12/1006 | hm
SM 23208 Phenolphthalein Alk as CaCO3 | ND mgl 12/1086 | bm
SM2320B Carbonate as CaCQ3 ND Caleulated mgA
SM2320B Bicarbonates as CaCO3 352 Calculated mg/l
SM2340B Hardness as CaCO3 271 mg/ 12/2096 | hm
EPA 300.7 Calcium (07 0.02 mel 122086 | jem

1 EPA 3000 Magnesium 67 0.02 122096 | jem

EPA 300.0 Bromide 1.03 0.01 mgl 1205/56 | jem
EPA 300.0 Nitrate ND 0.002 mgl 120586 | jem
EPA 300.0 Suffate 1,801 0.02 mg/L. 1200596 | jem
EPA 300.0 Chloride 356 0.02 mg/l 120586 jem
EPA 300.0 Flouride 46 0.01 mg/lL 120586 | jem
EPA 300.0 Nitrie ND 0.004 mglL 1200556 jcm
EPA 300.0 Ortho-Phosphate ND 0.003 mg/l 120536 jcm
EPA 300.7 Lithium 0.14 001 mg/L 122086 | jem
EPA 300.7 Sodium 892 0.03 mgl 122086 | jem
EPA 300.7 Potassium 7.56 0.0l mgl 12/20/96 jem
EPA 300.7 Ammonium ND 0.03 mg/L 122056 | jem




City of Laredo, Water Utilties Department
Water Pollution Control Laboratory Services

LABORATORY TEST RESULTS

SAMPLE ID 85-29-301 LABID AQ-05
DATE SAMPLED 1200396 DATE RECEIVED 12004/56
TIME SAMPLED [4:35 TIME RECEIVED am,

SM25108 Conductivity 3,362 US/em 120596 hm
SM 2540 C Total Dissolved Solids 3,465 mg/L 1205096 | hm
SM 2540 H+B pH 87 S.U. 1200496 hm
SM2320B Total Alkalinity as CaCO3 280 mg/l 12/10/96 hm
SM2320B Phenolphthalein Alk as CaCO3 | 8 mgh 12/1086 {hm
SM 23208 Carbonate as CaCQO3 16 Calculated mg/
SM2320B Bicarbonates as CaCC3 264 Calculated mg/l.
SM23408B Hardness as CaCO3 |03 mg/l 12220/%6 | hm
EPA 300.7 Calcium 10 0.02 mgA. 12/2086 | jcm
| EPA300.0 Magnesium 1.00 0.02 122006 | jem
EPA 300.0 Bromide [.08 0.01 mg/l 120586 | jem
EPA300.0 Nitrate ND 0.002 mg/i 120556 | jem
EPA 300.0 Sulfate 1,855 0.02 mg/L 120506 | jem
EPA 300.0 Chioride 358 0.02 mgA 120506 | jem
EPA 300.0 Flouride 4.62 0.0l mg/ 1205086 | jem
EPA 300.0 Nitrite ND 0.004 mg/L 120506 | jcm
EPA 300.0 Ortho-Phosphate ND 0.003 mg/L 1205086 | jem
EPA 300.7 Lthium 0.10 0.01 mg/L 12/2006 | jem
EPA 300.7 Sodium 695 0.03 mg/ 22086 | jcm
EPA 300.7 Potassium 1.63 0.0l mg/L. 122096 | jom
EPA300.7 Ammonium ND 0.03 mg/l 122096 | jem




City of Laredo, Water Utilities Department
Water Pollution Control Laboratory Services

LABORATORY RESULTS

SAMPLE 1D
DATE SAMPLED 120326

9
85-26-102

TIME SAMPLED 16:20

SM25i08B
SM2540C
SM2540 H+B
SM2320B
SM23208B
SM2320B
SM23208
SM23408B

EPA3C0.7

| EPA300.0
EPA 300.0
EPA 300.0
EPA 300.0

EPA 300.0
EPA 300.0
EPA 300.0
EPA 300.0
EPA 300.7
EPA 300.7
EPA 300.7
EPA 300.7

Conductivity

Total Dissolved Solids

pH

Total Alkalinity as CaCQO3
Phenolphthalein Alk as CaCO3
Carbonate as CaCO3
Bicarbonates as CaCQO3
Hardness as CaCC3

Calcium

Magnesium
Bromide
Nitrate
Sulfate

Chloride

Fouride

Nitrite
Crtho-Phosphate
Lithium

Sodium
Potassium

Ammonium

1,890
1,785
892
220
14

28
192
220

3.19

0.31
INE
ND
521

397
235
ND
ND
0.03
349
0.90
ND

LAB ID
DATE RECEIVED
TIME RECEIVED

Calculated
Caiculated

0.02

0.02
0.01
0.002
0.02

0.02
0.01
0.004
0.003
0.01
0.03
00!
0.03

AQ-06
1204/56

12/05/96
12/05/96
12004/56
121026
12/10/96

12/20/96

{22096

12/20/56
1205/96
120556
1200596

120556
1200556
12/05/86
120506
12/2096
1272096
122096
12/2096

hm
hm
hm
hm

hm

hm

jcm




City of Laredo, Water Utilities Department
Water Pollution Control Laboratory Services

LABORATORY TEST RESULTS

——

SAMPLE ID 85-2%-401 LABID AQ-07
DATE SAMPLED 120496 DATE RECEIVED 1200496
TIME SAMPLED 10:45 TIME RECEIVED

SM25108 Conductivity 1,465 HS/em 1200506 | hm
SM2540 C Total Dissohved Sclids 1,318 mg/L 12/05/96 hm
SM 2540 H+B pH 8.85 S.U. 120456 hm
SM23208B Total Alkalinity as CaCC3 276 mgl 12/10/56 hm
SM23208B Phenolphthalein Alk as CaCO3 | 24 mgl 12/1026 | hm
SM 23208 Carbonate as CaCC3 48 Calculated mg/
SM2320B Bicarbonates as CaCO3 228 Calculated mgA
SM23408B Hardness as CaCO3 24 mg/l 1272056 | hm
EPA 300.7 Calcium .69 0.02 mg/L 122056 } jem
| ePA300.0 Magnesium 0.16 0.02 122006 | jom
EPA 300.0 Bromide 0.78 0.01 mg/L 120506 | jcm
EPA 300.0 Nitrate ND 0.002 mgh 120526 jem
EPA 300.0 Sulfate 329 002 mg/AL 120526 | jem
EPA 300.0 Chioride 378 0.02 mg/L 120506 | jecm
EPA 300.0 Flouride 0.83 0.01 mgA. 120586 | jcm
EPA 300.0 Nitrite ND 0.004 mgA 1205P6 | jem
EPA300.0 Ortho-Phosphate ND 0.003 mg/ 1205P6 | jm
EPA 300.7 Lithium 0.02 0.0l mg/L 1220096 | jem
EPA 300.7 Sodium 445 0.03 mglL 1220086 § jcm
EPA 300.7 Potassium 0.67 0.01 mgiL 122086 | jem
EPA300.7 Ammonium ND 0.03 mg/ 122086 | jem




Chty of Laredo, Water Utilties Department
Water Poliution Control Laboratory Services

LABORATORY TEST RESULTS

SAMPLE ID 85-20-706

DATE SAMPLED 12/04/96

TIME SAMPLED 13:55

LABID
DATE RECEIVED
TIME RECEIVED

AQ-08
12/04/96
p.m.

SM25108
SM2540C
SM 2540 H+B
SM2320B
SM2320B
SM23208B
SM2320B
SM23408B

EPA300.7

| ePA300.0

"1 EPA 3000

EPA 300.0
EPA 3000

EPA 300.0
EPA 3000
EPA 300.0
EPA 300.0
EPA300.7
EPA 300.7
EPA 300.7
EPA300.7

Conductivity
Total Dissclved Solids

pH

Total Alkalinity as CaCO3
Phenolphthalein Alk as CaCC3
Carbonate as CaCC3
Bicarbonates as CaCO3
Hardness as CaCO3

Calcium

Magnesium
Bromide
Nitrate
Suifate

Chloride

Flouride

Nitrite
Crtho-Phosphate
Lithium

Sodium
Potassium

Ammonium

[.546
1,420
8.74
340
20

300
9.23

222

0.90
074
ND
341

271
0.87
ND
ND
0.02
512
1.28
ND

Calculated
Calculated

0.02

0.02
0.01
0.002
0.02

0.02
0.0l
0.004
0.003
0.0!1
0.03
0.0l
003

12/05/26
12056
120436
12/10/96
12/10/96

12/2056

12/20/%6

12/20/96
12/05/26
120506
120556

120556
120526
120526
12/05/96
1272096
122096
122096
12/20/6

hm
hm
hm
hm

hm

hm

jcm
jem
cm

jem

jem
jcm
jem
jem
jem
icm

jcm




City of Laredo, Water Utilities Department
Water Poliution Control Laboratory Services

LABORATORY TEST RESULTS

SAMPLE 1D 85-29-709

DATE SAMPLED Cl21/7

TIME SAMPLED 09:30

SM25108B
SM2540C
SM 2540 H+B
SM2320B
SM2320B

SM 2340 B
SM41108
| EPA 3007
1 ePA300.0
EPA 300.0
EPA 300.0
EPA 300.0
SM4110B
EPA 300.0
EPA 300.0
EPA 300.0
EPA 300.0
EPA 300.7
EPA 3007
EPA300.7
EPA 300.7

Conductivity

Total Dissolved Solids
pH

Total Alkalinity as CaCO3
Phenolphthalein Alk as CaCQO3
Carbonate as CaCO3
Bicarbonates as CaCO3
Hardness as CaCO3
Calcium

Calcium

Magnesium

Bromide

Nitrate

Suffate

Chlorides

Chlorides

Flouride

Nitrite

Phosphate

Lithium

Sodium

Potassium

Ammonium

1366
1080
8.48
325
35
42
311
[

24
06
ND
ND
472
NA
278
07
ND
ND
0.06
473
1.5
ND

LAB ID
DATE RECEIVED
TIME RECEIVED

Calculated
Calculated

002
0.02
0.0l
0.002
0.02

0.02
0.01
0.004
0.003
0.0!
c.03
0.0t
0.03

AQ-12
012157
12:26

01/23/7
0172357
01/23/97
012387
012357
02/07/7
020757
012357

0172587
0125687
012497
020757
020757

020707
0200797
020757
020757
0172557
0172557
0172547
01725057

pa
jcm
pa

hm

hm

hm
jem
jcn
jcm
jem
jcm
pa

jcm
jcm
jem
jem
jcm
jcm
jem

jcm




City of Laredo, Water Utilities Department
Water Pollution Control Laboratary Services

LABORATORY TEST RESULTS

SAMPLE ID 85-29-804 LAB 1D AQ-13
DATE SAMPLED 012187 DATE RECEIVED oIRL57
TIME SAMPLED |0:20 TIME RECEIVED 12:26

i

sM25108 Conductivity 2732 HSfm 012387 |pa
SM2540C Total Dissoived Solids 2200 mgl 012387 |ijem

SM 2540 H+B pH 8.13 S.u. 0123P7 |pa
SM23208B Total Alkalinity as CaCO3 970 mgi 012397 | bm
SM2320B Phenolphthalein Alk as CaCO3 | 20 mg/L 0123587 | hm
Carbonate as CaCC3 24 Calculated mg/ 020797 | am

Bicarbonates as CaCO3 1134 Calculated mgh 020757 | am

SM 2340 B Hardness as CaCC3 10.3 mgA 012387 |am
SM41108B Calcium NA mgh hm
EPA 300.7 Calcium 25 0.02 mgl 0125/87 |jem
1 EPA300.0 Magnesium 1.3 002 mg/L 012587 | jem
EPA 300.0 Bromide 13 001 mg/L 012487 |ijm
EPA 300.0 Nitrate ND 0.002 mg/L Q207087 | jem
EPA 3000 Sulfate 629 0.02 mg/L 0207R7 | jem

SM 41108 Chiorides NA mgh. pa
EPA 300.0 Chlorides 482 0.02 mgA 0207P7 | jem
EPA300.0 Flouride 1.7 0.0l mgAL 0207657 | jem
EPA 300.0 Nitrite ND 0.004 mgl. 020787 [jcm
EPA 3000 Phosphate ND 0.003 mg/. 020787 | jem
EPA 300.7 Lithium 0.1 0.0l mg/L 0172557 | jcm
EPA300.7 Sodium 956 0.03 mg/L 012587 |ijem
EPA 300.7 Potassium 2. 0.01 mgA. 012587 |jem
EPA 300.7 Ammonium ND 0.03 mgA 012587 |jom




CITY OF LAREDO, WATER UTILITIES LAB SERVICES

PROJECT: ASR DATE: Mar. 11,1998

Sample ID: AQ-14 Lab ID: AQ-14
Date Sampled: 1/30/97 Date Received: 1/30/97
Time Sampled: 16:30 Time Received: 16:20

SAMPLE
TEST METHOD  PARAMETER RESULT UNITS DATE TECH
SM 2510B Conductivity 2001 us/cm 1/31/97{JCM
SM 2540C Total Dissolved Solids 1654 mg/L 1/30/97 |HM
SM 2540 H+B pH 7.48 S.u. 1/31/97 |HM
SM2320B Total Alkalinity 500 mg/L 1/31/97 |HM
SM2320B Phenolphthalein Alkalinity ND mg/L 1/31/97|HM
SM2320B Carbonate 0 mg/L CALC.
SM 23208 Bicarbonate 500 mg/L CALC.
SM 2320B Hardness 164 mg/L 1/31/97|PA
EPA 300.7 Calcium 36.7 mg/l. 2/1/97|JCM
EPA 300.0 Magnesium 17.8 mg/L 1/31/97|PA
EPA 300.0 Bromide 5.1 mg/L 1/31/97|JCM
EPA 300.0 Nitrate ND mg/L 1/31/87|JCM
EPA 300.0 Suifate 540 mg/L 1/31/97|JCM
EPA 300.0 Chicride 280 mg/L 1/31/97 |JCM
EPA 300.0 Flouride 1.913 mg/L 1/31/97|JCM
EPA 300.0 Nitrite ND mg/L 1/31/97|JCM
EPA 300.0 Ortho-Phosphate NA mg/L 1/31/97{JCM
EPA 300.7 Lithium 0.182 mg/L 1/31/97|JCM
EPA 300.7 Potassium 6.257 mg/L 1/31/97|JCM
AM 4500 MH3 Ammonia Nitrogen ND mg/l. 1/31/97|JCM




Fab-12-97 10:039A P.0C2

City of Laredo, Water Unilities Department
Water Polluton Control Laboratory Services

{ ABORATORY TEST RESULTS
PROJECT: ASR .o i iiiien
SAMPLE ID AQ-14 LAB ID AQ-14
DATE SAMPLED 0130487 DATE RECEIVED 013057
TIME SAMPLED 1543 TIME RECEIVED 16:30
TESTMETHOD | PARAMETER - . |SAFPLERESULT. [AEPORTINGUMIT | UNITS: fOATE | TECH
sM25108 Conductivity uSkm 0131R7 | hm
SM2540C Total Disscived Solids 1.654 mgh 0183187 hm
SM2540 H4B pH 7.48 sSU. 013187 | bhm
SM 23208 Total Alkalinity as CaCO3 500 mgi 013187 hm
$M23208 Phenclphthalein Alk as CaCO3 | ND mgA OL31R7 | bm
Carbonate ion a Calculated mgA 020787 | am
Bicarbonate ion 610 Calkulated mgA 020757 am
SM23408 Hardness as CaCO3 165 mglL 013187 hm
EPA 300.7 Calcium 37 0.02 mglL 020257 |ijem
EPA 300.0 Magnesium 18 0.02 mght 020257 jem
EPA 300.0 Broemide 5.1 00l mgh 013187 |iem
EPA 300.0 Nitrate ND 0.002 mgL OIBIA7 |jm
EPA300.0 Sulfate S41 0.02 mglL 013187 |jm
EPA 3000 Chiorides 280 0.02 mgL 013157 jem
EPA 300.0 Flouride 19 0.0i mgh- 0i3187 |ijem
EPA 300.0 Nitrite ND 0.004 mgh QIB31/7 |ijem
EPA 3000 o-Phosphate ND 0.003 mgl 013157 km
EPA 300.7 Lithiurn 02 00l mgA 0202587 | jem
EPA300.7 Sodium 639 0.03 mg/l 020287 | jem
EPA 300.7 Potassum 6.3 001 mgl 020287 | jem
EPA 300.7 Ammaonium ND 0.03 mg/t 020277 |ijem




City of Laredo, Water Utilities Department
Water Poliution Control Laboratory Services

LABORATORY TEST RESULTS

SAMPLE 1D AQ-15 LAB ID AQ-15
DATE SAMPLED 0206/97 DATE RECEIVED 0206/97
TIME SAMPLED 1230 TIME RECEIVED 1250

SM 25108 Conductivity 2890 uSem 1021087 | pa
SM 2540 C Tetal Dissolved Solids 1752 mg/lL 022087 | jem
SM 2540 H+B pH 895 S.U. 02/06/56 | pa
SM 2320 B Total Alkalinity as CaCO3 185 mg/L 020757 | hm
SM2320B Phenolphthalein Alk as CaCO3 | 27 mg/ 020707 [ hm
Carbonate as CaCO3 54 Caleulated mg/ 022007 am

Bicarbonates as CaCO3 131 Calcufated mg/. 0222057 Y am

SM2340B Hardness as CaCQO3 2i mg/L 022087 | am
SM41108 Calcium 8 mgl 020757 | hm
| EPA300.7 Calcium 7.61 0.02 mgh. Q20787 | jem
| ePa3000 Magnesium 0.194 0.02 mglL 02/13687 | jem
EPA 300.0 Bromide 1.29 00! mg/ 020757 | jem
EPA 300.0 Nitrate ND 0.002 mgh 020707 |im
EPA 300.0 Sulfate 616 0.02 mg/L 0207R7 ] jem

SM41108 Chlorides 450 mgA 020787 | pa
EPA 300.0 Chlorides 469 0.02 mg/L 020757 | jem
EPA 300.0 Flouride 2.40 001 mglL 020797 | jem
EPA 300.0 Nitrite ND 0.004 mg/lL 020757 icm
EPA 300.0 Phosphate ND 0.003 mg/i 0200787 | icm
EPA 300.7 Lithium 0.06 0.0! mg/L 02/13097 | jom
EPA 300.7 Sodium 736 003 mgl 02/1357 | jem
EPA 300.7 Potassium 2.36 0.0! mg/L 02/13/87 ] jem
EPA 300.7 Ammonium ND 0.03 mg/L 02/13/87 | jem




City of Laredo, Water Utilities Departrment
Water Pollution Control Laboratory Services

LABORATORY TEST RESULTS

SAMPLE 1D AQ-16
DATE SAMPLED 020657
TIME SAMPLED 1935
SM2510B Conductivity
SM2540C Total Dissolved Solids
SM 2540 H+B pH
SM23208 Total Alkalinity as CaCO3
SM23208 Phenclphthalein Alk as CaCO3
Carbonate as CaCC3
Bicarbonates as CaCCO3
SM23408 Hardness as CaCO3
SM4110B Calcium as CaCC3
EPA300.7 Calcium
EPA 300.0 Magnesium
| EPA 3000 Bromide
EPA300.0 Nitrate
EPA 300.0 Sulfate
SM4110B Chiorides
EPA 300.0 Chlorides
EPA 300.0 Flouride
EPA 300.0 Nitrite
EPA 300.0 Phosphate
EPA 300.7 Lithium
EPA 300.7 Sodium
EPA 300.7 Potassium
EPA300.7 Ammonium

2880
1282
9.0
184
20

i 44
20
8.22
6.72
0.308
LIS
ND
583
455
48]
220
ND
ND
ND
739
1.98
ND

LAB ID
DATE RECEVED
TIME RECEIVED

Caleulated
Calculated

0.02
0.02
0.01
0.002
0.02

0.02
0.01
0.004
0.003
0.01
003
0.01
0.03

AQ-16
020757
0910

02/10/87
0272087
02006/96
0207157
020797
0272097
022057
0220497
020757
020757
02/14/97
020757
C207/7
020757
020757
0207/7
020797
020757
020787
02/14/7
02/14/57
02/14/97
02/14/97

PA
HM™
PA
HM

R L

la¥
JoM
log
ley
le¥
PA

ley
JCM
Jley
fle
lay
fley
le %
joM




City of Laredo, Water Utilities Department
Water Pollution Control Laboratory Services

LABORATORY TEST RESULTS

SAMPLE ID AQ-17 LABID AQ-17
DATE SAMPLED 02/06/97 DATE RECEIVED 020757
TIME SAMPLED 2359 TIME RECEIVED 0910

SM25108
SM2540C
SM 2540 H+B
SM23208B
SM23208B

SM23408B
SM41108
| EPA300.7
1 EPA3C0.0
EPA 3000
EPA 300.0
EPA 300.0
SM4110B
EPA 3000
EPA 300.0
EPA 3000
EPA 300.0
EPA 300.7
EPA 300.7
EPA300.7
EPA 300.7

Conductivity

Total Dissolved Solids
pH

Total Alkalinity as CaCO3
Phenolphthalein Alk as CaCO3
Carbonate as CaCC3
Bicarbonates as CaCO3
Hardness as CaCC3
Calcium as CaCO3
Calcium

Magnesium

Bromide

Nitrate

Sulfate

Chlorides

Chiorides

Flouride

Nitrite

Phosphate

Lithium

Sodium

Potassium

Ammonium

2900
1224
8.79
180

0.38
117
ND
609
445
426
222
ND
ND
ND
718
1.76
ND

Calculated
Calculated

0.02
002
0.01
0.002
0.02

0.02
0.01
0.004
0.003
0.0l
0.03
0.01
0.03

02/10/7
02/10/97
02/10/6
020757
0207R7
0220797
02720897
02/20/97
020797
02/14/97
02/14/97
020797
QO7/7
020757
020747
020757
020757
0207057
Q207 /7
02/14/97
02/14/57
02/1487
02/14/7

pa
jem
pa
hm

hm

3 3

hm
hm
jcm
jem
jem
jcm
JoM
pa
jcm
jem
jem
jem
fcm
jcm
jem

jem




City of Laredo, Water Utilities Department
Water Poliution Control Laboratory Services

LABORATORY TEST RESULTS

SAMPLE ID AQ-18 LAB ID AQ-18
DATE SAMPLED 0207/7 DATE RECEVED 020757
TIME SAMPLED 0825 TIME RECEIVED 0910
SM25108 Conductivity 2900 MSfem 02/1087 pa
SM2540C Total Dissolved Solids 1204 mgi 02/10/97 jcm
SM2540 H+B pH 8.83 S.uU. 02/1096 | pa
SM23208 Total Alkalinity as CaCO3 181 mgh 020757 hm
SM 23208 Phenolphthalein Alk as CaCO3 | 18 mg/ 0207P7 | hm
Carbonate as CaCO3 36 Calculated mg/ 02/20/57 am
Bicarbonates as CaCO3 145 Calculated mg/ 02/2007 | am
SM2340B Hardness as CaCQO3 18 mg/L 020797 hm
SM4110B Calcium as CaCC3 8 mgh 02/12/97 hm
EPA 300.7 Calciumn 5.74 0.02 mgl 02/1487 | jem
| EPA300.0 Magnesium 0.47 002 mgh 02/1457 | jcm
EPA 300.0 Bromide 1.24 0.01 mg/L 020787 | jem
EPA 300.0 Nitrate ND 0.002 mgl 0207/7 | jcm
EPA 300.0 Sulfate 605 0.02 mg/i 020757 jem
SM4110B Chlorides 445 mg/. 02/11/87 | hm
EPA 300.0 Chlorides 413 0.02 mgl 020757 | jem
EPA 3000 Flouride 226 0.01 mg/l 0200757 jem
EPA 3000 Nitrite ND 0.004 mg/. 020757 jem
EPA 3000 Phosphate ND 0.003 mg/lL 020727 | jem
EPA 300.7 Lithium ND 0.0! mg/l 02/1487 | jem
EPA 300.7 Sodium 712 0.03 mg/L 02/14587 | jem
EPA 300.7 Potassium 1.65 001 mgl 02/14/57 jem
EPA 300.7 Ammonium ND 0.03 mg/. 02/1487 | jem




City of Laredo, Water Utilities Department
Water Pollution Control Laboratory Services

LABORATORY TEST RESULTS

SAMPLE ID AQ-19 LAB ID AQ-19
DATE SAMPLED 02/07 /57 DATE RECEIVED 0207/57
TIME SAMPLED 1145 TIME RECEIVED

SM2510B Conductivity 2900 uSfem 02/1087 | pa
SM2540C Total Dissolved Sclids 1240 mg/L 02/10597 jem
SM 2540 H+8 pH 8.82 S.U. 02/1096 | pa
SM 2320 B Total Alkalinity as CaCO3 180 mg/l 021097 | pa
SM23208 Phenolphthalein Alk as CaCO3 | 25 mg/. 02/10/7 | pa
Carbonate as CaCO3 50 Calculated mg/ 0272087 | am
Bicarbonates as CaCO3 130 Calculated mglL 02/20/57 am
SM23408 Hardness as CaCO3 NA' mgh
SM4110B Calcium as CaCO3 8.02 mgh 02/11/57 | pa
EPA 300.7 Calcium 571 0.02 mg/L 02/14/57 | jcm
EPA 300.0 Magnesium 0.524 0.02 mg/L 02/14/57 | jem
| EPA300.0 Bromide 113 0.01 mglL 02/1187 | jem
EPA 300.0 Nitrate ND 0.002 mgl 02/11/87 [ jem
EPA 300.0 Suifate 614 0.02 mg/L 021187 }ijem
SM4110B Chilorides 445 mg/ 02/11/7 | hm
EPA 3000 Chlorides 549 002 mgl 02/11/87 tjem
EPA 300.0 Flouride 22 0.01 mg/l 02/1187 | jem
EPA 300.0 Nitrite ND 0.004 mg/ 02/1157 | jem
EPA 300.0 Phosphate ND 0.003 mg/L 02/11/57 jcm
EPA 300.7 Lithium ND 0.01 mg/L 02/1487 | jem
EPA 300.7 Sodium 715 0.03 mg/t 02/1487 | jcm
EPA 300.7 Potassium 1.67 0,01 mg/L 02/1457 | jem
EPA 300.7 Ammonium ND 0.03 mg/. 02/1487 | jcm

| Note: Due to loss of sample, hardness as CaCO, was not measured




City of Laredo, Water Utilities Department
Water Pollution Control Laboratory Services

i

LABORATORY TEST RESULTS

SAMPLE ID AQ-20 LAB ID AQ-20
DATE SAMPLED 0200757 DATE RECEIVED 020797
TIME SAMPLED 1355 TIME RECEIVED 1443

SM2510B Conductivity 2910 uS/em 02/1057 | jem
SM 2540 C Total Dissolved Solids 1300 ' mgA 02/1057 | km
SM 2540 H+B pH 8.88 SuU. 02/10/6 pa
SM23208 Total Alkalinity as CaCQO3 182 mgh 02/10/97 pa
SM 23208 Phenolphthalein Alk as CaCO3 | 15 mgA_ 02/t0/87 {pa
Carbonate as CaCC3 30 Calculated mg/ 02/20/97 am
Bicarbonates as CaCO3 146 Caiculated mgi 0272097 am
SM2340B Hardness as CaCC3 17 mglL
SM41108B Calcium as CaCO3 8.01 mgl 021157 | pa
EPA 300.7 Calcium 5.48 0.02 mg/ 02/14P7 |jcm
EPA 3000 Magnesium 0.871 0.02 mg/l 0214587 | jem
| EPA300.0 Bromide 1.230 0.01 mgl 02N1/7 | jem
EPA 3000 Nitrate ND 0.002 mg/lL 02/11 57 jem
EPA 300.0 Sulfate 593 0.02 mgh 02/1187 | jem
SM4110B Chlorides 482 mgh 02/1157 {hm
EPA300.0 Chlorides 549 0.02 mgt Q11 /7 | jem
EPA 300.0 Flouride 234 0.01 mg/. 02/ /7 | km
EPA 300.0 Nitrite ND 0.004 mg/L 0211087 |jem
EPA 300.0 Phosphate ND 0.003 mgl Q2/11/7 | iem
EPA 300.7 Lithium ND 0.0! mg/lL 02/1497 cm
EPA 300.7 Scdium 703 0.03 mg/l 02/14/07 jcm
EPA 300.7 Potassium 1.7 0.0! mgh 02/1487 | jem
EPA 300.7 Ammonium ND 0.03 mglL 02/14/97 [ jem




City of Laredo, Water Utilties Department
Water Poliution Control Laboratory Services

LABORATORY TEST RESULTS

SAMPLEID AQ-21
DATE SAMPLED 020857
TIME SAMPLED 0810

SM25108B
SM2540C
SM2540 H+B
SM2320B
SM23208B

SM 2340 B
SM41108
EPA 3007
| ePA300.0
1 EPA 3000
EPA 300.0
EPA300.0
SM41108B
EPA 300.0
EPA 300.0
EPA 300.0
EPA300.0
EPA300.7
EPA 3007
EPA 300.7
EPA 300.7

Conductivity

Total Dissclved Solids
pH

Total Alkalinity as CaCO3
Phenolphthalein Alk as CaCO3
Carbonate as CaCC3
Bicarbonates as CaCQ3
Hardness as CaCO3
Calcium as CaCO3
Calcium

Magnesium

Bromide

Nitrate

Sulfate

Chlorides

Chiorides

Flouride

Nitrite

Phosphate

Lithium

Sodium

Potassium

Ammaonium

2930
1764
8.58
182
16
32
150
17
6.4
5.1
0.59
.27
ND
631
445
489
23
ND
ND
ND
708
1.54
ND

LAB D
DATE RECEIVED
TIME RECEIVED

Calculated
Cakulated

0.02
0.02
0.0t
0.002
0.02

0.02
0.01
0.004
0.003
0.01
0.03
0.0t
0.03

HShm

AQ-2]
Q2/10/97

02/10/57
0272057
02/1196
02/1196
02/1196
0272057
022097
02/11 97
02/11/97
02/14/57
02/14/57
o2/11 57
02/11 57
02/11/657
02/11/87
02/11 /7
02/11 /7
02/11/57
Q2 1 57
02/14/57
02/14/57
02/14/57
02/14/57

jcm
hm
hm

hm

583

hm
hm
jem
jem
jem
jem
jem
hm
jcm
jem
jcm
jem
jem
jem
jcm

jcm




(RE-42

CORE LABORATORIES

Job Number: 970777

QUALITY

CONTROL

RESULTS

Date: 03/19/97

Qc Lab 1D

Reagent

QC Result

QC Result

True value

Units

Orig. Value Calc. Resuit Dete/Time
ccv M0057 5.06%00 5.00 101.4 % REC 03/18/97 1345
cce 0.01328 03/718/97 1409
MB 200.7 0.00327 03/18/97 1419
MD  970609-11 134.8725% 137.61285 2.0 RPD 03/18/97 1434
ccv M0057 5.18075 5.00 103.6 X REC 03/18/97 1512
ccv M0057 5.04632 5.00 100.9 X REC 03/18/97 1515
ccs 0.00202 ’ 03/18/97 1537
MD 970742-1 16.85875 17.87253 5.8 RPD 03/18/97 1618
MS 970742-1 M3520 18.83610 1.00 17.87253 96.4 X REC 03/18/97 1622
cce -0.03261 03/18/97 1653
M 970777-2 6.72875 T7.0716% 5.0 RPD 03718797 1731
ccv MO057 5.06387 5.00 101.3 %X REC 03/18/97 1741
ccv MO057 4.95749 5.00 99.1 X REC 03/18/97 1748
cce 0.08768 03718/97 1759
SB M35208 2.09682 2.00 104.8 X REC 03/18/97 1834
S8 M35208 2.12m1 2.00 106.4 X REC 03/18/97 1837
~ry MO057 4.80400 5.00 96.1 X REC 03/18/97 1841

3 0.08842

03/18/97 1844

QC Lab ID

Reagen

QC Result

Cal-c. Result

QC Result True Value Orig. vValue Units Date/Time
cy M0O58 1.04205 1.00 104.2 % REC 03/18/97 1135
IcV M0058 1.02569 1.00 102.6 % REC 03/18/97 1316
ccv - MO057 4.96994 5.00 9.4 X REC 03/18/97 1345
cCB -0.02002 03/18/97 1409
MB 200.7 -0.01962 03/18/97 1419
LCS M3520 0.90811 1.00 90.8 % REC 03/18/97 1423
MD 970609-11 28.23038 2B.75441 1.8 RPD 03/18/97 1431
ccv MO057 5.24851 5.00 105.0 X REC 03/18/97 1512
ccy MOD57 5.09570 5.00 101.9 X REC 03/18/97 1515
ccB 0.00945 03718797 1537
MD 970742-1 1.38717 1.51960 9.4 RPD 03/1B/97 1618
MS 970742-1 M3520 2.48500 1.00 1.51960 96.5 X REC 03/18/97 1622
cev MOO57 5.23119 5.00 104.6 X REC 03/18/97 1638
ccB 0.01797 03/18/97 1653
MD 970777-2 1.35786 1.38133 1.7 RPO 03/718/97 173%
NS 970777-2 3520 2.24087 1.00 1.38133 85.0 X REC 03/18/97 1734
ccy MOOS7 5.16107 5.00 103.2 % REC 03/18/97 1741
cecy MOOS7 5.05152 5.00 101.0 % REC 03/18/97 1748
cce 0.01257 03/18/97 1759
SB M35208 1.95416 2.00 97.7 X REC 03/18/97 1834
SB M35208 1.99820 2.00 99.9 X REC 03/18/97 1837
ccv MOOS7 4.88429 5.00 97.7 X REC 03/18/97 1841
ces 0.01051 03/18/97 1844
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(Rias

CORE LABORATORIES

Job Number: 970777

QUALITY

CONTROL

RESULTS

Date: 03/19/97

ac Lab ID Reagent Qac Result QC Result True Value orig. value Calc. Result Units Date/Time
v M0054 10.01218 10.00 100.1 X REC 03718797 1325
ccv M0O57 4 .89646 5.00 97.9 X REC 03/18/97 1345
ccs -0.08526 03718797 1409
MB 200.7 -0.41412 03/18/97 1419
M> 970609-11 38.95249 39.15956 0.5 RPD 03/18/97 1431
ccv M0057 4.82798 5.00 96.6 X REC 03/18/97 1515
[ofw:] 0.98623 ‘ 03718/97 1537
MD 970742-1 2.23623 1.68578 0.55045 ABS Diff. 03/18/97 1618
ccB 0.26376 03/18/97 1653
MD 970777-2 1.60550 1.84633 0.24083 ABS Diff. 03/18/97 1731
ccv MO057 4,87385 5.00 97.5 % REC 03/18/97 1741
ccy M0057 4.77064 5.00 95.4 % REC 03718797 1748
ccB 0.66513 03/18/97 1759
MD 970777-2 1.19266 1.84633 0.21789 ABS Diff. 03/18/97 1808
SB M35208 2.27064 2.00 113.5 X REC 03/18/97 1834
SB M35208 1.97247 2.00 98.6 % REC 03/18/97 1837
v M00S7 4.82798 5.00 96.6 % REC 03/18/97 1841

B 0.94036 03/18/97 1844

ac Lab 1D Reagent aC Result oC Result True Value Oorig. Value Cale. Result Units Date/Time
cv M00S54 1.04679 1.00 104.7 % REC 03/18/97 1325
ccv NO057 4.89359 5.00 97.9 X REC 03/18/97 1345
cCB -0.00269 03/18/97 1409
MB 200.7 -0.00636 03/18/797 1419
LCS M3520 0.88389 1.00 88.4 X REC 03/718/97 1423
MD 970609-11 1187.96557 1213.57971 2.1 RPD 03/18/97 1431
cey MOO57 5.18924 5.00 103.8 X REC 03/18/97 1512
ccy MOO57 5.09991 5.00 102.0 % REC 03/18/97 1515
cce 0.03030 03/18/97 1537
CCB 0.01745 03/18/97 1653
MD 970777-2 560.91516 581.17779 3.5 RPD 03718797 1731
ccy MO057 5.07068 5.00 101.4 % REC 03/18/97 1748
cCB 0.22447 03/18/97 1759
SB M35208 2.43716 2.00 121.9 X REC 03/18/97 1834
SB M35208 2.54854 2.00 127.4 X REC 03/18/97 1837
cev M0057 4.87327 5.00 9r.5 X REC 03/18/97 1841
cCB 0.30614 03/18/97 1844
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((Rf-a2

CORE LABORATORIES

(1) EPA 600/4-79-020, Methods for Chemical Analysis of Water and
Wastes, March 1983

{2) EPA SW-B46, Test Methods for Evaluating Solid Waste, Third
Edition, November 1990 and July 1992 Update

(3) Standard Methods for the Examination of Water and Wastewater,
18th Edition, 1995

(4) Federal Register, July 1, 1992 (40 CFR Part 136)

(S) EPA 800/2-78-054, Field and Laboratory Methods Applicable to
Overburdens and Minesoils ,

(6) Methods of Soil Analysis, American Society of Agronomy,
Agronomy No. 9, 1965

(7) ASTM, Section 11 Water and Environmental Technology,
Volume 11.01 Water (1), 1991 '

{8) ASTM, Section 5, Petroleum Products, Lubricants, and Fossil
Fuels, Volume 05.05, Gaseous Fuels, Coal, and Coke

Comments:

Data in the QA report may differ from final results due to
digestion and/or dilution of sampie into analytical ranges. The
"Time Analyzed" in the QA report refers to the start time of the
analytical batch which may not reflect the actual time of each
analysis. The "Date Analyzed" is the actual date of analysis.
Results for soil and sludge samples are reported on 8 wet weight
basis (i.e. not corrected for percent moisture) unless otherwise
indicated.

NC = Not Calculable Due to Value(s) Lower than the Detection Limit.
Quality Control acceptance criteria are method dependent.
All data reported on sample “as received" unless noted.

Sample IDs with a “-00" at the end indicate a blank spike or blank
spike duplicate associated with the nunbered sample.

BLANK GC SAMPLE IDENTIFICATION

MB Method Blank
1c8 Initial Caiibration 8lank
CcCcB Continuing Calibration Blank

SPIKE QC SAMPLE IDENTIFICATION

MS * Method (Matrix) Blank

MSD Method (Matrix) Spike Duplicate
PDS Post Digestion Spike

SB Spiked Blank

s8D Spiked Blank Duplicate

REFERENCE STANDARD QC SAMPLE IDENTIFICAYION

LCs Laboratory Control Standard

RS Reference Standard

icv Initial calibration Verification Standard
cecy Continuing Calibration Verification Standard
1SA/1SB ICP Interface Check Sample

1CL Initial Calibration/Laboratory Control Sample
psc Distilled Standard Check
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CORE LABORATORIES

DUPLICATE QC SAMPLE IDENTIFICATION

MD
ED
DD

PDD

Method (Matrix) Duplicate
Extraction Duplicate
Digestion Duplicate
Post Digestion Duplicate

Analyses performed by a subcontract laboratory are indicated on the
analytical and/or quality control reports under “technician" using
the following codes:

SUBCONTRACT LABORATORY CODE
Core Laboratories - Anaheim, CA * an
Core Laboratories - Aurora, CO * au
Core Laboratories - Casper, WY * ca
Core Laboratories - Edison, NJ ¥ ed
Core Laboratories - Houston {Env.), TX * he
Core Laboratories - Houston (Pet.), TX * hp
Core Laboratories - Indianapolis, IN * in
Core Laboratories - Leke Charles, LA * lec
Core Laboratories - Long Beach, CA * ib
Core Laboratories - Tampa, FL * tp
Core Laboratories - Valparaiso, IN * vp
Other Subcontract Laboratories * xx
Pollution Centrel Srv. - San Antonio, TX * pc
Client Provided data * cp

EXPLANATION OF

DATA FLAGS

This flag is used to indicate that an analyte is
present in the method blank as well as in the sample.
It indicates that the client should consider this
when evaluating the results.

This flag indicates that surrogates were diluted out
of calibration range and cannot be quantified.
Indicates that a sample result is an estimate because
the concentration exceeded the calibration range of
the instrument.

Used to irdicate matrix interference.

Indicates that a value is an estimate. It is used
when a compound is determined to be present based on
the mass spectral data, but at a concentration less
than the practical quantitstion limit of the method.
This flag is also used when estimating the
concentration of a tentatively identified compound.
Indicates that a surrogatge recovery is outside the
specified quaiity control limits.

Used to identify a spike or spike duplicate recovery
and spike duplicate is outside the specified quality
control limits.

Indicates a relative percent difference for a
duplicate analysis is outside the specified quality
control limits.

Used to indicate that a standard is outside
specified quality control limits.
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C()REL‘U CORE LABORATORIES

/,%/ /2 3/13/97

Signatdre Date

Name: Chip Meador 1733 N. Padre Island Drive

Corpus Christi, TX 78403
Title: Regional Manager

PHONE: 512/289-2673
FAX: 512/289-2471
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CO LAB CORE LABORATORIES

Job Number.: 970777 Project Number.........: 99999995
Customer ..: City of Laredo Customer Project 1D....:

Attn.......: Adrian Montemayor Project Description....: Walk in Projects

9707771 AQS51 Water 03/10/97 09:45 03/13/97 11:00
970777-2 AQ23 Water 03/10/97 10:03 03/13/97 11:00
970777-3 AQ2é Water 03/10/97 12:45 03/13/97 11:00
970777-4 Ae22 Water 03/710/97 22:30 03/13/97 11:00
970777-5 AQS0 : Water 03/10/57 15:00 03/13/97 11:00
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CO LAB CORE LABORATORIES

LABORATORY TEST RESULTS
Job Number: 970777 Date: 03/19/%7

Customer Sample ID: AQ51 Laboratory Sample ID: 970777-1

Date Sampled......: 03/10/97 Date Received....... : 03713797

Time Sampled...... 3 09:45 Time Received.......: 11:00

Sample Matrix.....: Water
EPA 200.7 [Calcium (Ca), Total 5 1 mg/L  |03/18/97|gce
EPA 200.7 Magnesium (Mg), Total 1.03 0.05 mg/L 03718/97 |gee
EPA 200.7 Potassium (K), Total : 1 1 mg/L 03/18/97 |gec
EPA 200.7 Sodium (Na), Total 599 1 mg/L 03/18/97 | gce
EPA 200.7 Acid Digestion, Total Metals Complete 03/14/97 | drwi
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C() LAB

CORE LABORATORIES

LABORATORY
Job Number: 970777

TEST RESULTS
Date: 03/19/97

Customer Sample 1D: AQ23
Date Sampled......: 03/10/97
Time Sampled......z 10:03
Sample Matrix.....: Water

Laboratory Semple ID: 970777-2
Date Received.......: 03/13/97
Time Received.......: 1%1:00

EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7

Calcium {Ca), Total

Magnesium (Mg), Total

Potassium (K), Total ’
Sodiuﬁ (Na), Total

Acid Digestion, Total Metals

7 1 mg/L 03/18/97lgce

1.38 0.05 mg/L  |03/18/97jgce

2 1 mg/L 03/18/97 jgcee

581 1 mg/L 03/18/97 |gce
Complete 03/14/97 |dnw

Page 3

The snaNICA! resuis. ODMHONS O MIEDATELONS. CONTANAY 1N frs recOrt Are DESEd UDON IMOMMANoN SN MBTErAal SUGDHEa Dy the CHENt 0T WSS SXCUSIVE #N0 COMMOEnial use tres report has been Ma0e The SnEyCa) resulls, DRMWONS OF IMEFDIATE LONS

BXDAES 00 (BDTEIANL INE DEST 1UGMEN OF Core LADOATONES. Core LADOTRIDNAS. Nowiwgt. MAKSE MO WATANTY OF FAD/BSENIALON. SxDrEs S OF IMpad. Of BRY TyDe. N0 STOFAXS!Y CISCLUMS S48 a3 10 1he ProguCIvTY. NIBOST SOBENONS Of HrOMSDMNEsS 0!

any on. gas. Coa or other mmenal. prooery. well o7 $2090 ™ COPNECHON WIA WHMEN SLCN 1EDOM 1S LSO OF FE1eC LOAN f0r 3y FEAsON whatsoever Thig raport snall ol L@ seproJUCq. 11 WD O M DAL wilfDut N6 wnTtén APDrova! ¢! Core Laporatones



} CORELAB CORE LABORATORIES

LABORATORY TEST RESULTS
Job Number: 970777 Date: 03/19/97

Customer Sample ID: AQ24 Laboratory Sample ID: 970777-3

Date Sampled......: 03/10/97 Date Received.......: 03/13/97

Time Sampled......: 12:45 Time Received..... ..3 11:00

Sample Matrix.....: Water
EPA 200.7 Calcium (Ca), Total 6 1 mg/L. 03718797 |gce
EPA 200.7 Magnesium (Mg), Total 1.12 0.05 mg/L 03/18/97 | gee
EPA 200.7 Potassium (K), Total . 2 1 mg/L 03/18/97| gee
EPA 200.7 Sodium (Na), Total 553 1 mg/L 03/18/97 | gee
EPA 200.7 Acid Digestion, Total Metals Complete C3/14/97 | drm

~
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. CO LAB CORE LABORATORIES

LABORATORY TEST RESULTS
Job Number: 970777 Date: 03/19/97

Customer Sample ID: AQ22 iaboratory Sample ID: 970777-4

Date Sempled......: 03/10/97 Date Received.......: 03/13/97

Time Sampled......: 22:30 Time Received.......: 11:00

Sample Matrix..... : Water
EPA 200.7 Calcium (Ca), Total 10 1 mg/L 03/18/97 | gee
EPA 200.7 Magnesium {Mg), Total 2.00 08.05 mg/L 03/18/97|gce
EPA 200.7 Potassium (K), Total 2 1 mg/L 03/18/97 | gce
EPA 200.7 Sodium {Na), Total 557 1 mg/L 03718/97|gcc
EPA 200.7 Acid Digestion, Total Metals Complete 03/14/97 |dnw
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CORELAB CORE LABORATORIES

LABORATORY TEST RESULTS
Job Number: 970777 Date: 03/19/97

Customer Sample 1D: AQ50 Laboratory Sample 1D: 970777-5

Date Sampled......: 03/10/97 Date Received.......: 03/13/97

Time Sampled...... : 15:00 Time Received..... ..z 11:00

Sample Matrix.....: Water
EPA 200.7 Calcium (Ca), Total 6 1 ma/L 03/18/97}gcc
EPA 200.7 Magnesium (Mg), Total 1.00 0.05 mg/L 03718797 |gee
EPA 200.7 Potessium (X), Total : 2 1 mg/L 03/18/97 | gce
EPA 200.7 Sodium (Na), Totat 514 1 mg/L 03718797 |gee
EPA 200.7 Acid Digestion, Total Metais Complete 03714797 |drw

1T
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City of Laredo, Water Utilities Department
Water Pollution Control Laboratory Services

e

LABORATORY TEST RESULTS

SAMPLE ID AQ-22 LABID AQ-22
DATE SAMPLED 030847 DATE RECEIVED 03/10/97
TIME SAMPLED 22:30 TIME RECEIVED HI:05

SM25108 Conductivity 2830 1000 pSim ] 03/1097 | hm

SM2540C Total Dissolved Solids 680 20 mglL 03/14/57 | hm
SM 2540 H+8B pH 8.6 s.U. 03/1087 | hm
SM23208 Total Alkalinity as CaCO3 215 ¢] mgh 03/1087 | hm
SM2320B Phenolphthalein Alk as CaCC3 | 16 10 mgl 03/1087 | hm

Carbonate as CaCO3 19 Calculated mgA 0372497 | am

Bicarbonates as CaCC3 223 Calculated mg/L 0372457 | am
SM 23408 Hardness as CaCO3 40 20 mg/L 03/10R7 { hm
EPA 300.0 Bromide i.46 0.05 mgh 03/1457 | jem
EPA 3000 Nitrate ND 0.05 mgh 03/14/7 | jem
EPA 300.0 Sulfate 491 .08 mg/L 032457 | jem
EPA300.0 Chiorides 429 0.08 mgi 0372487 | jem
EPA 300.0 Flouride ND 0.01 mgl 03/1427 | jem
EPA 300.0 Nitrite ND 0.004 mgh 03/14/7 | jem

EPA 300.0 o-Phosphate ND 0.003 mg/ 03/1457 | jem




City of Laredo, Water Utilties Department
Water Pollution Control Laboratory Services

LABORATORY TEST RESULTS

SAMPLE ID AQ-23
DATE SAMPLED 030957
TIME SAMPLED 10:03

LABID
DATE RECHVED
TIME RECEIVED

SM2510B
SM2540C
SM 2540 H+B
SM23208
SM723208B

SM 23408
EPA 300.0
EPA 300.0
EPA 300.0
EPA 3000
EPA 300.0
EPA 300.0
EPA 300.0

Conductivity

Total Dissoived Solids
pH

Total Alkalinity as CaCO3
Phenolphthalein Alk as CaCO3
Carbonate as CaCO3
Bicarbonates as CaCC3
Hardness as CaCQO3
Bromide

Nitrate

Sulfate

Chiorides

Flouride

Nitrite

o-Phosphate

2800
1692
8.6
220
15

I8
232
24

[ .44
ND
484
425
ND
ND
ND

Calculated
Calculated
20

0.05

0.05

008

0.08

0.01
C.004
0.003

AQ-23
03/10/97

03/10/57
03/1497
03/1057
0371057
03/10587
03/24/57
0324797
03/10/57
03714597
03/14/57
0372457
032457
03/1457
0371487
03/14/97

hm
hm
hm
hm

hm

5 3

hm
jemn
jem
fcm
icm
jcm
jcm

jcm




City of Laredo, Water Utilities Department
Water Pollution Control Laboratory Services

SM25{08B

LABORATORY TEST RESULTS

SAMPLE ID AQ-24
DATE SAMPLED 030947
TIME SAMPLED 12:45

Conductivity 2800
SM 2540 C Total Dissolved Solids 1670
SM 2540 H+B pH 8.8
SM23208B Total Alkalinity as CaCO3 219
SM23208B Phenolphthalein Atk as CaCO3 | 14

Carbonate as CaCO3 17

Bicarbonates as CaCQO3 233
SM2340B Hardness as CaCO3 32
EPA 300.0 Bromide | 46
EPA 3000 Nitrate ND
EPA 300.0 Sulfate 484
EPA 300.0 Chiorides 425
EPA 300.0 Flouride ND
EPA 300.0 Nitrite ND
EPA 300.0 o-Phosphate ND

LAB ID
DATE RECEIVED
TIME RECEIVED

AQ-24
0371057

11:05

1000
20

i0

10
Calculated
Calculated
20

0.05

0.05

0.08

0.08

0.01
0.004
0.003

03/1057
03/14/57
03/10/97
03/1097
03/10/57
037247
03/24/57
03/10/57
03/14/97
03/14/97
03/24/57
0372457
0371457
03/14/57
03/14/97

hm
hm
hm
hm

hm

5 5

hm
jem
jcm
cm
jem
jem
jem

jem




City of Laredo, Water Utilities Department
Water Pollution Control Laboratory Services

LABORATORY TEST RESULTS

SAMPLE ID AQ-50
DATE SAMPLED 03/05/57
TIME SAMPLED 15:00

SM25108
SM2540C
SM 2540 H+B
SM23208
SM 23208

SM2340B
EPA 300.0
EPA 300.0
EPA 300.0
EPA 300.0
EPA 300.0
EPA300.0
EPA300.0

Conductivity
Total Dissolved Solids

pH

Total Alkalinity as CaCO3
Phenolphthalein Atk as CaCO3
Carbonate as CaCO3
Bicarbonates as CaCQ3
Hardness as CaCQO3

Bromide

Nitrate

Sulfate

Chilorides

Flouride

Nitrite

o-Phosphate

2820

674
8.7
219

14
17
233
32
| .48
ND
483
425
ND
ND
ND

LAB ID
DATE RECEIVED
TIME RECEIVED

1000
20

10

10
Calculated
Calculated
20

0.05

0.05

0.08

0.08

0.01
0.004
0.003

AQ-50
03/10/97
1105

03/14/57
03/10/87
03/10/7
03/10/87
03724757
032457
03/10/57
03/14/97
03/1457
0372457
03/24/57
0371457
03/14/97
03/1457

03/10/7




City of Laredo, Water Utilities Department
Water Pollution Control Laboratory Services

LABORATORY TEST