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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 PLumps 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

s 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.
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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
L(J_fggnic 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 mgh 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 mg/i 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°

DFW\RANCHHAND\P:\118069\FINAL REPORT 1999\SEC30514.0CC 37



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 25.1 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 3-9, Aquifer Compatibility Testing Summary
Laredo Aquifer 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 Sulfate
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..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 01/15/98 1345 NA NA 180.00 3.96 134.0 3.78
DLY.CY1.02 |LAB-B 01/16/98 1105 NA NA 185.00 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 01/29/08 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 Caficium 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 146.0C 146.31 2.40 NA NA NA NA
DLY.CY1.02 |LAB-B 01/16/98 1105 147.00 147.52 242 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.CY1.09 |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 207.00 228.77 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 Resulis
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
PbLY.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 200.00 017 NA
DLY.CY1.09 {LAB-B 01/23/98 1620 NA NA 122.00 ND 284.00 0.91 NA
DLY.CY1.10 |LAB-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.G0 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 59.00 0.07 NA
DLY.CY1.16 |LAB-B 01/30/98 0930 NA NA 215.00 12.00 55.00 0.18 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
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 McPherson Test Well NM 165 140
TW-2  |Del Mar Test Well NM 211 155
TwW-3 East Corridor 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’ 230° 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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Attachment A-1

Sites 7 and 12
Geophysical Logs
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Appendix B

TWDB Well Survey and Sampling Effort
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' 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]
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o ’_d:jarudao.m el /9616
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S
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21O s ( — 2t
rie or copy with tate o For use by TWDD ?\_ly .
Taxss Wat.. Davelopmant Board 0 OATA :‘i.l‘:._._:(_:___-_}__:__-l_
P. O. Bom 12384, Capitol 3tatice LLERS LOG AND WELL DA REPORT T
Austis, Temas 78711 bra.L, L z;ﬁ&_._.me:___._.—
1) well owner: . Pedro Zustamcnte 1547 san Sermorse Liroedo  Jeas

B _ Same -—.--t _ ooy
1) Lasd Ovmeri I, .e.ro suste :
[ ddoid - -
) Iatesded uaer  Isduserisi{] ustetpai(] sirrigation @ jormer___-OUSE USQ
A) Locatiom of wellr Ceuaty 'vebb Laber, League Abarrazt Ne.
i NE Sk SE of Sectios black No. Yuivey_

Cowm o0 momy w0 w—

e 8 C;racol. sianelh

siles a__ 117

trn___Laredo

irection

Sketsh map of wall locatiss with distasces from two sectiom

2T

stiniac

Method of drilling:

All seasurementcs sade from

l1iaes, and ts londmarks. resds  and crewks.

ORLLERS LOG OF WELL

Dismater of hele___ 3= in. Dace drilled

i fr. above ground level.

LrTust 4, 1653

From Ta Uescripetion aad colet of Trom To Descripcion and color of
(fe) (ft) formation msterial ({13] {£z) formation ssterisl
1 3 susZace 130! 130 galt war a
3 9 vellow zandsione 1341 172 | zraw sancy caale
g 14 sal ¢ -=otersond 1721 1549 .atar:and
14 3z ellorr sandstone 154} 223 | -pov 33azle
- 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 Straight wval Typae: old Hew -
P s 10 X (] Ty
: Cnder reamed(J Cameaced irom l fc
1 e~ Perforaced 1 Slor.udﬁ
| Gravel packad[J Lo = ¢,
Opan hole(d Dismecer | Sakti Dlametcer Setring
{inches) | from (1L} ta {fe) {inches} from (fr) o (et
| Other LT Z.I79 N . —— s
70 GCade gieiacd -33 L Lo
careify fthat this well wes drilled by me (or under wy suparvision) and that
. of Khe -_lyﬁnxa ars true to the bast of my knowledge and balief,
2"4 cavid 2, Ce La Srus hog. Be, 57
- . 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 tsta w0 el
Pampiag level Type pover uait
feat Bours xom
n - Horsepower
12 s
- 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
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Texas Water Development Board

Well Schedule
sae Well No. |85 BB @O/ ] peeviows WeltNo. LI LI T T T 1] couny 4=b6 L77
- 1 T ‘ if ;n [ET—I T f L v Souraa
Ri\rer Bu[ﬂ £(¢ d"‘.& iz:}_ Zone E Ld(. m | J 1'% LJOI‘I‘ LC{?! ﬂ Ul‘ Q! e :‘:;ord. __1_
Owner's Well No. #"/ Location _____1/4,______ 1.4, Section , Block . Survey
Owner LA %O'L __ACI‘ | Driller Uin [ kin o |wla J l i | '
| ' o
| 1 L L
Address 2/ 8 Mlinas ,&é . 780¢ ¢ AetdOper Alawt ey, — /‘Zfl-/ ﬂr,‘f;e s
d Source of ~ So - £
DueDiied [ |1 ]{/[2B318] 0w [ [2B[7] OcptiDseum [0] Mrcinute [ fRRET i Darum bt
i Egegs] X G (TTT1 7]
Well Const. Casin
Construction Mcn:;od Lre //‘d£ Mamgal 35 '%:C// E
, “Sereen Casing or Blank Pipe (C)
Compleon M [0 | Fetsomnarsionmizones |
Lift Dara Pump M#. Type Sebsm ENO- Saga C"‘E;ﬂ"d from S«—m = |
—_— iam. ting (feet)
Bowis Diam. in. Seing _____ kColumaDiam. o _____in lig) __From i
fod g € 2] /1o
Mortor Mfr. Pow:-' /VOK.C- Dﬂm [ LL]'I I l 1 | 4d 44 =2/ |0 3/
Yied  Flow GPM  Pump GPM Meas..Repe.Est Date /e : -
Performance Test Dace Zt)ﬁf—?ungch of Tae Producrion -;-‘2'2— GPM ‘ \ i
' .
Scatic Level —— . Pumpinglevel ———f.  Drawdown f.  Sp.Cap. GPM!/fe. | i 5
Quz‘iiry (Remarks 7 | ' i
Vaertse ey Lt W secontsey [ Temay [, |
Other Dara Water Watet Other ’
Quwlm Yo (w71, 000000 g DOOODS
e 08 (L e (1B - Bl _gaeretor 77
v o, [B)[dF JFEE v ([ RI] - 02-2 0
Duce A6 v [T R3] -BR] 20 (

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

Remarks /D] od el pr de[/ Ao |, 1./. V‘L,r‘_u.u o~ mp'
2M-C(J.J’OL"€<Q ‘Fe[:Q UG |l /A3 + 5 90
» o
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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
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State of Texas
WELL REPORT

Sice

Texns Water Wedl Dritiers Board
.0, Bos 1087
Auslin, TX 7971 1-2087
ayr-m

{Swesi or (Cry) (Sws) o)
£ _ riein f2:15__ dreckontom _ é;_cgén
(NE, Sw, eic.) own}

MOF'II.L.

Dvifler Must compiete the lagal deacripiion below with dstance and direction from two inlersecting section of survey inss, or he must locate and denitly he well on an aficiel

Quarm'- or Hai!-Scals Texas County General Highway Map and atiach the map 10 this iom,
0 LEGAL DESCRIPTION:

Section No. Block No, Township Absiract No. Survey Name
Distance and direction from two intersecting secion or survey inss.
[ sex aTTACHED war
3) TYPE OF WORK (Check): 4) PROPOSED USE (Check): 5 DRIALLING METHOO (Checkk D Orven
New Wed T Deepening Ooomestc Clincusti  CMonitor 0 Public Supply v Rotery 0 Ar Haenmer ) Jnties [ Bored
O Aaconditioning (] Phugging Hwigson OTestwel injection (] De-Watering OarRoary [ CableTooi (] Omwr
6 WELLLOG: TAAMETER OF HOLE 7) BOREHOLE COMPLETION:
Oale Drilling: ) From (&) To (n) A Opan Hole O Swaight Wall C] Undemeanssd
M_Q_J.ﬁ_.wi?_gl/,_ Sutasce | L o’ OGaveiPacked (B Otwr
Compisted 1923F&" bl 00’ ¥ Gravel Packed give interval . . . from Lo Y
Fom()  To(m) Descrigtion and color of formation materisl 8) CASING, BLANK PIPE, AND WELL SCREEN DATA:
O — | (o @ sodl va | o | ot g S @) g
] = O qllf'g'hu.da yg//nul {in.) | Used Samllg..lcm\mut From To Screen
3D - 2 zcay iy mx_-u_&aufz 0 | &40
_HY0 - SEE Sars Cray ] W |7 " Per Al ol 37"
_Ygs5- 830 SGamdy Shale Gray
- =
=] DATA [Fuie 287.44(1)]
HW’: wom LD w0 I¥O NodScanL
L aw__ R NootSackaesd
12) TYPE PUMP: Camertag by Llonds Qcitlimg Cn
Dmu- O Jat ,Qfswmnth cym TURW
m— TION COMREE
Mhmmwnm SER 0 Specified Surtace Slab installed  [Rule 287.44(2)(A)]
SA Specified Sieel Sieeve irsialled  [Rule 287.44(3XA)}
14} WELL TESTS: O Pitiess Adapier Used [Rule 287.44(3)B))
TrpeTost AlPump OBl  Oueted O Esimased 0] Approved Alamative Procedure Used  [Rule 287.71]
Y 2ZO gomwin [OOSR duwdown after __Zea hra,
»r 11) WATER LEVEL:
15) WATER QUALSTY: Stticlvel .25 fbeowlendsurtace Dase £Q=¥-F3
constituenis?
Oves & o lyn.-m-napomosunoesmm.swnsn- 12) PACKERS: Type Depth
Treotwan? (2604  sepmotsnm Voo
Was a chemical snslysis macie? O ves T o

nereby conily that this wel was driled by me (Or under my supervision) and that sach and all of the stalements hersin are Yus |10 the beat of My knowiedge and baliel. | understard
~at falure 10 compiete Aema 1 ey 15 will result in The iog(s) being retumaed for completion and resubmitial.

.OMPANY NAME (’o WELLORILLERSUCENSENG, 22 2 Ju) g~
(Type or pont) .
.DDRESS DD L4050 }‘Lﬂ.( edo il & ZLoYY
(Ciy) (State) @)
8 {Regisiered Driller Traines)
loass altach log, chemical analysis. and other pactinent inlormation, if available. For TWC use only:  Well No. Located on map
HC-0199 (Rev. 05-12-50) TEXAS WATER COMMISSION COPY
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Water Quality Field Data

SWN: Lg-27 (62 Sample No./QGj-OG
County: Webb Name: /a1 <)o C’aw\/‘/r)f C’/(,/D Date: |2-3-94
Aquifer(s): Lovedt Address: /4[5 Counityy Clud [ By: J. Der o/
Laredo TX )
/}+ & owner's well # /
Bottle1 Bottle 2 Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Total

H (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 072’7_7 LSD  Remark A9 e-l‘xt‘r‘g | Time out Sample time {é/? O -~ mlof 0.02N to
Temperature (00010) 2?',4 c Weather well use / R@ ) _______ ml ofSample
Specific Conductance (00094) 2 % 30 umhos/cm|Outside Temp 7/ Ending pH
pH (00400) 557 Sampling point
Eh (00090) mv. Time: /610 /615 (165 mi. m. lpH [m. [pH
venol 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 () /608 )0 enp oN
Total Hardness (00900) /9 (el ferged 3 times /) Smw ¥
Dissolved Solids /9 |




Water Quality Field Data

SWN: X5R9/02 Sample No. 4% -0&
County: \Wedd | Name: [ g redo (2001]6'& ol Date: /2-3-7¢&
Aquifer(s): A qrca'a FM Address: Z_{g_‘z,j (ng ("[yé Dr. By: L[ . DCA"[‘DI/ )

: Larego 7x
owner's well #

Bottle1l Bottie 2 Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Total 1
b? AL - SuB- 3
500 mi 1 liter I [iter 1 liter Samples
I ml
HNO3 ‘
(Nf/‘flc) ) 4/0%'(’/74)/3)\" !
- e Time in Starting pH {
Water Level Y277 LSD  Remark Time out Sample time /' é»? D 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‘?