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Acronyms and Abbreviations 

ASR Aquifer Storage Recovery 

bgs below ground surface 

gpm a measure of the quantity of water 

MFI modified fouling index 

mg/1 milligrams per liter 

mL milliliters 

Mv millivolts 

O&M operation and maintenance 

Psi pounds per square inch 

SAP sodium acid polyphosphate 

SP spontaneous potential 

TDS total dissolved solids 

TOC total organic carbon 

TSS total suspended solids 

TSS total suspended solids 

TWDB 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 Rio 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. 
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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 information 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 Pumps into 8' x 20" concrete tank 
Was used for domestic, except 

TWDB 85-28-301 Flores No Abandoned drinkin[ water 
TWDB 85-28-601 Anzon, Inc. No Unused 

Was used for domestic, yard water, 
TWDB 85-29-708 Trevino AQ-02 wash 
TWDB 85-37-404 Minne AQ-03 Domestic 
TWDB 85-37-406 Whiteside AQ-04 Domestic 
TWDB 85-29-301 Killam Cattle Co. AQ-05 Domestic 
TWDB 85-29-102 Laredo Country Club AQ-06 Irrigation 
TWDB 85-29-401 Mann AQ-07 
TWDB 85-29-706 Catholic Cemetary AQ-08 Irrigation 
TWDB 85-29-709 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 v1s1t this well, unable to contact 

TWDB 85-29-707 Bermudez No owner 

Notes: SWN = state well number 

OFW\AANCHHAND\P:\118069\FINAL REPORT 1999\Tabla2_1 

. 



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 

1nt97- 1/13/97 

2/9/97 - 2/20/97 

3/19/97 - 4/7/97 

7/9/97 - 7115/97 

Location 

McPherson Storage Tank 

Del Mar Storage Tank 

East Corridor Storage Tank 

Del Mar Storage Tank 

Wells Completed 

TW-1 

TW-2 

TW-3 

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 1Q-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 
Drilled 
(feet) 

TW-1 885 

TW-2 800 

TW-3 914 

TW-2A 430 

Plug Back 
Depth 
(feet) 

495 

460 

630 

430 

Note:' Sand intervals identified from geophysical logs 

'Sand Zone 
Intervals 
(feet) 

330-390; 440-
490 

276-312; 330-
358; 376-392; 
406-420; 450-
500 

446-458; 476-
492; 498-506; 
532-572; 59Q-
604 

262-272; 276-
298; 316-324; 
330-346; 392-
398 

Screen Material, Screen 
Size, and Type Interval 

(feet) 

304 SS, 0.030-inch 330-390; 
louver screen 440-490 

Carbon steel, 0.030 270-430 
& 0.040-inch louver 
screen 

Carbon steel, 430-610 
0.040-inch louver 
screen 

Schedule 80 PVC; 260-300; 
0.020-inch slotted 315-345; 
pipe 390-410 

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 

• X-ray defraction 

• Scanning electron microscopy 

• Cation exchange capacity with leachate analysis 

• Specific gravity 

• Laser particle size distribution 

• Acid residue 

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

Table 2-4 Laredo Geophysical Logging Summary 

Laredo Aquifer Storage and Recovery Project 

Well 

TW-1 

TW-2 

TW-3 

TW-2A 

Location 

McPherson 

Depth 
Drilled 

884 

Del Mar Storage Tank 800 

East Corridor 914 

Del Mar Storage Tank 430 

Date 
Logged 

1/21/97 

4116197 

2120/97 

4116/97 

7/26197 

3125/97 

7115/97 

Geophysical Log Run and Operator 

Resistivity, Spontaneous Potential (SP), 
Gamma Ray-TWDB 

Fluid Velocity, Ruid Resistivity, 
Temperature-TWDB 

Resistivity, SP, Gamma Ray-TWDB 

Fluid Resistivity and Temperature-TWOS 

Ruid Velocity, Fluid Resistivity and 
Gamma Ray-Century Geophysical 

Resistivity-TWDB 

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-3locations 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 AquHer test Summary 

Laredo Aquifer Storage and Recovery Project 

Test Date Conducted Pumping Well Pumping Rate Duration Observation 
Designation (constant rate) Well 

McPherson 2/5/97 TW-1 50 40 hours None 

Del Mar 3111/97 TW-2 50 42 hours None 

East Corridor 4/8197 TW-3 54 24 hours None 

East Corridor 5/8197 TW-3 54 13 hours None 

Del Mar 5/13/97 TW-2 68 5 hours None 

Del Mar 7/28197 TW-2 40 8 hours TW-2A 

Del Mar 1/23198 TW-2 54 7 Days TW-2A 

Note: The 1/23198 Pump Test was actually conducted 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 Treatment plant. These samples 
were handled in a similar manner to the groundwater samples. 

2.3. 7 Well 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-3led 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 MFI 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 Gty. 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 thinne~_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)/4xtT + C(j 

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" I 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-Jacob straight-line method. In 
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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 (fe/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 10·5, indicating confined aquifer conditions. 

Table 3-1 Summary of Aquifer Test Results 

Laredo Aquifer Storage and Recovery Project 

Well Location Observation Well 

TW-1 

TW-2 

TW-3 

Note: N/A =not applicable 

3.1.2.2 Step Test Analysis 

N/A 

TW-2A 

N/A 

Transmissivity (fe/day) 

141 

168 

195 

Storage Coefficient 

N/A 

0.0000904 

N/A 

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 PurRping Test Evaluation 

Laredo Aquifer Storage and Recovery Project 

Well Location Pre-redevelopment Well Losses 

c ccf 
TW-2 0.0137 34 

TW-3 0.0062 16 
Note: Q - Discharge 

C =Well Loss Coefficient 
Cct =Well Loss 

3.1.2.3 Spatial Distribution of Specific Capacity 

Post-redevelopment Well Losses 

c ca2 

0.0044 11 

0.0047 12 

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, well85-29-301, and well85-37-204, 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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LabiD AQ-1 AQ·2 
Field ID& 85·20.901 85-29-708 
Location (Laredo (Catholic 

RediMix) cemetery) 

Date Collected 1214196 1214196 

Parameter Units 

Temperature c 27.5 25.3 
TDS moll 2065 5163 
loH s.u. 7.47 7.48 
FieldoH s.u. 7.3 7.59 
Con d. s.u. 2970 7070 
Field Cond s.u. 7110 
Pheno Alk mg/1 
Alkalinity mg/1 268 244 
Hardness mg/1 389 323 
Dissolved Oxygen (%) % NA NA 
ORP millivolts NA NA 
Nitrogen (TKN) mg/1 NA NA 
Organic Carbon mg/1 NA NA 
Silica Dioxide mg/1_ NA NA 
cations 
Aluminum mg NA NA 
Iron ma NA NA 
Manganese rna NA NA 
Calcium mg 88 83 
Sodium mg 422 982 
Potassium mg 7.096 39 
Magnesium rna 41 28 
Lithium rna 0.117 0.073 
Anion• 
Bromide mgt 0.924 1.74 
Chloride '11ll 315 743 
Sutlate rna 876 2830 
Florida mg 2.629 5.84 
Phosphate mg/1 
Ammonium mg/1 
I Nitrate mg/1 0.49 
INitrrte mg/1 
Bicarbonate moll 326.7 297 
Carbonate mC>'I 0 

Mass Balance % ·10.7 -25.8 

Note: 
• Samples collected for metals analysis were field fiHered 
NA 3 Not Anatvzed 
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Table 3-3 
Groundwater Analytical Results 

Existing Water Wells 
Laredo Aquifer Storage and Recovery Project 

AQ-3 AQ-4 AQ·5 AQ-6 AQ-7 AQ-8 

85·37-404 85-37-406 85·29-301 85-29-102 85·29-401 85-29-706 
(Not In (Killam (Laredo 

LaredoFM) cattle Co) Country 
Club) 

1215/96 1213196 1213/96 1213/96 1214196 1214196 

27.4 27.3 27.6 29.4 27.3 27 
2243 3410 3465 1785 1465 1420 
7.38 7.43 8.7 8.92 8.85 8.74 
7.3 7.18 8.34 8.59 8.84 8.7 

3200 4510 4980 2800 2170 2290 
4505 5050 2830 2210 2340 

328 352 280 220 276 340 
322 271 103 2.2 24 9.23 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 

NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
76 107 10 3.19 1.69 2.22 

521 892 695 349 445 512 
5.52 7.56 1.63 0.9 0.67 1.28 
32 67 1 0.31 0.16 0.9 

0.14 0.1 0.03 0.02 0.02 

0.64 1.03 1.08 1.11 0.78 0.74 
243 356 358 397 378 271 
1027 1801 1855 521 329 341 
3.23 4.6 4.62 2.35 0.83 0.87 

399 429.2 321.9 234.1 278.0 385.8 
0 18.8 32.9 56.5 47.1 

·8.9 -4.7 -28.0 -27.3 ·10.4 0.3 

AQ·12 AQ-13 AQ-14 •LCC 1 • UNITEC-

85·29-709 85·29-804 85-37-204 85·29-102 Uniroyal Tire 
(Mercy (Lake Well) (Not In Country Track (Not In 
Well) LaredoFM) Club Laredo FM) 

1/21197 1121197 1130197 7/13197 7/13197 

27.2 28.9 15.6 38 49 
1366 2200 1654 1552 2164 
8.48 8.13 7.48 8.5 8 
8.72 NA 7.7 8.63 7.92 
2080 4030 3000 3250 4730 
NA 4020 2730 3314 3745 

8.5 20 
325 970 500 244 1196 
11 10.3 165 20 20 
NA NA NA 10.7 21.1 
NA NA NA 58.6 504 
NA NA NA 1.2 
NA NA NA 1 2 
NA NA NA 12.5 J 

J 
NA NA NA 0.07 
NA NA NA 
NA NA NA 
2.4 2.5 37 6 6 
473 956 639 618 422 
1.5 2.1 6.3 1 5 
0.6 1.3 18 0.09 0.9725 

0.08 0.11 0.2 0.18 

0 1.3 5.1 1.846 3.275 
278 482 280 495 943 
472 629 541 590 
0.7 1.7 1.9 1.7 2.9 

0 

379.2 1134 610 
49.4 24 0 

-10.3 -11.7 3.3 -7.8 -7.8 
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Table 3-4 
Groundwater Analytical Results Test Wells 

Laredo Aquifer Storage and Recovery Project 

_AQ-15 ~Q-16 I AQ-17 I AC:I-18 I AQ-19 I AQ-20 I AQ-21 I AQ-22 I AQ-23 I AQ-24 I AQ-50 I AGl-51 I AQ-52 I AQ-53 I • TW-2 
TW-1 I TW-1 TW-1 TW-1 TW-1 TW-1 TW-1 TW-2 TW-2 TW-2 TW-2 TW-2 TW-3 TW-3 1 Same 

(McPherson) (Del Mar) (East 

_2J6197 

26.2 
1752 
8.95 
9.13 
2890 
3000 
2.'1 

185 
21 
NA 
NA 
NA 
N~ 
NA 

NA 
NA 

"""Nil 
7.61 

_E§_ 
2.36 

0.194 
0.06 

0.924 
469 
616 
2.4 

Corridor! I 
~2... 71619I . 211197 211191 _1/1197 211197 _318197 3/9197 1!9197 319197 3110197 _419197_ ~!197 __[__7128197 

~ ~ 
1282 1440 
L_l 8~-~~ 1!.82 _L__8,1!1!__] 1!.58 _L I!&_ I 8.6 _L8.1!__l IlL L__l!.a_l_ 8,L_L___!!,_5 l_ 1!-!L 

9.02 8.92 9 8.98 8.98 na 8.76 8.77 8.8 8.74 8.81 8.69 8.75 8.91 
2880 2900 2900 2900 2910 2930 2830 2800 2800 2820 2820 2390 2060 2550 
2995 3250 3400 3250 3050 na 1900 2750 2800 2700 2700 2610 2300 2401 

20 18 18 25 15 16 16 15 14 14 13 19 20 17 
184 180 181 180 182 182 215 220 219 219 218 298 302 228 

..1Q__ 19 18 17 ___11___.~ 24 32 32 22 40 18 15 
NA 114.1 
NA 167.1 
N.A_l .. ~ I __ t-!A__l NA I - NA_( NA L ~ I NA L_ N~_l N~ I t-!J\ _l_ N!-_1 l'jj 
NA I Nl\._ I NA I NA I NA I NA I NA I N[< I NA I NA I NA I NA I NA I 1 
NA r-NA I NA I-NA-I NA INA I-NA TNA I NA 1-NA-1 NA INA I NA 112.5 

NA l NA I . j\jA I NA I NA I NA I NA I NA I NA I NA 
NA NA 
NA NA 
~ __g_ I _ELl 5.71 L_M!LI -~1 L .1L 1__1 L !i__j .§... 

739 514 
1.98 2 

_9.3081 o.38 I_.Q.47 I Q.524 I 0.871 I o.59 I_ 2 I .L38 !_1.12 I .!_ 

1.15 I 1.17 1.24 .13 .23 1. 1.46 1.44 I 1.46 I 1.48 
-~ 426 ~11._ 549 549 48! 429 ~5 L~~ _425 

593 I 609 605 614 593 63• 491 484 I 484 I 483 
2~2 12:22 2.26 ~.2 !.34 2. 

lolA I NA 
NA I NA 
NA NA 

~ 
599 I 498 

1 1 
.!03 L 3,88 

1.46 I 1.06 
~11!__l_ :m_ 

476 I 438 

N. 
N 
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422 

.1.9 

0.27 
~~. 
343 

NA 
NA 
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~. 

501 
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0.03 

1.43 
357.1 .. 
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1~.52~117§l_47,1_j 43~ _12.4 58.8 35.3 37.6 22.4 I 21.2 L_2o.o J 2o.o I _!8.8 L 26.8 I ~11.2 

IMassealanca -·Jot. -· -r --2.45-l 3.28C4.o(T 4A10.3IT -1.74 1 -o?fT -4.95 1 -3.0li::r-5.so 1 -916T-1.104I -7.o5 1 -7.82 1 -7.82 

I 

Note: 
• Samples collected lor metals analysis were lield filtered 
•• Sulfate value Is erroneous 
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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. 

Figure3-9 
Piper Plot, Laredo ASR Project 

Laredo, Texas 
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C ='TW·2, TW-3, 85-29-709, 
85-29-301, 85·29-706, 85-29-
804 
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Location Sample ID 
85-20-901 A0-1 
85-29-708 A0-2 
85-37-404 A0-3 
85-37-406 A0-4 
85-29-706 A0-8 
85-29-401 A0-7 
85-29-301 A0-5 
85-29-102 A0-6 
Del Mar Storage Tank 
/surface water) Del Mar 
85-29-804 A0-13 
85-29-709 A0-12 
TW-1 A0-21 
TW-2 A0-52 
TW-3 A0-53 
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Table 3-5 
Percentages of Various Anions and Cations 

Laredo Aquifer Storage and Recovery Project 

'ro~oa1um ana % l::llcaroonate 
%Calcium %Magnesium Potassium and Carbonate 

16.69 12.83 70.48 16.49 
4.51 2.51 92.98 5.74 
7.33 5.09 87.58 18.80 
6.04 6.23 87.73 12.89 
0.25 0.17 99.59 33.90 
0.22 0.03 99.75 26.88 
0.82 0.13 99.05 10.81 
0.52 0.08 99.40 17.79 

45.44 9.83 44.73 23.06 
0.15 0.13 99.72 36.66 
0.29 0.12 99.59 30.77 
0.82 0.16 99.03 13.64 
1.82 1.45 96.73 28.58 
0.80 0.42 98.78 33.61 

%Chloride %Sulfate 

27.36 56.15 
24.73 69.52 
19.71 61.48 
18.40 68.71 
34.27 31.83 
44.52 28.60 
18.49 70.70 
41.76 40.45 

37.70 39.24 
25.71 37.63 
30.69 38.54 
44.24 42.13 
35.36 36.06 
33.57 32.81 



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, 33Q-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 Aquifer Test Properties, Del Mar Test Site 
Laredo Aquifer Storage and Recovery Project, Laredo, TX 

Date 

March 1997 

May 1997 (Constant Rate test) 

July 1997 

TW-2 Pumping Rate 
(gallons per minute) 

49 

68 

54 

Specific Cspacity 
(gallons per foot of 

drawdown) 

0.50 

0.72 

0.59 

Well Loss Coefficient 

0.0137 

0.0044 

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 

Jefferson Street WTP 

East Corridor Site 

Northwest Storage Tank 

Del Mar Testing Site 

Average MFI Value 

3.41 

2.39 

2.66 

3.86 

Average TSS {mg/1) 

1.35 

1.19 

1.01 

0.69 

The above MFI values indicate that with an aquifer transmissivity in the range of 150 to 
200 square feet per day (ft2 I 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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Table 3-8 
Surface Water Analytical Data 

Laredo Aquifer Storage and Recovery Project 

LabiD *JEFFERSON *DELMAR 
Treat. Plant Treat. Plant 

Date Collected 7/16197 7/15197 
Parameter Units 

TDS mg/1 516 NA 
I 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 
PhenoAik mg. I 1 NA 
Alkalinity mg. I 101 NA 
Hardness mg. I 266 262 
Dissolved Oxygen (%) % 109.3 88.9 
ORP millivolts 345.9 403.2 
Nitrogen (TKN) mg/1 3.4 
Ol"ganic Carbon mg/1 5 2 
Silica Dioxide mg/1 9.5 8.3 
Cations 
Aluminum mg/1 0.35 0.18 
Iron mg/1 
Manganese mg/1 
Calcium mg/1 78 NA 
Sodium mg/1 121 119 
Potassium mgll 4 4 
Magnesium mQ/1 20.9 21.1 
Lithium mg/1 
Anions 
Bromide mg/1 0.128 1.37 
Chloride mg/1 . 141 137 
Sulfate mg/1 179 Error, bad data 
Flori de mg/1 0.724 
Phosphate mQ/1 
Ammonium mg/1 0.44 
Nitrate mg/1 
Nitrite mg/1 
Bicarbonate mg/1 
Carbonate mg/1 

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 
l-inch injection tube was also installed in the well next to the pump. Preliminary 
calculations indicated that an additional33 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} (g(!m} (days:hours} 

Shakedown Test -3,600 5,600 variable 4 hours 

Recharge 287,848 0 28 7 days 2 hours 

Backflush 0 1,950 65 0.45 hours 

Recove!}: 0 513,655 52 6 da~ 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 

Ph 

Conductivity 

Temperature 

Oxidation Red. Potential 

Laboratory Analyses 
Type A 

pH 

Conductivity 

Chloride 

Alkalinity 

Total Hardness 

Turbidity 

Calcium 

TDS 

Sulfate 

Bicarbonate 

Magnesium 

Sodium 

Iron 

Manganese 
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Laboratory Analyses 
TypeB 

pH 

Conductivity 

Chloride 

Alkalinity 

Total Hardness 

Turbidity 

SuHate 

Bicarbonate 
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Table 3-11, Sampling Schedule 
Laredo Aquifer Storage and Recovery Project, Laredo, TX 

Test 

Shakedown Test 

Cycle No.1 

Sample TYPe 

Field 

Type A Laboratory 

Field 

Type B Laboratory 

Type A Laboratory 

3.3.2 Discussion of Test Results 

3.3.2.1 Aquifer Hydraulics 

Frequency 

3 during injection, 4 during recovery 

2 during injection, 3 during recovery 

Daily 

Daily 

Every other day 

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' I 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 would 
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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SampleiD Sample Type Date 
CY1.1.01 LAB-A 01/15/98 
CY1.1.02 LAB-A 01/17/98 
CY1.1.03 LAB-A 01/19/98 
CY1.1.04 LAB-A 01/21/98 
CY1.R.01 LAB-A 01/23/98 
CY1.R.02 LAB-A 01/23/98 
CY1.R.03 LAB-A 01/25/98 
CY1.R.04 LAB-A 01/26/98 
CY1.R.05 LAB-A 01/27/98 
CY1.R.06 LAB-A 01/28/98 
CY1.R.07 LAB-A 01/29/98 
CY1.R.08 LAB-A 01/30/98 

DLY.CY1.01 LAB-B 01/15/98 
DLY.CY1.02 LAB-B 01/16/98 
DLY.CY1.03 LAB-B 01/17/98 
DLY.CY1.04 LAB-B 01/18/98 
DLY.CY1.05 LAB-B 01/19/98 
DLY.CY1.06 LAB-B 01/20/98 
DLY.CY1.07 LAB-B 01/21/98 
DLY.CY1.08 LAB-B 01/22/98 
DLY.CY1.09 LAB-B 01/23/98 
DLY.CY1.10 LAB-B 01/24/98 
DLY.CY1.11 LAB-B 01/25/98 
DLY.CY1.12 LAB-B 01/26/98 
DLY.CY1.13 LAB-B 01/27/98 
DLY.CY1.14 LAB-B 01/28/98 
DLY.CY1.15 LAB-B 01/29/98 
DLY.CY1.16 LAB-B 01/30/98 
Note: 
* All results in milligrams per liter (mg/L) 
MEQ = Millequivalents 

Table 3-12 
Aquifer Compatibility Test Analytical Results 
Laredo Aquifer Storage and Recovery Project 

Iron Manganese Sulfate 

Time • Result *Result • Result 
1345 <0.05 <0.05 196.00 
1045 <0.05 <0.05 187.00 
0900 <0.05 <0.05 188.00 
0900 0.05 <0.05 190.00 
1340 0.17 <0.05 195.00 
1620 0.10 <0.05 196.00 
1305 <0.05 <0.05 250.00 
1628 0.18 <0.05 264.00 
0950 <0.05 <0.05 279.00 
1405 0.06 <0.05 325.00 
1000 <0.05 <0.05 351.00 
0930 0.05 <0.05 359.00 

1345 NA NA 190.00 
1105 NA NA 189.00 
1045 NA NA 187.00 
1010 NA NA 181.00 
0900 NA NA 186.00 
0950 NA NA 192.00 
0900 NA NA 192.00 
0900 NA NA 192.00 
1620 NA NA 194.00 
1225 NA NA 191.00 
1305 NA NA 245.00 
1005 NA NA 260.00 
0950 NA NA 277.00 
1405 NA NA 323.00 
1000 NA NA 352.00 
0930 NA NA 362.00 

NA =Not Analyzed- See Table 2-6 for sample type and parameters analyzed 
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Chloride 

MEQ *Result MEQ 
4.08 139.0 3.92 
3.89 132.0 3.72 
3.91 133.0 3.75 
3.96 136.0 3.84 
4.06 137.0 3.86 
4.08 137.0 3.86 
5.21 191.0 5.39 
5.50 211.0 5.95 
5.81 231.0 6.52 
6.77 282.0 7.96 
7.31 306.0 8.63 
7.47 324.0 9.14 

3.96 134.0 3.78 
3.93 133.0 3.75 
3.89 132.0 3.72 
3.77 128.0 3.61 
3.87 132.0 3.72 
4.00 137.0 3.86 
4.00 137.0 3.86 
4.00 137.0 3.86 
4.04 136.0 3.84 
3.98 136.0 3.84 
5.10 188.0 5.30 
5.41 202.0 5.70 
5.77 230.0 6.49 
6.72 281.0 7.93 
7.33 300.0 8.46 
7.54 326.0 9.20 
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Table 3-12 
Aquifer Compatibility Test Analytical Results 
Laredo Aquifer Storage and Recovery Project 

Bicarbonate Callclum 

SampleiD Sample Type Date Time • Result TALK2 MEQ • Result MEQ 
CY1.1.01 LAB-A 01/15/98 1345 146.00 146.31 2.3980 93.00 4.64 
CY1.1.02 LAB-A 01/17/98 1045 148.00 147.52 2.4179 80.96 4.04 
CY1.1.03 LAB-A 01/19/98 0900 145.00 145.09 2.3780 78.60 3.92 
CY1.1.04 LAB-A 01/21/98 0900 154.00 153.62 2.5178 85.80 4.28 
CY1.R.01 LAB-A 01/23/98 1340 155.00 154.84 2.5378 86.60 4.32 
CY1.R.02 LAB-A 01/23/98 1620 151.00 151.18 2.4779 83.40 4.16 
CY1.R.03 LAB-A 01/25/98 1305 183.00 195.07 3.1973 26.40 1.32 
CY1.R.04 LAB-A 01/26/98 1628 216.00 232.87 3.8167 20.00 1.00 
CY1.R.05 LAB-A 01/27/98 0950 231.00 249.94 4.0965 18.00 0.90 
CY1.R.06 LAB-A 01/28/98 1405 234.00 256.04 4.1964 18.00 0.90 
CY1.R.07 LAB-A 01/29/98 1000 239.00 263.35 4.3163 17.20 0.86 
CY1.R.08 LAB-A 01/30/98 0930 233.00 259.69 4.2564 15.60 0.78 

DLY.CY1.01 LAB-B 01/15/98 1345 146.00 146.31 2.40 NA NA 
DLY.CY1.02 LAB-B 01/16/98 1105 147.00 147.52 2.42 NA NA 
DLY.CY1.03 LAB-B 01/17198 1045 146.00 146.31 2.40 NA NA 
DLY.CY1.04 LAB-B 01/18/98 1010 145.00 145.09 2.38 NA NA 
DLY.CY1.05 LAB-B 01/19/98 0900 144.00 143.87 2.36 NA NA 
DLY.CY1.06 LAB-B 01/20/98 0950 144.00 143.87 2.36 NA NA 
DLY.CY1.07 LAB-B 01/21/98 0900 157.00 151.18 2.48 NA NA 
DLY.CY1.08 LAB-B 01/22/98 0900 143.00 142.65 2.34 NA NA 
DLY.CY1.09 LAB-B 01/23/98 1620 149.00 148.74 2.44 NA NA 
DLY.CY1.10 LAB-B 01/24198 1225 179.00 179.22 2.94 NA NA 
DLY.CY1.11 LAB-B 01/25/98 1305 183.00 195.07 3.20 NA NA 
DLY.CY1.12 LAB-B 01/26/98 1005 207.00 226.77 3.72 NA NA 
DLY.CY1.13 LAB-B 01/27/98 0950 226.00 249.94 4.10 NA NA 
DLY.CY1.14 LAB-B 01/28/98 1405 226.00 257.25 4.22 NA NA 
DLY.CY1.15 LAB-B 01/29/98 1000 238.00 264.57 4.34 NA NA 
DLY.CY1.16 LAB-B 01/30/98 0930 NA 262.13 4.30 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 
2 Bicarbonate value calculated by lh!l~llowi"!J rlllationship: total iilkalinity/.8202 

---------
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Magnesium 
I 

• Result MEQ 
12.20 1.00 
20.40 1.68 
20.40 1.68 
18.50 1.52 

' 

19.40 1.60 
20.90 1.72 
4.90 0.40 
3.60 0.30 
5.30 0.44 
6.08 0.50 
4.38 0.36 
4.62 0.38 

NA NA 
NA NA 
NA NA . 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
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SampleiD Sample Type Date Time 

CY1.1.01 LAB-A 01/15/98 1345 
CY1.1.02 LAB-A 01/17/98 1045 
CY1.1.03 LAB-A 01/19/98 0900 
CY1.1.04 LAB-A 01/21/98 0900 
CY1.R.01 LAB-A 01/23/98 1340 
CY1.R.02 LAB-A 01/23/98 1620 
CY1.R.03 LAB-A 01/25/98 1305 
CY1.R.04 LAB-A 01/26/98 1628 
CY1.R.05 LAB-A 01/27/98 0950 
CY1.R.06 LAB-A 01/28/98 1405 
CY1.R.07 LAB-A 01/29/98 1000 
CY1.R.08 LAB-A 01/30/98 0930 

DLY.CY1.01 LAB-B 01/15/98 1345 
DLY.CY1.02 LAB-B 01/16/98 1105 
DLY.CY1.03 LAB-B 01/17/98 1045 
DLY.CY1.04 LAB-B 01/18/98 1010 
DLY.CY1.05 LAB-B 01/19/98 0900 
DLY.CY1.06 LAB-B 01/20/98 0950 
DLY.CY1.07 LAB-B 01/21/98 0900 
DLY.CY1.08 LAB-B 01/22198 0900 
DLY.CY1.09 LAB-B 01/23/98 1620 
DLY.CY1.10 LAB-B 01/24/98 1225 
DLY.CY1.11 LAB-B 01/25/98 1305 
DLY.CY1.12 LAB-B 01/26/98 1005 
DLY.CY1.13 LAB-B 01/27/98 0950 
DLY.CY1.14 LAB-B 01/28/98 1405 
DLY.CY1.15 LAB-B 01/29/98 1000 
DLY.CY1.16 LAB-B 01/30/98 0930 

Note: 
• All results in milligrams per liter (mg/L) 
MEQ = Millequivalents 

Table 3-12 
Aquifer Compatibility Test Analytical Results 
Laredo Aquifer Storage and Recovery Project 

Sodium Total Alkalinity Phenolic Alkalinity 

• Result MEQ • Result • Result 

105.00 4.57 120.00 NO 
106.00 4.61 121.00 NO 
105.00 4.57 119.00 NO 
107.00 4.65 126.00 NO 
97.00 4.22 127.00 NO 
96.00 4.18 124.00 NO 

210.00 9.14 160.00 5.00 
250.00 10.88 191.00 7.00 
260.00 11.31 205.00 8.00 
350.00 15.23 210.00 9.00 
380.00 16.53 216.00 10.00 
410.00 17.84 213.00 11.00 

NA NA 120.00 NO 
NA NA 121.00 NO 
NA NA 120.00 NO 
NA NA 119.00 NO 
NA NA 118.00 NO 
NA NA 118.00 NO 
NA NA 124.00 NO 
NA NA 117.00 NO 
NA NA 122.00 NO 
NA NA 147.00 NO 
NA NA 160.00 5.00 
NA NA 186.00 8.00 
NA NA 205.00 10.00 
NA NA 211.00 13.00 
NA NA 217.00 11.00 
NA NA 215.00 12.00 

NA = Not Analyzed - See Table 2-6 for sample type and parameters analyzed 
NO = Not Detected 
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Hardness Turbidity TDS 

• Result (NTU) • Result 

292.00 0.30 642.00 
286.00 0.46 658.00 
280.00 0.13 668.00 
290.00 0.19 666.00 
296.00 1.67 716.00 
294.00 0.76 618.00 
86.00 0.16 890.00 
65.00 0.10 1010.00 
67.00 0.10 1096.00 
70.00 0.07 1254.00 
61.00 0.07 1350.00 
58.00 0.07 1410.00 
0.00 

298.00 0.07 NA 
300.00 0.07 NA 
279.00 0.24 NA 
274.00 0.68 NA 
300.00 0.21 NA 
284.00 0.26 NA 
290.00 0.16 NA 
290.00 0.17 NA 
284.00 0.91 NA 
148.00 0.28 NA 
88.00 0.16 NA 
70.00 0.16 NA 
67.00 0.18 NA 
62.00 0.10 NA 
59.00 0.07 NA 
55.00 0.18 NA 
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SampleiD Sample Type Date Time 
CY1.1.01 LAB· A 01/15/98 1345 
CY1.1.02 LAB· A 01/17/98 1045 
CY1.1.03 LAB·A 01/19/98 0900 
CY1.1.04 LAB-A 01/21/98 0900 
CY1.R.01 LAB-A 01/23198 1340 
CY1.R.02 LAB-A 01/23/98 1620 
CY1.R.03 LAB· A 01/25/98 1305 
CY1.R.04 LAB-A 01/26/98 1628 
CY1.R.05 LAB-A 01/27/98 0950 
CY1.R.06 LAB-A 01/28/98 1405 
CY1.R.07 LAB-A 01/29198 1000 
CY1.R.08 LAB-A 01/30/98 0930 

DLY.CY1.01 LAB-B 01/15/98 1345 
DLY.CY1.02 LAB·B 01/16/98 1105 
DLY.CY1.03 LAB-B 01/17/98 1045 
DLY.CY1.04 LAB-B 01/18/98 1010 
DLY.CY1.05 LAB-B 01/19/98 0900 
DLY.CY1.06 LAB-B 01/20/98 0950 
DLY.CY1.07 LAB-B 01/21/98 0900 
DLY.CY1.08 LAB-B 01/22/98 0900 
DLY.CY1.09 LAB-B 01/23/98 1620 
DLY.CY1.10 LAB-B 01/24/98 1225 
DLY.CY1.11 LAB-B 01/25/98 1305 
DLY.CY1.12 LAB-B 01/26/98 1005 
DLY.CY1.13 LAB-B 01/27/98 0950 
DLY.CY1.14 LAB-B 01/28198 1405 
DLY.CY1.15 LAB-B 01/29/98 1000 
DLY.CY1.16 LAB-B 01/30/98 0930 
Note: 
• All results in milligrams per liter (mg/L) 
MEQ = Millequivalents 

Table 3-12 
Aquifer Compatibility Test Analytical Results 
Laredo Aquifer Storage and Recovery Project 

Conductivity Field Parameters {Standard Units) 

(jlmoh's) PH RSLT F·Cond F-Temp F·pH 
1106.00 7.6 NA NA NA 
1105.00 7.9 NA NA NA 
1104.00 7.6 NA NA NA 
1105.00 7.6 NA NA NA 
1124.00 7.6 NA NA NA 
1132.00 7.6 NA NA NA 
1514.00 8.4 NA NA NA 
1677.00 8.6 NA NA NA 
1809.00 8.6 NA NA NA 
2070.00 8.6 NA NA NA 
2230.00 8.6 NA NA NA 
2370.00 8.6 NA NA NA 

1089.00 7.60 1097.00 17.70 7.46 
1094.00 7.60 1109.00 17.30 7.46 
1107.00 7.60 1114.00 17.30 7.30 
1095.00 7.60 1114.00 16.70 7.21 
1099.00 7.60 1114.00 16.40 7.29 
1102.00 7.60 1121.00 16.40 7.28 
1114.00 7.60 1126.00 16.40 7.31 
1112.00 7.60 1130.00 16.40 7.04 
1120.00 7.60 1147.00 18.30 7.36 
1206.00 8.00 1219.00 19.80 7.77 
1491.00 8.40 1535.00 21.80 8.14 
1630.00 8.50 1653.00 23.00 8.15 
1807.00 8.60 1829.00 24.20 8.26 
2060.00 8.60 2120.00 25.10 8.43 
2230.00 8.60 2260.00 25.40 8.44 
2370.00 8.60 NA NA NA 

NA - Not Analyzed • See Table 2-6 for sample type and parameters analyzed 
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Mass Balance Calculation 

F·Eh Cations Anions Balance% 

NA 10.21 10.40 ,0.91 
NA 10.33 10.03 1.45 
NA 10.17 10.04 0.61 
NA 10.46 10.31 0.71 
NA 10.14 10.46 -1.58 
NA 10.06 10.42 -1.79 
NA 10.86 13.79 -11.91 
NA 12.17 15.27 -11.29 
NA 12.64 16.42 -13.00 
NA 16.62 18.92 -6.46 
NA 17.75 20.26 -6.60 
NA 18.99 20.87 ·4.71 

433.10 NA NA NA 
514.50 NA NA NA 
194.70 NA NA NA 
203.60 NA NA NA 
187.70 NA NA NA 
185.40 NA NA NA 
197.90 NA NA NA 
199.50 NA NA NA 
-30.90 NA NA NA 
-84.90 NA NA NA 

·112.00 NA NA NA 
-59.70 NA NA NA 
116.70 NA NA NA 
65.20 NA NA NA 
28.50 NA NA NA 

NA NA NA NA 
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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 IDS concentrations are seen as 
recovery progresses, relative to the corresponding chloride concentrations. This observation 
is further reinforced in Figure 3-16, which compares the chloride and IDS 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 oc, and the groundwater temperature 
approximately 27 oc. 

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 results 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 oc, the observed transmissivity would decrease from 168 ft> I day to about 133 ft> I 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/1, 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 IDS (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 

Average Depth 

Well Casing Diameter 

Recovery Rate 

Recharge Rate 

Minimum Well Spacing 

Step 1 Assumptions 

650 feet 

12inch 

300gpm 

250gpm 

1,000 feet 

Step 2 Refined Assumptions 

600 feet 

12 inch 

150 gpm 

75gpm 

1,500 feet 

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 

Item Unit No. Required Estimated Unit Estimated 
Cost Total Cost 

ASR Well12-inch dia, 600 It 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 

I & C Allowance Each 28 $5,000 $ 140,000 

Miscellaneous Other Construction 10% $3,948,000 $394,800 

Engineering and Testing Each $900,000 $900,000 

Contingency 20% $5,242,800 $ 1,048,560 

Total for 5 mgd Wellfield $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 period 
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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2. 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. 

3. 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. 

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

5. 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. 

DFWIAANCHHAND\P:\118069\FlNAL REPORT 1999\APPENDIX A A·1 



' -', 
' ' ' 

' ' 
' ' 

' 
' ' *22 ..... -

A •.[~~ 
-,, 

I 
' ' 

e 
~ (2110/~1 
I 
+ 13 
I (3:JS/f7$} 

I 
I 
I 
lfll 
:ueotNAJ 
I 7 

,• (320/tSV/ 
' --

.. 
• rz13IJB,J-
.s 

IHIU 

o I 
13211/~J 

I ,• ' 

,' ,"2SA 
,' ... , , rroo11101 

..... ~... 11~1 
\ ..__.:_ 

I 86•2P-f02 ,/ 
J ,'. (240/t;OJ , , • 

--------+-;:;_;- ... --:-::-__ ,,' rroa,eoJ 

I 7000 1<000 0 

.SCN.E t••7000' 

• ASR Observallon Well 

NA Dara Nor Available or Incomplete 

1315/1401 Ner Sand vs Upper Sand Tnickness as 
- Determined From Geopnysical Logs 

;;.----.,... Locarion of Geopnysical Profiles 

• 17 Oil /Gas Well (approximate location I 

* 
Upper Sand Zone is Incomplete or 
Partially Saturated 

' 
' 

i,' 

' ' 

',' 

. 
017 
1217} 

,' tres1~1 ... - ... ...._,'a 
r 1420/rellJ 

' 
... TW-2 

, IZU/1SSJ 
' -
' . ', g 

NA __ oro( 

"'1230/170} 

' ' ' ' ' ' ' ' ' ' 
TW-3 .... ,., . 
f187117.fJ ', lZSSI.!l!!.J:-. - ,., 

\' 
' ' , 
~ 1230/13$} 

.. - ra:.' ... 
,, 131$1140} 
•·.~ 

IV o 
I 183/NAJ 

1- -
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I' 
I 
I 
I 
I 

I 12 
~ 185/~ 
\21. 

\237/t32 
' -

24~ 
IH0/1110} 
, .. _8 

PIGURr: A-1 

IS • 
1337/230} 

Nr:T lAND THICKNIII DIITRIBUTION 
AGUPr:R ITORAGI AND RI:COYUIY PI:AIIBLITY 

ITUDY POR LARIDO, TIXAI 

-----'===-,-----------------CH2MHILL 



Log/Well# 

TW-1 

TW-2 
TW-3 

89-29-102 
I 
2 
3 
4 

TableA-1 
Net Sand Measurements 

Laredo Formation, Laredo, Texas 
Geophysical Log • Location ID GROSS SAND 

McPherson Test Well NM 
Del Mar Test Well NM 
East Corridor Test Well NM 
Laredo Country Club Well NM 
Yarborough Hachar #I 495 
Lamar Hunt Reuthinger #I 510 
General Crude #I Hachar 250 
Clayton Williams #2 N.D.Hachar 482 

NET SAND UPPER NET SAND 

165 140 

211 155 
197 171 

240 190 
329 166 
289 200 
140 90 
273 132 

5 Southland Drilling Co. #I Hachar Poor Log Quality - Use for Correlation Only_- See #4 
6 Southland #I Killam & Hurd 440 280 165' 
7 AHERN #A-I Hubbard 700 326 159' 
8 Killam & Hurd #l-P24 Fee 580+ 420 195' 
9 Watson (Sanchez O'Brien- #1 A.F. Muller G&S Unit 510 230 170' 
10 Watson (Sanchez O'Brien Jacaman #I 590 255 150' 
11 Sanchez O'Brien #I Webb Co. 650' 230' 125' 
12 Michael Pet. #I Hurd-Peko-Garcia 570 185 145 
13 General Crude #I Killam & Hurd 485 335 175' 
14 Daigle & Young Park #I 300 142 122' 
15 Good Hope Ref. #I Killam & Hurd 445 337 230' 
16 Hawkins/Rodriguez Cattle Co. - 160 -
17 ReMex M-G Mexico - - 217 
18 Morgan #I McNary 520 315 140 
19 Morgan #3 Link - 83 -
20 C.F. Braun - -
21 TransAmerica #12 Schwarz 430 237 132 
22 Cattle Land Oil Co. #I 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 too 80 
26 Amoco Killam & Hurd - Amoco "H" 280 100 80 

L________ 
Data}11compl~te- entire Lar~~o Formation not logge~~ue 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). Attest 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 parallel 
to strike. This band appears to encompass the entire area discussed in this study as well as 
areas farther east. Outside 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. 
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TWDB Well Survey and Sampling Effort 
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County - llebb 479 

longitude - 99 26 35 Source of Coords - 1 
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Aquifer - 124LRDO LAREDO FIIUIATII* lle11 Type - II User -

IIELL Const. Casing 

COIISTRUCTII* Method - IIYDRAIILIC ROTARY Materia 1 - PVC, FIBERGLASS, OTHER PlASTIC 
Screen 

Colipletion - PERFCJ!ATED Ill SLOTTED Materia 1 - PCV, FIBERGlASS, OTHER PlASTIC 

Lin DATA- P~Mr. ------------ Type - SUBMERSIBLE PUMP llo. Stages 

I Casing or Blank Pipe (C) 

I llell Screen or Slotted Zone ( 
I Open llo le (O) 
I Celented fl"OII.__ __ to 

I Diilll. Setting(feet) 
I (in.) Fro11 To 

Setting- _____ ft. Col.-. Diilll.- _____ in. ~-----=----~----
11 c 6 0 440 

Bowls Diilll. - ________ in. 

Plotor Mr. - ~--------Fuel or P0111er - ELECTRIC lllTII! Horsepme- -

YIELD Flow- ____ GPM P~- ----- GPM Meas. ,Rept. ,Est- ~--~ Date- -----

PERFIJUWICE TEST Date- ~---- length of Test- -------- Production- _____ .GPM 

Static level- ft. P~ing Level- ____ ft. Dra.down- ___ ft. Sp.Cap.- ____ GPMift 

~~In (RBBns-~----------------------------------

liAlfR USE PriEry- IRRIGATII* Secondary- ------

OTHER DATA AVAILAIBLE !later levels- M Quality- II logs- D 

WATER LEVElS Date- 10104/1993 
Date- I I 

MeasureEnt

MeasureEnt-

-65.00 

Tertiary- -------

Other Data-

Recorded By ----------------- Date Record Collected or Updated- 1110511996 

R~tifl!J ~-_ -fuAS--IiAm-ni.oMii-80Mo 
,.,.iUll\tDcS ~-J...--~-:_. :~ _ _ _. .. - .. - -~-- . ~ _ ~ ·-- •· ···;;....._ ·. 

~o· -~s~lyi~ici;~ GPM with~lOo~:' 1 ~'~.;~:~-. 
·:··'"'-' ~ di"~ ~ft~.JIIJIPing 21MJUr.s ,, , •.• , 

._: ~~9)3', c-~. f~ OJO to alid '··. : 
340 -to· .440 f~t. i.>ulp setJ.t 420 '.-; · ' • 

- feet. · · 

21 s 6 440 660 

31 0 5 660 800 
41 
51 
61 
71 
81 
91 

101 

111 
121 

131 
141 
151 
161 
171 
181 
191 

1---------------------------------. 

• 

@ 

Aquifer ~ 124LRDO 

lle11 llo. - 85 zg 102 
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SWN: 
County: 
Aqulfer(s): 

Z5' -:z1 /oz 
IA/6b/J 
L_ 0 y 1'.-cf t) 

1!-+b 

Water Quality Field Data 

Name: i.M <-do {),uAJ-1 ~'"f c!t,h 
Addre .. : I'-/ 15 CtJv,.,J~ y C./u/; [}; 

I 

.l_o., r ~d& ,7x 
owner's well #.l,_ ________ _ 

Sample No./l Q- 0 (o 
Date: I 2 - 3 - '1 0 

By: J , 1Jr...,r 1?J N 

Bottle1 Bottle 2 Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Total 
i) (2) SUB-
500 ml 

1iK~ 
250 ml 1 liter Samples 

A • Nitrate Radioactivity 3 ~IIIII A& 

c 11/01;(, l 0.5 ml 2ml All filtered 

/ll'1 I HI H SO HNO unless other-

!lt-/tl~_ (~itn (Sulfuric) (Nitric) wise stipulated 

Time in Starting pH 

Water Level 1/'(!11 LSD Remark N~ 131/fr'J Time out Sample time !6 ;( D mi. of 0.02N to 

Temperature (00010) ;2Cj'- tf c Weather well use I R I< mi. of Sample 

Specific Conductance (00094) 2 ~ 36 umhos/cm Outside Temp 7/ Ending pH 

pH (00400) g: 5'1 Sampling point 

Eh (00090) mv. Time: lb/0 /GIS I (:,?.o mi. pH mi. pH mi. pH 

1enoi ALK (82244) (_(/ mg/1 pH: '6. 5 R' ?;.~ %'~ 
Total ALK (39086) ?20 mg/1 Temp: ;:<~.1 -:z9. 3 ;J_9 .'/. 
Carbonate (00452) meq/1 /·C:, 7 mg/1 Eh: 

Bicarbonate (00453) meq/1 Z '3 C(, 7 mg/1 Cond. ~w ~!:0 ..:<~30 

Total Cations(+) b'\ other notes: 

Total Anions (-) /0 o ~ fv!?1f <:JN 

Total Hardness (00900) /0 (vc,;/ fcr'JCd 5 J.,mu 1/1) S"m ;I) f 
Dissolved Solids L_f/rJ 

I 

. 

I 

I 



SWN: 
County: 
Aqulfer(s): 

Water level 

Z-5;<9/02 
'v.J t!/b b 

b"'!l'e.do Pm. 

Bottle1 

s.Jml 

I ml 
H1V0.3 

(N,+r,c.) 

uY#/LSD 
Temperature (00010) 

Bottle 2 

A-· 
1 liter 

Rernar1< 

.;zcr,· ~ c 

Water Quality Field Data 

Name:Lg retJo CavNf,yC/v/J 
Addreaa: PI!:£C.ov&rln C!t-6 /Jt'. 

' 
L"' I' e.o' t:J J x 

owner's well "---------

Sample No. At!~ -o 0 _. 
Date: 12- 3 - 7 6 . 

By:\/. De-rio,./ 

Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Total -- l 
3 I c SUB-

I / d-er 1 liter Samples i 

~ Nal-{/rkrJw . ~ 

Time in S'tarting pH l 
Time out Sample lime/ b ::<' 0 mi. of 0.02N to 

Weather well use L tR. fZ. mi. of Sample 

Specific Conductance (00094) ~ 8: 39 umhoslcm Outside Temp Ending pH ---~---·--
pH (00400) -:5. 5l Sampling point j) tc.Ao. >"?e.. tJ, iJ e 

116/o l!6s ~~.:JA ' I pH Eh (00090) mv. Time: mi. mi. pH mi. pH 

Phenol ALK (82244) mg/1 pH: ~.S'ir 8".C, 'if .5"} 

Total ALK (39086) mg/1 Tem_p: At{.<f ;;J..9.~ -;(7.1-
Carbonate (00452) meq/1 mg/1 Eh: 

Bicarbonate (00453) meq/1 mg/1 Cond. i"l// ~~~ -<8"~ 
! 

Total Cations(+) other notes: 

Total Anions (-) !6olf jJvP~jJ o,J 

Total Hardness (00900) 

Dissolved Solids 





TEXAS VATER OEVELOPI'EIT BOMIJ 
IIELL SCHEDULE 

State lle11 ~ - 85 Z9 203 Previous lle11 ~ - County - llebb 479 
River Basin - Rio Grande - Z3 Zone - Z Latitude - Z7 35 50 Longitude - 99 25 05 Source of Coords - 1 

Owners lle11 No. ----- Location ___ 1/4, ___ 1/4, Section ___ , Block ------• Survey ----

Olmer - Enron 011 I Gas Co. Drl11er - R lc:hardson later 
llell Drlll ing Co. 

~s ___________________________ Tmant/~----------------------
OIIte Dr111ed - 01/0Z/1981 Depth - 483 ft. Sol.ral of Depth - D Altitude - 499 ft. Sol.ral of Alt. -I 
Aquifer - 1Z4LROO l.MEilO FIJIMTIOII lie 11 Type - If User -
WELL Const. 

lletbod - IIYIJWILIC ROTMY 

~letlon - PERFCIIATED 1R SlOTTED 

tasing 
llterlal - srm 
Screen 
Material - srm 

I taslng or Bla'* Pipe (C) 
I lie 11 Screen or Slotted Zone ( 
I Open llo le (0) 
I Cell!nted fn. ___ to __ _ 

LIFT MTA- p._., Mfr. ------- Type - SUBIERSIBlE Pill' No. Stages __ I Diaa. Settlng(feet) 
I (in.) F~W To 

Bowls Dl•. - _____ ln. Setting - ------ft. Col .... Dl-. - ----- ln. 1
1 
_________ _ 

Motor lfr. -----------Fuel or Po11er -ELECTRIC MOTIIt 

YIELD Flow- ___ GJIIII ~- _____ GJIIII Meas. ,Rept. ,Est- ------Date- ___ _ 

11 c 5 
Zl S 5 
31 c 5 
41 s 5 
5( 

0 
189 
Z31 
420 

189 
231 
4ZO 
483 

PERFIIUWICE TEST Date- ------ Length of Test- ---- Procllction- _____ GJIIII. 6( 

Static Level- __ ft. ~lng Level- __ ft. Drawdown- __ ft. Sp.Cap.- __ GJIIII/ft 

~In (Raans- ______________________ __ 

VATER USE PriiEiry- UIIUSED ~~ry- ____ _ Tertiary- -----

OTHER DATA AVAILAIBLE !later Levels- M Quality- .. 

VATER LEVELS Date- 01/02/1981 
Date- 12/03/1996 

MeasureEII't
MeasureEnt-

logs- D Other Data-

-90.00 
-71.20 

Recorded By J I 1> e-,. /p AI Date Record Collected or Updated- 12/03/1996 

Reporting flqerrcy - TEXAS !lATER DEYELII'IDT BOMD 
REJWIKS -

Urmed imustria 1 we 11. Measured 
yield 50 GPII in 1981. 

IJ?/'-= 7bf of Cf4.S;A/1 
-t- 2.1/ 

we.-I I INc I "(!,I' .. :A v c.. 0.. 1- -f4, ~ -./? /7'1 t!.- • 

we.- I I {II e.Af 1a.Y p tod ve....f, 6&1 we--I( -::tf:-z_ 

7( 
8( 
9( 

101 

111 
121 
13( 

141 
15( 
16( 
nr 
181 
19( 

1---------------------------------

Aqu iter - 124LRDO 

lie 11 lo. - 85 Z9 Z03 



S.nd Oflf!n•l Cl 

Qrtofo.a rna•l t. 

State of Te· 
WATER WELL f._ ..J, .. T••• o..-.nm ••.• >Jt .,.. • .., RIIIOU,_. 

'· 0. lo• 1:.o.J 
Au•"'· T••• 71711 

ATTENTION OWNER: CO<tli-tilliity Privilogo Notiu on Rrv.,.. Sit* 

o. 
11 OWNER . Addr .. ''"I"~ r 

tNern.l iltt .. IOf' 1111101 IC.lcy) ~ ..... 2 ... 1ilt1 .,..~ 

21 LOCATION 0' WELL: 6 N. I. Iuecto COUn1Y hl212 
_ .. 

cfit«tion frG'ft 

lrilliam & R..am - i-..n '¥!1 ~.w.f ';i'J , CTOWf\i 

0 L .... -.cr.ptHHI: 
Dr•llef muSl cornote1t tM ,.,., ~rll)t•on to U'le r~tht Secbon Na. .......... T-
wtth disUrlce Md dir•tion from rwo intwMettftt te-o 

AllnroctNo. Sunoy-tion or NI'WV ltnet. or "'• mun lOCI• lnelldenutv the 
wet1 on "'offic• Ov.,.,.. or Halt·Scat. r .... County 

OitUMe lnd dit'ICbOI'I trcn two Wl.-..cliftt IIICtlciR Of ..wy liNI a...,._. H.,.,...,. Mlp end ntiCh me """ a» m. form. 

i9 S..a~map. 

:II TVI'E OF WO~K IChodcl: 4l PROfi'OIID tal IOMciiJ: 5I OIIILLING MITHOO IOiodol: 

C%NewWtU 0 DMCMR•"t KlO....ti< 0 1-iol Ol'ubli<- 11-Ao-
a, .. ,_ ao-..a-

a---.... a ........ 0 lrri .. tiort CJ Ttst WtU 0 OINt 0/W- OCoble Tool c- a a-.. WELL LOG: DIAMETER OF HOLE 71 IOAEHOLE COMPLETION: 

iZogl 

Oia.Cin .. ) Ffom UtJ TolhJ 00pon- ~·-wo~~ c~ ........ 
6 ?,/J. ~ .. - ~ a a-- Coa-

I 
O...driiMd 1L~Ls1 If G,.._. ~ed..,. int1n8t ... ,,_. h. to 

F"'"' To Oacript•on and color of f~tion .. CASING. SUNK PI~. AND WELL SCREIN DATA: 
' 

111.1 I ft.) "'llttr•al 

! 0 - 4 8.lr1'ace Soil 0••· N- Srnl, PlasttC, ere. s."'"' (ft.J 
ltn.J "' P!rl., Slotted, ltC. 

4 - 15 White Sand & fine ln'avel u- Screen M;f., •' commercial ...... _..1 To 

15- 20 &1st Sbale &_~vel Set slate rra. 189• 1 2'UI 
20- 42 &1st Shale w~ek fine sand and rra. l.2I:JI to J.lnt 
42- 72 sandstone ~vel 

· 72 - 104 ln'aV shale w ,.-t,....,.k 

104 - 124 gra,y shale 
1124- .1.45 blue shale vfgravel streak 
11.45 - 197 blue shale 
1197 - 207 blaclcsand 
;207- 2Z7 black sand CEMENTING DATA 

i2Z7 - 2.48 blue sandy shale Camenr.r:S from ..... 
12.48 - 268 blue shale wj sandstone ... _ ...... 
1268 - 351 blue shale ~ITII'ntt'd by 

l351 - 371 blue sand_l shale (ComCMftY Of' ll"'clhnd\NI) 

371- 391 blue shale 9t WATER LEVEL: 

-~21 - -~ blue shale sanqy S~tic leve• 2Q ft. below t.enct surf.:. o ... 
~- 454 black sand Ann•an flow -· o ... 
·454- 472 black sand 
472- 479 hard sand black 101 PACKERS; T,oo 0ft)th 

'479 - 484 black sand Bubber Neocreme lB8 A lo.lQ 
I 
I 

111 TYPE P\,,IMMt: 

0 Turbine 0Jot I:IISu-..blo 0Cytinder 

DOth« 
IUN ,..,.,.. tide ,f nec.n.ry) C>.pttl fO pump txM-b:, cylinct.r. itt:. lt'C .. lt. 

131 WATER QUAI.ITY: 

O•d you know•I'WJIV pen•tr•t• •nv nr•t.a wi'I•Ch conta1ned undtstrab•• 121 WELL TESTS 

'::.· 
c;., 
Sec-

noa1er' = 'f@'S =· ..... 0 =Type TotS: =?1.J;mp =a •... , ~J•ned '::; En•ma!e-o 
If ves. sutwn•t "REPORT OF UNDESIRABLE WATER'' 

Typeof~r"'' 0.-pt, of strata Yitld: SQ pn w•th ___ h. dra....oown after __ !'ln. 

I W•s a d'I.,Ql ananys•s madt? c...Y" :]No with 315' or 2" air line. 
I hertby ctrtify th,Jt this well was dr,utd by me (or und« my supen11ionJ ind that 

tach 1nd 111 ol the stattmtnb her11n are true to the best of my knowledge 1nd belief. 
- ---- -------- - ------

NAME Jesse N, Richardson Water Wtll Drillers Registnt1on No. 16251 
Tvg• or PronrJ 

ADDRESS 803 Lincoln .lii~e. Texa" 78~~2 
IScr~orillfFOI 

~i.-4'/~./ 
IC•tY) lSU~ttl (Ziol 

ISignldl ./),J LA Bicbaz:dSIIl Kat ex: Kal J drll Co. Iuc, 
c~ tw., ... w.u orm•l /Como.,.., ._. 1 

Pl .. 1111e Ktric lot. chemtcai ll'lllysis,lnd othw pertinent infDnnltion, if IVIillblt. Z's-;l.. 1- ;<o3 
TOWIII:-o392 (Fil .... 1-12·791 DEPARTMENT OF WATER RESOURCES COPY 
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TEXAS WATER DEVELOPMENT BOAID 

GWl 

Aqui.ter_ !-_J!_ :_"'_:~ ~ _______ _ 
v 

FUld Ko. _______________ _ 

Owner 1 s Well No. ___________ _ 

St..-.e Well No.Jf~ _:.. ~ ~..: _,Z!) .J_ _ _ _ v 
Co=.y_--:..:.. _...._ G_ G..---------

.............-
l. Location: l/4, l/4 Sec. , Block S~ ; ' 

I _ 2.J f _-_~;_ ~~-_pj_ =;-E _ ~ 3~-~::-~~2 ___ -_-_-_-_-_-_-_-____ -_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-~ '--+- -+--
2, Oloner:}.I<'J I J .0. Kl (' L1 T'""; J:' · '1 , Addre .. : / · • • . , · .. · . · , . . 'J __ .._u .. .;. _ >-.n.~i- ...._;;21. _- _ _ _ _ _ _ _ _ _- __ -.-- _____ .. ___ ..._, _______ . I I 

i i Tenant: _ 
7 

____ ~ _ -.::r ________________ .- -. _ - .... ~~-:e.s:..;. >7~ _ -. ________ =-- _ ~ ________ _ 
;,:Z....Driller: _ ..... _' !'" .... 'C -· · 'J;)ff"!,r 1.J)e'A~sln ....... ·' ; ·, -·---------- -------- ------ -'""'----------;------------ --+- -+--
). Elention ot ______ £.~ :..~ j ________ 1.a __ t./:-:"'t!J. _ .tt. above ul, detend.necl: by __ .:_ :.1_ '~·- _____ ~~ _ _: . I 

. ' I 

4. ~·- ____ _ ) j _-_/_~ _ _19_, Q _; Dug,{c;bl.-~ Rotary, __________ _ 

s. Depth: Rapt. _ _ C _ ..... _ ~ __ tt. Meas. ________ rt. 

6. CO!!!fletion: Open Hole, i~;~ Underreamed
1 

Grawl Packed ____________ _ 

7. ~: Mgr. ________ :=::· _____ ---- T]pe----------------

CASING & !U.Al<K PIPE 
Ce:anted Fr011 4 tt. to 

~;.,. 1-,p. 
(~.) 

~ ,, ,.. -- ·-,. 

etlll 
r"" 

I 
I 

tt. 

t_o 

No. Stages _____ , Bowl! Din. ____ in., Setting _______ tt. 
' • • I . ' 

\.,. ' . .. -- .:.:..:..__ --------------I 
;----- -- .;-_?;_ -, 

Column Dio~n1. ________ in., Length Tallpipe _________ tt. 

B. ~: Fuel ___ ~~~;::_~ _____ Make&: Model ______________ HP. ____ _ --------------- _____ _j 
9. ~: Flow _____ gpm, Pump ______ gpm, Mea:s,, Rept., Est. _____________ _ 

10. Per.t'ormance Test: Date ________ Length o! '!'est _____ Made by ___________ r _ _ _ _ _ _ ____________ _ 
Static Level_...,~-:. _:rt.. Pumping Lnel ___ _ tt. Dravdcnm ____ _ tt. 

Production I ') gpm Speci.tic Capacity gpm/tt. 

ll. Water Level: =21. :(i~-~ __ i-_.3)_192~= 72.::: -~"'~ .iz. j'__ _:~:'_...:,.~ ~-~ ______ which ia_2,_~~ tt. @surface, 

---~-~~tt.~_J _l9~~--·- _______________________ which~- ____ ft. ~~1oveow surface. 
~- - ~l~ 

___________ tt. Dl84!1· _______ 19 ___ above ___________________________ which u _____ tt. ~:~: !Urface. 

• below 
tt. rapt. 19 above which i.s _____ tt. above surface. 

------ --=:.=.__-- ~~aas.------- -- -bel:.w-----~---------------- below 

12. ~: Dom.,~~"': Public Supply, Ind., Irr., \olaterflooding,~-:_::_::::!.:>_~Not Used,---------------------------

13. G.uality: (Reaaarks on ta::~te, odor, color, etc.) _________________________________________________ _ 

~emp._:z, gF, Date sampled tor analysi.s __ ?_ .... _.;_ ~ .:..; ~ _t.aboratory_ L. _s_ ~7--- ___ _ 

!emp. ___ "F, Date sampled. tor analysis _________ Laboratory __________ _ 
""""" sc"""" 

Eereen Openinga 

Dia:. Type rt. 
!rom 

I 

i 

r ~-.) :'e!llp. ___ "F, Date sampled for analysis _________ Laboratory __________ _ 

I - : 
r------ -------- ------r----'--

14. Other data available as circled: prU1er 1 s Log, Radi011ctivity Log, Electric Log, 

Formation ;; amples, Pumping Test, _____________________________ _ 

15. Record by: __ ~_. ______________________ Date_ J _:. __ . ____ 19 __ _ 

----- --------1------,------
1 i . 

r------ --------r-----r-------
.SO"'J.ree o£ Data 

------~------------------------------

16. ~:-- -- - - - - - - - -- -- - - - - - --- -- - -- - - -- - - - -- - -- - -

- - - -- _ .. - -:: - -··-·- ,_ ·- .:.. -- ._- ---- - --- - - - -- -- --- - - - - - - - ·-
.c..~ • .: ' ... -

-------~-------~------------------------------
. . t ·,. ~ ~ -----------------·----------------------------

! - -v;_.-:~;;------.:.- --rn(;---.:.---------"'-----"'----- ------ --------------------' t . -- .... 
~· . ,( . . ) rJ~;O 

TWDBE·GW·49 

5:, r'VJ 
·' J f_-
' '· 

(Sketch) 



SWN: 
County: 
Aquifer( a): 

'66613ol 
we.6h 
L,gre.e/6 'Em 

Water Quality Field Data 

Name: k,//q(Zl_ (A #/e C,. 
Addra .. : PCJ . ./JOx 1'-i'l 

• 
L~t:J.Ix 

owner's well II ------------------

Sample No. dQJ -06 
Date: /;:? -3- /0 ~ 

By: J . . J)e.rioJ 

Bottle1 Bottle 2 Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Total 3 $ A c SUB-
500 ml 1 liter I ( 1 fer 1 liter Samples 

I ml 

* 
HAJ0.3 

(Ndrtc) 1/af{/~rJw ~ 
Remark ~~G 

Time in Starting pH 

Water Level 0'7<'/SLso Time out Sample lime J!3s- mi. of 0.02N to 

Temperature (00010) 027. b c Weather well use .5-lvd. . mi. of Sample 

Specific Conductance (00094) , .oS"OSO umhos/cm Outside Temp Ending pH 

pH (00400) Z,:3z! Sampling point ~ uc.d-~ 1-we,-/ ( 
Eh (00090) mv. Time: 11-lo~ l~t. 1'/;<6 1~5 #~ li~ mi. pH mi. pH mi. pH 

"henol ALK (82244) l? mg/1 I pH: 8'./o '5(./7 o:g~g ~~ z:-33 '8'.~ 
Total ALK (39086) t:? f?'o mg/1 Temp: ~.8' 1~.7 ~7.0 ~7.0 ;0,5 lit?.t 
Carbonate (00452) meq/1 9.G mg/1 Eh: 

Bicarbonate (00453) meq/1 .We? mg/1 Cond. l5o7o 5b7o 97o ~?o lcnzn Lc/>0" 

Total Cations(+) b( other notes: 
pv,.,p oN /J./.00 Total Anions (·) 

Total Hardness (00900) ..3!) C/()udy "'T-1~~6 
pvm;Je.d o.f:C o.fF/3o 

Dissolved Solids 3/00 
c-=..-lim'i-lul l'e-id <;{'6-f/?1 

~ 

I 

! 

------- ~ -- ------





'. Texas Water Development Board 
Well Schedule 

StateWellNo.[j]£] !:m'JI ~lo Ill I Previous Well No.I I I I I I I I l County WcAA lY lzl~l 
Source 

River Basin f.Jo 6~.-1AJIJ c [@II Zone QJ Lat.lmJ[ffi] l3lo I Long. I lj fi I ~am ~ooni [] 
Owner's Well No.------ Location __ 1!4,_ 1.4, Section..__, Block __ , Survey __ _ 

Well Canst. · 
Construction Method tO' a fA v L l c.. g,o r: Casing Ml 0J Material --'-f_ll C..~---- ttJ 

Lift Data 

rr;] Screen 0 
Completion _O~f-==E~N,__ ___ ~ Material ----==----

Pump Mfr. Type svAM ~No.Stages --
Bowls Diam. ____ in. Setting----- ft.Column Diam. ----in. 

Motor Mfr. ______ · ~~~e~r !3"t£LT~ I C ffiJ Horsepower I I I I• I I I 2 

Yield Flow GPM Pump GPM Meas.,Rept.,Est. Date --
3 

Performance Test Date IO- dod· $8 Length of Test d Hg S Production -3""'-'0:::....__ GPM • 

StaticLevel-ft. PumpingLevel--ft. Drawdownl~ft. 
5 

Sp.Cap. --GPM!ft. 
6 

Quality (Remarks-------------------- 7 

Water Use Primary ____ O Secondary ____ O Temary ____ O 8 

Other Data 
Available 

Date 

Water D 
Levels ate 

Date 

~:r ~~:~~y[t] Logs[]JOODDD g~r DDDDD 9 

rn ITF I ( 19 ~ S! Meas.l I §1:51 • [[] ----
10 

II moo II tilcriGJ Meas.l I I '1131 • [[] ----

[0[]]1111\Meas.\1111·[]] __ _ 
12 

13 

14 

15 

16 

Casing or Blank Pipe (C) 
Well Screen or Slotted Zone (S) 
Open Hole (0) 
Cemented fromll2_ to ifj_O 

Diam. Setting (feet) 
iin.l From To 

c.. s 0 J H () 

0 5 a 't 0 l-3 ~ ~ 

Recorded By (20 max) Repc rting Agency ~ 
Remarks 1 

2 

3 

5 1-- Aquifer ___ _ 

6 lA v-1\ j ) ( Well No. 8£ ·~1 -LfO I 
92.Q023 

rt''-' 
\.../ I 

!l19191 



sua of 

WATER WELL REPORT 
r ..... _,...Dnll.na.... 
P.O.a.•13GI1 
AUIIMI,T.._ 71711 

;>oJ<>lUl -= A.R.L.A. f:arms 
11 OWNER __ ;_ ___ -,IN"-=o-, ------- A- 500 Calle Del N~rteLarego. 

IStreetor illtiiOI IS:•tYt 

0 City Laredo 21 LOCATION OF WELWebb 
countv 

--------- --------- mllet•n --,-N-.E-.""s-.w-. -ft-,-,-- dtre.:tiOft from------, .. -=_--:,------
0 L .... ~tiOft: 

Dflller must completa IIW 1•1 ~not•ort to ttle ttgftt 
wnn a.s~nc• ~ dlrKt•on from 1'\1'110 •nt.....Ct~~"~9 sc· 
uon Of' s~o~.._y tones, Of'.,. m~o~st IOC..ta •nd •ct.nt•fv t,. 
~~ on ., otf•c• .. QuM'-r· or Half·Sca•• T••• Countv 
Gerwr,. t•llgtt~v M.Jp ~attach the m.-p ra tlltt form. 

SecttOt No. ______ Block Na. ____ Tawnsh-o ---------

AbttriCt No. ______ SYrwy Nao~M---------------

.CI PfiOPOIID USI IO.ec:ld: II DRILLING METHOD (Qck): 0 Or • ...., xl. TVPa Ofl WORIC ICher:.kJ: 

4tJ New WeU 0 O..O.rung 

0 R.conditiOfti,. 0 Pruaint 

l!:!Oamootc a ....... ,.. a-.- a ...... _.. 
Otrritlllton OT.rWen Otrt;ection DOttMr 

o ..... R...., a .... - a- aao... 
""''- a~T ... aom .. 

IJ WELL LOG: 

o.t. Orilliftt: -Comoiftld 

••om 
(h.J 

OIAMETIEA OF HOLE 
O•a. lin.) From 1ft .I To I ft.) 

10-19 19 8816 J/4 S..rloco 1000 

10 22 19.a.a 1---+---t-----i 

To 
(ft.) 

0.-sct•Pt•on and colcw of forrn.t•CM 
matenel 

o.J 230 ShaJ.e Gray 
~JO .:ou ;:.anu \Jn•Y nn-1. "" 

........... ... "" ~~: n 1'11 110 Ln....\. 
I 0 J lC. . ... I ll ' 

('\ \ ,__, 

7J BOREHOLE COMPLETION: 

'tJ Ooen HeM 0 Stl'll•ght Wall 0 Uftdft'r.rMd 

0 Grawe~ '-clttd IX Other Caged tg 24Q' 

If Grwel P~~ehd f1W i"t....,._, ... from ____ lt.ta ---- " 

IJ CASING. II.ANIC PIP!, AND WELL SCREEN DATA: 

N...., StHI, Pl•uc, IU:. S.tt1ng (ft.! G•ge 
or Perf., Slottlld, ete. 

Used Scrnn Mtf .• if Cor:Nnllrciel 1--.-.,,-..,-~r--T-o--1 ~~~ 

l:'lU§ se-e )OO- J'l'O 

101 SURFACE COWLETION 

0 So«•filld Surface Slab ll"'ltelled {Rulelt9.44fc.•l 

0 Pitlftl A.cao'-' Uttd {Rule 319.4-tfdl) 

13: Aoorewd .41r.rnetnre Procedure Uted {Ru&e 319.71} 

11) WATER LEVEL 

Srat•c lltWI 

Ann • ., flow 

121 PACKERS. 

r:one 

9 5 ft below l.,d surfac• None· ..... 
10-U-88 

f---------------------------1 13) TYPE PUMP: 
0 T~,~rbtne 0Jet 0 Cyhr.der 

0 Otl'ler ------------"?1!rnrr------
o.p1n to p..mp bowls, cyhnder. Jft, etc.,---'""'-------''· (Use fiiVIIII"SI' s•de •f necnyrvl 

1!51 WATER QUALITY: 

D•d you know•I'IQIY penetrate any urua wtucl'l conra.ned l.lndH•rabl• 
~ter' 0 Yes ~o 

141 WELL TESTS: 

II'"·"'"""' ··"ff'lr~F UNOESIAABLE WATE'j!'J0-28o 
Tyge of -ter' ... Oegth of ttnta -=-------1 
Wu • ctlemoeal •nalysos made? C Yes ~ No 

1 here bY .:ertofy !hit tl'l•s -•• ...,. .. aroUed DY .,... ! or una•• my '"'PM"'''o"") .,-.a rnet e.cn •"a •II of the U.ltemen~ h••••n ••• true to the lt"t "' "'" 

ltnOwlld9' .l<'d toel•ef 1 un.cJern.,.a thet ,_,,..,,.to comglete '""" 1 tnru 12 ""'''' '"'"''' ·" :ne •oti5J 1::1••"9 retu•ned for c~:~mDietoon ln.cl '"ut.m•~u• 

Water WtU Onller's Llt!f!St No. ----~~~-~·-'~_,W.,. __________ _ 

TEXAS WATER COMMISSION COPY 



, ___ ..... ·, 

---

c 

0 

0 

---
,_-

---------

'-"'' ~ 
2· $+•''/ A$ 

":::::=~] e. 

------

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

------



SCHOOL 
CALLE 
DEL 

NOI\Te 



SWN: 'ts~l@l 
County: \.ue-hh 
Aqulfer(s): &o.tedo r#l 

Water Quality Field Data 

Name: ~0 1J e;-J 
Address: A ~ ()eJ/g,f'e 

,L._sv ed o. 1 x 
owner's well # ------------------

Sample N·o. dtJ?- o 7 
Date:/;< -1-/b 

By: J, b erv'o,.J 

Bottle1 Bottle 2 Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Total 3 SUB-
500 ml 1 liter I I d-e..- 1 liter Samples 

I ml 

1{/,f(/~J~ H1V03 

LNdr,c.) () I /t_ . StlpU 

Time in Starting pH 

Water Level 13.Z LSD Remark 9/.4 f./C.- Time out Sample time / tJs/6- mi. of 0.02N to 
• 

well use L:x:v;tes/;c.. Temperature (00010) ~z.· 3 c Weather mi. of Sample 

Specific Conductance (00094) i?. 8,(0 umhos/cm Outside Temp Ending pH 

pH (00400) g. 8jL Sampling point .Pave. e...f-~~1- t..Vt:--1 / 
Eh (00090) mv. Time: l/tJZ5 /tJ.YJ 1/£13.5 ~~~ lt46" I~ mi. I pH mi. pH mi. pH 

"henol ALK (82244) ;]<...j mg/1 pH: ~.'37'1 'iU~/ '8'. '3'1 '!.3'.£' i<g'.~ '8'.~-r 
Total ALK (39086) :J-7(;. mg/1 Temp: ~7.1 ~7.2 .:<7.3 ~7.3 ;t7.3 ~7.3 
Carbonate (00452) meq/1 ;< f?, f: mg/1 Eh: 

Bicarbonate (00453) meqll ;<?B',c;? mg/1 Cond. k;<~~o ~/6o Pl../8'tJ /..l9tJ ~/9t!J :V./6 

Total Cations(+) 
~ 

other notes: 

Total Anions (-) fvm;J otJ vtJZZ- ' 

Total Hardness (00900) fl fL"' t73 .2 
Dissolved Solids /.320 

I 

_I 

j 

I 





TEXAS WATER DEYELIIPIIEIT IIONID 
IIELL SCHEDULE 

State llel1 ...._ - 85 29 402 Previous llell ...._ - Count)< - llebb 479 
River Basin - Rio Grande - Z3 Zone - Z Latitude - Z7 34 53 Longitude - 99 29 Z7 Source of toords - l 

Owners lie 11 Ia. ----- Location ___ 114, ___ 114, Section ___ , Block ___ , Survey ----

Owner - Dr. Erlque Benavides Driller - David E. De La cruz 

lf.ldress..S/0 !¥ht.v...,L,o1J.._( Blvd. / ,.,-J,"';f.1, Tenant/Oper. ----------
Date Drtlled - lZ/11/1975 Depth - 300 ft. ~ of Depth - D ·.Altitude - 480 ft. Source of Alt. - II 
Aquifer - 124LRDO LAREDO FIIIMATIOII lie 11 Type - II User -

IIELL Const. Casing 
IDISTRUCTIOII Rethod - CABLE-TOll. I Casing or Blm Pipe (C) 

Cllllp let ion. - PERFIIIATED OR SLOTTED 

llaterlal - STEEL 
Screen 

llaterlal - STEEL 
I lie 11 Sc:reell or Slotted Zone ( 
I Open Hole (O) 
I ee.entec~ t~'----to __ 

LIFT DATA - ~ Mfr. ------- Type - SUBMERSIBLE Pill' llo. Stages -- I Di•. Setting(feet) 
I (in.) F~ To 

Bowls Dl•. - ----- ln. Setting - ---- ft. Col-. Dta.. - ----- ID. I, _________ _ 
11 c 7 

Motor Mr. --------Fuel or l'oller- ELECTRIC IIJTOR Zl S 1 
31 c 7 

YIELD Flow- ___ GPN ~ --- GPN Reas.,Rept.,Est- ---- Date- ---- 41 s 1 

51 c 7 

0 
185 
205 
230 
252 

185 
Z05 
230 
252 
300 

PERFORIWICE TEST Date- ---- Length of Test- ---- Production- ____ GPN. 61 

Static Level- __ ft. ~ing level- __ ft. Orlllllbm- __ ft. Sp.cap.- __ GPN/ft 

~In (~ns- _______________________ _ 

IIATER USE Pri.ary- UIIUSEO Secondary- ----- Tertiary- ____ _ 

OTHER DATA AVAILAIBLE llater levels- M Quality- II logs- D Other Data-

WATER Lrnl.S Date- 1211111975 
Date- I I 

Recorded By .... / I I 0 ~rio tJ 

-76.00 
lleasureEnt-

Date Record Collected or Updated- 12/0511996 

71 
Bl 
91 

101 
111 
121 
131 
141 
151 
161 
171 
181 
191 

1------------------------.-
Reporting 1qelrcy - TEXAS WATER IDELOPIIEIT IIONID 
RDWIKS- uY/lJ- """14;;e. w,// ND-f. -AJ/ fl"ee .. 

Unused doEs tic .a 11. lleasured 
yield 25 GPN with 125 feet draw
down In 1975. ee.ented ~ 0 to 
1110 arxl 259 to 270 feet. 

Aquifer - 124LRDO 
lie 11 Ia. - 85 29 402 



Hl 
le•lll orLJL,..l con "' State of tUM Por Ml 1110 ••lJ 
UI'UftH .. n to Ct.. .. u ... IF#;~ ' 
T..ao Your O.woLo,..•t h.-r<d Locat.H 011 .., • •• • 
r. o. los 11017 

trA.1'D VIU UIOat' 
lecot.n4: 7'--,--.-

~U•, T••• 71711 ~ 

UIIIIIIIJ ·--• Per•• a-... t .. -u •rill .. 

··::~: ··~ 
~aaa -.. .. "';'l .. ~ :2 .. 1 .. ll i l•••j "'1xa· 

(lt .. ) {Stnec or II"D) (Ct./y) UtUI' 

...... _. • " • Addrooo I • 
(-) (Stnet or UD) (ClC7) (Sc.co · 

Zl"""-'n .. or VIU.• 
J. .,_., •.t..;.:. L .tleo la 4lncct.M. &.. I.• a•• • • • t ... 

Locoto by tket.cb up ol>ovi .. la~rru. r~.. cr•-:::; •• "" haol locut.oa vUb cU.uanc .. ..-. •t.rtcUou . ... 
11.1..,. .... r, ou.• 

~~ 
.. Jacnt aecu ... oa "'n.J u. ... ..... ""-v~ ~ X/,u - ·'II- -1 AbSU'IKt ... 

(Voo rnouo oldtl lf MCOI...,.) c-. Dlo SlOt Sit) of S.CU• 

llrrn or ~ (a-kl, 4)-111 US& (a-k)• S)rrn or IIIIU. ~-~· ...... u 1t Deep.a:Lq aa..nt.c l•tanrtal Mllaict.pal ... ..., .,.._ ... 
, lecoodtUoatq Pluatua Irrtaattoa Ton Voll OtiMr X CMlo X Jot ... .. ... 

6) Ull.l. t.OC: 
Di.-tar ot h.ol,. • . ln • Depth drilled ~- ft. Depth ot c~loce1i -a ,~~ 

ft. '•t• drt.lhd 
. ... 

411 •a.ur-....:a --.do fr- ,) ft.~ 11'0111111111 lavd. 

, ... To . DucdpUoe _. colft of t) Cui•: 
(fe,) (ft.) for..U.oe .aerial ,.,., 01. X - sc .. l X lluctc Other 

1 - -r~ve~ 27S. ·' ;....,,. t•r sa 1'11 c_.cH .... .... f<. to . . . 
2'1 ... 1:::1-rra claT 2 )5 -r_•ll•\1 aa:ti .t.:'lt 

~==~ 
S.Cct!l 

1~ 1ae •ro:r u.t.iT a&alo 
, ... < To " ., ... 

7 •••• 1 :'t. a ;..ve awr:f' ::a :..7 
12• n• 'olator .... 
no. , ;., T'rT •••• ., .:..to 
1 ._, ,~. . ~ . ... 10) SCUD• ,.,. ,.,. nc - ..... , ' 

Pfl'forated Sloe eM :c 
1 • < ,.= .. . 
,,.,, -•• •• ,,IT a ,to ~!::::~ Fra.. fft.~ettiq To tft.) 

Sl;:t 
:"1•' Hu 

t ·-~ .. ._.,. . .,; ., •. i 1 = .. 
o:' o?= ,J, ' 

. . 
-'::"' ·- -.. 

<t"se revers• side lf !'leCISs&rvl 

" .:~?!...::::ros ,~~ecot! ll) OlE:..:. :=:s:s: 

StUiJht vall Gr-aval pacl.ed Other Was a ?UDIP test uda? , .. ~.: [i 'JU, 'Y ~.;"ll.' 

Uadar re ... d O,aa Kola 
Yield: lpa with ft. drft'dova aftu· --.. 

8) OiAT!R L.EVEL: 

I Static level ~ ft. t:lelov l•nd surface :late tes:----..:..._gp• with 1;..: .. .. -· 3ailet f-:.!ravdovn af~t.r --
I .\rtuian pressure ___ lbs. per squ&l'e inch ,.,. Artesiaa. :!.ow ... 

O.pcb to pu.p bowls, c:,lLDder, jet, ace., ft. t..,arature of vaur 

beleN lan4 Nrface. 12) u.tu. qu..u.:n: ... • ~.Leal -..l,ds -..Ia? Y• X •• 
:lid any strata ;;;~ntain undesirable vattr? '" ·;., 

·' 
I -:'ype of v~ter-! . . del)tb. ,, ttrat~ . 

I 
r hereby c:ucify tU.t t.b.is wll wu dt'Llhd by • 10r u.a.der 2Y •upervtsioa) &ad that 
••c:b ud aU of the stat ... nts h•r•ia are tru• :o tbe !)at .li 71'1 lmovl•dl• aDd MUd. 

iA.."'~ 

i 

+ ADOU:SS (S/t 
t (Si.JUed) t 

(CUy)~-----------------------~ ·-4SUU) --

~ . ~ .... ..,. 
I 

••Wclictoa.al LAatl'Uctiou on. rneru side. 

-



, 

I) 

Jl 

l) 

rt.h oc-4, • wt .. 
tau• Vater Dnelo,..at la•rd 
P. 0 • .,& D087 
M.aU.o, tn.•• 71111 

Vel\ OwMr: \r Jt•; I 

Wrllll-aer: 
..... M•11 

• 
latallllletl UUI lrllllu•=lD; HuatcL,alO; 

lute o( r ..... 
VATD WELL 

C(JCPLftlOIC AHD PLucc;tRC UPOIT 

7,1 [,j ,;t,WI I 4 
Stu• it or III'D 

trf.taatioeO; 
Street o~ 
Do.latlc ' Stocii:O; Other 

L .... ,-, 

• cu,. 

Clt7 

for Ml 11ea yly E 
Woll •• !j" •#lf• 'f 
fon~ elf )J recdwed ---
fora ell S4 re.u L•• ----

Teree 

• . .... ..... 
I 

4) Locet\on OtWell: Couftty' __ \la'aa..<AlJiL ____ t.abor ________ Learue _________ Ab•tuct Mo. _________ _ 

..,... nt SWot SEi of Sactt.oa---------llock 111. ______ _...,.,,. __________________ _ 

(l:lrcla aa .. ..,. •• ~cacM~) 

-4-•11•• lA lliracU.o• fna Lprele Dee re.araa &idtl to tUtela .., of .. 11 louUoa ahotrt.c •tauacas 
(Ill, SV, • tc . ) Town 

fro. adjacaat sectioa or tuE"YaJ LIAat 1 or to Larllll .. rkl, roads, sad creaks. 

5) Dri llu_..JitatLlYt:lL;~L.JC~-•f.•L..II.,,L-'C....:r:.o4Ll''------leliUra t to a Ml.aber __ _.o..,7c..... ___ Addreu 2 '21 Q L 1 'r• e 

6) Pu"ty eo.platial Or Ph.utaa Vall a.,s..u·attoa a.Nr _ _,,_:.._ __ Addra.. I a 

7) OrUl..t ,, f ,, I ulS. DYID; C.bh Tool£;iJ; lot.nyQ Othar· ___________ .o.m. .... Wall ... I' _ _... __ _ 

9) Call~ aftd c ... at: 

OL•aetl!r '"' ln Ol~!lt teft ln iolell Cl!"'lo!nt Baskets or Cesen t 
(ln.ches) ::rOI:II (fe1!! t) ,, (feet) 7r011l (feet) to (feet) ?ack.ers, :)epth (fen) ,,_ (het) ! To (feet) 

c . ' 
. ' . - . . ' 

tO) W•ll Lo1: All Ma•unMaU ...ta fr.-~eat ........ 
around lr.-.1. 

11) SUtch Of Vall: SbCN' .. tho4 of coa,lettoa ntlf/o-r plug ina 
iDCludinc all cutna sail c ... atecl lato~rul.i·. 

rr.- To 
(ft.) (ft.) 

O.scrt.ptloa. aad color ,f forutt.oa 
utert.d 

t2) f'resh ~•tcr•Be<lr1.ng Zone(s): "'ptb in :e~t to top ot"_+-'.;<-... _____ , Thi.:ltn.eu-2..:_fect. 

lJ) UIMI.esinbh Wuer•8.urt.nll Zone(s): Depth ln feet to top of __ ..:J1~-o2;.aa.· ___ , Tbi.ckness...2..-faet. 

14) Static W"aur t.nel(s) ?i. t .. t below laad surface. Vas the water 1-el !lllll!asured after paoatnttna the first .,.r.er--bca-rlnl 
zoneD, or <lher drill inc to tout depth0? Check appltc.3bl• box(s). 

l5) Oescrlbe in Jet.atl the type, vol•.ne 01nd :~~.anner of placftai!'Dt of dl C:II!!IM!nt Indtcau :tepth to top of c:e~~~ent !)ahlad each cast~g 
strt~g. :>eH::-ibe ltW ~LV1!! ;:">l!:"eo!~t .;.f Jlt .:e!llent .aJdlti.vl!s: _____________________________ _ 

~6) :.ias uncle:s~r .. bt<~ ·..-.Her t!!ltc~·~s i.:.:-. 
If !10 ::lesc:l.:.e :aeth.:lc!(~) use<.:!. 

~8) 

--~----"'-'---------==~- certify tbitC the uadeeinllla nur azclustoa O't' reteottoa o-r plualftl op~ratia.s 

were performed i.tl. Ule :aanner described .above. 

T'WOt!E GW 55 



, 

Send Original Copy by 
Cortified M1il to the 

For T.W.D.B. JISe only: 
Well No. S".s--.; ?· Jf"E 

Texas Water Development Board 
P. 0. Box 12386 

REPORT OF Received:: ____________________ _ 

For= GW 7'--------------------
Aultin, TIXII 78711 UIIOES1RABLE WATt& Fol"lll GW 81 _________ _ 

l. 

For= GW 9•----------

To be completed by w1ter well driller. (Type or Print) 

1. Woter Well Driller: hyi4 .... I.t Cn-
Company Name• • • • 
Address: 211' !.i erl• Marr<Jlt 'l"t311 

(Street or RFD) (City) (State) 

J. Person Having Well Drilled:----------~~~·---------------------------------------

6. 

Addr•ss: ________ ~~------~~~------------~~~~--------------~----~------(S treH or RF1l) (City) (State) 

----~~-------------Labor _____________________ _ 

~----~--~------------------Abstract No------------------------------------------------Block __________________ __ 

------~------------------------'direction. 
(NE,SW,etc.) 

Has a Water Well Report (For= GW 7) relating to this well been forwarded to the 
Date 1 /1•r· Texas Water Development Board? Yes No ________ __ 

_!i :!:'· please ~ ·~ ~ Report~ this form. 

, . I d~ hereby certify that in drilling, deepening, or otherwise altering the a~.Jve 
.:!.;scr:bed well_. water injurious to veg~tation_. to land, or to fresh •..-ater- has 
:-=en encoL:ntcred and the landowner or person having the well drilled has been 
~nformcd that such well must be completed or plugged in such a manner as to avoid 

~:::_~=·_· _o_r_./c.,o..:;/._1 ·---~'-l-O.L.L'--..,.}'-_,(._------

Reg. llo • ____ __t.{..;·__,7L-------- (Signed) 

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

1. do hereby certify that I have been informed that the above described well 
encounter~d water injurious to vegetation, to l3nd or tu fresh water and that the 
~ell must be cvmpleted or plugged in such a ~anner as to avoid injury or pol
lution. 

Date'-------'------~-'------------
,ft_ • __ -. / ·-(Signed) ________ ~~;_ ____ -0~---·:.....~=--:.....===------

(Landowner or person having 
•,;ell drilled) 
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TEXAS IIATBl DEVELOPIDT IIOIIRD 
liEU SCIIEDII.E 

State llell lkaer - 85 29 706 Previous llell ...._. - County - lle!Jb 479 
River Basin - Rio Grande - 23 Zone - 2 Latitude - 27 31 41 Longitude - 99 28 55 Source of Coords - 1 

Olmers lie 11 llo. ----- Location ___ 1/4, ___ 1/4, Section ___ ,, Bloct ___ • Survey ___ _ 

Owner - Catholic CeEtary Driller - David E. De La Cruz 

Address .P tJ. !Jox .:<36~ LodedtJ.lx Tenant/Oper. 
Date Drilled - 12/08/1965 Depth ~ 236ft. §O:irte of Depth - D Alti-tude-----464~-f-t.-----::-Source--o-f-Al-t-.---N--
~ifer - 124LRDO LMEDO FIIUIATIOII llell Type - II User -
liEU Const. Casing 
taiSTRUCTIOII Nethod - IIYII!AIJLIC ROTARY llateria 1 - STEEL I Casing or Bla'* Pipe (C) 

Screen 

~letion - PERFORATED lit SLOITED llaterial - STEEL 
I lie 11 Screen or Slotted Zone ( 
I Open Hole (0) 

I ee.nted fro.'-_to 
liFT DATA - l'lalp ltfr. ------- Type - SUIIERSIBLE Pill' llo. Stages __ I Di•. Setting(feet) 

I (in.) Fro. To 

Bowls Di•.- -----in. Setting - ____ ft. Col ... Di•. - _____ in. I _________ _ 

llotor ltfr. --------Fuel or Poller -ELECTRIC NOTIIt Horsepo.er -

YIELD Flow- ___ GPt1 l'lalp- ___ GPtl Neas. ,Rept. ,Est- ---- Date- __ _ 

PERFIWWICE TEST Date- ---- Length of Test- ___ _ Production- ____ GPtl 

Static Level- __ ft. P111ping Level- __ ft. Drihldown- ft. Sp.Cap.- __ GPtl/ft 

~In(Raans- _______________________ __ 

WATER USE PriEry- IRRIGATIOII Seco~ry- ____ _ Tertiary- ____ _ 

OTHER DATA AVAILAIBLE llater Levels- N Quality- y Logs- o Other Data-

WATER LEVELS Date- 12/08/1965 
Date- 12/04/1996 

NeasureEnt
NeasureEnt-

-76.00 
~.50 

~ecorded By ./ , ./) e- rYo A) Date Record Collected or Updated- 12/04/1996 

~eport i ng Agency - TEXAS IIATBl OEVELOPIEIIT BOARD 
~EJWU(S - /77 f = %/ o{ {A.:;;v{ 

-r (), 7/ 

11 c 7 
21 s 7 
31 c 7 
41 s 7 
51 c 7 
61 
71 
81 
91 

101 
111 
121 
131 
141 
151 
161 
171 
181 
191 

0 
175 
195 
212 
232 

175 
195 
212 
232 
235 

1--------------------------------~ 

Owner's #1 .ell. Neasured yield 25 
GPtl with 64 feet drawdown in 1965. 
CeEnted fro. 0 to 175 feet. {/AJq6/~ ~ 14.1-'-t.~'i- c-lnJ~. :-~\ 

we-// ~~""'f.$ IV ..,to 1ffJVI.Id .5Yc>'" ,~ ~AI./I:...(::.e-m""'r_j. 

Aquifer - 124LRDO 
We 11 llo. - 85 29 706 



ru .. actataal cot'7' • 
taaa V..t•r o ... ~ ... Jo&rd 
P. o • ._ 12316, C.pitol Sc.eU• 
..... u..~ '1' .... 71711 

l) llell Om•r! Catholic 

2) . LaM ()lraer: Catholic 

Stat• o( t ... a 

DRILLERS LOG AND wtLL DATA REPORT 

Cementerv l2l9 Saunders - __ ... 
Cewentery 1219 Sa,mders - -·-l) Iac.....,M Ide: Iachau:rtalCJ llt.&aic1pal 0 llrri.sutoa 2f IOt.bu 

., 0, -1 

.... , 110. 

Laredo 
'"' -I credo ... Texas -

4) Locattoa of veU: Couaty· _ _:We::.:.:b::b:_ _________ !Abot ____ L ..... _____ Abac.ract Mo. ____________ _ 

~ '!,IL~ ..!~ "t Sectioa ____ lloclc No. _____ survey ____________________________ _ 

r-•1.1 .. ia_--;;r;:;-::;:,--'directi.oa 

,,,. Laredo '"t"eXa.s ·-

Sketch u.p of ••U locat:l.oa vitb di.ataac•• fra. two aectf.oa 
oro turve liaaa and to land!M.r-lta rHdS and creeka. 

[ CALLERS LOG OF WELL 

1 !1etbod of cf.ri.lliaa:_-=S:.:t:;a::.:n!:c==o:l:;rC:::.;:-:_.:r:.:l.::.. -':._ ______ Dt••tu "t hole 8 ~ irl. Data dYilled __ .;:l:.;2;;,/<-._3;;,/<--':.: =5'------

I 

' i 

I 

~~~ (~:, 

1 3 

3 15 

15 26 
26 36 
36 1'~ 0-

162 171 

171 175 
175 1 195 

Stnipu:: wall 0 

Gravel p.ackad C 

Jpen hol•O 

All mu u - .. sr• ta dafr ,. 0 
oa.sc.npti.on aa.o color of ,, .. 

fonu.tion 'Utaual _l_lt) 

Surface 1 Q <; I 
Yellow rock ' !l2 

~rav co1av 
... , 

:.rater sar.d 
Gray sandy shale 

;Jet sand ( humid ) I 
Grav c1av i I 
.-iater sand 

COMPLETION DATA 

CaotPLETtON 

~pa: Old~ YewO 

c-anted fr::.. 1 :o:.. 

i " J 75 :c. 

i 
:~~uater: Settl. 
(~:~.c.bas) :r::.. rrt) 

' 
1 .. ~ .. :~:~ i Z"n_ n 

I 

I i 

u 

ro Daac.riptloa. &ad color- of 
(f!]_ for:satioa Mtar-~&1 

', 1 ~ '"!.,..~- ~,.,,-l, •1 ... 
232 ;·iater sand 

"-'" czray C.Lay 

i 
(t:te c.onti..n\l.&ttoa thaau if :IK .. aary) 

SCIEE~ 

typ•------------------------------
Perforated 0 

,. " 
""~ 

I 

E'Lea.se attach clectn.c. 

Stat1c 1.1.ater- leval __ ..L..o"---------1 
ft. b&law ___ s;:..:u:.:r;..f::..oa.;c;..e.=... ________ _, 

140 

?uap 1.nS laval 
!'\ours ,_ 

:s 

W.cTER LLVEL AND PUMP OATA 

Puap t~p·---------------------------------------------------------------
O.a•&ned pU1111pot'll rata ____________________ a;pcC Q--- _ 

Typ& pC*er .. zut _____________________________ __ 

O.,th to ~owl a, :yll.nder, ju, etc. , ____________ !t. bela~~ pl.IZIIp ; 11 ~ 

<:"/' s-- 7Cf _/A ~ ~of c.ou.tY&ctor- teStll'll well or in•tallln& per2.1..aent p~.ap i.f. other than ~-o,.r c~any: ______ ;..;<_,_•....:: · _ _,,c."-'-'j_'-_.!.f_''-'.:._..:~""''----



_ /)1 c. Pl. e. ~so.J 

()~.{, .. ' +' 
/?)a •• ri .. N•"' e. 

/ 

D 
70(, @ 

loti- @ 

k-~-.1! .. , 

Mapped, edited, and published by the Geological Survey 

Control by USGS and NOS/NOAA 

Topography by photogrammetnc methods from aerial 
photographs taken 1964. Field checked 1965 

Polycon1c projection. 10, 000-foot grid based on 
Texas coord1nate system. south zone 
1000-meter Un1versal Transverse Mercator grid ticks. 
zone 14, shown 1n blue. 1927 North American Datum 
To place on the pred1cted North Amencan Datum 1983 
move the pro1ect1on l1nes 27 meters south and 
32 meters east as shown by dashed corner t1cks 

Red tint indicates area 1n which only landmark buildings are shown 

Fine red dashed lines 1ndicate selected fence lines 

Areas covered by dashed light-blue pattern are sub1ect 
to controlled 1nundat1on 

ZAPATA 1+7 MI. 

UT~ GRID AND l98C ~AGNETIC NORTH 
DECLINATION AT ·:E~TER OF SHEET 

Rev1sions shown in purp~~ sompiled from aer:al 
photographs taken 1975 acd other source ~ata 
This mtormat1on not fieid checked Map ed1ted 1980 

Purple t1rt Indicates exters,on of urban areas 

(' 
L 

FOR 

?5S-2/-7ob 



SWN: 
County: 
Aquifer( a): 

t>--.z?-?rh 
We-6h 
k-o.rec/CJ "rHt 

Water Quality Field Data 

Neme:Ca.~bc. ~rr 
Addreee: [(? &x ;;;;:~ 

LO./"ePOT;<.. 
owner's well #-L---------

Sample No. ;!rj -0 7 
Date: /i< -:zl -?0 

By: . .../ , .berri}A/ 

Bottle1 Bottle 2 Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Total 3 SUB-
500 ml 1 liter I / der 1 liter Samples 

I ml 

~ H1V03 

(Ndr,c.) Naf{/r/&(Jw . 
Time In Starting pH 

Water level ~O,!g:) LSD Rema!i( ~,(_ Time out Sample time /.3 S"' ,s- mi. of 0.02N to 

Temperature (00010) ~7;0 c Weather well use l R. R mi. of Sample 

Specific Conductance (00094) 0?. 3')10 umhoslcm Outside Temp Ending pH 

pH (00400) 2{.70 Sampling point U!sD /4,qe ~/, / e--J/. 
/3/7 '/-=i2S 

, 
/~ ),3---;;;;. /35Z.. oH Eh (00090) mv. Time: /.3~ mi. mi. pH mi. pH 

'henol ALK (82244) ;<o mg/1 pH; g,bl, : 'i{.t/1 :-t.s? Cf.67 5f.7o ~-70 
340 Temp: ~6.o ~.3 ~.~ i;il.tJ ;z7,o :;1...7,6 

-
Total ALK (39086) mg/1 "-
Carbonate (00452) meq/1 ::<'/ mg/1 Eh: 

Bicarbonate (00453) meq/1 300 mg/1 Cond. ;?6oo :»,7o '~ :::l.JL,. "? "27/'.) ~::.,"k 

Total Cations(+) ~ other notes: 

Total Anions (-) fv.mf' oAI/317 
Total Hardness (00900) r 
Dissolved Solids /3.33 -





TEXAS WATER DEVELOPIEIIT BOHtD 
WEll SCHEDULE 

State llell lllllb!r - 85 29 707 Previous lle11 ...._. - County - Webb 479 
River Basin - Rio Grande - 23 Zone - 2 latitude - 27 28 30 longitude - 99 27 46 Source of Coords - 1 

Owners llell lo. ----- Location ___ 1/4, ___ 1/4, Section ___ ,, Block ___ , Survey ___ _ 

OWner - Fausto Berwudez Ortner - lbJds Drill lng Co. 

Address 3 ;?:?4 slew~ d; Lqre.do";["K 7'8'o# . TenantiOper •. --:---=::-::-:--=---:--:----
llaite Drtlled - 06/2411!184 Deptll - 260 ft. Source of Deptll - D Altitude - 465 ft. Source of Alt. - II 
Aquifer - 124l.RDO lAREDO FII!MTIOII We 11 Type - II User -

IIEll Const. 
COIISTROCTIOII Method - AIR ROTMY 

Casing 
llaterial - PVt, FIBERQASS, OTHER PLASTIC 
Screen 

~letlon - PERFIIIATED lit SLOTTED llaterla 1 - PCV, FIBERQASS, OTHER PLASTIC 

LIFT DATA - P~Mr. -------- Type - SUIKRSIBLE PiliP llo. Stages __ 

I Casing or Blri Pipe (C) 
I lie 11 Screen or Slotted lone ( 
I Open llo le (O) 

I te.ented fro.'---:_to.-:-~ 
I Diu. Setting(feet) 
I (ln.) To 

Bowls Di•. - _____ in. Setting - ____ ft. Cola.~ Dl•. - _____ in. I _________ _ 

Motor ltfr. --------Fuel or l'oller- ELECTRIC IIDTIIt 

YIELD Fllllf- ___ GPfl Pulp- ___ GPfl Meas.,Rept.,Est- ----Date- __ _ 

PERFIItiWICE TEST Date- ____ length of Test----- Production- ____ GI'fl 

Static Level- __ ft. ~lng Level- __ ft. DrChldolm- __ ft. Sp.Cap.- __ GI'fl/ft 

~In (Rearts- ______________________ __ 

WATER USE PriEry- IXJESTIC ~ry- ____ _ 

OTHER DATA AVAILAIBLE Water Levels- M Quality- II Logs- D 

WATER LEVELS Date- 06126/1!184 
Date- I I 

-52.00 

Tertiary- ____ _ 

Other Data-

Recorded By j , j)e,~ tJ oate Record eo 11ec1e11 or Updated- 12/05/1996 

Reporting Agency - TEXAS WATER DEVELOPIEIT IIIWID 
REJWIKS-

Measured yield 30 GPfl with 115 feet 
drawdown after pu11ping 3 hours in 
1984. ee.ented fro. 0 to 30 feet. 
P~ set at 231 feet. 

buJ A/eJ.,L l/J.sif ..f-1,.$~//. 
v ..v~l~ lo c~~(;.+ oc.u~er. 

11 c 5 0 200 
21 s 5 
31 
41 
5J 
61 
71 
81 
91 

1DI 
111 
121 
131 
141 
151 
161 
171 
18J 
19J 

200 260 

1-------------------. 

IIIJ!ifer - 124LRDD 
lie 11 llo. - 85 29 707 



-Pw ... d' ot...:• 
State of Texa.. Send or••NI cogy wy T••• w..., w-11 o, .. ..,, lo.a 

ewttfr«< m.d to Ute WATER WELL REPORT P.o. a..,_, 
T••• o.....,.,. •• n et Waw ...... ,... 
rt. o .•• 13011 AniNTION OWNER: C,,.fift,.nJil)l Pri"'Wtr .Yohc• ~~'~ a:,wrw Sitk 

,.,..,..,, ... ,.,,, 
Au•ift. T ... 11711 

11 OWNIII lal.lliltl:l Il!IIJIII,U:I liZ Add<- J~;:Q Stewart I.e.redo 1 Texas zao41 
IN.,._l lit,..._ or '"DI ICII¥1 ·-· IZioJ 

21 LOCATION OP WILL: Well located....e.Jt. east city limite lineat dead end. I.e.redo 
"""""' lllebta ditiK'IH)I't ,,.,., 

rN E. S w nc.J !TOwlwnl 

0 Latol-·-: Onllet _. ~ tN Jtgll dllcrliption toN,..,_. Soct>onNo. ..... No. T-
with dilunce end clir.ct•on front two int.,..t"'t ._. 
t1on or lllfWY liNI. ot M ""* Loca•.., idiMtfy 1M --No. s..n..,-
well Oft 11'1 officill Querw.. or Hetf • ..._ Tua Cot.tfttV 

Oistllnc:. .-d dirctron from two intenct•"' section or.,.~ tine~ a.n.r .. H~ Map .nd an.actt me .,...., ta thit form. 

~-- ~- .:IQ- , l'l 
31 TYN OF WOIIK IO..Oh 41 PA~ lAIICheclll: II DIIILLING MITHOO IOooctol: 

~-- Ca.-•"' o-. .. D•-• o ... bl .. ,....... OMudlloiWV 0 Air H.,.,... CJ Oriwft o ...... 
CJ R'ICOftdibOni"' o ........ C%J rruJitton 0 Tnt Well 0 Otn.r IA,r Rotary Cl Cable Toot o ........ oo ..... 

II WELL LCQ: OIAMIETEII OF HOLE 11 ICIRE,_E ~LETION: 
oea.un.) "'-11tJ To llt.J oa.-,_ O~tWOII OI.Jndor-a.- oa.- ....... lie- Ci.l!lli ~ JlQUQm ;:6o• 

o ... '"""led 6L2 Sia!t 6 1/4 260 If Gr ... Ptckld JN1 tnlhtr'ltai ••• tram h. to It , ..... To OftO'•Pt•on lftd CGIOf" of fonna(ion II CASING, 8LANK PIPE, AND WELL SCREEN DATA: flt.l {ft.J "'-ter .. l 

0 4 Topsoil 
':: N- StiNt, Pt•tiC, etc:. Sen•nv (ft.l G ... - o ... 

yell.aw HnJ Oft ,..,., .. Sloct8d. etc.. Casoo 
4 25 Siltstone ~ Screen Mgl., if CQft'lfMI'C* ...... I To s.. .. 

?C ?nc c: ..... .'l, .. " .. , .. ... ,.....v "'"' h .. ~ P.v.c, nlain 0 200 
,oi; 2~6 Sand. £rav 5" ne .. p. v. c. perf. 200 260 i" 
256 260 Shale gray 

91 CI<MENTING DATA (Rule 319.4tlbl) 

Cemtn11d from ~0 ...... Sucl:ace h. 

ft. to lt. 

Method \.-d Basket ,5; !:it:al!:i :t;:..: 
c.n-...... Wggg§ Qdlling Co. 

10) S\JRFAC£ COWLETION 

C): ~if" Surf ICe Slab I ntc.lled {Rule 319.44(c) I 

0 PitleaA.-ow Uted {Flute 319.441dl) 

0 Ac>prowel Altametnre Proadure Uwd {Flu._ 319.711 

11l WATER LEVEL 

Stetlc...,_l 52 o. .. 6h6L84 D 11'1111'1\flr Ill tt. belOw l.enclsurfllce 

n - 1111 ... ,....,.flowDQne ....... O.tw 

.. II. :.. 12) PACKERS: Tv .. o.,., 

.IUl. 'V aiM none 

__.,.ur 
131 TY~E P'\AIP: ....... ~ 
0Tu~ OJ"' Ills.-.. ... 0Cvtindlw 

oo .... 
(UM rev..-se $Ide 1f f1KHUI"'WI Depth to pump bowls, cylinder, 1et, etc., 2~1 ft. 

151 WATER QUALITY: 

Old you ll.now•ngly penetrare •nv strlta wtlcl'l conuun.::l uN:tn.rabte ,., WELL TESTS: 

-•1 ov .. 0No TvpeTnt: ~Pump ~a ••• .,. 0 Jetted 0 Esttmarec 
If yet, SUbm•t .. REPORT OF UNDESIRABLE WATER" 
Type of ~ter~ I.j gh t S 8 1 t Depth of strara 205-2 56 y,.,., )Q gpm w•th .1..l..S..__ ft. dra'Ndowf'l aft• _L hn. 

Wn • chtt'ncat analvnsmade~ Ovn C]:No 

___ ~,..... 111'1 c:.mfy that m .. _.1 w• d"Uell _D'I _,.lor "'I'CI.,. '"'I tu'"'"'isiOnl -'CI tftat INdio anc11 .,, of tt\e stac-cs ".,.,, .,. trve tO~ bftl of my 

lit "ow led• .rid bet ref 1 u..,Cierst.,..d '"•• tall~o~,. to complete ,,.,... I tl'lro..a 12 Will ,_,., ;., tfM lotltl tte•n9 reto..ar.,_, for c:ornpletro" •f'CI ,....,timon•• 

COMPANY NAME t!acds [l:dJl iD~ gg, W;uer Well Driller's Ltctnst No. 2220 
(T..,oe or P'rrntl 

ADDRESS P.O. 6489 Laredo, Texas 78042 

'L !Scr.- • ;:) 
!City) !Sg,eJ IZiti;J 

(Sitnatl) ~~· _, I.J '• ..L / £Sitnodl ?:( s-,;zi._-7a7 
~-~ 

~a. ···-W-W ... Dnl"'l ,,.~•eel Or•tter Tro~•,..l ::,TN'::'ft 11M ii-,;)Q• ~~ .. ICtf chemical Jl'lllysis, and other pertirmu infOtmation. rt millible. 
Loc..ted on -.a 

v 
DEPARTMENT OF WATER RESOURCES COPY 

TOWA-0392·! 12.''29-'11:31 
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Cyr../oNe .fellt "(. 
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LAREDO 
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Tens Water Development Board 
Well Schedule 

StateWcUNo. ~~(7l 0 !i! I PreviowWeiiNo. j I I I I I I I J County ~!J i ~ 7 9' 

River Basin £·a Un:.~ 1.2~ I Zone ~ l..aL ~[J@ I 11~1 long. :0~?·91 ~ .3 ~ ?:.: 7 

Owner's Well No. 

.>1( ,(! t..) c.o ,._,_ 
Loation _l/4, __ 1.4, Section __ ,Block , Survey 

( - U/~ J-r'-, 

Addras f06 A/, /11 Ji ~c'-'f?.._/ ~!:;f:/ Tmantl~r. -of-:-7~.lc:::;..2.;:_-__.:;¥,....::;;.2;;,:.2.:;:_::;9 _______ _ 

Due Drilled rn rn I I CVM I Depch I I I ;tid 10 I 0:: Daaun a Altitude I 'Iii 51 oi ~~·~·.;~m 8 
Aquifer --------------L/141'f@V?b I I ~~ ~ liser .___!........_.....~--..__...__. 
Wdl 

Bowls Diam. 

Const. 
Mechod 0 

Casinc 

------- Material 
5-ke/ M ~...._ ____ t=J 

Completion 

Pump MIT. 

O "Scree 0 
------- Mate~ ::----=----
----- Type _....::;..5.;:_~~~...;._· _@No. Scaca 

-----'"· Scttin& ----- ft.Column Diam. 
____ , .. 

Motor Mfr. ------- ~~!~' ----"e~fec..=::::::=-:..' _ 0 Honopower I I I I• I I I 1 

Y'teld Flow --- GPM Pump -- GPM Mns.,Rcpc..Est. ----Date ~--

Dace ----LonpofTesc --- Production ----GPM 

Sratic Level -- ft. Pumpinc Lcvd --ft. Drawdown --ft. Sp.Cap. -- GPM/ft. 

Quality (Renwks tJ4.J dfjl. t-J-.. · u...Fed2 -£ r V6..~ 4../.:;;C/, t....Jt:ll..rt:._ 
· J r , 

Water Ute Primary l)o._ [El Secondary D Tertiary 0 1 

Due 

Due 

Da'c 

~ .. ~ ~=ty [YJ Lop 000000 ~ 00000 · 
~~ l/l~114l Mno. I I l3kl·~ /-O / 

10 

CJJDJIIIIIMns.IIIII·CD---
[JJDJIIIIIM-.IIIII·CD---

I 

14 

I 

' 

C..1ng or Blank ?:pc I C) 
W.U Screen or Sloncd Zone (51 
Open Hole (0) 
Cemenrcd fiom ro --

Oiam. 5etring (feer) 
li 1.1 From To 

lc IC ' 
I 

i 
! ! ' 
; I i 
I I 

' I 

I i ! 

ll ' 

i 
I 

! 

i I 
I 

I 
I 

I 
I 

' 
! 

I 
' 
i 

I I 
! 

Recorded By 
Dare Record Collcaecl 
or Up<lotal 

(20 mu) 
R """ 

Rem.uks 1 

i 
I 

' 
' I 

i 
! 

' 

' ' 
I J I 

i 
! I 

! 
i i 

J 
I j 

JJ 
i I 

! t 

J 

v-tf~ l ; ...or JV 
1'7 

frl~ r/.16 

.E/«.. /l ... e 
A.:.le. ?1G 4 

, 

' 
9l.OJM 

..... ! .L_( ":!. <L c. 11'1193 
p . ' / 

I 



_i+ Q ..... :.>l 
/3.'<)0 

7,¢7 

.:1),(;. 
. ;; .,_o 

;3,:,)_~ 

7, )(:, 
:; c;-,cr 
7.330 

11: i r 
7, <S~ 

~ -- - -· . . 

~<;.l.o 

7 310 

- . 

n..~j. ~./1 ·' .. .,; 

I 3 .'I ~ 1 ~ ;~"' 

? ' 'S" I 7. o _;. 

.2 ~ .l. ....2. .CO. 7 

13'3<.) 7ll(-J 

13;':::.-:::,-

7, )i 

.;;.\,) 

7 {(0 

\ ~?'/~ 1="c.. _,..._~ a • J • «.i..) . P\ 
1 

1-::J · -}. __ <•c ' 

)--..:,.-_· '· .:..- w .. .._.-h,[l ~ .. _.t..-1 
""'.;:., "- II ~ i ;! • C { ..._ ~ +" - :; -.: "; <- I 

(1. p 'c1 ' ~. 

/I 

_;· ~ 1..? ,( "1 
I 

?.!16 ':JI r'* 
B 3-r Soy! 
373 c I 1 

?o!!:jf'.J• ,/G ~,, 

5,;4r 
'7/';7-19 

' __ ,; ..... 
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Mapped, edited, and published by the Geological Survey 

Control by USGS and NOS/NOAA 

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

Polyconic projection. 10,000-foot grid based on 
Texas coordinate system, south zone 
1000-meter Universal Transverse Mercator gnd licks, 
zone 14. shown in blue. 1927 North American Datum 
To place on the predicted North American Datum 1983 
move the projection lines 27 meters south and 
32 meters east as shown by dashed corner ticks 

* 

142 MILS 

UTM GRID AND 1980 MAGNETIC NORTH 
DECUPIAT!ON AT CENTER OF SHEET 



Water Quality Field Data 

SWN: es--,2.9~ 7oB 
IJd!:J L ---- . 

s"ample No. A 9- C>;L. 
County: 
Aquifer( a): i....c::c..reclo 

I Bottle1 Bottle 2 

• 

Name: )fJ, , (..-etl; ~o 

Addreee: ?O() AJ. M-/,"",..c...J..c. 

4G.r• cf 0 7 JG ¥' / 
owner's well "---------

Bottle 3 Bottle 4 Bottle 5 Bottle 6 

6 
Bottle 7 

c._ 

Date: /...L y-c; ' 
By: P, ~1<-c -

Total 
SUB-

s::i ~i:t 2ft :t£, t~-- .s~.-1 I /:1-e- Samples 3 
s N r te Ra ·o ctivity 

' 

~~ 0~ 
2
a1 

All filtered 
I~{ 

~ 0 
. 1- (Nit ) 

unless other-

(Stdfu ) IIAIDJ wise stipulated 

Time In l..l.: ~..} ~·~/ Water level 3 :l. 't' .2. LSD Remark Time out Sample time /'f o.s.- I. 0.02N to 

Temperature (00010) ;z.s-.3 c Weather /~. ............... well use ¥-(J. ,. t1L of Sample 

Specific Condudance (00094) 7110 umhoslcm Outside Temp (. 7 "F 
a.'~- fL'jOt.... 

E""'g pH 

pH (00400) ,.,,51 Sampling point 

..;h (00090) mv. Time: ll: .. Ill~ 1)15" /l.lS> /.J~ I.JJ.f mi . 'pH mi. pH mi. pH 

"henol ALK (82244) --f{;,-mg/1 pH: '1.'f1 7.$1. 7S7 ,., ... o 7.f"t,. ?,.)-t I]~ 7....s1l I!JJ'"S ? . .r:t 1'{-oo .,, S"'l 

Total ALK (39086) mg/1 Temp: ,t:l•C.. J.ct..l .J.~.). .J.~· 7 .l~-., ..zs;C. .M;3 .t..C,(.. ,.;~~S:& 

Calbonate (00452) meq/1 ;? { . Co mg/1 .liho 

BicarbOnate (00453) meq/1 253. g mg/1 Cond. "1).70 1l¥> ?Uet U"iO 7l~6 7!10 '?.b)• 7Uil 711 oj 

Total Cations(+) &b other ~tea: 
-c9 ~ oc..r,: 

Total Anions (-) ye.."" J ~vt"~~ 'tP ''.s ... tl 
Total Hardness {00900) 3~5 oA w,.,. , et. . "- / 1' .. {:. .,;:1- 4 ~ , sr; 

Dlleolved Solids 'IJ'G() r~"; p..C. ~ .6e -Gte r. -{t;A~ I 

/0 ~-
----- - -----





ScacaWcliNo. ~~l?lol~l I PreviouaWeUNo. I I I I I I I I I Councy ~6 1~7i"1i 

River Buia £:o Urc..~ ~ Z..ac @ Lat. @ZJGiZJ0i! lone. ; d ?i'fl ru ~ t: [2j 
Owner's WcU No. ----- Location __ 1/4, _ 1.4, Secaon _, Block 

. 
__ ,S&UV.y 

A.ddrao ________________ Tcnanr/Opcr.--;-------------

1 I l'+'l"' §I ~;:;_,. 0 AJtiNC!e 

k'l2 RI41Jl1ol I ~! ~ 

Dare Drilled 

Aquifer 

Well Consr. Cuinc 

------- 0 Material 
_____ o Conatnoction Method 

Lift Data 

3/. ,. I r 
Completion /'~ {f,,/(~ 0 ~~ /,-----,=----- 0 

l'umpMfr. -----Type Sc:..o~ ~No.Srap 
8owla Diam. ----1n. S.ninc .3 IS ft.Colwnn Diam. ____ in. 

Fuelor ~ 
Motor Mfr. ------ Power e(e-e.. ~ Horxpower lll.rf. I ~I 0 I 1 

Flow-- GPM Pump _lfO GPM Mas~ Due t:/"j't;_ 1 

/ .. .)f- 'i 1 I 1.. r I{.;, :~ 
Perf'ol'lftallCll Tat Dau ~ncrh ofTar l'roduaion GPM 

·7'· 7 .;.,_~.>." I !><I I 0!:.-
Sraric L....J -ft. PumpinJ Level -ft. Drawdown -ft. Sp.Cap. -·- GPM/ft. 

.. 1'1 •' I r _ ~ I _ ' 
Q.Wiry(!Umatlrs Ji09M w~t6 '-0.,..-.,..S.,ii\( - ,20 So 

7 'Xb t . 
Water Usc l'rimary • ~ _ ~ Sccon<Wy :::[:r t"' • [fJ Tertiary ___ 0 1 

Other Data 
Available 

w .... 
t..N Date 

Date 

~r ~ ~ry [1] Lop 000000 g:r 00000 · 
07J~Itf?l~~ M-Il I~/I·~V'-o7 .• 

I II 

~[ill] l;§'lrr 111 Mcu. I I I j !I· @JI_.;_--_o __ 
~ ll 

DJCDIIIIIM-IIIII·OJ __ _ 
'l 

•• 
II 

•• 

14fg lji !;,~'g.;!m 8 
User I I I I I I I I 

C..ins or Blank Pipe 10 
Well Screen or Slorted ZoM (51 
Open HolotOl 
C.menred fiom _10 __ 

Oiam. Scuinc<f ... d 
<in.) From _jo 

lc::. /f <::: ~ 
I c. 10 I'- ~ ~ 0 0 

$ 0 " ~ ~ l~ "" 1-ol. 0 

~ 0 b ~ ~ 0 " ~ b 

Recorded By 
Dace Record Collected 
or Updated (20mul R l!!!!'i n, ..... ncy Jill 

Rtmarlu I,, 
~ ... s ''- , ~ 6 " I t' I .&.. I ~' 3 ~1. ,, /1 

' 1 (.._ IS ~ -
i C~ 

~ 

l - c '<' i- ~·· .:: -~· 
(_ ... {~ '.L II. r t ~' <. • " l 

. ~ <' ' .-
J I I"- l lq 4. 7· I' I v 

• 
' 

Aqwfcr ----
• Well No_B_s-~? J::j 

/ 



Water Quality Field Data 
A c;_r-e J l> ,4 ..S ~ 

SWN: 
County: 

l]s -;;'!- 7u7 
L0 t" hlJ Neme: 1}1~ , ,-y 1/..s s 7' . 

Sample No. /) Q - /2 

Aquifer( a): 

'\ 

' h.:-.t.t -+-<~{ 0 
<f, r.. ~ . 

Addreee: · o 1/J.-:J'' C• L 11 ) "'"'' '·•') ( •. 

1_)<:.1 rl<-" ,/,_,_· .. f. '>lc .A<-'' 

owAer'a wall II ,/'-_ ~o , . d .... , ; i< ?."( ·t c 
) 

Bottle1 Bottle 2 Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 
/3 A c 

500 ml 1.1iter 1/.;~r 

Date: / -J 1- '! I 
By: /) I t:.. k'f· f -

Total 
SUB

Samples 

;.T,; .,---------------------~-_j 
¥of-

/ J . NN'D.a 
Cvihic.) 

Water level 7/, b -~ LSD 

Time In f, ;o ~ • 

Remart< -St.'' ~, Time out I/. 'u (/ Sample time '1.' J l · 

Temperature (00010) Ol 7. ,J_ c Weather c•,.- .-t. ,_. { wall use .:It,~ 
Speciftc Conductance (00094) 

pH (00400) g 7 .l 
----"umhoslcm Outside Temp {.,c ·/'~- ().....;,,

1 
1 ( ·• _ _!! j_~ 

s.mpUng point E,..f:',, f' t),,,;(, r- 114.-t;.(' 

Eh (00090) .__. mv . Time: ls·r~·I1~·-J.J!'t.Jf;l't;~·l" I lml. IDH 
llnOI ALK (82244) -- mg/1 IDH: lz'. q~: I Lit> I t'1.7 2.1 · l1 ,.. 

Total ALK (39086) -- mg/1 Temo: I J 7. ( I·J 7_II.J 7. 1.1 _51J.-r, 

Carbonate (00452) meqll mg/1 Eh: - ·--·- ·-
BicarbOnate (00453) meqll mg/1 Cond. Llc·7<..1J..:~·-Lx·;.~ · 
Total Cations(+) --&. Total Anions (-) 

Total Hardness (00900) II. 
01110.\<ed Solids wo 

s/ci lf.o ., Y,u.J 

/. .. 7 -~ .(.•... .'-J . 

1-'I<.J other notes: 
7/ 

-~,, 'l , (l f (., .• :: /. s-J ') ·1/1¥ ' .. 
t!1{ '1-. G 'J ..-./-- I ,._J._,,,t· ~ · ~ .~ 

J(1V 1"·/ , . 
f.Jul-1/)~c ·!l,.".l e :!/ ?sJ:-i ( ).-/1 ": 
~ ~ -

F/ 1-/tc.t>e.cR. 

Starting pH 

__ mi. of 0.02N to 

_ mi. of Sample 

Ending pH 

mi. lpH mi. IPH 

ft 75f Cu f/{)q \ ·-



[I] [I] 



27'3~~-·~3~6~.~~~~~~~~~~~~~~~~~-h~~~~_L_L~~~~~~~~L-~----~~~ 
Mapped, edited, and published by the Geological Survey 

Control by USGS and NOS/NOAA 

TopOgraphy by photogrammetric methods from aer~a I 
photographs taken 1964. Freid checked 1965 

Polyconoc projection. 10.000-foot gnd based on 
Texas coordinate system. south zone 
1000-meter Universal Transverse Mercator gr~d ticks, 
zone 14. shown m blue. 1927 North American Datum 
To place on the predicted North Amer~can Datum 1983 
move the projection lines 27 meters south and 
32 meters east as shown by dashed corner ticks 

* 

85'-ol-7- 70 '1 
UTM GRIO ANO 1980 MAGNETIC NORTH 

OECUNAT!ON AT CENTER OF' SHEET 
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County : tve-6 6 
Location: 111 ~~c t ;.;o; ;I' 1 fo.. / 

I p5 J_,.;.,::s= I 
I!) f'jlQ -

Average Q 

&I~"' wi--
y,J. --;; ~ P;; DD /',..e.. ; ... ,...~ 

&:r!Bit /1,..; 

~·l..(<>t 

i) .-~ ;1 3 :w/. 7 /). g,;, 

!5:~5 ~ ,:~. 11, I /37,7 ;tgt./ 

B ·s- 7 C) ;;.;J. 8 1 fo. c./ ;?7 0 

C?'o o I I ~ 
~I', I 1'/3. ~ 

'f.· o I jJ_ 177 

9 '.2 I 6.2.. ;;.~1./, I !~0, 7 

1 '3 b L-/7 .:JU,,r~ I ~3.1!> !?I 

""·.?I .3 s'i ;;.,n.3 s ~";('~ 'fS /~b 

q. </9 (pO ~~7. 7.J.. ;S'I.J:J.. !b 3 

o·-j 
! • ') (p;J_ l<f ":.- 71,{, 

c;>·;-d- ~3 /~7 (. 5"'-l.).. 

' ~ 3 G4 I/<;"' *fl.{, 

- ~<I (p~ /()$ 4 3-s' 
-, .... <;; 
. . 

G.,(.. \(" /0'1. j J/, /~ 

-' S7 &3 99. '1 ,_ (.,, -:; 
-., 

3 '6 (:, c; 7 :s. ~~ ,. c.j. ")-:; 

- -::. 70 '1&.:-;- ,;. '-'·"~ / > ; 

·_; ..; :-' 7 I '7 r-.:).. ;; . •.l 

10 '<;; I 7.)... Cj</_30 ;.u' '1 

/ . --' . ,;, 3 ?c.f 7.2.S~ {t:f./ ~ 

!._). Q -) 7(p 9/.33 I i ,"13 

lv.'~' 73 7o.l //.,,7 

gpm r• 

Observation well no.--:::~-
Pumped well no. f3 ~-OJ 9' - 7 0 9 

,/),.ecir/o,._ /~"...,::;;:;;z;; ~ 
ft r2 • h1/' -f /. 70 

~.,tJ, c_ ..._jE 

/6'P Ot.A.. 

s~'tJ'~&' ~ 9:3o 
,tjt..:,;, 7.;1 sc •,zoao_,_ 1'< 

/-Jv~ o[-f' 



I-.)./- 'f 7 

County lveb.b 
Location: -~lh.:.;c:;;:;.;r;...c~y~lb;...~rp;...'....;. ;;: __ !_· ---

1 
Average Q gpm r" 

;;; ... rr" v~ DD yr~ ~ 
(~e. ~,....~ 

;o.'o9,4- ~0 ~'1-.;l) /~.'J( 

/0 .'1 ~ - eb ~'-t3 /3.<13 

!().'~ c;! t-~~ 121~ 

10.'.)' 97 'B<I?.v fO,'f 

10:30 lol '83.(,0 /0, ;l. 

10;</o /I I 7:;;1.30 1., 
/O ~ 5"0 I;;.. I ~1. ]3 7,&J.J 

15')0 ;;.;.; 70~ J., I{'" 

t /-!!( S_oe 
v 

~o..~«<P II;., er TD=- t./C{O 
I '-.) 

~.->L-:: 
...,, 

' Qf (. ,, :;... /, ~3 ~ 3~'i 

3~~ X' I, s-3 ~ 4-~.::;. I 

s-(..<{ t.x 3 ~ I~ 9 t./-

lb1 v0 ... 1 l;r:c.j &C/-)M := 

v ?1!; I /b) 
:/ 

lfo 7 1-::: /}.... :-

./ . ' 
cP ~ 

.. 
5r. ~ n ft:. 9 ,"i 

' 
Q_ !.; 7 r- (_ 'if/11.= 

Observation well no. ___ ~ 

Pumped well no. t:? .r- o:t '- 7 0 9 

ft r2 • 

~-", Cc..&, - I'= ~$""¥ -:.. /,0~ &1~.,1./-~--
I ./' , 

.._, J r+ 
I? e; 114_/, ~ //A- (/ v /" "'(.. 

.,) 

e. 0.. ( == 3 '-A II Vc.l lvJ>o.e j 

.J 

7:;2 ,Is.._ I t.A ' 

;o.J ,... 1 V. r 

0 c--h '"....- /.Jv ro-p/c1~ L/ I """ ,. ~ , . ...; 

717 j Go/ e;r V..2, 7 "-"'- f I vufvr-

0; ~e..rJec. (!by R~ ..-,·r?v~ ;>'/ 

I 
tJc cxf}.r 

~ 1::-er- -



Time DO Yield 
3 128.3 
6 137.7 
8 140.4 

11 143.3 
32 150.7 
47 153.15 
54 153.95 
60 154.32 
62 71.6 
63 54.2 
64 41.6 
65 35 
66 31.15 
68 26.5 
69 24.75 
70 23.45 
71 22.12 
72 20.9 
74 19.15 
76 17.93 
78 16.7 
80 15.85 
86 13.43 
91 12.15 
97 10.9 

101 10.2 
111 8.9 
121 7.93 
421 2.15 

184 
177 

171 
166 

Mercy Hospital Well 
Webb, 85-29-709 

163 Pump off 



' " ... ( , 

_I ...... v 
000000000 

NVIDCOONoqo(O 

~99J 'UMOpMeJO 

0 
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0 
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o2 
cry:J 

c ·-
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OQ) 

E 0 ·NJ-

0 
0 
~ 
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Tens Warcr OcYetopmcnc Board 
Well Schedule 

Scau Well No. [M'~ I' q?i I Prmou. Well No. I I I I I I I I I Councy 4Je,bb I \<17i~: 
River Buin £.Jo ~ ... c/e Jl.i:.3f Zoae b?J.. Lac. ~l3i tl ~ lAng. ! D! .,;91 ~~"-II~ 6 .t: ~ 

'--' 

Owner's WeU No. ----- Location _ 1/4,_ 1.4, Seccioa -·Block __ ,Survey 

Oa<e Orill«d 

Conn. 
Method 

Completion 

Pump Mfr. 

Bowls Oiam. ____ in. 

Yield 

11/1 k: 

~ e 
J; c 

t?::)z 

~· I\ , 

4! 

/1 

~ 

f.., 

.5 "- , e cP_ 

'- r Icc ( 

{ 1&, v·.:... 

""" . ..... 

Sectina 

l_.,i 

I' 
l_V_ 

... (l 

I 

Dace ReeDed Collecood 
or Updated 

( ~ (~ ~ 3iC 

t£ I ( 0.; ~ ( 

(1 ·-~ •' lc'-
,.., 

i t: 

q C< •• 
<. ( I 

~ /' 
IG .I 

' l 
I 

I I 
1 Source of 

<A I <:) I AI<. Datum 

User I I f ' i 

c .. inc or Blank P:pe 10 
W.U Scr..n or Slocted Zone (5) I 
Open Hole (0) (...' - .2. <.: f 

I 

• Cemented from i~ro .2_,.-, I 
Diam. Setnng (feet) 

in. fin~_ From To 

c 11c c. ~( 

c D" c l3 7_1(: 

:S c£, ?>I 'l ~ iJ ~~1 
I 

I l 
' ; ! I 

I i 

, 

ll 

I) J I 

I. i 

IS I 
16 

(20 mul ms"soncr ~ ~"11'11< 

!;1. ;,.. 19 1'7 ?, 
I· . ; J.. l'i lt c~ ' 

I IJ-,. loin I >\ r 

h1 fJ. f- I. Q I 

9Q-Frsr 
I' ~ 



.t..;.u ... T .... l11tt 

co. ... : 
~~; 
' 





,,. N 

SCALE h24000 

ia-=::::&a=•i'=•il:::::~aa:::::o~===========;jt KILOM£TER 

CONTOUR INTERVAL 10 FEET 
OOTT£0 UN£$ REPRESENT 5-FOOT CONTOURS 

NAnOHAL GEODETIC VERTICAL DATUM OF 1929 

' -)' 

--~-+~~~-~~~~;= 
'\_·~ )"' 

',.--- )!\ 
I /(""""' 

'~ , ....... 
\ 

>5 , 

"', 
'' 



County 
Location~ _..::;.A~·..;;k;;;;C-;;;....;:C==:;c-:::~r .._;;;:..._<9.:.:.,~.;;;;;.;..""';;;_0... 

Averovt Q vpm r• 

-;:;..~ d.~ 
~ '{dJ ~ '(!~ 

9.'/0 .2-B.b-S 

~L'I<f +..zsO 

t.v1'/6( 

9.:.2 Co -.ot.3.:l 

,'<f(3 ~0 

9.'S"S' 

/c o:oo ;uo 

IO.'OS" 

/0 ,'// ;2.30 

/01'/5" 

/o.:.zo 

.'.2.2. .;1..28 

~.:.u 

to.:J ..2. 75'.85' 

1a:.3~ JO • .l¢ 

lo.'.J r ,,,(, 
.10,'~0 ,J,J? 

ID."~.3 ~0 . .2~ 

~o:~7 S7. .2 o 

/o;;-o S"-S'.(O.O 

ta.·:r~ S..2..s-'f. 

/(,UO sa. i'S" 

/t."'S" ~t1.~'-

lt:/0 ~7...t~ 

Observation wtll no. ___ _ 
Pumped .. uno. ~ 5"'-.X ~- Boc.f 

ft ,2. I 
/)1/) 1-/.00 . 

~_.£s 

/'c./-"/-) {)A 

A..;~~,. ~5~ 

E-L•'- c.J:d ~ 7 5 
_,_ J ,e ?o ' 

;, 

C•..Ji"' #040 

kMJ" ...z. a., ·c.. 

e-ll- 't/OJO 
r- .. .J.. 8· t 
c. - "af4.:1. .... 

-r :a .J-8· ., 

~ "' "afQ~O .. .;;£ /3 • ., 

s ~ ...... ,.-!e. -7/J.. Q 

/?_;¥? !6-rr 
v 

" 

-a 
./ 



SWN: 

Water Quality Field Data 
,/... a.re J ~ A- ..S ~ 

Sample No. It {j - / 3 
County: 

g5--.2 'i- zx_; I 
wet.f, Name: ~ !J4,; .l RJ.s I.·Jt 

Addreee: 1S"D!:. ..S...-<-.!r ... £,, •.• t 

h G.. I ~-J." U 7'f.I'Ot/S-

Date: ,._ . .2 :. - 'I 7 
Aquifer( a): .1--0.,. .. d' C> ! 

_,.-- . ) 
'--c. .... .,, ,. • ~ c. 

Bottle1 Bottle 2 
B A 500, 1.uter 

l~~e.l / 
NN'O~ 

(AI;-/-,.;c.) 

By: t."'), ~:>/(_ r •' 

owner's well 1 1 
--------

Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Total 
c SUB-

1 14-fy -~ 

Sam plea _) 

.- .. -
.Vo-/-

F/ /1-c.l' et:l. 

' Time In 9·oo y .-el J. -~·-~i.r·....._ starting pH --. 
;J.7.fo <;.' LSD '1 /v II; 15' Water Level Remark Time out Sample time /o • · .:L l-. - mi. of 0.02N to 

.;l~,9 61.'.-..~"-S-j I , ' Temperature (00010) c Weather well use · ~&. . ~ - mi. of Sample 

Speclllc Conductance (00094) Lfu;J..o umhos/cm Outside Temp ft:.y o.-._ ?.'1'1 Ending pH -
pH (00400) "*' - Sampl~ point E? ... s (Jt=' foo • b/...._k. de. .. /.., . .1' fl ... 

'1: Ys' ~."· t"" /J,'I/ Iii> .'I')- .o:Jl 
. 

I pH pH pH Eh (00090) ·- mv. Time: mi. mi. mi. 

'tenol ALK (82244) mg/1 lpH: * ·- ·- - - -

Total ALK (39086) mg/1 Tem_p: ~~ (,. ~tt-~ .:lf,,C", ~~. <t -
carbonate (00452) meqll mg/1 Eh~·dtJ - - )~C> -- J,l\: 

BblrbOnate (00453) meq/1 mg/1 Cond. ·t~o i.J{)l {1 '( <.1 ;u.:, 'fv.~'- ··-· 

Total cations(+) (hf,d~ 
_l ;; c.'\ f . ( .... 

other notes: I . >t 

i-f~~.· _,'4. ,_..-\ .:..-L.~-Ae. . 
Tolal Anions (-) ~?<;.{" 

Tolal Hardness (00900) 8 ,_)~ 7 'I 
, ,) . 

;f?.s- _ ___:..,.-

Dill 00/ed Solids ;n7'l 

I 

1/ 



'D 21~ 7236512 IIA :. rRMT PLANT 

~-

City of laredo 
Water Utilities Oepartment 
Water Treatment Plant 

::Ax 1\0. 2!0-'- 791 + 7496 

0V:20..-s7 11 : 2.,. 

·( 
I 

Phy~lcal-Chemieal and Baetariolosical Test Result$ 

P. 04 

P02 

Date co 11 ec ted: c::t'n -C, ~ :-:::> Date tested: __ q.-~.1-_q..:..t,.:...-__ 

Sample origin: --~0 tll.l.''t ~9 

Analysis requested by: ~«?tC\t"c:\0 ~ \nroc) · --------······ 

Posto11 W~l\ 

Phenol phtha I ein AlkalinitY -...:~::::9...J..-__ 
;~ul Alkalinity ]t.3 
Hardness ~ 
CaL~lum ~ 

i~r:;~:~m :: fik 
Turbidity ~·II 
Conductivity 
Temperature ~Q 

JEFF tl 
RESULTS MeL 

NL mg/L 
NL mc/L 
NL 
NJ.. mg/1.. 
NL mg/1. 

____ ms/L 

------ mg/1.. 
-----·-- mg/L 
--··· NTU'S 

UHOM'S 

Total Coliform 
Fecal Coliform 
Heterotrophic: 

/lOOmJ (Y /N) 
/lOOml (Y/N} 

___________ co ll \OOrnl 

Co~ttncn t s : S 
_______ . Qr'Wl,--had a. /)..(r ~ltd VdH t 

Q.k.\_ ~("'=-' fl. l-2.j d IJ a f !:GOt ILtp-k\ ttd 

-----~ .. ·--- --·-~-- .-.,:. .. '----------~---- --------
·--···· --------------------- --------·-'·- -· --

REV 01/9~ 

BS- c27- $0V 



- "'.:.~v-: 1,.; 

.: TR11T PLANT 

Cl ty of Laredo 
•atcr Utilitie~ Dept. 
Ci•ision of micrcbioloti~al and 
Chemical A~aly~ica! laboratgries 
Water Treatment Plant 
2519 Jeffer~on St. 
Chain of custody torm 

K -.t.\ \..... (_ .. ... ·~ :: " ... I (.,, ·= :.· 

P01 

Analysis requested by:~~~~<~i~~fa~·~~~ir~··~n~7~0~r~1~--~~~------·,--.-~~-------
0a.ta and t !me reQuested: OGte :&:J-91.. Time :,.-~li._· . .LJroc.. ___ ~- /P.M. 

. c i ty of lew .e o _ Co~ of .J..l616.iuae...~ts<J~b"---- s t a a o t Te M s 
Physical addrei· s: ___ ~~~+\e±f_ --------
Telephone:.JO,_·~I&OO _ ~ · : 
Signature: ____ . · 

Co1le~1or or custodian of ~~ple collected:~F~~~\,4pe~·~C~l~t-~I~Ouo~d~o~-------
Physical a.ddres~: . 'P\C\ U~\DS ·---------=-------
City of l~,e~- Coun¥of ~"t:bb State of r1'AAS 
-relephone:_~-~~ -· 
Sisnature: ~'::,. ~'£ 

r="Z."""" H c;0 Pos+ot] W~ll 
Physlcal address of point of collection -.;.J\...A.J ~~L WQ,.-1((' 
Cl ty of !0(£0£ Co1.1nty of !,:!JS:'*> S~a ~-:I~X:o.< 
Cate and time of collection! Oa te: 9--11 -Q!e TJa~e:?; ?C=Q./P.M. 
Sample identificaHon or log number 1'-IB __ 

Type of syste~: Public sntem: Water Source: 
' 

___ Public Ofstrlbution R.i~r<!r 

lndividual Raw Lake 
=~S<.:hoo 1 1 Chec:lc V 'lie ll 
__ Oair)" . Construction Well Depth 
___ Sottled ~ater y Special Cl2 Res. --":~--

Source of tra~sfer to {abcra.tary llnir 13toS· __ _ 
Penon c1elive~ins sample to laboratory Fe!jp<; ~l,i1"N'OQ 
Date and time•of delivery: Date: ~~Time:0~~ :Q./P.M. 
Person receivins sample at laboratory --~~L-~a~a~~~li_f-~-;~-~~~~f~Z~-----------------

Condltlon of the sample on receipt: 
' 

0! satisfactory condition. 
-------------7--------------------------------------------------------
Unsuitable tor analysis: 
_____ Form lnc~mplete. (see encircled ltem.) 
_____ sample too old. Sample not received within 30 hrs of collection. 
_____ Excessive chlorine present in sample. 
______ Broken in shipment. 
_____ Oat~ discrepancy. 
_____ Quantity' too creat to permit agitation. 
____ Quantity insuff!c:ient for analysis. (100 rnl. minimum) 
___ BottLe not provided b~· this laboratory. 
____ On!:-- one' sa111ple pet time and point of co1Jection required. 
___ Hea•·y 'lon-coLlform bacteria/silt present. !)o:ssib!e ob~curlns and 

compromisinr; te::t. PLease re&~bmlt. 
Other: --·----------------- REV 01/95 



T~ Water o-lopment Board 
Well Schedule 

State Well No. 

River Buin 

[fJ§[Di:o:i$1'!' 1 I PrcviouaWcUNo. lBbS'l~l113loltl Councy ~6 i<tfi19' 
£~(;:;. Cire.l(lc.~ Zone@ LaL~~ Long. !a!r,?J!02JS+• ... d!': /: 

Owner's WeU No. -,;;;..:£. df.:. 4 ~4ocauon __ l/4,_ 1.4, Section __ ,Block __ ,Survey 

o-cr~,7fl511 ~194,"1~ 111111111 Drillc i14111411/l€iri1C:J~ I 
Addreu .2.4. 0 I $. 1'/t<....wt kr~, 7$6<13 Tenarn:/Oper. ..2/cl} 7 .2.2- ..2..,s-os-

DucDriUed corn 1;1,-!S"f~l Dcp: I I k~lol ~guwn ... 8 AJri<udc I ~ ffj ~~·~·.::m 
Aquifer h « ccdo & ' ltl.2 Ef'I4?J~ol I ;: g User I i I j i 
Well 
Conauucr:ion 

Corur. 
Method _ _..::...,_ro;;_~;;_ __ ~ 

/, r./1 ·s.:r.n 0 
Completion t:y" 6. A.o =e ~ Material ----==-----

Pump M&. Type 5_.6 ""'- 0 No. SQJeS 

C..•ns or Blank ?ipc iCl 
Wdl Sc ... n or Slone<! Zone (51 
Open Hole (0) 
Cement«! from _,o_ 

Diam. 

~ 
j ' 

I 
' I 

S.mng (feet) I 
li1.l From . 'o I 

Bowls Diam. ---- 1n. Setting ---- fi:.Colwnn Diam. 
____ in. 

c.. It: 17 \c /~ 
it:; 1.7 i<!: L2 3lol 

I ' i 
Moror M&. ------ ~::;• ---'C'C"::.:Iko.::~i:e.-4=-~ Horsepower I I I I• I I j 1 

I I I 
Y"..W Flow -- GPM Pump -- GPM Mns..Rcpr .• E.r. ---Due--

r 
i ! ; 

--- Produaion --- GPM 

I I ·l I 

I i 
' 

Swic l<Yd - fr. Pumping level -- fr. Drawdown -fi:. Sp.Cap. -- GPM/ft. 

Q~iry (Remarks 4- 9-1c/ -5 4--':JP (e.. : 

Wa- U• Primary 5 -loc.f<:.. m Secondary 0 Tertiary 0 a 

' 
I 

l ' 

: } 

~=:a~·u ~ .. ~ ~=ry [t] u. [Q]00000 g:: 00000 · 
Date ~~ 1/191~1 ~ Mna. I j;(Oij;sj-. ~ 

10 

;::: o... ~ IJioll ;J~Icrlzl Mas. I ,, ltl71 ~ rn I 

o ... CTICTIIIIIIMcu.IIIII•OJ __ _ 
• I i 

I 
' 

1 
I 
' 

• 

c_,/r. of t-G..,.Jo A-S,£ fJ~J 'eJ
£,.. l) • (vk.-er JJ. 

I 

I 

I 

i 
i 

Record«! By .3r~d c/.,..tJ/,""" ~'{J~niC<>llectcd l£rJ blli]ltl9lfl71 (20 mu) 
R ""'" 

10S·'ce•cr [IJ 
Remarks If, r I~ v I 1..::: l<t ..$ /jy I .II "I"' 

l 

J 

• 
1 

• 

bl~ r~ I& I~ Is -l3 7 -,3 lo I , 

~~A 
Aqwfu ---

Well No. ~.J7 ~v 



"" 

I'· 

-~: (
•, ~ \__ 

j 

----· 

( CD 

" 

II 

_(I,,.., 

....... , - ").' ,. 
II ';!' ( 
I 
I 

-- -1 . 
I 
I 

-~~,1 

~" ~ ~ .. .... ' 

{ 

I---

../ 

/.> 
(" " " 
"" h ""' . :!:~·. _., 

" • 
I " 

\:: 
\;;-· \ ~ 

~· """ ' .... 

. / 

I 

3 
I . ,. 
v· 

'2 

. f 

" " 

I 

\ 1'--

'l l\ ,<~l~ 
" ,'-._ 

.\ 

'·· \ 

~ -, 

~ 

'.. 

\J·-v--" 

~ 
0 
~ 

'· 

• "' ) . . 
. :\ 
(:{ 
" ~ 
" t: 
II --. 

\ : 
.. I 

I 
I 
I 

I 

li :· 
I "Y ~: L 

~~ 

I 
I ·"v·h_l I ~' I . 

I •\ ,··':.,./ 

I 
})! 

I 
I 
~ 

·'! 
• ... ! • 

/~-"~)_ 

{ ~) 
·~.'7-""""7%~.,:.. 

t 
'· 

( 

e· 

' ' ., 

" ' ~ \ -- ,_-- ~. 

<:_) y-: __ .~ I 
-~-- .v IIi'"': -_--:· ___ , 

' II 
• 

I ~~, • 

Ill,! II· 
II, 

' 

" \\ 

") ' I 
I 
~, .. 
• , 
" "-

,. 
" 

• 

It 'SL() 

#-l-----,..--~- -~-~-~-_y-~ 

I . 

I• 
I 

. ' I 
·'·'n~.' _.- : 

' __ ; __ <~.)I . I··-/-· . . -
. I 

I 
I 
I 

I'\) ' IL{-/ 
I 
I' 
I 
I 
II 

" I I . I' 
71 

• .------.....1 

"~ .1~ 
'(~l~-t 

·-" 

'·. 

" " " ,, 
I • 

.._;. '":" --c 

j~l 
-~/-----

" " .. 

/ 

/ 
cf'' 

/ 

i 
t;l 
~, 

I 
I 
I 
I 
I 
1 

F .. 

· . 1' --I i 
(, . ' I 

' ' 
' ' ' ' 

.•• ~1 ~; 

;·;·:'-
,j~ ~;,'{i·i:~-~~-
1\_:.(~~--· 

~: l~~l· . IF 
.. :h)_ __ ... --

.•t\ ·~--.r!~ ~::rfi: 
I ---·· ,·1·· - .. ; -~ ;-~~-#,C' .. I-~ 

''":'. ~:'.;·'''' 

'.'t_ ~ ~ ~ - \. 

• • I r' · ·1 \.,. 1 ~-.. ~ 
.,.,\;,_~( ~ .• ·-.'\ 1'' ~-

~I.' ii-~ 
, .. /t' ...... 

L 1 ', -) ! : 1 _j ,~;- -- ~ 

· .. ~~·_~~r:-·_, -~- -~~ i_J?.t-:1'·.· / i .. .. ·~. ·.· ·, .'-~ ·}J~· . J • ' - - - l~ 
" .•C..: I/ .. -~~- -~ 
-~~~ r . . ~ -"r1'1•. ·~-' \1 ... •'[''7-':' .. , ,<!'~·..-. ~~.· ' c .... ,,. ~ 

~ 
.. 
I 

IJ(·· '. ·: . ..-'I ~~y~ ·--: ~- , J: . 
;. )( ~ _}' j 

1 

I :_r;~~~-~: 
or, ' \· · I I ' ' -~ ./' ·~. (~~ :: ' -:3~~ 

'l 
I 
I I •" 

.... ··( 

\ I r , -I -~~ "·-~'.· 

~ j. II,,. . .. :_-__ ··~-~-,JJ 
I 

4 . I .,; 
"""""""'"-""4LL .. =o .. "'",_ 

-·- ~-~~-
_..-..__, I • ·' 

/ 'I'{~ 

I r --- I . L.U.~ \ ( ·-.. ~ ..• , ... , ... ., 
- '; ~ ............ '\1"-~. 

I , :¢_'-t.~~~-.:.£~. 

i \" ''rtiQ..~ 
1\ \ f \;,t:~r 
-~- • .. : . .. ;,;..;.\·.:..--.....-.'"""'S-

. t -~~m·: 
i .. ::::~r) 
1:.,; .;~~"-...{~1-' . "1 I _, ....... ~ ..... -.{ 

t' I '~! ...... --~ i 
I \ r;. 



... 
0 
0 

Wat.r Quality Field Data 
A41"wJb A-.S ~ · 

l9 IWtt Sample No. II" (J -I </ 

~ 

! 
~ 

... .. .. 
0 

N ... ... 
CJ 

... ... ... ... 

... .. 
' .. 
N 

' ... 
0 

Countr: 
Aquifer( e): 

..... : /11r. ~ ,J;,.,; c;..,cf, ·; 

AddN•: d,.6 ... , I L . /'I'"' 1""'\. 

Lc_,-· •"e-" ' 
owner'l Wilt' 7( I'd t//(1 

~ -"')_ ~ "? 

--·=~21- c; -' ""lz . 
By:_A'rra~_ C/1~,,~ ~;~/' 

( , ly ,,7 ./.:1/dC--<t 

Bottle1 Bottle ·z Bottle a 
c 

Bottle 4 Botti• I Bottle e Bottle 7 Total 
SUB

Sample• 
B A 

500 ml 1.1tter I /4·/.r 

I ,_, ·---------------------~~----_j 
/liD. 4"1" I 

fiLiklc.L Fli~·J. 
Time In /'; L(? ;J~.<r<Jf' c'o, 

Rerlwk :::j Time out / t : .;:J 5" Simple time j..f. ss 
/5.1, o W...,_ r&·6 -c ?S MI ... ~",df/ 
~, 1 ]""lllllhoelom Ollllcle T...,- ---· "7·,1 ' 

. paint S, .:, ... .,. • .t -6 /" /'•·"''' ,-'; r (.... r•, f.,,. A. 

W... Lew! II 1; .fl LSD 

T ........... (00010) 

8p I IIIIo Conduc:tance (00094) 1 CS 
pH (00400) +, i . 
a (00010) mv • 

Pllenol AU< (82244) mg/1 

Tolll ALK (31018) mg/1 

Cllboi ... (OCM52) meqll mgll I=Eh:=-=D~/_,.'· -+-+--~~ 
~ (00453) meqll mg/1 m.r eoncf~f J..(/ ~.&,: 1.j 

"Talll C.llona(+) LL. ... .:J , olher not. 
Tcllll Anlona (·) ~vvr 11 

•. '" "' •r / ( ·;.,.... 1 • ·t' .f' • 
/ / ~--.,~..,/. .. ,.)I r )'I ' {.. Co, .. 

Tallll ~ (00800) I (p (.p . ' • • > ' '! F .... <.. t{ '')''- '). 0 '{ 

DIIIDI!Md 8aldl /f :/ s '{, /'.5 p.(),)P:-2 '71 

Pu"n/'.f ~ 5 ;;/'.-' 

Starting pH 1 <"' :; 

__ mi. of 0.02N to 

- mi. ol Saqlle 

Ending pH --.,.--t 

IDft I mi. I DH m1. I 1JH 
t: l)f{-' 

J..f!.5.S 

;·ll 

l.b' 

-/., r .. '/. 

jJ".[. 

~.,.. 

),{5, 



TEXAS Mmt DOELOPIDT lllMD 
liE1.l SCHEIIUlE 

State 11e11 111111er- 85 37 404 Previous lle11 llllller - County - lletJb 419 
Rlva· Bufn - lifo Grande - 23 Zone - 2 Latitude - 27 25 15 Long f tude - 9!1 28 36 Source of Coords - 1 

o.ners lle11 lo. ----- Location ___ 1/4, ___ 1/4, Section ___ • Block ___ • Surwy ___ _ 

Owner - Jolin Mime Driller - Rene Gutierrez 

~5~--~~-------~~-~--~- hMM/~-~~--~~~------------
Date Drilled - I I Depth - 250 ft. Source of Depth - M Altitude - 465 ft. Source of Alt. - M 
Aquifer - 124LRDD LAR£IlO FIIIMTIOII lie 11 T)lll! - II User -

liEU Const. 
taiSllWCTIOII Method - HYIItAIILI C ROTARY 

casing 
llaterlal - IIWUiiHT IROII 
Screen 

~letlon - PERFIIIATED Ill SLIJTTID llateria 1 - IIWUiiHT IROII 

Lin MTA- ~ Mfr. ------- Type - SUI!IERSIBLE PiliP lo. Stages __ 

I taslng or Bla'* Pipe (C) 
I lie 11 Screen or Slotted Zone ( 
I Open llo le (0) 
I te.ented fn.. __ to 

I Ola.. Settlng(feet) 
I (in.) Fro. To 

Setting - ____ ft. Colw.~ Oi•. - ______ ln. 1--:-----------
11 c 7 

Bowls Of•. - _____ in. 

llotar Mfr. --------Fuel or P011er- ELECTRIC MOTIJt 

YIELD Flow- ___ GP11 "'-"- ___ GPII lleas.,Rept.,Est- ----Date- __ _ 

PERFIIIIWICE TEST Date- ---- Length of Test- ---- Production- ____ GPII 

Static Level- ft. ~ing Level- __ ft. Drawdown- __ ft. Sp.Cap.- __ GPII/ft 

~In (Ra.ns- ______________________ _ 

IIATIR USE PriEry- DIIESTIC Secondary- STOCJ( 

OllD. MTA AVAILAIIILE !later Levels- M Quality- y 

IIATIR LEVElS Date- 12/05/1996 
Date- 12/05/1996 

MeasureEM
MeiiSureEnt-

Tertiary- ____ _ 

Logs- Other Data-

-100.70 
-143.70 I' v. nf' ,'""Y lt!.vL/ 

Recorded By ~ • /'1 Oo I""<... Date Record Collected or Updated- 07/27/1961 

Reporting flqercy - TEXAS IIATIR DEVELOPIIEIT BOARD 
RDWIKS-

M.f. f o.s 0 

Hoi~ '""' 

21 s 7 
31 
41 
51 
61 
71 
81 
91 

101 
UJ 
121 
131 
141 
151 
161 
171 
181 
191 

1---------------------------------

Aquifer - 124LROO 
We 11 llo. - 85 37 404 
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8WN: 
County: 
Aquifer( a): 

1S" 3 7 tfD'f 

Wel.b '171 

Water Quality Field Data 

Name: ..f'o I, "' 1'1. i 11 n c 

Addreee: S" 7o' Slf!c;"¥rle.U 
I 

L.rc.clo rc.~e,J 7tr~'ll , 
owner's well I -----------------

Sample No. A 9 ~ 0 3 
Date: 1 z - ~- "'I'

By: s. /'1oo~VI. 

Bottle1 BoHle 2 BoHle 3 BoHle 4 BoHle 5 BoHle 6 BoHle 7 Total 
SU& A s6 c , 

~~ 1 ~~/.' l:'lc I t.·,.c,. 1'11. 1 vr~r S.mplea r 
c~Kons ~~~ te j

1

1 activity 

2~ li: 2)111 '""''- All flhered 

. ~~) 
/Vo .,.,. i C... 

unless Olher-~N~rlc) ) wise stipulated 

Time In l.:SetAJ01 /'u.-,;- C>M JO An Starting pH 

Wider level /DD, 7o LSD Remart< Time out Sample time II: y.o mi. ot 0.02N to 

T~nature ((N)D10) 1. 1. 'f c Weather Clo..j.f • CD111f well use 0•.1'7 • Sro~~ mi. ot San1)le 

Specific Conductance (00094) J(f_~ umhoelcm Outalde Temp I f.' • ~ Ending pH 

pH (00400) 7,J s.m~ point 

Eh (00090) mv. Time: /O:tf' /D:~ (O:'If 1/.'D~ /1 :,s II :.Jo mi. pti mi. .~ mi. pH 

JnOI All( (822«) g mg/1 pH: ~-87 l.'l1 ?.25 ~tS 7.30 7.Jo 

Total AU< (38086) 3;<8 mg/1 Temp: 27 • .1 21.2 Z.7.2 27.f 1.7.~ t1. 'I 
C.lbonate (00452) meq/1 9.&, mg/1 Eh: 

BicarbOnate (00453) meq/1 380. g mg/1 Cond. 3·18 3.1') 3.18 '3./8 3.18 3.11 

Total C.Uons(+) 1'\.S/UJ Olher notes: 
77::- . .,,~"-.•_r Lev.41 

11. f. )o Total Anlona ( ·) ttJ:tf' 

3>?5 IU: J 0 I J :3. . Is· 
Tollll Hardness (00900) ru''l$ ,,.,.,, 

tl:•• r"fi·O-

Dltrolwd Solids ;;).I I 0 I I', '$' t'-13-J.P 

I I', 3D I y..] ,?0 

' 

i 

I 

I 



01' TEXAS MltR IIEVEl.OPIUT 111W1D 
liEU SCIEDULE 

Well 1111111er - 85 37 406 Previous Well ...._.. - County - Webb 479 
Basin - Rio Grande - 23 Zone - 2 Latitude - 27 25 58 ·Longitude - 99 28 47 Source of Coards - 1 

Well lo. ------
Location ___ 1/4, ___ 1/4, Section ___ • Bloct ___ • Sliney ___ _ 

Owner - R.wmd Whites ide Driller - David De La Cruz 

Tenant/.,.,. 2 Q Pc;\To. ~ 4lA .se.. Se.r" ic..ll.. 
·iJlecl - 04/01/1975 Depth - 330 ft. Source of Depth - D Altitude •_ 425 ft. Source of Alt. - II 
· - 124LRDD LAREDO FCIUIATIOII Ne II Type - II User -

Const. Casing 
CTIOII Method - CABLE-TOOL I Casing or Bla'* Pipe (C) 

Calp Jetton - PERfiiiATED lit SLOTTED 

Materia I - mEL 
Screen 
Material - mEL 

I lie 11 Screen or Slotted Zone ( 
I Open Hole (0) 
I Cellentecl f~ __ to __ 

fA- ~Mr.------- Type - SUIIERSIBLE PIJI' llo. Stages __ I Di•. Setting(feet) 
I (in.) Fro. To 

i•. - _____ in. Setting - ____ ft. Col~ Di•. - _____ in. I _________ _ 

·r. - --------Fuel or ~'~Mer - ELEtllliC IIDTIIt llo~r-

low- ---- GPtl "'-"- ___ GPtl lleas. ,Rept •• Est- ____ Date- __ _ 

liCE TEST Date- ---- Length of Test- ---- Production- ____ .GPtl 

evel- __ ft. P!lllping Level- __ ft. Dralldown- __ ft. Sp.Cap.- __ GPtl/ft 

;R~s------------------------

: PriEry- IJ(IESTIC Secondary- -----

A AVAILAIIILE llater Levels- C Qua llty- Y Logs- D 

ELS Date- 04/01/1975 
Date- 12/03/1996 

Measuraent
MeasureEnt-

-79.00 
-116.40 

Tertiary- ____ _ 

Other Data-

I s. 1"\00I'~ y __ __;;,.:...:_;;__ ____ _ Date Record Collected or Updated- 12/03/1996 

11 c 7 
21 s 1 
3( c 1 
4( s 7 
5( c 1 

61 s 1 

71 
Bf 
91 

101 
111 
12( 
13( 
14( 

151 
161 
17( 
181 
19) 

0 
118 
130 
180 
205 
305 

118 
130 
180 
205 
305 
325 

1---------------------------------
Agency - TEXAS IIAltR D£VEL Ol't£11T OOAAD 

•tion 1111!11. Measured yield 25 
h 176 feet drawdown In 1975. 
d f~ 0 to 110 feet. 

-f {.00 

1-1 of L i ""' 
.s 'rf!. ~ I I ) &{.I .I!_ 

Aqu Iter - 124LROO 
Well lo. - 85 37 406 
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-·-own; 

County: 
Aquifer( a): 

8S·3'1- iJD' 
w4.Ac 'I?? 
Ltu·q_J. D 

Water Quality Field Data 

Name: 1e.f/>t:IITA le.,.,.c. .Suvi~« ?" <. 
~ ~ 

Address: 1".~. ~~x /01.7 

2,.~ .T,X-9J 
owner's well I .,.--..,. 7 B" 7-' 

Sample No. A 9 o 'f 
Date: tz-J-7' 

By: .s. Neece. 

Bottle1 Bottle 2 Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Total 
SUB

Sample• 1dw{, 
R~ctlvlty 

~A ~c;" '/8 

2~1 
Nit~ 

2 ml 0.5 ml 
HNO H SO 
(Nitrtc) (Sulfurtc) 

2 ml 
HNO 

(Nitrtc) 

Time In ,ve,/-J 

I L. i rc.r- 1 I. iyrc.-

w... Level ~/.?0 LSD Aef'nart( 

27.3 c 

Time out 'f:Jtl J-/1 Sample time .3 :so 1'1'1 
T~nature ((N)D10) Weather t:t•u..ir · c,~:~J well use ___ _ 

Speclllc Conduclance (00094) 'i 5 'I 0 umhoalcmJOutelde Temp 

fle.AJ. pH (00400) 7. 18 
Eh (00090) ____ mv. 

lnOI ALK (82244) 

Total ALK (38088) 

Carbonate (00452) __ _ 

BlcalbOnate (00453) __ _ 

TcQI Cations(+) 

TcQI Antons (-) 73--
Total Hllrdneas (00900) 

Dill DIYed Solda 

0 mg/1 

.352- mg/1 

meqll () mg/1 

meqll 499: b mg/1 

szts 
3f~O 

SamDIIna point .,. o I" " ~ c.v.j! I ( 

Time: 12;1" Jz:to Jt;., .. Jr.·rs-JJ;If IJ:VSiml. 

].e7J7,o?J7.1l J77z. 17.ZI 17.11 
Temp: 127. J J.n . .JJ 17-J 12~~ In.} ll7.J 

Eh: 

Cond. Itt •. .rz. I Li. sz .. l'l. s J 
1'1 .1 /c 1'\ 

f lA '" fl , >"\ 

W'- 1.:1o 
2.. zo 
z: , .. 
'1.: 'f s-
3: o· 
;~:Y> 

other noles: 

I; 50 
/IQS 4l 
lf"J,1 0 
11 y.c..o 
,~_s() 
tiS· 'l!.-
11& • </D 

~JYilf.S '{ 

.$01:1 

Ml 

1 1'11 All filtered 
A I 'r,. 'c; ,., ' ' unleaa other-

wlae stipulated 

Starting pH 

__ mi. of 0.02N to 

_ mi. of Sample 

Ending pH 



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



• • 
BORING# 

CH2MHILL 
PROJECT NAME I LOCATION~ I PROJECT # 
City of Laredo ASR Feasibility Study 118069 JO ll. 
McPherson · · TW-1 

WELL CONSTRUCTION ~.u~~~~~SED BY 

DIAGRAM City of Laredo 

2'- f=== 

O' ---+--f.-,--.-.,....,-,.--.-rr--
,.1>~"') ,. > >I 

300' --

350' --
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Total Depth= 884 H 

DRILLING CONTRACTOR 
Texas Water Development Board 

DEPTH TO WATER DATE 

135.14 It 2/5/97 

NOTES: 

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

At 357ft gravel pack bridges. Only 
2 bags gravel added between 357 
and 346ft: 
likely borehole collapse in this 
interval. 

Well completed 2/3/97 

NOT TO SCALE 
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• 
PROJECT NUMBER I BORING NUMBER 

118069.JO.ZZ TW-1 SHEET 1 OF 6 
CH2MHILL • SOIL BORING LOG 

PROJECT Laredo ASR LOCATION McPherson Storage Tank 

ELEVATIO DRILUNG CONTRACTOR TWDB (Texas Water Development Board) 

DRILUNG METHOD AND EQUIPMENT Failing Mud Rotary 7 718' bit (6 1/8" start) 

WATER LEVEL AND DATE START 1-7-97 FINISH 1-13-97 LOGGER L McAllister 

~t 
SAMPLE STANDARD SOIL DESCRIPTION COMMENTS PENETRATION 

> TEST w- 0 RESULTS mw ....J za: a: SOIL NAME, USGS GROUP SYMBOL. COLOR, DEPTH OF CASING, DRILLING RATE, 
~ w 0 <w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, :ell! a: w"' 0 6'-6'-6' OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION li:a: w a..::< o-

W:::J f-
~~ wt:: (N) MINERALOGY 

C<n 3; a:-
t-- 0' 

CLAY (CL), yellowish orange with dark yellow orange staining 
- 1 - - 15-25% fine gravel. mostly quartz, clear, light brown and dark -

10 
gray 

-
CLAY (CL), with gravel as above, fragments of gypsum 

- 2 - - -

20 -
CLAY (CL), as above, with yellowish gray mottling, some silty Driller hit hard "ledge', bit wants to 

25'- 3 - - nodules with fragments of oyster shell chert and gypsum kick off to side -

30 -

- 4 - - CLAY (CL), as above, increased fragments of shell and chipped 32-37 ft: very rough drilling 
-chert, decreasing gravel content (5-10%) 

40 Stop 1-7-97 to install 40 ft surface -
CLAY (CL), dark gray with yellowish orange silty nodules, some casing 

- 5 - - ??? fragments (claystone/siltstone), 'shaley', fragments of Start 1-8-97 -

50' 
50 gypsum and some oyster shell 

CLAY SHALE, dark gray, soft, friable 
-

- 6 - - -

60 -

7 
SHALE/CLAYSTONE, dark gray, fine grained, soft, fissile 

- - - -

70 -
SHALE, as above and SANDSTONE, light steel gray, very fine 

75'- 8 - - quartz sand, soft, -0.5 ft thick 
76 ft: very rough 

-

80 quartz sandstone layer -0.5 ft thick -

SHALE and SANDSTONE, interbedded in layers 0.5 to -1.0 ft 
- 9 - - thick, as above SANDSTONE at 90' -

90 

SHALE, as above from -90.5 ft Sandstone layer at 90ft (0.5 ft thick) -
- 10 - - -

100' 100 Sandstone decreasing 
-

SHALE/CLAYSTONE, as above, no distinct sandstone intervals 
- 11 - - -

110 -
SHALE/CLAYSTONE, as above 

- 12 - - -

120 -
SHALE/CLAYSTONE, as above 

125'- 13 - - -

130 -
Interbedded SHALE and SANDSTONE, as above, fragments of 

- 14 - - gypsum Rough drilling at 135+ ft 
-

140 -
SHALE and SANDSTONE, as above, some mica and shelly Rough drilling at 140+ ft 

- 15 - - material -

~150' 
150 



• • CH2MHILL 

PROJECT NUMBER 

118069.JO.ZZ r 
BORING NUMBER 

TW-1 

SOIL BORING LOG 

SHEET 2 OF 6 

PROJECT--~~~re~do~A~S~R~------------------------------------- LOCAT~N--~M~c~P~he~~~o~n~S~to~rn~ge~T;~a~nk~-----------------
ELEVATIO DRILUNG CONTRACTOR TWOS (Texas Water Development Board) 

DRILUNG METHOD AND EQUIPMENT Failing Mud Rotary 7 718' bit (6 1/8" start) 

WATER LEVEL AND DATE 51: RT 1-7-97 1 13-97 A AN ISH - LOGGER L McAllister 

~t 
SAMPLE STANDARD 

SOIL DESCRIPTION COMMENTS PENETRATION 
> TEST w- -J Cl a: RESULTS DEPTH OF CASING, DRILLING RATE, o>W za: SOIL NAME, USGS GROUP SYMBOL. COLOR, 

(J ;l: w 

H 
<w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, a: w"' 0 OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION w a.::!: ()- 6"-6"-6" 

W:::> .... 
~~ wt;: (N) MINERALOGY 

Clcn 2::; a:-
1-150" 

SHALE, dark gray, soft, fissile, fine grained layer of oyster? Hard drilling at 156 It, ground shell 
- 16 - - shell at 156 It, very hard, white and gray crushed shelly material, fragments and mica? -

160 shiny fragments from shell interior 
-

SHALE, as above, no oyster shell 
- 17 - - -

170 -
SHALE, as above 

175'- 18 - - -
180 -

SHALE, as above 
- 19 - - -

190 -
SHALE, as above 

- 20 - - -

200' 200 Stop drilling 1-8-97 -

21 
SHALE, as above 

- - - -
210 -

SHALE, as above 
- 22 - - -

220 -
SHALE, as above, with numerous thin layers of SANDSTONE, 

225'- 23 - - steel gray, soft, very fine grain, quartz (mostly sandstone -

230 
recovered) 

-
SHALE, as above 

- 24 - - -
240 -

SHALE, as above 
- 25 - - -

250' 250 -
SHALE, as above 

- 26 - - -

260 -
SHALE, as above 

- 27 - - -
270 -

SHALE, as above 
275'- 28 - - -

280 -
SHALE, as above 

- 29 - - -
290 -

30 - - SHALE, as above 
- -

'-300' 300 



• CH2MHILL • 
PROJECT Laredo ASR 

PROJECT NUMBER 

118069.JO.ZZ I 
BORING NUMBER 

'IW-1 

SOIL BORING LOG 

LOCATION McPherson Storage Tank 

SHEET 3 OF 6 

ELEVATIO DRILUNG CONTRACTOR 'IWDB (Texas Water Development Board) 

DRILUNG METHOD AND EQUIPMENT Failing Mud Rotary 7 7/8" bit (61/8" start) 

WATER LEVEL AND DATE START 1·7·97 FINISH 1-13-97 LOGGER L McAllister 

~t SAMPLE STANDARD SOIL DESCRIPTION COMMENTS PENETRATION 
w-

it 
TEST ..,w ..J 0 RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, (,) 

~ zo:: w 

~~ 
<w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, 

0:: wiD 0 OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION w a..::!: u- 6'-6'-6' W::> ... 
~iE wt (N) MINERALOGY om ~ 0::-

-300' 
DVM- 0 ppm SHALE, dark gray, fine grained (silt and clay), soft, fissile, trace 

- 31 - - of very fine sand 
310 

SHALE, as above 
- 32 - -

320 320ft: Top of 20/40 sand pack 
SHALE, as above 

325'- 33 - -

330 
SHALE, as above 

- 34 - -

340 
SHALE, as above 

- 35 - -

350' 
350 

36 
SHALE, as above, becoming sandier, less clay, trace of yellow 

- - - orange fragments of agate, siltsone and cabonite type material 

360 
SANDY SHALE/SANDSTONE, dark gray, very fine grained sand 

- 37 - - and silt, soft, fissile, decreased clay, yellow orange fragments 

370 as above 

SANDY SHALE, as above 
375'- 38 - -

380 
SHALE, with less sand 

- 39 - -
390 

SHALE, as above, fine grained, soft, fissile, clayey 
- 40 - -

400 
397.5 ft: Top of grout seal and top of 

400' blank casing 
SHALE, as above, sandier in zones 

- 41 - -
410 

SHALE, as above, thin sandy layers, some sandstone fragments 
- 42 - - Slightly harder at-418ft 

420 

SHALE, as above 
425'- 43 - -

430 
SHALE, as above 

- 44 - - 435 ft: Top of sand pack 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
440 Drilling much rougher at 442-444 ft, -

SHALE, as above, and SANDSTONE, steel blue gray, very fine sandstone 
- 45 - - grained, quartz, harder than shales 445ft: Top of lower screen -

0' 450 



• 
PROJECT NUMBER BORING NUMBER 

118069.JO.ZZ TW-1 SHEET 4 OF 6 

CH2MHILL • SOIL BORING LOG 

PROJECT laredo ASR LOCATION McPherson Storage Tank 

ELEVATIO DRILLING CONTRACTOR TWOS (Texas Water Development Board) 

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

WATER LEVEL AND DATE START 1-7-97 ANISH 1-13-97 LOGGER l McAllister 

~f SAMPLE STANDARD SOIL DESCRIPTION COMMENTS PENETRATION 
w- >- TEST ..,w 

-' 0 a: RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, 0 ;l: Za: w 
X if <w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, 
li:a: a: w"' 0 6'-6'-6' OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION 
w~ 

w c..::! o- MINERALOGY >-
~~ wt;: (N) OCI> ~ a:-

-450' SHALE, dark gray, slightly harder, has black sand?, slightly Rougher slower drilling overall 
- 46 - - coarser, in shale, shale is overall less fissile -

460 
SHALE, as above -

- 47 - - 469ft: SANDSTONE, light gray with black speckles, hard, very -

470 
fine sand, well sorted, quartz with caliche cement 

469 ft: Hit hard sandstone, only drilled_ 
SHALE and SANDSTONE, as above 1 ft in 30 minutes 

475'- 48 - - 475 ft: Out of sandstone -

480 -SHALE, as above. fine grained and clayey, little to no 
- 49 - - sand/sandstone -

490 -
SHALE, as above, few thin stringers of sandstone 

- 50 - - 495 ft: Top of sump -

500' 500 500ft: Top of bottom plug -
SHALE, as above 

- 51 - - Stop 1-1 0-97 -

510 
Intermittent rough drilling in sandstone -SHALE, as above 

- 52 - - <0.5 ft thick -

520 -
SHALE, as above 

525'- 53 - - -

530 -
SHALE, as above 

- 54 - - -
540 -

SHALE, as above 
- 55 - - -

550' 550 -
SHALE, as above 

- 56 - - -

560 -
SHALE, as above, more clay, slightly lighter in color even when Shale softer and more clayey 

- 57 - - wet, softer -

570 -
SHALE, as above 

575'- 58 - - -

580 -
SHALE, as above 

- 59 - - -

590 -
SHALE, as above 

- 60 - - -

00' 600 



• 
PROJECT NUMBER BORING NUMBER 

118069.JO.ZZ TW-1 SHEET 5 OF 6 
CH2MHILL • SOIL BORING LOG 

PROJECT Laredo ASR LOCATION McPherson Storage Tank 

ELEVATIO DRILLING CONTRACTOR TWDB (Texas Water Development Board) 

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

w ATER UEVE LAND DA START 1-7-97 FINISH 1-13-97 LOGGER L McAllister 

~t SAMPLE STANDARD 
SOIL DESCRIPTION COMMENTS PENETRATION 

w- > TEST 
mw ..J Q a: RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, 0 ;l: za: w 
H <w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, a: wiD 0 6"-6"-6" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION w o..::O u-W::l 1-

~~ wt;: (N) MINERALOGY om ~ a:-
-600' 

SHALE, dark gray, fine grained, fissile, mostly clayey, occasional 
- 61 - - stringers of thin, very fine grained sandstone -

610 -
SHALE, as above, thin white shelly layer 

- 62 - - -
620 -

SHALE, as above, no shell 
625'- 63 - - -

630 -
SHALE, as above 

- 64 - - -
640 -

SHALE, as above 
- 65 - - -

650' 
650 

SHALE, as above 
-

- 66 - - -
660 -

SHALE, as above 
- 67 - - -

670 -
SHALE, lighter gray, 15-20% white shelly material, oyster? possibly 

675'- 68 - - tan limestone, some brown shelly material also. nodules of yellowish -

680 
orange silt 

-
SHALE, as above, more sand size grains, but not in layers 

- 69 - - -

690 :._ 

SHALE, as above 
- 70 - - -

700' 700 -
SHALE, light gray, soft, clayey, -5-10% fine black sand, not in layers, Soft- drilling much faster 

- 71 - - just sandy shale, trace of shelly material and tan and yellow orange -
silt nodules 

710 -
SHALE, as above 

- 72 - --
720 -

SHALE, as above 
725'- 73 - - -

730 -
SHALE, as above, less sand, only trace of shelly material, soft and 

- 74 - - clayey, nodules of yellow orange silt -
740 -

SHALE, as above 
- 75 - - -

-750' 750 



• CH2MHILL • 
PROJECT Laredo ASR 

PROJECT NUMBER 

118069.JO.ZZ I 
BORING NUMBER 

TW-1 

SOIL BORING LOG 

LOCATION McPherson Storage Tank 

SHEET 6 OF 6 

ELEVATIO DRILLING CONTRACTOR TWOS (Texas Water Development Board) 

DRILLING METHOD AND EQUIPMENT Failing Mud Rotary 7 7/8' bit (6 118' start) 

WATER H-97 1 13 97 LEVEL AND DATE START FINISH - . 
LOGGER L McAIIister/B Ch ·sran n 1 

~~ SAMPLE STANDARD 
SOIL DESCRIPTION PENETRATION COMMENTS 

w- > TEST 
<DW _, a a: RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, u 

~ za: w 
~~ <w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, 

a: w"' 0 6'-6'-6' OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION 
W::> w a.:!: blt Q(/) .... 

!:::~ (N) MINERALOGY 
;;!!; a:_ 

-750' 
SHALE, light gray, fine grained, clayey, trace of sand and shell fragmen1S, Stop 1-12·97 

- 76 - - some orange brown silty nodules 

760 
SHALE, light gray, fine grained 

- 77 - -
770 

SHALE, darker gray, some light gray silt 
775'- 78 - -

780 
SHALE, light gray, silty 

- 79 - -
790 

SHALE, as above, less silt 
- 80 - -

800' 800 
SHALE, dark gray, some light gray silt 

- 81 - -
810 

SHALE, as above, trace silt, some orange-brown silty nodules 
- 82 - -

820 
SHALE, light grained, fine grained, trace of sand 

825'- 83 - -
830 

SHALE, dark gray, some fine grained light gray silty sand 

- 84 - -
840 

SHALE, as above 
- 85 - -

850' 850 
SHALE, dark gray 

- 86 - -
860 

SHALE, as above 
- 87 - -

870 
SHALE, as above 

875'- 88 - -
880 

Tolal Deplh 884.5 
-

-

-

00' 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

·-

-

-

-

-

-

-

-

-

-

-



• CH2MHILL • 
2'-

250' --

300' --

350' --

400' --

450' --

800' --

PROJECT NAME I LOCATION PROJECT # 
City of Laredo ASR Feasibility Study 118069 JO ZZ 
Del Mar Stora e Tank · · 

BORING# 

TW-2 

WELL CONSTRUCTION ~.u~~:~~~ED BY 

DIAGRAM City of Laredo 

/rn+---- Grout plug 

1±:¥~t---- Top ol blasting sand (260 It) 
fir<~<ii:irt----- Topol 8/16 gravel 

DRILLING CONTRACTOR 

Texas Water Development Board 

DEPTH TO WATER DATE 

117.0ft 3f7197 

::l1:Z'I"-'it.Z'i~---- Top ol 0.030 low carbon shutter screen (270 It) 

8/16 gravel pack 

Total Depth = 800 It 

NOTES: 

6" well casing diameter 
1 0 5/8' hole diameter 

Well completed 3/6/97 

NOT TO SCALE 
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Plfv/lflp- OtiOfl,_• llidfJ IIIIC 177 

ol WeJJ "-<<f'• ~ (pink) WELL REPORT P.0.-111117 
AINIIIIi, Tli7W71WGII7 
51~ 

1) OWNER. Ci)i;£ o£ Lar•"o ACOFIAS P.O. Box 2950 Laredo TX 78044 
(Na'"") . (611'8111 or Rl'tl) (City) <-I (Zip) 

2) AIIDIIESS OF WB.L.: 
~s-~,-~ County 1.iE~3 Il!!l.H&a:r;: ~lc:!:!:illt !:.§;;:!1~0 T~2S!II 78Q4~ GRID• 

(SliM!, AFO ar oll'l_, (CIIy) (Stale) (Zip) 

-S) TYPE Of' WOfiiC (C!oeak): &) PROP0$1!D US&(c:neclc): o- 0 Envii'CIMMinl .. Sail Baring 0 eom-tic: I) 

[31:N•wW811 0 D._,;ng 0 lndUOillal 0 lnigaHon 0 lnjeclian 0 PlilllcSupply 0 O.W.I8M9CJ(] Te!Mel ~T ;nD :J,'J.,:Z<j&. I 
0 Aecou4iliani11Q 0 PtuggJng II Putlllc: Supply -· -.-. plans SUbmllla<l 10 Ill• TNACC? 0 Yes 0 No I, olftl ".:l 'i ·iS, 

DIAMin'WII 01' HOLII -OA 
I) WI!LLLOG: 7) DRILLlHCl METHOD (CIIeck): 0 DriVen 

Da .. Drilling: Dla.(in.) l'tom (ft.) To (II.) 0 MAolarY UMio:l Rotary 0 8ole<l 

s-d 2-10- 11.11.. 4-3/4 SUr1ace 20 0 Nrtfarnmer 0 cableTaal 0 Jailed 

Complatacl 11 0-5/8 20 4.!50 00lfter N' --
7-7/B 450 BOO 

From (n.) To (fl.) Deecrlpdan -color oll-allon !Mierlal I) ao..-lacompladon (C"-ck): 0 OpenHole 0 Su.igi!IW.I 

0 ')(\ v .. 11nw r,.,;,..,..., 0 Underrumed ~vel Packed 0 01her 

20 <1.0 v .. 1.1~ Caliehe a Bh, .. ~" .. ," 
W G..,.. Pac;ked giwo 1-... 11a1n 2 60 ll to 42~ II. 

4t) 110 Blue Sh,.le 1:. r; '"'"' CASING, BLANIC PIPE, I'ND WELL BCII.I.IN DATA: 
110 l'l-> I'll, .. .<:J ... •1- .:. ;.,..,,.."' .. ~ ......... 
l96 ?ao G:rav !':h8l'" 1:. "'"""'"'-rnn .. ,..~.,...,.,.,,. 

New Steal, Plasllc, ale:. S~(ll.) ~ 
0111. or Plllf., 91olla4, etc. CuUng 

<9Q <!4G_ Grav ... ""•+~na (ln.) Usad Screen Mf; .• it c:ommerctal From To Sctun 

d40 fH)O "R1n .. "' G.,-,.v Shale & h,.rd .,,..,.a.,k ~6-<; IIR ., !';I' ...... I "'" .. 1.,., ... n ::>liQ 

f;_l§ I ~ n ........... A~ ,hq ?RQ .030 

~-l;/ 
" n 

~L ,., scr .. en :28Q 409 .040 
. 1; .. o; I e n Shut+ .. .- S"rae,., 1\QQ .d?Q .n~n 

I) c:•IIIEN'nNG DATA [Rule 3311.A4(1)) 

CanontadiiOm 0 it. to ;!GO 
·~ No.oiNG·U- 102 

429 IL!D 450 ••• No.olsaclclluud 14 
MeiiiCiduan Tremmie pi.?! 
camemedby T.W.D.B & Halliburton 

(IJH ,....,.. -of W ... o-nt c:t:~p)l, 11-ty} 
c•tanaa \0 septic ayatem laltlllniiS or other -.cenlntb!d -dlln l.iQ_ 11. 

-1a1 TYP£ PUIIP: MO!hocl olll&flllcaHon olllbava d;.lllnce Estimated 
0 Tu"*'e 0 Jat IDcSubm•l'libl• QCylrw.t 

0 Otnor la) SIJAJAeE CCMPI.ETION 

Deolllto gump l:lowta. cylinder, jet, e1c., 3SQ It D;IJpecilied Sutlace Slab lne- [RUle 3311..W(2)(A)] 

0 SpecifiedS18eiSieeVelna..u..l (RUle 338 .... (3)(A)) 

14) WILL TESTS, 0 Pld~~~aAdllplatiJSecl [Aule 338.«(3)1b)J 

Typetesr. liil Pump 0 Beiler OJened 0 Esltmated 0 Approwd Allemauve Procedur• Used [Rule 3:18.71) 

Yiel<l: ~~ gpm~tn 71 n.dra~at~ar a hill. 
11) WATEI'I LI!VI!L: 

S~alicl..,.l 130 ft. below land ourraaa Da11l ~-9-97 
15) WATER QUAUlY: 

All-nftow o. .. 
Old yau l<nowin~ penetrate any &tlllfll Wlllcll con~ained un4eslraole 

gpm. 

o:onSIIIUenls? 

0 Yos [JFNo II YN. aut>mli'AEPORT OF UNDESIAASl.E WA reR• 1:Z) I'ACKEJIS: 1W<t o.pm 

Typa olwalol"/ D"t)ll\ ol Slllllll ~one 

Was a cliemlcallln.lpia l'llilda? 0 vn D No 

1 no,..,., cenl1y tllct 1his- was drilled by mo (or under rny IIIPotVIslon) and lh•l aadland all ollh• stalemen• hatH~ aro uue to lh• basi al my tcnc>Mqe ond belial. I 
u""""'land t11c1 lailureto cornplele ._,., lhN Ul will IMUIIIn tile log(o) being returned lor .,.,....ion alld r8Subml~. 

!~e~a~ ~ater Davelopmant Board 
COMPANY NAMe • WI!LL DRILLIIYI'!I UCbl&li NO. ,;; JJ? ~:z:: 
ADDRESS _l 7 Q 0 

(SignodJ ~ . ~ 
TNACC-Q199 ( ...... 05-Z1-911) 

(Type or print) 

D:!'ive - lOme+ i,., 'l'QYi'OS 7S728-"7"7?C: 

';!)RFD)~/., (City) ./1. ~(S•ta) 

($1gned) ~'11 ~-,_,.·~-r 
'lllconsacl Wellbrillit} (RIIQ1atered DrillerTralnaa) 

PMoaM anean -.talog, -- .,alyale, 111"1 altlar pantnant I~ If evell.tlte. 

White- TNRCC Yellow· DRILLER Plrrk • WELL OWNER . -... 

(Zip) 

. ' / 

' 



• CH2MHILL •• 
PROJECT Laredo ASR 

PROJECT NUMBER 

118069.KO.ZZ I 
BORING NUMBER 

TW-2 

SOIL BORING LOG 

LOCATION Del Mar Storage Tank 

ELEVATIO DRILLING CONTRACTOR TWDB (Texas Water Development Board) 

SHEET 1 OF 6 

DRILLING METHOD AND EQUIPMENT·~F~ai!'.'lin'l!g~M~u!'.'d-"R!'.'ot!'.'ary~------------------------------

WATER LEVEL AND DATE START 2 9 97 - - FINISH - -2 20 97 LOGGER L McAllister 

~E 
SAMPLE STANDARD SOIL DESCRIPTION COMMENTS PENETRATION 

>- TEST ... - ..J 0 a: RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE • !Dill 
~ Za: w 0 <w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, 

H a: w"' 0 6"-6"-6" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION w c..::E u-
111::1 ..... 

~~ wt;: (N) MINERALOGY 
CCII ;l; a:_ 

-o· 
SILT/SILTSTONE (ML), yellowish orange, trace of fine sand, OVM- 0 ppm 

- 1 - - highly gypsuforous (selnite) -
10 -

SILT (ML), as above 
- 2 - - -

20 -
SILT (ML), as above 

25'- 3 - - -

30 -
SILT (ML), as above with CLAY (CL) 

- 4 - - -

40 -
CLAY (CL), yellowish orange and greenish gray, less gypsum, 

- 5 - - trace of silt to very fine sand -

50' 50 -
CLAY (CL), light olive gray, trace silt 

- 6 - - -

60 -
CLAYSTONE I SILTSTONE, light olive gray, friable 

- 7 - - -

70 -
SHALE, light olive gray, fine grained, fissile, silty with trace of 

75'- 8 - - shell material -

80 -
SHALE, as above, 10-15% oyster shell, trace of very fine sand 

- 9 - - and gypsum -

90 -
SHALE I SANDSTONE, fine grained sand. blue-gray color, 

- 10 - - fissile, 10-15% oyster shell -

100' 100 -
SHALE I SANDSTONE, light olive gray, fine grained, fissile, 

- 11 - - less shell -

110 -

SHALE, as above, decreasing fine sand 
- 12 - - -

120 -
SHALE, as above 

125'- 13 - - -

130 -
SHALE. as above, increasing clay 

- 14 - - -

140 -
SHALE, as above. some very fine sand/sandstone 

- 15 - - -

~150' 
150 



• PROJECT NUMBER BORING NUMBER 

118069.KO.ZZ ~ TW-2 SHEET 2 OF 6 

CH2MHILL • SOIL BORING LOG 

PROJECT laredo ASR LOCATION Del Mar Storage Tank 

ELEVATIO DRILUNG CONTRACTOR TWDB (Texas Water Development Board) 

DRILLING METHOD AND EQUIPMENT...:..F,ail,_in"'-g-"M'-"u"'-d.:.:R:coot,ary.l.._ _____________________________ _ 

WATER LEVEL AND DATE START 2-9-97 F1 IS 2-20-97 N H LOGGER L McAllister 

~t 
SAMPLE STANDARD 

SOIL DESCRIPTION COMMENTS PENETRATION ,_ TEST w- ...J c a: RESULTS ID~ ~ Za: w SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILUNG RATE, 

:>:~ 
<w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, a: w"' 0 OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION li:a: w o..::! 1rlt 6'-6'-6' 

W:::> ... 
~~ (N) MINERALOGY 

COl ;;;; a:_ 
f-150' 

SHALE, as above 
- 16 - - -

160 -
SHALE, as above 

- 17 - - -

170 -

SHALE, as above. increasing clay 
175'- 18 - - -

180 -

19 
CLAYEY SHALE, light olive gray, less fissile, more fine grained 

- - - and soft -

190 -
CLAYEY SHALE, as above, trace of sand, very fine 

- 20 - - -

200' 200 
-

SHALE, light olive gray, fine grained, fissile, trace sand 
- 21 - - -

210 -
SHALE, as above 

- 22 - - -

220 -
SHALE, as above. little to no sand 

225'- 23 - - -

230 -
SHALE, as above 

- 24 - - -

I 240 -

SHALE, as above, gyp??? 
- 25 - - -

250' 250 -
SHALE, as above, with increasing clay, light gray color 

- 26 - --
260 -

SHALE/CLAY, light gray, soft, more fine grained, less fissile, 
- 27 - - some very fine sand -

270 -
SHALE/CLAY, as above 

275'- 28 - - -

280 -
SHALE/CLAY, as above 

- 29 - - -

290 -
SHALE/CLAY, as above 

- 30 - - -

Lsoo· 300 



• 
PROJECT NUMBER BORING NUMBER 

118069.KO.ZZ TW-2 SHEET 3 OF 6 

CH2MHILL - SOIL BORING LOG 

PROJECT Laredo ASR LOCATION Del Mar Storage Tank 

ELEVATIO DRILLING CONTRACTOR TWDB (Texas Water Development Board) 

DRILLING METHOD AND EQUIPMENT--"Fa""il"'-in,..,g_,M,uood_,_,R,_,ota,ryL-_____________________________ _ 

WATER EEL AN LV D DA START 2-9-97 FINISH 2 20 97 - - LOGGER L McAllister 

3:~ SAMPLE STANDARD 
SOIL DESCRIPTION COMMENTS 9t: PENETRATION ... - ~ TEST 

Ullll -' 0 a: RESULTS SOIL NAME. USGS GROUP SYMBOL. COLOR, DEPTH OF CASING, DRILLING RATE, 0 
~ za: w 

~; <w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, a: w"' 0 OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION 
Ill:> w "-~ u~ 6'-6'-6' 
0<1) 

,__ 
~~ WI;: (N) MINERALOGY 

~ a:_ 
1-300' 

SHALE/CLAY, as above 
- 31 - - -

310 -
SHALE/CLAY, as above 

- 32 - - -

320 -

SHALE/CLAY, as above 
325'- 33 - - -

330 -
SHALE/CLAY, as above 

34 - - - -

340 -

35 
SHALE/CLAY, as above 

- - - -

350' 350 -

36 - - CLAY (CL), light olive gray, very fine grained, soft, plastic, less 
- shelly texture -

360 -
CLAY (CL), as above 

- 37 - - -
370 -

CLAY (CL), as above 
375'- 38 - - -

380 -
CLAY (CL), as above 

- 39 - - -
390 -

CLAY (CL), as above 
- 40 - - -

400' 400 

CLAY/MUD/MUDSTONE, light gray, very fine grained, soft, 
-

- 41 - - little to no texture -

410 -
CLAY/MUD/MUDSTONE, as above 

- 42 - --
420 -

CLAY/MUD/MUDSTONE, as above 
425'- 43 - - -

430 -

CLAY/MUD/MUDSTONE, as above 
- 44 - - -

440 -

- 45 - - CLAY/MUD/MUDSTONE, as above 
-

L.t5o' 450 



CH2MHILL 

PROJECT NUMBER 

118069.KO.ZZ I 

BORING NUMBER 

TW-2 

SOIL BORING LOG 

SHEET 4 OF 6 

PROJECT laredo ASR LOCATION ~O~ei_::M::::a~r ~SI::::_Ora::::.gJt:e:....l~an~k~----------

ELEVATIO>N--------------- DRILUNG CONTRACTOR TWOS (Texas Water Development Board) 

DRILUNG METHOD AND EQUIPMENT_,_Fa,ile:_in,g.:.::M,_,u,_d,_,Ro,t,_,aryL-_____________________________ _ 

WATER LEVEL AND DATE START 2 9 97 - - AN ISH - -2 20 97 LOGGER c 1s er LMAirt 

~f SAMPLE STANDARD SOIL DESCRIPTION COMMENTS PENETRATION 
w- >- TEST mw ...J 0 "' RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, u 

~ za: w 
i=~ <w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, 

"' w"' 0 "'"' w 6'-6'-6' OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION 
W:> .,::; o-
011> >-

~~ wt (N) MINERALOGY 
~ "'-f-450' 

CLAY /SANDSTONE, with traces of harder material, less shaley 
- 46 - - texture -

460 -
CLAY/SANDSTONE, as above 

- 47 - - -

470 -
CLAY/SANDSTONE, as above 

475'- 48 - - -

480 -
CLAY/SANDSTONE, as above 

- 49 - - -
490 -

CLAY/SANDSTONE, as above 
- 50 - - -

500' 500 -
CLAY/SANDSTONE, as above 

- 51 - - -

510 -
CLAY/SANDSTONE, as above 

- 52 - - -

520 -
CLAYEY SHALE, gray, very fine grained, less fissile, more 

525'- 53 - - pulverized -

530 -
CLAYEY SHALE, as above 

- 54 - - -

540 -
CLAYEY SHALE, as above 

- 55 - - -

550' 550 
CLAYEY SHALE, as above, trace of sandy zones 

-

- 56 - - -

560 -
CLAYEY SHALE, as above 

- 57 - - -

570 -
CLAYEY SHALE, as above 

575'- 58 - - -

580 -
CLAY, as above, becoming slightly shaley, very fine, no sand 

- 59 - - -

590 -
CLAY, as above 

- 60 - - -

L&oo· 600 



• 
PROJECT NUMBER BORING NUMBER 

118069.KO.ZZ TW-2 SHEET 5 OF 6 
CH2MHILL • SOIL BORING LOG 

PROJECT laredo ASR LOCATION .....=D.:::ei..::Mc::a::..r =-St~o:..::ra"-ge=-t:..::a::.::nk"------------

ELEVATIOIN....-------------- DRILLING CONTRACTOR TWDB (Texas Water Development Board) 

DRILLING METHOD AND EQUIPMENT_,_F,ai,tin,_.g'-"M"'u"'d..!.R""ot,_a,.,ry ______________________________ _ 

WATER LEVEL AND DA START 2-9 97 - FINISH 2 20 97 - - LOGGER L McAllister 

~- SAMPLE STANDARD SOIL DESCRIPTION 91L PENETRATION COMMENTS 

w- >- TEST 
OIW .... 0 a: RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE. I.) 

;l: Za: w 
H <w > MOISTURE CONTENT. RELATIVE DENSITY DRILLING FLUID LOSS, 

a: will 0 6'-6'-6' OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION w ,_:;; u-W:::> 1-
~~ wt (N) MINERALOGY CO> ~ a:_ 

r-600' 

- -

610 -

- -

620 -
SHALE, light gray, fine texture, siltier than above, some oyster 

625'- shell fragments -

630 -
SHALE, as above 

- -

640 -
SHALE, as above 

- -

650' 650 -
SHALE, as above 

- -

660 -
SHALE, as above 

- -

670 -

SHALE, as above 
675'- -

680 -
SHALE, as above with trace of SAND/SANDSTONE 

- -

690 -
SHALE, as above 

--

700' 700 -
SHALE, as above. slightly sandier 

--

710 -
SHALE, with trace of fine sand 

--

720 -
SHALE, as above 

725'- -

730 -

SHALE, more clay, little to no sand 
--

740 -
CLAYEY SHALE, fine grained, no sand 

--

'-750' 750 



• ..... CH2MHILL 

PROJECT NUMBER 

118069.KO.ZZ I 
BORING NUMBER 

TW-2 

SOIL BORING LOG 

SHEET 6 OF 6 

PROJECT laredo ASR LOCATION -=D.:::ei...::M:::a::..r .:::St"'ora=ge,_l:c:an:.::k:...._ _________ _ 

ELEVATI0·1't-------------- DRILUNG CONTRACTOR TWDB (Texas Water Development Board) 

DRILUNG METHOD AND EQUIPMENT-'-F~ai~lin!llg~M~u~d.!.!R~ot~ary"------------------------------
TE WA R LEVEL AND DATE START 2 9 97 .. 

FINISH 2 20 97 . . 
LOGGER L McAllister 

;::_ SAMPLE STANDARD SOIL DESCRIPTION COMMENTS 9t:: PENETRATION 
w- > TEST .,w ..J 0 a: RESULTS SOIL NAME, USGS GROUP SYMBOL. COLOR, DEPTH OF CASING, DRILUNG RATE. 0 

~ za:: w 
~~ <w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, 
a. a: a: w"' 0 OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION 
W::l w o..::E u- 6'-6'-6' 
CCII 

.... 
~~ wt:: (N) MINERALOGY 

~ 0::-
c-750' 

CLAYEY SHALE, as above 
- -

760 -
CLAYEY SHALE, as above 

- -

770 -
CLAYEY SHALE, as above. trace of fine sand 

775'- -

' 780 -
CLAYEY SHALE, as above 

- -
790 -

CLAYEY SHALE, as above 
- -

800' 
800 

END OF BORING 

- -

- -

- -

~··~ -

-

--

--

- .-

--

700'- -

--
--

--

--

725'- -

--
--

--
--

'-750' 



• CH2MHILL • 
2' 

0'-

220'-

250'-

300'-

350' --

400'-

PROJECT NAME I LOCATION PROJECT # 
City of Laredo ASR Feasibility Study 118069 JO 72 
Del Mar Stora e Tank · · 

BORING# 

TW-2A 

WELL CONSTRUCTION SUPERVISED BY 

DIAGRAM B. Christian 
City of Laredo 

r---- Top of cement grout (220 ft) 

Schedule 80 4" PVC 
0.020-slot well screen 

an 6 gravel pack 

Total Depth = 430 ft 

DRILLING CONTRACTOR 

Texas Water Development Board 

DEPTH TO WATER DATE 

121.9411 7/28/97 

NOTES: 

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

Well completed 7/25/97 

NOT TO SCALE 



.. ·.;;·· ' .,, ~ ' ~·'1· 
~C . I 

s.,., o """'by-rwtum recellll ;.qtl-lld mllil ta: TNRCC. MC 177. P.O. -1-7, ..... .., Tll7~114087; 
............... 

ATTI!IfTION 0-11!11: ~ 
State of Texas 

T-u W•l•rW .. I Dl'll .. ,. A-.,y Ca.-11 
PfiVItegt~ ftlotk:.• on on ,...,. skSIJ IIC177 
a1 Wei Olw!et's copy {pink} WELL REPORT P.0.-13017 

"ulltln, Tlt7U11-apl7 
512·-

1) 0-ER. C:j:t:x c:t: I.a:ce:da "DORESS Po. Box 2950 Lar .. do Texa~ 78044 
(Name) (-orAFD) (City) (S-) (Zi!ll 

2) ADDRESS OF WELL: 
Councy lllleloltl c•J l!1BJ:: Laredo, TX GRID II 

(sti'HI. RI'D or oilier) (City) ,_, (Zlp) 

3) TYPE OF WORX (C!Mcll): ., PROPOSED USI!.(Check):. 0 ManiiDr 0 En...., ....... Saillloring 0 DomostJc &) 

lU NewWell 0 Do-ning 0 lrv:IIMI"-' 0 lmg.don 0 lrpclian 0 PUilllc:Supply 0 0.-rtng tJ T•-11 

0 Recondlllcnlng 0 Plugging It Publk Supply well, _. •• IIUbmilllld Ia the TNRCC? 0 Yes 0 No 

I) WliLLLOG: DIAMITIR OF HOLE 7) OAILLIN!i MliTitOD (c:IMeiC): 0 Dill/en 

Dele Dtilllllg: Di•. (ln.) From (Ill Ta (Ill 0 AlrR-ry ID --ry 0801'811 
s .. r~ec~ 7-8-9719_ 9-7/A s.,._ 420 0 "lrHammer 0 C.IMTaol OJ•tlod. 
CompiMIId z-afl-:17 1!1 __ 0 Other .t 

-(ft.l Ta (ft.) Descl'lpdoon- c:alar of '-lltlon '""'erllll I) 1-COIII ........ (a-11): 0 Optll"l HOle 0 Stnllghf WaH 

() "'' n ..... , ...... ,..,. 1 ,..,~ .. .: . 0 Undai'T8IIrned I]CGraveiPackecl 0 Olher 

40 - 250 Blue ora.; shale & hart'! strl'!a)(s 
It Gtavel Packed gtvw lnleMol.- !ram 240 I!. to ~20 ft. 

250 - 254 Grauwni~ .. 1imesT.one CASING, BLANK PIP£, AND WELL SCRI!Eiil DATA: 

254 - 330 Bln"' tT-r;ov ,.,,..,.., ,.,.,,.,,. & ,., ~. ... 
345 S!!".-. ... ~"- IW hluA .,.,.,.v 

New Sleet, PIUIII:, 1111:, Selling (II.) Gage 
330 - Dill. or Pwrf., Slall<ld, 11G. Casllng 

345 - 410 Blue n1':"aY .. ~,., .. <: .,,...,,.."lto:ne (ln.) U..ed Screen Mfg., ~-•rol.t F....m To Sclftll 

410 - 420 B1n,..,.,..,.., •h•l• 4 n PVC C:llSl.nq -:.1 ""20"0" 

'! 11 !:VC" ;:: :; :;:: ~~~ ~';'';:! .U~U 

A "'"". a~•aa" ., .. .,A .. .... ....... 
!> n ~ blanx. ~~i ~~2 ---
i) CEMENT1NG DATA II'Me 331.44(1)) 

Cemonled lrom 240 ft,ID 3§Q lt. No. ot ac:a uaed fl 
Q' ttro lS' II. No. ol saclca uaed s 

Melhoduaed :tz::iDDJs pjj;le 

(Usa"'"""" ski# of WeN a..,..-. copy, il n-ry) 
camenledby T.W D.B. 
Distance to septiC system tletd llna or otllar con-.uated contamtnauon .l.Q2. n. 

1a} 1"fPI! PUMP: M-otvollllcatiOIIoiiDOVe a....,_ 
0 Tl.ort>lnll 0 Jal [i1 Submootoibte 0 Cyllncler 

0 01/ler 10) SUIU'ACII COMPt.£JION 

Dtoptn 1o pUmp booota. cytillder, 1111. arc., 252 IL Jg: !Qecltled SUrfloce 5Mb lnaw.ltad [Rulli 338.~2)(A)) 

0 Specifled Sleet S....lnsllllled [Rule $38.44(3)(A)) 

14) WELL TESTS: 0 Pitlua Mopl<lt uucr [Rule 338.<14(3)(b)] 

T}'Datesl: CXPump 0 Bailer 0 Janoa 0 l!sdmetea 0 AppruvedAH.....-~ura\Jsa<I[Rula338.71] 

Yield: 60 lPI1 with 180 tl.d-allllr a nrs. 
11) WATER LEVEL: 

Stade: I- ]3:5 lt. balowlanci ourlaca Do Z-2Z-91 
1 !i) WolTER OU"LLTY: 

Anealannaw gpm. c •.• 
Did you knowingly penalrala ony strata \UIIIch con1alned und .. lnlble 
c:onariruent•7 

0 Yes ~Q W yu. sullmtt "RePORT OF UNDESIAAEILE W 4 TEA' 
12) .. AC-: Type Decllll 

Type ol waler7 Daptn or srrora Nnw-... 
Was a cnamtcalanolyole made7 OY• ONa 

I nare!ly cenlly 1~1111U \0811-• ddlleciiiY me (or under my !IUporvfelon) and lhllt each ana all ol tile oratemenlll henlin ara ll\la tD tna besl ol my knowledge and beilel. I 
uncteman<llflat lallura oo oamplal• ;wrma 1 tnN 15 Wll rosuM In lhalog(o) being raoumed tar comotellon and raoullmlllal. 

COIFAN'Y NAME Taxn :S late~ ~lcpment 
. ("TYpe or griN) 

BaaJ:d WELL DRII.LBWS UCIDISI NO. 2327WI 

AIXlREIIS 1700 Drivo Au .. t-.in 'I'D¥,. A 7A72A 

,;;~~~~ ~,_oa~ ~ 
(Ciry) (S1a1a) . (Zip) 

(Signacl) . :~.~·:~:; ~.-~·. ·:;. 
.. . VaiiDrlltal) .. · (Ragiltllracl Driller Trainlla) 

... - ' 
.. 

--.,IICVIc tog. cllemic.l .-,.r., .U.d'amw 1*11ftant t--.tan, II avail.- . 
TNRCC0199 (Aev. 06·21-gel · WhiM- TNRCC Yellow- ORILLER Pink- WELL OWNER.' 



• 
PROJECT NUMBER BORING NUMBER 

118069.JO.ZZ TW-2A SHEET 1 OF 3 
CH2MHILL • SOIL BORING LOG 

PROJECT Laredo ASR LOCATION Del Mar Storage Tank 

ELEVATIO DRILLING CONTRACTOR TWDB (Texas Water Development Board) 

DRILUNG METHOD AND EQUIPMENT--'-'Fa""il"'in"-g ,_,M_,ud,_,R_,o,ta"-'ry'-'7_,7_,_,/8,__" _,· 9::..;7cci8,_"-"'bie...t ------------------------

WATER LEVEL AND DATE START 7-9-97 F S INI H 7-15-97 LOGGER P. Van Noort 

~- SAMPLE STANDARD SOIL DESCRIPTION COMMENTS PENETRATION 9t: > TEST w- ..J 0 a: RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, ~~~~ § Za: w 
:X: if <w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, a: w"' 0 6"-6"-6" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION ~a: w 0..:::;: u-
W::> >-

~~ wt: (N) MINERALOGY 
CU> ~ a:-

r-- 0' 
SILT WITH SAND, 20-40% very fine sand, orange brown Samples obtained via mud logging at 

- selenite gypsum fragments, trace caliche 1 0 ft intervals -

10 -
SILT WITH SAND, same as above, trace shell fragments 

- 7 7 /B" pilot hole -

20 9-6 mud weight 
-

SILT WITH SAND, same as above, trace gray clay 30 second viscosity 
25'- -

30 -
SILTSTONE AND CLAYSTONE, dark gray, stiff 

- -

40 -
SILTSTONE AND CLAYSTONE, same as above, siltstone 

- -

50' 
50 -

CLAYSTONE, dark gray, trace fine sandstone quartz and dark 
- minerals (mafics or glauconite) -

60 -
CLAYSTONE, same as above, increased gypsum 

--

70 -

SILTSTONE, medium gray 
75'- -

80 -
SILTSTONE, with very fine sandstone, gray to light gray friable 

- sandstone -

90 Hard streak at 86-89 ft 
-'-

SANDSTONE, very fine, light gray, no HCL reaction 
--

100' 100 -
SILTSTONE, soft, trace qypsum, light to medium gray 

--

110 -
SILTSTONE, same as above 

--
120 -

SILTSTONE, same as above 
125'- -

130 -
SANDSTONE, very hard, very fine, 80% quartz, 20% dark Hard streak at 130-132, 137-142, 

- minerals, moderate reaction with HCL suggests calcite cement 148-150 ft probably -

140 -
SILTSTONE AND CLAYSTONE, trace sand 

--

~50' 150 



• 
PROJECT NUMBER BORING NUMBER 

118069.JO.ZZ -TW-2A SHEET 2 OF 3 
CH2MHILL • SOIL BORING LOG 

PROJECT·_=:La~re~d~o ~AS~R.!...._ ___________________ LOCATION Del Mar Storage Tank 

ELEVATlO ORILUNG CONTRACTOR TWDB (Texas Water Development Board) 

ORILUNG METHOD ANO EQUIPMENT---'Fa"'-"'ili!!lng.._,M-"u"'d'-'R-"'o""ta"-'ry'-'7-'7-"/8'-"--,_9 -'-'7/,_8"_,b"-'it-------------------------

WATER LEVEL A D DATE STA 7 9-97 7 15 97 N RT - FlNISH - - LOGGER P Van Noort 

~f 
SAMPLE STANDARD SOIL DESCRIPTION COMMENTS PENETRATION 

> TEST w- 0 RESULTS mw ..J Za: a: SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, 
0 ~ w 

H 
<Cw > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, 

a: w"' 0 6"-6"-6" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION w a_::; filf W:::l .... 
~ii1 (N) MINERALOGY 

0<11 ;!;: a:-
J-150' 

SILTSTONE AND CLAYSTONE, same as above 
- -

160 -
CLAYSTONE, clay dominant, trace sandstone 

- -

170 -
SILTSTONE, trace claystone. dark gray 

175'- -

180 -
SILTSTONE, same as above, with sandstone, siltstone reacts 

- with HCL Hard streak at 182-184 ft -

190 -
SILTSTONE, same as above, mostly friable sandstone to very 

- hard -

200' 200 
CLAYSTONE, with siltstone alternating 

-

--
210 -

CLAYSTONE, same as above 
--

220 -
SILTTO SILTSTONE, gray, soft 

225'- -

230 -
SILTSTONE 

--
240 -'-

SILTSTONE, same as above, trace coarse siltstone, no HCL 
- reaction -

250' 250 -
SANDSTONE, very fine, hard, reacts with HCL, trace selenite Hard streak at 250-254 ft 

--
258.50 

- See rock core logs C-1, C-2. C-3 Begin rock coring 7111/97 -

--
270 -

275'- -

280 -

--
290 -

--
Lsoo· 300 



• CH2MHILL • 
PROJECT NUMBER 

118069.JO.ZZ I 
BORING NUMBER 

rw-2A 

SOIL BORING LOG 

PROJECT_.:olaocre,decO.:..:A,SRc:_ ___________________ LOCATION Del Mar Storage Tank 

ELEVATIO DRILLING CONTRACTOR TWOS (Texas Water Development Board) 

SHEET 3 OF 

DRILUNG METHOD AND EQUIPMENT'-F!.."a"'ili"-"ng._M=ud~R'-'-'o~ta!!.ryL7'-7!..!./-"!.B'.:c·-".9.!_7~/8,_' b,_.it'----------------------------

W R 7997 71597 ATE LEVEL AND DATE START - - FINISH - - LOGGER P V Noort . an 

~f SAMPLE STANDARD SOIL DESCRIPTION COMMENTS PENETRATION ... - > TEST 

"'~ ..J 0 0: RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, 

~ 
za: ... 

~~ 
<w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, 
w"' 0 6'-6'-6' OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION w 0.::;: hlf 1&1:::1 1- MINERALOGY QU) 2:: j::~ 0:-

(N) 

c--300' 
See rock core logs 2,3 

- -

- -
315 

SANDSTONE AND SILTSTONE CUTTINGS (likely carryover 
- from coring) -

325'- -

330 

See rock core log 4 
- -

- -

- -

350' 350 
See rock core log 5 

355 

CLAYSTONE, soft, dark gray 
- -

- -

- SILTSTONE, dark gray, hard -

375'- -
380 

See rock core log 6 
- -

- ~ 

- -

400' 400 

See rock core log 7 
- -

- -

- -

420 

SILTSTONE, dark gray, trace sand 
425'- -

430 

END OF BORING AT 430 FT Reamed hole to 9 7/B', set 4' PVC 
- well, 0.020-slot at 200-300, 315-345, -

390-410 It 
--

--

'--



PROJECT NUMBER BORING NUMBER 

CH2MH I Llt-1_1s_o&_e_.K_o _ __...._TW_-_2_A_-_c_o_re_c_-_1_s_H_ee_r_1_oF_1 --t 

ASR ROCK CORE LOG 

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

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

SAMPLE RUN C-1 START: 7/10/97 END: 7110/97 LOGGER: Peter van Noort 

DEPTH INTERVAL 258 5-275 5' LENGTH RECOVERY· 15 33' PERCENT RECOVERY· 90 2% 

DEPTH COLOR LITHOLOGY and DISCONTINUITIES COMMENTS 

ROCK TYPE, MINERALOGY, WEATHERING, HARDNESS AND ROCK MASS SIZE AND DEPTH OF CASING, FLUID LOSS, 
CHARACTERISTICS (BEDDING) ; FAULTS, ORIENTATION, INALLING MATERIAL. CORING RATE AND SMOOTHNESS, CAVING 

THICKNESS, SURFACE STAINING ROD DROPS, TEST RESULTS. ETC 

258.5- 268.9 Light to Siltstone. dark green specs. on outside ol core are probably See visuaJ log for coring rates. fractures 

medium gray glauconite. Light color laminations react with HCL, hard and secondary features. 

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

mollusks. Pitting across some fossiliferous zones. 

@ 263. begin sandy Siltstone, light and dark colored minerals, 
secondary glauconite in lenticular zones, trace selenite gypsum 

(clear platy min)Laminated, decreasing laminations and less wavy, 
hard 

@266.2 along drill break, Sandstone lamination, very fine sand, 
same at breaks occurring at 267.3, @ 267.7-267.9. same with 

claystone lamination, dark gray brown, 1 mm or less in thickness .• 

268.9 - 273.9 Alt. medium Sandstone, very fine, 70.80% qtz, 2Q-30% dark minerals, massive 

gray to light to laminated with siltstone, Heavy mineral lag deposits along thin 

gray laminations. 

Fracture Summary: 259, 260.4, 262.3, 261.75, 263.3, 264.1, 264.4, 
264.7. 264.8, 265.5, 266.2, 266.5, 266.7, 267.35, 267.7, 267.9. 
266.55, 268.9, 269.5. 269.9, 270.6, 271.05, 271.4, 272.1. 272.4, 

272.8, 273.1' 273.4, 273.9 

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

porosity. 

Corec-l.xls DFWl /110869/data/corelogs 



CH2MHILL 
PROJECT NUMBER 

118069.KO 
BORING NUMBER 

TW-2A Core C-2 SHEET 1 OF 1 

ASR ROCK CORE LOG 

PROJECT: LaradoASR LOCATION : TW·2A 0 Del Mar Treatment Plant 

ELEVATION: NA DRILUNG CONTRACTOR : TWDB 

DRIWNG METHOD AND EQUIPMENT USED : Failing Mud Rotary • 6" core barrel x 20", 7 7 18" pilot hole 

SAMPLE RUN C-2 START: 7/12197 END: 7/12197 LOGGER: Peter van Noort 

DEPTH INTERVAL 275 5-295' LENGTH RECOVERY· 18 95 PERCENT RECOVERY· 97% 

DEPTH COLOR L!TliOLOGY and DlSCONTINUmES COMMENTS 

ROCK lYPE, MINERALOGY, WEATHERING, HARDNESS AND ROCK MASS SIZE AND DEPTH OF CASING, FLUID LOSS. 
CHARACTERISTICS (BEDOING) : FAULTS, ORIEMTATlON, INFIUJNG MATERIAL. CORING RATE AND SMOOTHNESS. CAVING 

THICKNESS, SURFACE STAINING ROD DROPS, TEST RESULTS, ETC 

275.5. 295 Medium to Sandstone. very fine, well sorted. 80% quartz, glauconite? or mafic See visual log for coring rataa, fracluras. 

light gray minerals?, trace rose and smokey qtz. trace pyrite, jasper, selenite. secondaly fea1uras 

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

Fracture Summary: 276.5, 277.1, 277.6, 277.9, 279.7, 281.1, 282.3, 
283.5, 284, 284.5, 286.1, 286.7, 287.1, 287.5, 287.9, 286.2, 286.55, 
286.95, 290, 290.9, 291.8, 292.05, 293.4, 294.1, 294.35. All breaks 

occur along bedding planes. 

Corec-2.xls DFWl Ill 8069/dalo/corelogs 



• PROJECT NUMBER BORING NUMBER 

CH2MHILL 118069.KO TW-2A - Core C-3 SHEET 1 OF 1 

• ASR ROCK CORE LOG 

PROJECT : Laredo ASA LOCATION: TW·2A @ Del Mar Treatment Plant 

ELEVATION: NA DRILLING CONTRACTOR : TWDB 
DRILLING METHOD AND EQUIPMENT USED : Failing Mud Rotary· 6' core barrel x 20', 7 7/8' pilot hole 

SAMPLE RUN C-3 START: 7/12/97 END: 7/12/97 LOGGER: Peter van Noort 

DEPTH INTERVAL 295-315' LENGTH RECOVERY· 20 5 PERCENT RECOVERY· 100% 

DEPTH COLOR LITHOLOGY and OISCONTINUmES COMMENTS 

ROCK TYPE, MINERALOGY, WEATHERING, HARDNESS AND ROCK MASS SIZE AND DEPTH OF CASING, FLUID LOSS, 
CHARACTERISTICS (BEDDING): FAULTS, ORIENTATION, INALLING MATERIAL. CORING RATE AND SMOOTHNESS, CAVING 

THICKNESS, SURFACE STAINING ROD DROPS, TEST RESULTS, ETC 

295-300.5 Medium to Sandstone, very fine, well sorted. 800fo quartz, 20% glauconite? or See visuaJ log tor coring rates, fractures, 

light gray mafic minerals?, trace pyrite, jasper, selenite. Soft to medium secondary features 

hardness. Calcified zone at 297, very hard. 

Laminated (wavy) with heavy mineral deposijs, trace cross badding, 
trace laminations of silt. Trace fossil and organic zones @ 298. 

Organic fragments consisting of wood, leaf material? 

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

300.5. 312 Dark gray Siltstone, fine to coarse. medium gray. quartz and dark minerals 
dominate mineralogy, trace pyrite and selenite. Hard. 

Strongly laminated, interbedded with O.Gl-0.05' lams. of fine sand. 
Lenticular, boudin structures throughout- 1/4-1", coarse material 

generally surrounded by finer silt and sand. 

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

Fracture Summary: 295.2, 296.3, 296.65, 297.1, 297.35, 297.6, 
297.9, 298.1' 298.2, 298.5, 299.15, 299.6, 299.95, 300.5, 301.2, 

302.25, 302.75, @303.1-305.8 vertical fracture w/ numerous 
horizontal breaks ·drilling induced) 304.15, 304.65, 305.8, 308.15, 
309.4, 309.9, 310.6, 311.7, 313.2, 314.5, 314.9, 315.05,315.55 

Corec~3.xls DFWl/118069/dota/corelogs 



BORING NUMBER 

CH2MHILL 
PROJECT NUMBER 

118069.KO TW-2A - Core C-4 SHEET 1 OF 1 

ASR ROCK CORE LOG 

PROJECT: LaredoASR LOCATION: TW·2A 0 Del Mar Treatment Plant 

ELEVATION : NA DRIWNG CONTRACTOR : TWDB 
ORIWNG METHOD AND EQUIPMENT USED : Failing Mud Rotary· 6" core barrel x 20', 7 718" pilot hole 

SAMPLE RUN C-4 START: 7/13197 END: 7/13197 LOGGER: Peter van Noort 

OEPTH INTERVAL 330-348 LENGTH RECOVERY· 3 6 PERCENT RECOVERY· 20% 

DEPTH COLOR LITHOLOGY and DISCONTINUmES COMMENTS 
ROCK 1YPE. MINEIW.OGY, WEATHERING. HAAONESS AHD ROCK MASS SIZE AHD DEPTH OF CASING. FlUID LOSS. 

CHAAACTERISTICS (BEDDING); FAUI.TS, ORIENTATION.INFILUNG MATERIAL, CORING RATE AHD SMOOTHNESS, CAVING 
THICKNESS. SURFACE STAINING ROD DROPS, TEST RESULTS. ETC 

330-333.6 Medium to Sandstone. very fine, silty, -u sorted. 7o-80% quartz, 20% See -.a! log lor conng rates, fractures. 

lig,t gray glauconite? or mafic minerals?, Secondary minerals include trace saccndary fearuras. Greater down 

pyrite, selenrte, trace greenish black platy mineral. Soft to medium pnoosura and worn cora brt may have 

hardness. Friable on edge. contributed to poor recovery. 

Fracturas: 330.95, 331.4, 331.65, 332.25, 332.4. 332.95, 333.2, 
333.35, 333.5 

corec-4.xls DFWl/111!069/dcto/corelogs 



• CH2MHILL 
PROJECT NUMBER I BORING NUMBER 

118069.KO 1 TW-2A- Core C-5 SHEET 1 OF 1 

• ASR ROCK CORE LOG 

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

ELEVATION : NA DRILLING CONTRACTOR : TWDB 
DRILLING METHOD AND EQUIPMENT USED : Failing Mud Rotary - 6" core barrel x 20', 7 7 18" pilot hole 

SAMPLE RUN C-5 START: 7/13197 END: 7113197 LOGGER: Peter van Noort 

DEPTHINTERVAL 348-355 LENGTH RECOVERY· 4 9 PERCENT RECOVERY· 70°!. 0 

DEPTH COLOR LITHOLOGY and DISCONTINUmES COMMENTS 

ROCK TYPE. MINERALOGY, WEAlHERING, HARDNESS AND ROCK MASS SIZE AND OEPlH OF CASING, FLUID LOSS, 
CHARACTERISTICS (BEDDING): FAULTS, ORIENTATION, INAWNG MATERIAL. CORING RATE AND SMOOlHNESS, CAVING 

lHICKNESS, SURFACE STAINING ROO DROPS, TEST RESULTS, ETC 

346-351.8 Light to darl< Altemating sandstone and siltstone, interbedded, with minor See Visual log for coring rates, fractures, 

gray claystone laminations; .5- 1.5" layers of sandstone, 1mm- 2" secondary features. 

siltstone lames. Trace boudin structures. similar mineralogy. soft to 
medium hard. 

351.8-352.9 Darl< gray Siltstone to claystone. Sandstone present at 352.5 to end of core. 
hard. claystone is very finely laminated. unconfonnabte contact at 

351.8. 

Heavily fractured @ laminations~ 1·3 .. fragments- too numerous to list, 
drilling induced. 30-degree low angle fault with offset 0 349.5 with 

slick-n -sides, So-degree faults at 352, 352.3, 352.7. Such faults may 
r.nntrih11tA tn hrARkRnA >Mthin r:nrA MrrAI 

Corec~S.xls DFW /118069/data/coretogs 



BORING NUMBER 

CH2MHILL 
PROJECT NUMBER 

118069.KO TW-2A - Core C-6 SHEET 1 OF 1 

ASR ROCK CORE LOG 

PROJECT : Laredo ASR LOCATION: TW-2A 0 Del Mar Treatment Plant 

ELEVATION: NA DRIWNG CONTRACTOR : TWOB 

ORIWNG METHOD AND EQUIPMENT USED : Failing Mud Rotary· 6'" cant barrel x 20', 7 718" pilot hole. 

SAMPLE RUN C-6 START: 7/14197 END: 7/14197 LOGGER: Pater van Noort 

DEPTH INTERVAL 380-399 LENGTH RECOVERY· 9 55 PERCENT RECOVERY· 50% 

DEI'lli COLOR LITHOLOGY and DISCONTINUmES COMMENTS 
ROCK TYPE, MINERALOGY. WEATHERING. HARDNESS AHO ROCK MASS SIZE AND DEPTH OF CASING, FLUID LOSS. 

CHARACTERISTICS (BEDDING): FAULTS, ORIENTATION,INFILUNG ""lERIAL. CORING RAlE AND SMOOTHNESS, CAVING 
THICKNESS, SURFACE STAINING ROD DROPS.lEST RESULTS, ETC 

380 - 365 (adua Light to dalk Sandstone, fine to vary fine. -II sorted. 70-80% qtz, 20% mafics or See visual log for COfing rates, fraclu-. 

is 381.55- sea gray glauconite. Laminated, trace siH laminations, hard to soft (easy secondary features. Con> loggad on 

notes) scratch with knife) 7115/97. 

385-391.3 Calk gray SiHstone, 1nterbedded with fine sandstone, trace daystone Notas: Olil)nally racoverad 1.5-loot 

laminations, quartz and glauconite, pyrite, selenHe. Hard to very sample. "Rshed our additional7.3 teet of 

hard. some laminations are limy (read with HCQ. CO<&. Chose 385 feet as top of "fished" 
section because top sand is mody zone 

to have washed out. 

Boudin structures, evidence of minor daystone laminations; .5 - 1.5" 
layers of sandstone, 1 mm - 2" siltstone lamas. 

Evidence of bioturbation induding vertical burrows infilled with light 
gray, coatSer silt and fine sand, surrounded by black to dalk green 

heavy minerals (secondary glauconite?) Trace shell fragments. 

391.3- 393.3 Medium gray Sandstone, fine. Well sorted. Similar mineralogy (quartz majority). 
Massive with trace laminations. hard. Fragments are 2-4" long and 
fractures show signs of erosion caused during coring (core broke in 

barrel). 

Fracture Summary: Heavily fractured Cl 380-361.55 (7 fracturass), 
0385-391.3, 9 fractures (.7 frads/ft); 0391.3-393, 3 fractures (.56 

fradslft) 

Corec-6.xls DFWl !llll069/dat0/Corelogs 



BORING NUMBER • CH2MHILL 
PROJECT NUMBER 

118069.KO TW-2A • Core C-7 SHEET 1 OF 1 

•• ASR ROCK CORE LOG 

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

ELEVATION: NA DRILLING CONTRACTOR : TWDB 
DRILLING METHOD AND EQUIPMENT USED : Failing Mud Rotary- 6' core barrel x 20', 7 718' pilot hole 

SAMPLE RUN C-7 START: 7/14/97 END: 7/14197 LOGGER : Peter van Noort 
DEPTH INTERVAL 399-419 LENGTH RECOVERY· 18 8 PERCENT RECOVERY· 94% 

DEPTH COLOR LITHOLOGY and DISCONTINUmES COMMENTS 

ROCK TYPE, MINERALOGY, WEATHERING, HARDNESS AND ROCK MASS SIZE AND DEPTH OF CASING, FLUID LOSS, 
CHARACTERISTICS {BEDDING); FAULTS, ORIENTATION, INAWNG MATERIAL, CORING RATE AND SMOOTHNESS, CAVING 

THICKNESS, SURFACE STAINING ROO DROPS, TEST RESULTS, ETC 

399-404.35 Light to dark Sandstone, fine to very fine. well sorted. 7Q-80% qtz, 20% mafics or See visual log for coring rates, fractures, 

gray glauconite. Laminated, trace silt & clay laminations, soft. trace lignite. secondary features. Core logged on 

Abrupt contLct at 404 -very hard sandstone (calcified)- fossiliferous 7/15/97. 

404.35 - 418.8 Dark gray Siltstone, sandy, massive with wavy laminations of silt and v. fine 
sandstone, Hard to very hard. boudin structures, trace fossils. 

Fracture Summary: @399 to 404, 11 fractures/5.35 ft. @404.35-418.8, 
6 fractures/14.45 It 

I 

Corec-7.xls DFWl /118069/dato/corelogs 



• ~ •. CH2MHILL 
PROJECT NAME I LOCATION PROJECT # 
City of Laredo ASR Feasibility Study 118069 JO .,_, 
East Comdor Wall · ·"-

BORING# 

TW-3 

WELL CONSTRUCTION 
DIAGRAM 

SUPERVISED BY 
B. Christian 
City of Laredo 

2' 

0' ---+--~.,...,-.................... ....---
,. ) ,. :1> ,. ) ,. :J 

420'-

450' --

500' --

)o > ,. ,. ,. ,. )o ,. ) ,. ,. ,. ,. ,. ,. , ,.,.,.,.,.-,..:,_..; ,. ,. ,. ,. "/ ,. ) ,. ,. ,. 
> ,. ,. > ,. ) ,. ,. ,. ,. ,. ,. ,. 

,. >,:~-,,.," 

Surface seal 

,.J_ ~~-'f= V / ..t · / Grout plug 
"'r:~+-<_,.,,4----- Top of fine 40/60 sand (420ft) 

~:W:9=f:'i: Top of gravel pack (425ft) 

~!':_=l~§t;Jt;t'i~'j~~~t----- Top of screen (430ft) 

- ·t:>c}uD': 

'

DRILLING CONTRACTOR 
Texas Water Development Board 

DEPTH TO WATER DATE 

72.2 It 4/8/97 

l~~~ 
180 fl .040 low carbon shutter screen (6"10) 

550' --

600' --

» P.;.::c;= "'" ~~---- 8/16 gravel pack (434ft) 

~=~=-as:-

.%~1.~ 
·~%::::~~:: 

r~~. 

~~ 
~~~~:~,:~. 
·CJ.«9:d'-~ 

Base of screen (61 0 ft) 

1\S:O'.Cl:i;:>::. rv /7/.,..,.. ~ / .0¥'/'::..;.7~ ~~:rif---- Base of casing (620 tt) 
~)'_/_/ // Grout plug 

Top of native fill (630 tt) 

NOTES: 

6" well casing diameter 
1 0 5/8" hole diameter 

Well completed 4/7/97 

NOT TO SCALE 
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-.. Jl2C 111~ 114-3/4 -- 20 o.o.ltHa ........ 0 CableToal 0 Jatled 

Campl.tecl 4(!,5 111::U.... lto-5/8 20 630 0 Oilier N' 7-7/8 630 1000 
Fr-(fL] To(fL) -pllon .. a color or la1111adon -·-• 

., --~on(Citeak): 0 ap.nHo18 0 Shigh!Wd 

n• 10' Whi .... t"JOli,-h• 
0 Underr- :t)tGtawiPacked 0 Ot!l•r 

:10 t 40' c.:..-.. v. •h.,l• 
II Gravel Plldced g;v. ..._, __ ftam II.. to fl. 

140 c;c;• .. ~¥asloo CASINCI,IL&NIC PIPE, AND WS.I. ICAHJI DATA: 
l<;c;' 4"t<;• 'Qln•--••• •hal- &:. hs..-il a .. ?aalr 

New ~. P1altlo, etc. Senlflg(ll.) Gall• 
4."t<;• 

"'1 "' 
r: ........ 018. or Pelf., Slal11ld, etc. CU11ng 

IF.1F.• lQQO r: ..... v •h•l• ,;. hA..-<'! .... .lt .. (in.) USIId s.;...., Mig., ~ _,.n:;al From ' To Screen 

"'-"i. 8 ... 111+-•1 ,. ... i ...... n 430 
.. , ... 

... _ .. .. ... .............. ¥ ... -.n .:1n .n4n ·,._c; A " !1:+<>•1 ,. ... ~ ...... .:1n 0::1<; 

I) CEM&NTJNG OAT ,Ill (FI\IIe~.U(1)) 

Cemented I"'"' 0 ·~10 420 ll Na.ol .. claluoad 134 
616 11.10 630 IL Na.af-uaed 7 

~lhad- TriUIIKii.• i!i~ 
Cemented by T.W.D.B. " Hal1ibu~on 

(U•• ,.,..,. :Jide of Wwl OlonoH'5 ...,.,., il-ry} 
Dis..,_ II> copttc a~ -lines..- otllerconcanoraled -mlnadon 200 11. 

1a) iYP& PUMP: Melhodafv-tian<rlabaW clstance Estia:c;!ll52 
0 TutDina 0 Je1 !D6Jbm•- 0 Cylinder 

0 011\ar 10) 8UAFACI! COIIII1.ETlClN 

o.¢1 10 pump Dowis, c;yltnder, Jet. *·· ~g:;a n. llll Soecllled sun.c:e Sr.blow18118d (Rule 331..4A(2](A)J 

0 Spedlled Sleel Sl-lnata- (Rule338.ol4(~(.t.ll 

14) WELL TESTS: 0 PftleU Adlpler Used (Rule 338MI3l!bJl 

Type-t GJ Pump 0 Bal .... OJettecl 0 ES11mated 0 Appro- AllemaltVe Pmcedure Ulled (Rule 338.71 I 

Ylald! ___!iQ_ gpm"'""' a a h. d .. --after !I nrs. 
11) WATER LaVaL: 

Slalicle .... 73.20 ~~---....- on 4-9-97 
15) WATIR QUALITY: 

Arturannow 
Did you M.-ingly !Minll1181e eny sttata Wlllcll CDnlallled U~ 

gpm. oa •• 

conatiluonlc? 

0 Yes X);No II yea, submit "flEPOAT OF UNOESIRABU! WATER" 
12) PACKERS: Type Deplh 

~afwatllfl Ooptholarala Nl'>nlt 

wu a"""""""' a""lyele ,.,..-1 O'l'os ONo 
. 

-
I hwwby ear111y •n•t \Ills .,..M was dtllled by me (or under my oupenri&ion) 111\d tlla1 eacll o.nd .rt allhe slalomenla heraln are bue to tile be.!! ol my knowledge and belilll. I 
unclersland lhat !allure Ia eompt .. e ,,.,.,. 1 lhru 15 will ..-.11111 IIIII log(s) being ....,.m.,:llor complellon and IUU-l. 

cOMPANVNAIII! Texas Wllte:o:' Development Board WELL DIILL£R'S UCIIJI&II HO. ,.g;u;? WJ:_ 
(Type or prlnl) 

AIXJfiUS 1700 Hydro Drive ~ Au11tin Texas 78728-7725 

r-,s.n~4M J?;Z;Z~ (City) g;;;;o ~ (Zip) 

(Signed) 
' (R~nocl Dttllef T,.i.-) . Met) 

"'--II•- lag, -• .._. ... and..- ,..,_,.lnfonnadon, 11..,_._ 

TNFICC-<J199 (A..,. 05-21-H) White- TNRCC · Y&/law • ORII.LER 
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• 
PROJECT NUMBER BORING NUMBER 

118069. KO.ZZ TW-3 SHEET 1 OF 4 
CH2MHILL • SOIL BORING LOG 

PROJECT Laredo ASR LOCATION North East Corridor 

ELEVATIO DRILLING CONTRACTOR TWDB (Texas Water Development Board) 

DRIWNG METHOD AND EQUIPMENT-'-Fa,il"-"in::t.g.::.M'-"'ud,_R'-"o"'ta,_;ryL1,_,0'-'-7'-"/8c__ _________________________ _ 

WATER LEVEL AND DATE START - -3 19 97 FINISH 4 7 97 -- LOGGER B Ch. r ns ran 

~f 
SAMPLE STANDARD SOIL DESCRIPTION PENETRATION COMMENTS 

> TEST 
w~ 0 RESULTS IIIW -' Za: a: SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, 

(,) ~ w 

H 
<w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, 

a: w"' 0 6'-6'-6' OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION w a_::; u-
W:> .... 

~i! wt:: (N) MINERALOGY 
011) ~ a:-

-o· 
1 CLAY, yellow orange, trace gravel DRILLER NOTES: 

10 -
2 CLAY, dark gray 

20 -
3 CLAY, same as above 

30 -
4 SANDSTONE, light gray, very fine grained 

40 -

5 SANDSTONE, same as above, with some oyster shells 
50' -

6 SANDSTONE, same as above 
60 -

7 SANDSTONE, gray, very fine grained 68-70 ft: Hard sandstone 
70 SHALE, dark gray 

-

8 
80 SHALE, same as above 

-

9 
90 -

10 SHALE, same as above 93-94 ft: Hard streak 
100' -

11 SILT, gray 
110 -

12 SANDSTONE, light gray 
120 118-123 ft: Hard streak -

13 SANDSTONE, dark gray 
130 -

14 SHALE, dark gray 
140 -

15 SHALE, same as above 
150' -

16 SHALE, same as above 
160 -

17 SHALE, same as above 163-164 ft: Hard sandstone 
170 -

18 SANDSTONE, dark gray 176-179 ft: Hard sandstone 
180 ~ 

19 SHALE, dark gray 
190 -

20 SANDSTONE, gray, gypsum mottling 198-200 ft: Gray sandstone 
200' -

21 SANDSTONE, same as above, darker gray 
210 -

22 SHALE, gray 
220 -

23 SHALE, same as above 
230 -

24 SHALE, same as above 
240 242 ft: Hard streak 

-

25 SANDSTONE, gray 
250' -

26 SANDSTONE, same as above, darker gray 
260 -

27 SANDSTONE, same as above 
270 -

28 SANDSTONE, same as above 
280 -

29 SANDSTONE, same as above 
290 -

30 SANDSTONE, dark gray, shaley 
-300' 



• 
PROJECT NUMBER BORING NUMBER 

CH2MHILL 
118069.KO.ZZ lW-3 SHEET 2 OF 4 

• SOIL BORING LOG 

PROJECT laredo ASR LOCATION North East Corridor 

ELEVAT10 DRILUNG CONTRACTOR lWOB (Texas Water Development Board) 

DRILLING METHOD AND EQUIPMENT·-'-'Fa.,il,_,ing"-!!!M,ud!.!R~o~ta"-'ry~1-'!0_:_:7/~8---------------------------

WATER LEVEL NO DATE A START 3 19 97 - - FINISH 4 7 97 - - LOGGER B Ch "sti n an 

~f 
SAMPLE STANDARD SOIL DESCRIPTION PENETRATION COMMENTS .... _ 

> TEST ...... .... Cl a: RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, IDO ~ 
za: w 

:Z:if 
<w > MOISTURE CONTENT. RELATIVE DENSITY DRILLING FLUID LOSS, a: w"' 0 

li:a: w ... ::; frlf 
6"-6'-6' OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION 

W::l >-
~~ (N) MINERALOGY 

CUI ~ a:-
[-aoo· 

31 SHALE, dark gray with gypsum mottling DRILLER NOTES: 
310 -

32 SHALE. same as above 
320 -

33 SHALE, same as above Grouted to surface 
330 -

34 SANDSTONE, gray 
340 -

35 SANDSTONE, same as above 
350' -

36 SHALE, brownish gray 
360 -

37 SHALE, same as above 
370 -

38 SHALE, same as above 
380 -

93 SANDSTONE, gray, inbedded shale with some gypsum 39G-420' 
390 -

40 SANDSTONE, same as above 
400' 400 ft: Top of 20/40 sand -

41 SANDSTONE, same as above 
410 -

42 SANDSTONE, same as above 415 ft:·Top of B/10 sand 
420 -

43 SANDSTONE, same as above 
430 430ft: Top of 0.040 slot low carbon -

44 SHALE, dark gray shutter screen 
440 -

45 SANDSTONE, light gray 
450' -

46 SHALE, dark gray 
460 -

47 SHALE, same as above 
470 -

48 SHALE, same as above 
480 -

49 SHALE, same as above 
490 -

50 SHALE, same as above 
500' -

51 SHALE, light gray 
510 -

52 SHALE, dark gray 
520 -

53 SANDSTONE, light gray 
530 -

54 SANDSTONE, same as above 
540 -

55 SANDSTONE, same as above 
550' -

56 SANDSTONE, same as above 
560 -

57 SANDSTONE, same as above 
570 -

58 SANDSTONE, same as above 
580 580-605 ft: Sandstone- good drilling -

59 SHALE, dark gray 
590 

-

60 SHALE, same as above 
00' 



• 
PROJECT NUMBER BORING NUMBER 

11 8069.KO.ZZ TW-3 SHEET 3 OF 4 

CH2MHILL • SOIL BORING LOG 

PROJECT Laredo ASR LOCATION _.:.:N:=.Ort:..::he...E::::a:=.st,_,C::.:O:..:.rr::::id::.:Orc...._ __________ _ 

ELEVATIO DRILLING CONTRACTOR TWDB (Texas Water Development Board) 

DRILLING METHOD AND EQUIPMENT-'-'Fa~il~in~g.!!M~u~d ~Ro~ta~ry~10!...7'..':/8'!..... ___________________________ _ 

WATER LEVEL AND DATE START - -3 19 97 FINISH 4 7 97 - - LOGGER B Ch · fan ns 1 

~f 
SAMPLE STANDARD 

SOIL DESCRIPTION COMMENTS PENETRATION 
>- TEST w- -' 0 a: RESULTS DEPTH OF CASING, DRILLING RATE, IIIW za: SOIL NAME, USGS GROUP SYMBOL. COLOR, 

(,) :; w 

H 
<w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, 

a: w"' 0 6'-6'-6' OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION w CL.::i: ()-
W:> .... 

~~ wt;: (N) MINERALOGY 
CUI ~ a:_ 

f-6oo· 
SANDSTONE, light gray 

610 610ft: Bottom of screen -
SANDSTONE, dark gray 610-615 ft: Blank casing sump 

620 - -

630 
SHALE, dark gray 615'7' to -630': Cement plug 

-

SHALE, same as above 
640 -

SHALE, same as above 
650' Native fill -

SHALE, gray 
660 -

SHALE, same as above 
670 -

SHALE, same as above 
680 -

SHALE, same as above 
690 -

SHALE, same as above 
700' -

SANDSTONE, gray 
710 -

SANDSTONE, same as above 
720 -

SHALE, gray 
730 -

SHALE, same as above 
740 -

SHALE, same as above 
750' -

SHALE, same as above 
760 -

SHALE, same as above 
770 -

SHALE, same as above 
780 -

SHALE, same as above 
790 -

SHALE, same as above 
800' -

SHALE, same as above 
810 -

SHALE, same as above 
820 -

SHALE, same as above 
830 -

SHALE, same as above 
840 -

SHALE, same as above 
850' -

SHALE, same as above 
860 

SHALE, same as above 
-

870 -
SANDSTONE, light gray 

880 -
SANDSTONE, same as above 

890 
-

SHALE, dark gray 
L...goo· 



• 
PROJECT NUMBER BORING NUMBER 

118069.KO.ZZ TW-3 SHEET 4 OF 4 

CH2MHILL • SOIL BORING LOG 

PROJECT Laredo ASR LOCATION North East Corridor 

ELEVATIO DRILUNG CONTRACTOR TWDB (Texas Water Development Board) 

DRIWNG METHOD AND EQUIPMENT-'-F,aile!.in,.g_,M,u,_d,_,Ro,ta,ry~10~7"-'/8~----------------------------

WATER LEVEL AND DATE START - -3 19 97 FINISH 4 7 97 - - LOGGER B Ch .. nst1an 

~- SAMPLE STANDARD SOIL DESCRIPTION PENETRATION COMMENTS 
9t:: >- TEST w- ...J c a: RESULTS .,w za: SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, 

0 § w 
::c::; <w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, 

a: w"' 0 !La: w o..::E frlE s·-s·-s· OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION 
w::::o >-

~~ (N) MINERALOGY 
CUI ~ a:_ 

f-g'oo· 
90G-1,000 ft: Interbedded SHALE and SANDSTONE 

910 -
Native fill 

920 ~ -

930 -

940 -

950' -

960 -

970 -

980 -

990 -

1000' 
TOTAL DEPTH = 1,001 ft bls 

- -

- -

- -

- -

- -

- -

- -

- :... 

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

--
L-



AppendixD 
Test Well Geophysical Data 



Attachment D-1 
TW-1: McPherson Storage Tank Site 

Resistivity, Spontaneous Potential, Gamma Ray, Temperature 



STATE OF TEXAS 

TEXAS WATER DEVELOPMENT BOARD 

Resistivity Log 

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

COUNTY: Webb 

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

OTHER LOGS: Natural Gamma Ray, Fluid Resistivity, 
Spinner 

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

Date 1121/1997 Fluid Level 10 feet 

Run No. 1 Type of Fluid in Hole Natural Mud 

Depth Driller 886 Source of Sample Mud Pit 

Depth Logger 885.4 Rm @ Meas. Temp 3.8 Ohms @ 77 degrees F 

First Reading 882 Density/pH 9.1lbs. per gallon /9.7 

Last Reading 64 Viscosity 33 seconds through Marsh funnel 

Casing-Driller 10 inches I.D. 0-40 

Casing-Logger 10 inches I.D. 0-40 

Bit Size 7.875 inces 

Recorded By R. Williams Elevation above Mean Sea Level I GL=526 I KB=529 

Witnessed By R.Cano Log Measured From = ground level 

Rem-aiti':;agg&fiOi'f~· identification and to determine screen setting.for well co~f,i;ti~n. Cased with 6 inch Lo. ~tee!. S~r€0en~ " 
stainless steel wire based screen330 - 390 and 440 - 490, TD = 495 feet. Log curve exhibits indications of potential formation invasion b: 
drilling mod and presence of bedded Anhydrite/Gypsum. 

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

(+) 5 millvolts/dlvlslon (-) Depth 0 10 



~ \)Y,VE 
~ 

STATE OF TEXAS .... ~ 
~ 

TEXAS WATER DEVELOPMENT BOARD .--J\ ... 
< .~ 0 

Natural Gamma Ray Log ~ 
~. (:) 

* ... "" .... 
* 

WELL: Me Phereson Street Test Hole (TW-1) SWN = 85-29-103 

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

COUNTY: Webb 

LOCATION: At City of Laredo, Me Phereson St. elevated water OTHER LOGS: Resistivity, Spontaneous Potential, Spinnf 
tank site. Approximately 1 mile N from intersection of Me Phereson Fluid Resistivity 
St. and Del Mar Blvd. !.45 miles from W line and 2.58 miles from N 
line of topo map 85-29 (Laredo East) 
Lat. 27 -35-19N , Long. 099-28-34W 

Date 1121/97 Fluid Level 10 feet 

Run No. 1 Type of Fluid in Hole Natural Mud 

Depth Driller 886 Source of Sample Mud Pit 

Depth Logger 885.4 Rm @ Meas. Temp 3.8 ohms@ 77 degrees F 

First Reading 874 Density /pH 9.llbs per gallon /9.7 

Last Reading 0 Viscosity 33 sees through Marsh funnel 

Casing-Driller 10 inch I. D. steel 0-40' 

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

Bit Size 7.875 inches 

Recorded By R. Williams Elev. above Mean Sen Level GL=526 I KB=529 

Witnessed By R. Cano Log Measured From = ground level 
··- -__ , -

Remarks: Logged for formation identification and to determine screen setting for well completion. Cased with 6 in. l.D. steel. Screened with 
stainless steel wire based screen 330- 390 and 440- 490. TD = 495 feet. Log curve indicates evidence of the potential presence bedded 
Anhydrite/Gypsum. 

S" =100' Natural Gamma Radiation (increasing to right) 

Depth 0 so 

0 .... 
r : -

I 1-As.-r .or::: ' 
-

Re:A'bl IIIG-
5o 

I 

' 

I 

50 \, 
r [§0. I 

~~----·' 
I 

' 
' I I -
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STATE OF TEXAS 

TEXASWATERDEVELOPMENTBOARD 
~ 

~':I. 
~ Spinner (fluid velocity) Log 

v 

WEll..: Me Phereson Street Test Hole (TW-1) SWN = 85-29-103 

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

COUNTY: Webb 

LOCATIQN: At City of Laredo, Me Phereson St. elevated water OTHER LOGS: Resistivity, Spontaneous Potential, 
tank site. Approximately 1 mile N from intersection of Me Phereson Temperature and Fluid Resistivity, Natural Gamma Ray 
St. and Del Mar Blvd. !.45 miles from W line and 2.58 miles from N 
line of topo map 85-29 (Laredo East) 
Lat. 27-35-19N, Long. 099-28-34W 

Date 4/16/97 Fluid Level 127 feet 

Run No. 2 Type of Fluid in Hole Water 

Depth Driller 495 Source of Sample Bore hole 

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

First Reading 320 Density /pH NIA 

Last Reading 480 Viscosity N/A 

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

Casing-Logger 6 inch I. D. steel 0-330' 

Bit Size 7.875 inches 

Recorded By R. Williams Elev. above Mean Sen Level I GL=526 I KB=529 

Witnessed By R. Cano Log Measured From = ground level 
""" --" -- - ----

Remarks: Cased with 6 in. I.D. steel. Screened with stainless steel wire based screen 330 - 390 and 440 - 490. Log curve indicates evidence 
potential invasion of drilling mud (natural), resulting in aquifer clogging and reflected in erratic fluld velocites. Logged down @ 20 feet 
per minute, wblle pumping @ 31 gallons per minute. Mud slurry filling borehole 486 to T.D. 

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

Depth 0 scale N/A,log curve relects relative differences in borehole fluid velocity 01 

320-> 
FIRST 
~t:Abi/JG-

330> 
"TOP )U 
sen-eN 

350;- -

-~- ••" 



STATE OF TEXAS 

TEXASWATERDEVELOPMENTBOARD 

Spinner (fluid velocity) Log 

WELL: Me Phereson Street Test Hole (TW-1) SWN = 85-29-103 

. " • 

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

COUNTY: Webb 

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

OTHER LOGS: Resistivity, Spontaneous Potential, 

Temperature and Fluid Resistivity, Natural Gamma R 

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

Date 4/16/97 Fluid Level 127 feet 

Run No. 1 Type of Fluid in Hole Water 

Depth Driller 495 Source of Sample Borehole 

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

First Reading 480 Density /pH N/A 

Last Reading 321 Viscosity N/A 

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

Casing-Logger 6 inch I.D. steel 0-330' 

Bit Size 7.875 inches 

Recorded By R. Williams Elev. above Mean Sen Level GL=526 I KB=529 

Witnessed By R. Cano Log Measured From = ground level 

Remarks: Cased with 6 in. I.D. steel. Screened with stainless steel wire based screen 330- 390 and 440- 490. Log curve indicates evid 
potential invasion of drilling mud (naturaJ), resulting in aquifer clogging and reDected in erratic Duid velocltes. Logged up @20ft 
minute, while pumping @ 31 gallons per minute. Mud slurry filling borehole from 486 to T.D. 

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

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

~20' 
LA.S'T "" I RE-AblNG- I "T e.. 

' -l'l 

330./ 
lb'P I ~t -IY 

SCREt=rJ 

ti 

350~ 



STATE OF TEXAS 

TEXASWATERDEVELOPMENTBOARD 

Temperature and Fluid Resistivity Log 

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

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

lUNTY:Webb 

CATION: At City of Laredo, Me Phereson St. elevated water OTIIER LOGS: Resistivity, Spontaneous Potential, Spinner, 
( site. Approximately 1 mile N from intersection of Me Phereson Natural Gamma Ray 
and Del Mar Blvd. !.45 miles from W line and 2.58 miles from N 
· oftopo map 85-29 (Laredo East) 
.. 27-35-19N , Long. 099-28-34W 

e 4/16/97 Fluid Level 127 feet 

1No. 1 Type of Fluid in Hole Water 

Jth Driller 495 Source of Sample Borehole 

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

;tReading 140 Density I pH N/A 

tReading 495 Viscosity N/A 

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

ing-Logger 6 inch I.D. steel 0-330' 

Size 7.875 inches 

orded By R. Williams Elev. above Mean Sen Level GL=526 T KB=529 

nessed By R.Cano Log Measured From = ground level 
' -

marks: Cased with 6 in. LD. steel. Screened with stainless steel wire based screen 330- 390 and 440- 490. Log curve indicates evidence of 
endal invasion of drilling mud (natural), resuldng in aquifer clogging 

emperature (In degrees C, up to right) 5" =100' Fluid Resisdvity (in Olum, increasing to left) 

2 deg.CIInch, begin value=26.4 Depth Scale= 1.2 obmldlvislon or 5 oluwllinch, End value = 6.6 ohms Begin value = 5.8 ohms 
-

ILl 0 ) 0 ""-<--. . l 
t= II.!. "j 
REAbtN(r 

150 .... , 
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STATE OF TEXAS ~ TEXASWATERDEVELOPMENTBOARD 1: ~ 
Resistivity Log \~ 

*Y 

WELL: Del Mar Boulevard Test Hole (TW -2) SWN = 85-29-403 

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

COUNTY: Webb 

LOCATION: At City of Laredo, Del Mar Blvd. elevated water tank OTHER LOGS: Natural Gamma Ray, Fluid Resistivity and 
site. Approximalely 3 mile E from intersection of I.H. 35 and Del Mar Temperature 
Blvd. !.94 mileili:om W line and 3.35 miles from N line of topo map 
85-29 (Laredo East) 
LaL 27-34-36N, Long. 099-28-SSW 

Date 2120/97 Fluid Level 10 feet 

Run No. 1 Type of Fluid in Hole Natural Mud 

Depth Driller 776 Source of Sample Mud Pit 
. 

Depth Logger 777.5 Rm @ Meas. Temp 3.92 ohms@ 77 degrees F 

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

Last Reading ..... 37 Viscosity 34 seconds through marsh funnel 

Casing-Driller.··~·. 10 inch I.D. steel 0-40' 

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

Bit Size ••->.-"'\r 7.875 inches ... 
RecQfded By .. .. R. Williams Elev. above Mean Sen Level GL=500 I KB=503 

Witnessed By R.Cano Log Measured From = ground level 

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

. . 

··~' PeteDtlal 5" =100' Resistivity 16" & 64" in Ohms/m2 
:;', -~ 

. . .. , .. .,~. 

(+)~., on(·) Depth 0 10 2{ 

- . ..,., 
1-A~f" .... 
lteAbiNG.-

50, 
~ 

-



STATE OF TEXAS 

TEXAS WATER DEVELOPMENT BOARD 

Temperature and Fluid Resistivity Log 

WELL: Del Mar Boulevard Test Hole (TW-2) SWN = 85-29-403 

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

LOCATION: At City of Laredo, Del Mar Blvd. elevated water tank 
site. Approximately 3 mile E from intersection of I. H. 35 and Del Mar 
Blvd. !.94 miles from W line and 3.35 miles from N line of topo map 
85-29 (Laredo East) 

OTHER LOGS: Natural Gamma Ray, Resistivity and 
Spontaneous Potential 

Lat. 27-34-36N, Long. 099-28-SSW 

Date 4/15/97 Fluid Level 120 feet 

Run No. 1 Type of Fluid in Hole groundwater 

Depth Driller 429 Source of Sample N/A 

Depth Logger 429 Rm @ Meas. Temp N/A 

First Reading 130 Density /pH N/A 

Last Reading 429 Viscosity N/A 

Casing-Driller 10 inch I.D. steel 0-40' 

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

Bit Size 7.875 inches 

Recorded By R. Williams Elev. above Mean Sen Level I GL=500 l KB=503 

Witnessed By R. Cano Log Measured From = ground level 
- ~-~ 

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

Temperature (In degrees C, up to right) 5" =100' Fluid Resistivity (in Ohm!, increasing to left) 

l cleg. CJIDcll, begin value = 26.2 Depth Scale = 1.2 ohms/division or 5 ohmslinc:h, Begin value = 5.68 ohms 
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STATE OF TEXAS ~ 

TEXAS WATER DEVELOPMENT BOARD 
~~ 

* i 
Natural Gamma Ray Log ~ 

~ ... .. .... 
~ 

,. 
* 

WELL: Del Mar Boulevard Test Hole (TW -2) SWN = 85-29-403 

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

COUNTY: Webb 

LOCATION: At City of Laredo, Del Mar Blvd. elevated water tank OTHER LOGS: Resistivity, Spontaneous Potential, Fluid 
site. Approximately 3 mile E from intersection of I.H. 35 and Del Mar Resistivity 
Blvd. !.94 miles from W line and 3.35 miles from N line of topo map 
85-29 (Laredo East) 
Lat. 27·34·36N, Long. 099-28-SSW 

Date 2120/97 Fluid Level 10 feet 

Run No. 1 Type of Fluid in Hole Natural Mud 

Depth Driller 776 Source of Sample Mud Pit 

Depth Logger 775.4 Rm @ Meas. Temp N/A 

First Reading 766 Density /pH N/A 

Last Reading 0 Viscosity N/A 

Casing-Driller 10 inch l.D. steel 0-40' 

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

Bit Size 7.875 inches 

Recorded By R Williams Elev. above Mean Sen Level GL=500 I KB=503 

Witnessed By R.Cano Log Measured From = ground level 
... . .. 

Remarks: Logged for formation identification and to determine screen setting for well completion. Log curve indicates evidence of the 
potential presence bedded Anhydrite/Gypsum. 

5" =100' Natural Gamma Radiation (increasing to right) 
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I 
I 

I COHPIWII 

WELL 
LOCAilOM/FlELD 
COUN'I'll 

S!AiE 
SECTION 

PATE 

DEPI'H DRILLER 

LOG BOTTOH 
LOG TOP 

CASING DRILLER 
CASING fYJ>E 
CASING 'l'HlCXNESS: 

BIT SIZE 
11AGNETIC DECL. 
Wl11tiX bDfS11Y 

FL\Hl) DENSIT'i 

MEU't'ROM MTR.ll<: 

REMARXS 

DELMAR TW-2 

TEXitS WATER BOORD 

DELMAR TW-2 
LAREDO 

l OTHER SERVICES: 
1 

WEBB 
'IY. 

87/26/Yr 

429 

428.31!1 

-2.20 

429 
STEEL 
.25 

1.1 

LIMES TOME 

TOWNSHIP 

PERffANENT DATtfff 

ELEQ. PERH. D~rUM: 

1 

I 

LOG HEASVRED FROH: TOC 

DRL MFASliR.Ell FROM; TOC 

LOGGING UNIT 96~5 

f'IELD: OFFICE lJ~S 

RECORDED B'l D.STEWART 

BOREHOLE FLU Hi H20 

RM 
1m U:.MPERATUR£ 

MATRIX IJI:LTA T 

FLU J.D. DEL 'I~ ... 
~ 

RANGE 

ELEfJATfONS 

k"B 

DF 
GL 

FILE ORIGINAL 

TYPE 9041A 
l.OG 2 

PLOT ROGER 27 

'IHRESH: 10000 

ALL SERUICES PROQIDED SUBJECT TO STANDARD TERMS AND CONDITIONS 

0 m•·-'""" ._.,},.. ·+ ~;_;;.; .. l ...... f.. ........... .f .............. -f-.............. , ...... 
1.~~1~,:- ·····+: ...... ::::::f::.:: ... :::::f::::::::: :·:+:::::~.?.> ....... f···::::::::::::L:::: ::::~1::::: ::::::::L···· ~ 



CDHPIWY 
WELL 
LOCl\llON/FlELD 

C.U\Ml't 

'S!\\!E 

~Ecno~. 

DATE 

PEP '!'H !JR ILLER 

LOG liOTTOH 

CASIN\; DRILLER 

DELMAR TW-2 TIME DRJUE 

TEXAS 1-m'IER BOORD 

DELMAR TW-2 TIME DRI~E 
LAREDO 

:1 OTHER SERI.IICES: j 

WEBB 
!X 

4Z9 

279.98 

249.38 

429 

:_ I 

TOWNSHIP 

PERI'fAHENT DAT!Jf1 
ELElJ. PERM. 1M I'UM ; 

LOG HERSVRED FROH: TOC 

:OOU. HEASURE.D FROH: IDC 

LOGGING UNIT 9605 

RANGE 

ELEVRTfOHS 
KB 
DF 

GL 

a:ISIHG n'PE S!'EEl. FIELD OFFICE 

RECORDED li'l 

1JEGAS 
C.4S 1 Nb Ti-t 1 Ck'NESS: • 25 : D.STEUART 

BIT SIZE 
MAGNETIC DECL. 

l'\rrnnx mws 11 '1 

FL\HD DENSIT'i 

\olEU'H!.OM ti.P.H I¥. 
REMARKS 

BOREHOLE FLUID H20 fiLE PROCESSED 

RM TVPE 9718A 

1m lE'MJ>l:RAlUR£ . LOG 5 . 
1.1 M'r:RlK DELl\\ i PLOT RG<;Dt 

LIM£STGME FLIJID Dl:L!A ! THRESH: 108@8 

fHfS R HI'!"£ D.IHVE, rom:. STAffONARi' AT ABOUT 288 FT, ll£PTH OH LOG fS NOT TRUE 

DEPTH. SM!'IONARY LOG FOR ! NlNUI'E UHlLE UELL PUMPED AT 68 GPN 

A-l.l. SERI/lCES PROIJIDED -SUBJECT ra -STANDARD TERH-S AND COHDirlOHS 

25 

I 
' 1: 

',, ·~! 

I 
r 
I 



DELMAR TW--2 l 
_j 

COMPANY 
WELL 

LOCA!IONIFIELD 
CO\JNT'l 

TEXAS WATER BOARD 
"J:tELHAR TW-2 

LAREDO 

I OTHEJI SERU!C£S' I 

STATE 

SECTION 

DATE 

DEPTH DR ILLER 
LOG BOTTOM 
LOG TOP 

CASING DRILLER 
CAS: 1 NG n'PE 

WE"BB 
TX 

87/26/97 

429 
427.16 

4.38 

429 
STEEL 

CASING THICXNESS: .25 

BIT SIZE 

iiAGNE'Il C DECL • 

MATRIX DENSI'I'l 
FLUID DENSITY 

NEUTRON MATRIX 
REMARKS 

1.1. 

LIMESTONE 

TOWNSHIP 

Pl:RHAHENT OOTUI'f 

ELEV. PERH. D~TUH: 

LOG KEASLmE~ FROM; TOC 
DRL MEASURED FROM: TOC 

I.OGG I NG UN I r 
FIELD OFFICE 
RECORDED BY 

BOREHOLE FLUID 

RM 
RM 'IEMPERA'l'\JR:E 
MATRIX DELTA T 
FLUID DF.L.TA T 

9685 
: IJEG~S 

D.STEUA..Tll 

H20 

Down survey .e~.t 38ft/Min st<'l.tiG W«tet·. 

RANGE 

l:LE!JAT IONS 

KB 
DF 
GL 

F1LE YROCESSI:D 

l"iJ>E o/lli!IA 

L~ 0 
PLOT ROGER 25 
THRESH: 18880 

ALL SERVICES PROVIDED SUBJECT 1D STAH~RD TERMS AND CDHDI11DHS 

l 
l . 
' ) 



COMPANY 
WELL 
LOCATION/FIELD 
COUNT 'I 
STATE 
SECTION 

DATE 

DEPTH DRILLER 
LOG .BOTTOM 
LOG TOP 

CASING DRILLER 
CASING TVPE 

TEXAS WATER 
DELMAR TW-2 

LAREDO 
WE'B'B 

TX 

87/26/97 

429 
427.10 

4.30 

429 
STEEL 

CASING THICKNESS: .25 

BIT SIZE 

i'!AGNETIC DECL. 
MA'I'RIX DENSH'l 
FLUID DENSITY 

NEUTRON MATRIX 
REMARKS 

1.1 

LIMESTONE 

DELMAR TW-2 

BOARD ) OTHER 
\ 
i 

\ 

TOWNSHIP 

f'ERI1AH£NT DATUI'f 

ELEV. PERM. DATUM: 
LOG KEAStmE~ FROH: TDC 
DRL MEASURED FROM: TOC 

9685 

: IJEGAS 

SERUICES: ) 
' 
J 

\ 

I 
RANGE 

I:Ll:IJAT IONS 

.KB 
DF 
GL 

LOGGING UNir 
FJELD OFF1CE 
RECORDED BY D. STI'.WART 

BO"REHOL'E FLUID 
RM 
.Rt\ TEtwERAT\lJ(E 

MATRIX DELTA T 
FL IJ ID DEL.TA T 

H20 T1LE 
1'tJ>E 

LOC 
PLOT 
THRESH: 

YROCESS'ED 
<n1t!IA 

0 

ROGER 25 

10088 

~LL SERVICES PROVIDED SUBJECT TO STAH~RD TERHS ~HD COH»ITlOHS 

I 
l . 

' I 
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I 
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COHPAH'I 

WELL 
LOCAllON/FlELD 
COUMl'll 

S!At'£ 
SECTION 

DATE 

DEPTH DR ILLER 
LOG BOTTOI'f 

LOG 'fOJ> 

CASING DRILLER 
CASING TYPE 
CASING THICKNESS: 

BIT SIZ£ 

MAGNETIC DECL. 

M'IlH/\ DI:NS11\' 
"FLUlD l'l'ENSH~ 

NEUTRON KA'IR n; 
REMARKS 

DELMAR TW-2 
--, 

I 
! 

\ 

TEXAS WATER JWIUW 

DELI1AR Tlol-2 
OTHER SERVICES:) 

LA "REDO 

WEllB 
'!:)I. 

87/26/97 

429 
427.50 
270,10 

429 
STEEL 

Ll. 

LU1ESTOME 

tOWNSHIP 

PERMANENT DATUM 

ELEQ. PERM. DATUM: 
LOG MEASURED FROH: TOC 
IJJ?L KEASI.IRED F"1!1»1: roc 

LOGGING UN IT 

FIELD OFFICE 

RECORDED Bi' 

BOREHOLE FLUID 

RM 
P.n 1U\PI:RA1UP.E 
MAtP.lX DELTA 1: 

FLUI.ii DELTA I 

9605 
~EGAS 

lJ.STEUART 

H20 

I 
RANGE 

EL.Et.IAT fONS 

KB 
DF 

GL 

FILE PROCESSED 
TYPE 97i0A 
LOG 4 

PLOT RuGER 26 

THRESH: 10000 

ALL SER~fCES PROVIDED SUBJECT TO STANDARD TERMS AN~ CONDlTlOHS 



. . ~·· GR - INDUCTION-ELECTRIC LOG ~ ~ ~ >-
c 0 0 1-
]: . ~ 

SIGMA DATA ~ u H '-
------------------------------.-.-.-.-.............. ~ m •N ::> e _ oo H 111 c z ~ & 

u ' 1-' Vl -Ill Ill 

FILING 1\0. ~ ::::: U _g 
COMPANY CH2H-Hll..L CO. INC. ~ ::::::> -~ 

m • ~ 0 = 
WELL TH-2A o .g ~ Z ·-

:z:: ' & 
-00 0 

FIELD :5 "O g ::::: U 
: m ~~~~1-+-+-~ 

COLMY I£BB STATE TEXAS g o ~ o 
c u 0.:• 

.r::. Vl Ill 
LOCATION: LAREOO-OEL HAR TW-2A Otl"e- Services u E!-=o+1-+-+-~ 

DEL HAR TREA THENT PLANT .! .r::. ~ ~ )-
8 ; ~~ 1-
Vl ~ 56 H 

~c ~ ~ wVl _ . ~ '-
QJ H ID 

Elevations: .~ 1- i 
Par1101ent Datun G. L. El ev. N/A KB g ~ ~ (/) ~ 
Log Meast.red f'rom G. L. , Ft. Above Permanent Dat~.n OF ..J o 6 H "5 oz 
orm.LING MEAS1RED FROM G. L. GL I ~ ~ H (/) 

~~ w 
Data Hl ..U.Y 1997 c w (k:: 
Ru'l No. CN: .i ~ 

IDacth-Dri II &II"' 440 
I Dactn-t..oaa~r -439 : 1'- 8 1'- 1'- ~'-
Bottom • ............. Interval 438 ~ ~ 
Top Logged Interval 41 ~1- cl- a a al- li: 
Casi na-Ori II ar II II II II 

111 ~ 
Casi~~ 0 

Bit Size ? ?18 a o 
Type Fluid in Hole NATIVE-GEL 't: u. u u. u. u. ~ 

D II II D u ' 0 
" ' :il ~ 

Density I ViscositY 9.2 I 29 I I I ~ ~ :: 
pH I Fluid Lose ?.5 IN/A cc I cc I cc I cc '-I- al- a a al- ffi ffi >-
Sol.rca or ~-r a ltD PIT 0 i:i ~ • "' ~ 0.. Ill 

R1n I Haas. TmD. 2.? I 88 "F I "F I "F I "F i ~ g D.. ii a.: I:; 
Rllf 1 ..... r_,. 2. s 1 88 "F • "F 1 "F • "F 1 ~ w 111 ~ "' ~ 
Rile ....... r~. 2.~ .• •. "F • "F • 'F • 'F 1. "Ill ci L 1:1 ~ II~ ljl G ji ~ I~ e = I;~ 
Salrceoflilllr 1 Rile . "~· T ·. jl:lli ::J l'~li II 1.11 1 ll:i !Mi z:C 
RII·IBHT•'> 2.B·t-90 'F I 'F I 'F I 'F ~ c~=u: 1:1G I!J;I~I~ .. - ~~! c 

Tl• Sines Clrc. 11« ' ! '- • ·- 1 ~~~~ i • !! - ~ !i:1!i.. 1S I ~ 
Hax. Rae. TBID. Dea. F. 90 "F "F 'F "F · =~~ 0 

0 ~~-= 0 1:J! _; ~ j IDleD! I- 5 
Eo.Jio. No. 1 Loc:arion 11 PLSN I I I ! g 'Qj ~ i .,1~ ~ i ~a • ~ h ~ 
RBCOidedBY DREW ~ _g1;q,~ ~:;~•~uo•lil ~ 
Hi tnessed BY MR. V~ NOCI!T I MR. PRINCETG.I u 0 0 CD 0 " I ,9 I ~ I ft~ I ftf! 111 a.: a.: a.: a.: ~ 



~ 1)!YEY}~ 
STATE OF TEXAS J;~ ~~ 

TEXAS WATER DEVELOPMENT BOARD ~~ * ~ Resistivity Log ~ 1/J. <r (S .. ,. ,.. 
~ •• .. 

WElL: East Corridor Test Hole (TW-3) SWN = 85-29-501 

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

COUNTY: Webb 

LOCATIQN: At City of Laredo, East Corridor water tank site, near OTHER LOGS: 
the location of the new airport terminal on East Corridor Rd. 2.97 
miles from W line and 2.90 miles from S line of topo map 85-29 
(Laredo East) 
Lat. 27-32-31N, Long. 099-27-06W 

Date 3/25/97 RuidLevel 5 feet 

Run No. I Type ofRuid in Hole Natural Mud 

Depth Driller 1,001 Source of Sample Mud Pit 

Depth Logger 998 Rm @ Meas. Temp N/A 

First Reading 996 Density I pH N/A 

Last Reading 12 Viscosity N/A 

Casing-Driller none 

Casing-Logger none 

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

Recorded By R. W illiarns Elev. above Mean Sen Level GL=462 I KB=465 

Witnessed By R. Cano Log Measured From = ground level 

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

Spontaneous Potential S" =100' Resistivity 16" & 64" in Obmslm2 
. 

(+) 10 mllivolts/divlsion (-) Depth 0 10 
~-

12_ ~ 
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Attachment D-2 
TW-2: Del Mar Storage Tank Site 

Resistivity, Spontaneous Potential, Gamma Ray, Spinner 



Attachment D-3 
TW-2A: Del Mar Storage Tank Site 

Resistivity, Spontaneous Potential, Gamma Ray 



Attachment D-4 
TW-3: East Corridor Storage Tank and Booster Station Site 

Resistivity 



AppendixE 
Aquifer Test Curves 



AUachment E-1 
Test Well TW-1 



Well Efficiency 

TW-1 Well Loss Determination, 
March, 1997 

TW1 AQTST.xlsS/5/98 



Drawdown 



180 

160 

140 

120 

i 100 
0 
"C 
~ 
f! 80 0 

60 

40 

20 

0 
0.01 0.1 1 10 

Time 

100 1000 

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



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



TW-2 Well Loss Determination -
Pre-development 

March, 1997 
Hantush-Bierschenk Method of Determining Well Losses 
s = 80 + C02 where 80 is aquifer loss (laminar term), Cd is well loss (turbulent term) 
Lp = percentage head loss attributable to laminar flow 
lp= BQ/(80 + C02

) 

0= 
8= 
C= 

Lp = 
C02= 

Q 

30 
40 
50 

2.4 

2.2 

2 

c 1.8 
a 
l 
Ill 1.6 

1.4 

1.2 

0 

well efficiency calc 

50.0000 
1.5556 (From graph) 
0.0137 (From graph) 

69.48% 
34.1667 
s/Q s Q/s 

1.966667 59 0.508475 
2.1 84 0.47619 

2.24 112 0.446429 

B 
1.556667 
1.553333 
1.556667 

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

10 20 30 
Qn 

40 

C= 0.013667 

50 60 

TW2AOTST -fnl.xls5/15/98 
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! 
c: 
J: 
0 
"C 
J: 
I! 
0 

120 

100 

80 

60 

40 

20 

0 
0.01 

TW-2 Step Test Plot 

0.1 1 10 100 1000 

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

TW2AOTST -fnl.xlsS/15/98 



120 

100 

80 

I 
c 
~ 60 

~ 
l! 
0 

4 

2 

0.1 

-
---~ 

~/ 
,.. 

7 
•• • ... • 

• • 
)t. 

/ 
1 10 

Time (minutes) 

~ 

.... 

T = 168 ft"21day 
a =50gpm 
S = 9.04E-5 
c = 0.0137 

000 

• Actual 
--Theoretical 

TW-2 March, 1997 
40-hour Aquifer Test 



TW-2 Well Loss Determination 
Post-Redevelopment 

Hantush-Bierschenk Metl'lod of Determining Well Losses 
s = 80 + C02 where 80 is aquifer loss (laminar term), C~ is well loss (turbulent term) 
Lp = percentage head loss attributable to laminar flow 
Lp= BQ/(80 + C02

) 

0= 
8= 
C= 

Lp= 
C02= 

Q (gpm) 

1.45 

1.4 

1.35 

1.3 

d 1.25 

l 
"' 1.2 

1.15 

1.1 

1.05 

1 

30 

42 
56 
68 

well efficiency calc 

50.0000 
1.1273 
0.0044 

83.65% 

(From graph) 
(From graph) 

s/Q Calc Q/s 
1.311905 0.76225 

11.0159 
s (after 500 

mins) 
55.1 

n 1.375 0.727273 
97 1.426471 0.701031 

8 
1.126837 
1.128243 
1.126837 

35 

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

40 45 50 

Qn 
55 60 

C: 0.004406 

65 70 

2TW2AOTS-fnl.xls5/15/98 



TW-2 Step Test Plot 

90 

80 

70 

f 60 
:e. 

~ 
Drawdown at I= 500 mlns: 

c Step 1 0= 42 gpm = 55' 
~ 50 Step 2 0= 56 gpm = 79' 
j Step 3 0= 68 gpm = 99' 

I!! 40 
0 

30 

20 

10 

0 
0.01 0.1 

It 

1 10 

Time (minutes) 

' / 

~ 

-

100 1000 

TW-2 May, 1997 
Post-Redevelopment Step Test 

2TW2AQTS-fnl.xls5/15/98 
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90 

80 

70 

-I 
v_ 

....c:: ~· 
__ ..,, r • 

- T • "' ,._, _..,. 

a • " '"" >"'":: __ _ 5 : 9.04E-5 ......-:::iii 

1 60 

C:0.0044 ~z 
_ CooperJacob: ~ 

T : 2640/s (gpd) L 
Q:61gpm ~:·:: ·~ ·~====~t---~~~----t-------------~--------~~~ --- -- s :1100-110 ~ ~--..L_~;--:e 

c 
~ 
0 

"0 
~ 
I! 
Q 

50 

40 

-05·72•13ft t--p- .• + Actual 

_ r : 165 11"2/day .• --Theoretical ... 
• 

30 

/ 20 

10 L--+~~L ---. ~~ 
0 
0.001 0.01 0.1 1 

Time since pumping began (minutes) 

10 100 

TW-2 May, 1997 
5-hour Aquifer Test 

1000 



70 

60 

50 

I 40 

i 
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!il 30 a: 

20 

10 
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• • 

1 

Figure E- (Recovery) 

• • .. " 
.... ~ ....... 

""' .... 
"" --.. -""'!llo .. " .......... ....... 

~ ... --
10 100 1000 

Time 

TW-2 Recovery Plot, March, 1997 

TW2AQTST -fnl.xlsS/5/98 



Attachment E-3 
Test Well TW-3 



TW-3 Well Loss Determination -
Pre-redevelopment 

Hantush-Bierschenk Method of Determining Well Losses 
s = 80 + C02 where 80 is aquifer loss (laminar term), C02 is well loss (turbulent term) 
Lp = percentage head loss attributable to laminar flow 
Lp= BQ/(80 + C02

) 

0= 
8= 
C= 

Lp= 
C02= 

50.0000 
1.3030 
0.0066 

79.90% 
16.3899 

(From graph) 
{From graph) 

Q (gpm) Q/s s s/Q B C= 0.006556 
30 
44 
52 

1.7 

1.6 

....... 1.5 E c. 
C) 

1.4 ... 
CD c. 
5. 1.3 

~ 1.2 

1.1 

1 

0 

Well Efficiency Cales 

0.66666667 45 1.5 1.303321678 
0.62857143 70 1.590909 1.302447552 
0.60818713 85.5 1.644231 1.303321678 

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

10 20 30 40 50 

Q (gpm) 

60 

5/15/98TW3REV-fnl.xls 



90 

80 

70 

60 

-
£5o 
c 

~ 
i 40 
!!! 
Q 

30 

20 

10 

0 -

0.1 

0=30 gpm, s=45 
0=44 gpm, s=70 
0=52 gpm, s=85.5 

Figure E·_ Step Test Graph (2) 

10 100 1000 

Time (Minutes) 

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

TW3REV -fnl.xlsS/15/98 



90 

80 

70 

60 

~ 50 
0 
'0 ;: .. c 40 

30 

20 

10 

0-
0.1 1 10 100 

Cooper Jacob 
T =2640/s (gpd) 
0=53gpm 
S= 1100·110 

= 73-62 = 9 
T = 208 ft"21day 

Time (minutes since pumping began) 

1000 

+actual 

• theoretical 

10000 

TW-3 Pump Test Results 
April, 1997 



TW-3 Well Loss Determination -
Post-redevelopment 

Hantush-Bierschenk Method of Determining Well Losses 
s = BQ + CQ2 where BQ is aquifer loss (laminar term), CQ2 is well loss (turbulent term) 
Lp = percentage head loss attributable to laminar flow 
lp= BQ/(BQ + C02

) 

0= 
8= 
C= 
Lp= 
C02= 

50 
1.2065 
0.0047 

83.68% 
11.n 

(From graph) 
(From graph) 

Q (gpm) Q/s s s/Q 
40.5 

B e= 0.004707 

1.5 
1.45 

..... 1.4 
E 1.35 Cl.. 
01 1.3 ... 
Ill 1.25 Cl.. 

= 1.2 ....... 

~ 1.15 
1.1 

1.05 
1 

Well Effc Cales 

30 0.74074074 
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Laboratory Reports 



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

LABORATORY TEST RESULTS 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

85-20-901 

12/)4/76 

10:58 

l$'r.·~······· 

SM2510B Conductivity 

SM2540C Total Dissolved Solids 

SM2540H+B pH 

SM2320 B Total Alkalinity as CaC03 

SM 2320 B Phenolphthalein AJk as CaC03 

SM 2320 B Carbonate as CaC03 

SM 2320 B Bicarbonates as CaC03 

SM 2340 B Hardness as CaC03 

EPA 300.7 Calcium 

EPA300.0 Magnesium 

EPA300.0 Bromide 

EPA300.0 Nitrate 

EPA300.0 Sulfate 

EPA300.0 Chloride 

EPA300.0 Flouride 

EPA300.0 Nitrite 

EPA300.0 Ortho-Phosphate 

EPA300.7 Lithium 

EPA300.7 Sodium 

EPA300.7 Potassium 

EPA300.7 Ammonium 

2,105 

2,065 

7.47 

268 

NO 

NO 

268 

389 

88 

41 

0.924 

0.490 

876 

315 

2.629 

NO 

NO 

0.117 

422 

7.096 

NO 

I 

LABID 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

0.02 

0.02 

0.01 

0.002 

0.02 

0.02 

0.01 

0.004 

0.003 

0.01 

0.03 

0.01 

0.03 

pS/cm 

mgA_ 

S.U. 

mgA_ 

mg!l 

mg.il 

mg!l 

mg!l 

mg!l 

mgA_ 

mg!l 

mg!l 

mg!l 

mg!l 

mg!l 

mg!l 

mg!l 

mg!l 

mg!l 

mg!l 

AQ-01 

12/)4/76 

p.m. 

12/)5/76 

12/)5/76 

12/)4/76 

12/10/76 

12/10/76 

12/20/76 

12/20/76 

12/20/76 

12/)5/76 

12/)5/76 

12/)5/76 

12/J5/76 

12/)5/76 

12/)5/76 

12/)5/76 

12!20/76 

12!20/76 

12!20/76 

12!20/76 

hm 

hm 

hm 

hm 

hm 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



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

SM2510B 

SM2540C 

SAMPLEID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

85-29-7 

12}J4/76 

14:05 

Total Dissolved Solids 

SM2540H+B pH 

SM 2320 B T otaii\Jkalinity as CaC03 

LABORATORY TEST RESULTS 

4,m 

5,163 

7.84 

244 

LABID 

DATE RECEIVED 

TIME RECEIVED 

SM 2320 B Phenolphthalein 1\Jk as CaC03 18 

SM 2320 B Carbonate as CaC03 36 Calculated 

SM 2320 B Bicarbonates as CaC03 208 Calculated 

SM 2340 B Hardness as CaC03 323 

EPA 300.7 Calcium 83 0.02 

EPA300.0 Magnesium 28 0.02 

EPA300.0 Bromide 1.74 O.DI 

EPA300.0 Nitrate ND 0.002 

EPA300.0 Sulfate 2,830 0.02 

EPA300.0 J Chloride 743 0.02 

EPA300.0 Flouride 5.841 0.01 

EPA300.0 Nitrite ND 0.004 

EPA300.0 Ortho-Phosphate ND 0.003 

EPA300.7 Lithium 0.073 0.01 

EPA 300.7 
., 

Sodium 982 0.03 

EPA300.7 Potassium 39.00 0.01 

EPA300.7 Ammonium ND 0.03 

2 

¢/em 

mgA. 

s.u. 
mgA. 

mgA. 

mgft 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

AQ-02 

12/J4/76 

p.m. 

12,.{)5{76 

12,.{)5/76 

12/J4/76 

12/10/76 

12/10/76 

12/20/76 

12/20/76 

12/20/76 

12/J5/76 

12/J5/76 

12/J5/76 

12/JS/76 

12/J5/76 

12/JS/76 

12/JS/76 

12/20/76 

12/20/76 

12/20/76 

12/20/76 

hm 

hm 

hm 

hm 

hm 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



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

LAB ORA TORY TEST RESULTS 

SM 2510 B 

SM2540C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

85-37-403 

12..05fi6 

11:40 

Total Dissolved Solids 

SM2540 H+B pH 

SM 2320 B Total Alkalinity as CaC03 

SM 2320 B Phenolphthalein Alk as CaC03 

SM 2320 B Carbonate as CaC03 

SM 2320 B Bicarbonates as CaC03 

SM 2340 B Hardness as CaC03 

EPA300.7 Calcium 

EPA300.0 Magnesium 

EPA 300.0 Bromide 

EPA300.0 Nitrate 

EPA300.0 Sulfate 

EPA300.0 Chloride 

EPA300.0 Flouride 

EPA300.0 Nitrite 

EPA300.0 Ortho-Phosphate 

EPA 300.7 Lithium 

EPA300.7 Sodium 

EPA300.7 Potassium 

EPA300.7 Ammonium 

2,160 

2,243 

7.38 

328 

8 

16 

312 

322 

76 

32 

0.64 

ND 

1,027 

243 

3.23 

ND 

ND 

0.09 

521 

5.52 

ND 

3 

LABID 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

0.02 

0.02 

0.01 

0.002 

0.02 

0.02 

0.01 

0.004 

0.003 

0.01 

0.03 

0.01 

0.03 

pS/cm 

mg/L 

S.U. 

mgll 

mg/L 

mgA 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mgll 

mg/L 

mg/L 

AQ-03 

12..05fi6 

p.m. 

12,.05fi6 

12..05fi6 

12,o04fi6 

12/1 Ofi6 

12/1 Ofi6 

12!20fi6 

12/20fi6 

12!20fi6 

12,.05fi6 

12,.05fi6 

12,.05fi6 

12,o05fi6 

12..05fi6 

12..05fi6 

12,o05fi6 

12!20fi6 

12!20fi6 

12/20fi6 

12/20fi6 

hm 

hm 

hm 

hm 

hm 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



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

LABORATORY TEST RESULTS 

SM 2510 B 

SM2540C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

85-37-405 

12,.03,96 

15:50 

Total Dissolved Solids 

SM2540H+B pH 

SM 2320 B Total Alkalinity as CaC03 

SM 2320 B Phenolphthalein Alk as CaC03 

SM 2320 B Carbonate as CaC03 

SM 2320 B Bicarbonates as CaC03 

SM 2340 B Hardness as CaC03 

EPA300.7 Calcium 

EPA300.0 Magnesium 

EPA300.0 Bromide 

EPA300.0 Nitrate 

EPA300.0 Sulfate 

EPA300.0 Chloride 

EPA300.0 Flouride 

EPA300.0 Nitrite 

EPA300.0 Ortho-Phosphate 

EPA 300.7 Lithium 

EPA300.7 Sodium 

EPA300.7 Potassium 

EPA300.7 Ammonium 

3,044 

3,410 

7.43 

352 

ND 

ND 

352 

271 

107 

67 

1.03 

NO 

1,801 

356 

4.6 

NO 

NO 

0.14 

892 

7.56 

NO 

4 

LABID 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

0.02 

0.02 

0.01 

0.002 

0.02 

0.02 

0.01 

0.004 

0.003 

0.01 

0.03 

0.01 

0.03 

J.[S!cm 

mg,t 

S.U. 

mg,t 

mg,t 

mgJI 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

AQ-04 

12/04/76 

a.m. 

12,.05/76 

12,.05/76 

12!04/76 

12/10/76 

12/10/76 

12/20/76 

12/20/76 

12/20/76 

12,.05/76 

12,.05/76 

12/)5/76 

12,.05/76 

12,.05/76 

12,.05/76 

12,.05/76 

12/20/76 

12/20/76 

12/20/76 

12/20/76 

hm 

hm 

hm 

hm 

hm 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



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

LABORATORY TEST RESULTS 

SM2510B 

SM2540C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

85-29-301 

12/J3f}6 

14:35 

Total Dissolved Solids 

SM2540 H+B pH 

SM2320 B Total Alkalinity as CaC03 

SM2320B Phenolphthalein Alk as CaC03 

SM 2320 B Carbonate as CaC03 

SM 2320 B Bicarbonates as CaC03 

SM2340 B Hardness as CaC03 

EPA300.7 Calcium 

EPA300.0 Magnesium 

EPA300.0 Bromide 

EPA300.0 Nitrate 

EPA300.0 Sulfate 

EPA300.0 Chloride 

EPA300.0 Flouride 

EPA300.0 Nitrite 

EPA300.0 Ortho-Phosphate 

EPA300.7 Lithium 

EPA300.7 Sodium 

EPA300.7 Potassium 

EPA300.7 Ammonium 

3,362 

3,465 

8.7 

280 

8 

16 

264 

103 

10 

1.00 

1.08 

ND 

1,855 

358 

4.62 

ND 

ND 

0.10 

695 

1.63 

ND 

5 

LABID 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

0.02 

0.02 

0.01 

0.002 

0.02 

0.02 

0.01 

0.004 

0.003 

0.01 

0.03 

0.01 

0.03 

pS/cm 

mg/L 

s.u. 
mg/L 

mg/L 

mgA 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

AQ-05 

12/J4!36 

a.m. 

12ft)5{76 

12ft)5{76 

12/J4!36 

12/10{}6 

12/1 0{76 

12/20!36 

12/20!36 

12!20!36 

12/J5!36 

12/J5!36 

12/J5!36 

12/J5!36 

12ft)5{76 

12/J5!36 

12/J5!36 

12/20!36 

12!20!36 

12!20!36 

12!20!36 

hm 

hm 

hm 

hm 

hm 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



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

SM 2510 B 

SM 2540 C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

~ 
85-L/;-1 02 

12,.{)3,96 

16:20 

Total Dissolved Solids 

SM2540H+B pH 

SM 2320 B Total Alkalinity as CaC03 

SM 2320 B Phenolphthalein Alk as CaC03 

SM 2320 B Carbonate as CaC03 

SM 2320 B Bicarbonates as CaC03 

SM 2340 B Hardness as CaC03 

EPA 300.7 Calcium 

EPA300.0 Magnesium 

EPA300.0 Bromide 

EPA300.0 Nitrate 

EPA300.0 Sulfate 

EPA300.0 Chloride 

EPA300.0 Flouride 

EPA300.0 Nitrite 

EPA300.0 Ortho-Phosphate 

EPA 300.7 Lithium 

EPA300.7 Sodium 

EPA 300.7 Potassium 

EPA300.7 Ammonium 

LABORATORY RESULTS 

1,890 

1,785 

8.92 

220 

14 

28 

192 

2.20 

3.19 

0.31 

1.11 

NO 

521 

397 

2.35 

NO 

NO 

0.03 

349 

0.90 

ND 

6 

U\BID 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

0.02 

0.02 

0.01 

0.002 

0.02 

0.02 

0.01 

0.004 

0.003 

0.01 

0.03 

0.01 

0.03 

¢/em 

mgA.. 

S.U. 

mgA.. 

mgA.. 

mg,1 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

AQ-06 

12,{)4,96 

a.m. 

12fJ5,96 

12/J5fl6 

12,{)4,96 

12/10,96 

12/10,96 

12/20,96 

12/20,96 

12/20,96 

12/J5,96 

12fJ5,96 

12fJ5,96 

12fJ5,96 

12fJ5,96 

12fJSfi6 

12fJ5,96 

12/20,96 

12/20,96 

12/20,96 

12/20,96 

hm 

hm 

hm 

hm 

hm 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



-~ 

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

LABOAA TORY TEST RESULTS 

SM2510 B 

SM2540C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

85-29-401 

12t1)4;96 

10:45 

Total Dissolved Solids 

SM2540H+B pH 

SM2320 B Total Alkalinity as CaC03 

SM 2320 B Phenolphthalein Alk as CaC03 

SM 2320 B Carbonate as CaC03 

SM 2320 B Bicarbonates as CaC03 

SM 2340 B Hardness as CaC03 

EPA300.7 Calcium 

EPA300.0 Magnesium 

EPA300.0 Bromide 

EPA300.0 Nitrate 

EPA300.0 Sulfate 

EPA300.0 Chloride 

EPA300.0 Flouride 

EPA300.0 Nitrite 

EPA300.0 Ortho-Phosphate 

EPA300.7 Lithium 

EPA300.7 Sodium 

EPA300.7 Potassium 

EPA300.7 Ammonium 

1,465 

1,318 

8.85 

276 

24 

48 

228 

24 

1.69 

0.16 

0.78 

ND 

329 

378 

0.83 

ND 

ND 

0.02 

445 

0.67 

ND 

7 

LABID 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

0.02 

0.02 

0.01 

0.002 

0.02 

0.02 

0.01 

0.004 

0.003 

0.01 

0.03 

0.01 

0.03 

11S!cm 

mgtl 

S.U. 

mgtl 

mgtl 

mgA 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

AQ-07 

12t1)4;96 

p.m. 

12t1)5;96 

12t1)5;96 

12t1)4;96 

12/10;96 

12/10;96 

12!20;96 

12!20;96 

12!20;96 

12t1)5;96 

12t1)5;96 

12t1)5;96 

12t1)5;96 

12t05;96 

12t1)5;96 

12t1)5;96 

12/20;96 

12!20;96 

12!20;96 

12!20;96 

hm 

hm 

hm 

hm 

hm 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



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

LABORATORY TEST RESULTS 

SM 2510 B 

SM2540C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

85-20-706 

12fJ4fi6 

13:55 

Total Dissolved Solids 

SM2540 H+B pH 

SM2320 B Total Alkalinity as CaC03 

SM 2320 B Phenolphthalein Alk as CaC03 

SM 2320 B Carbonate as CaC03 

SM 2320 B Bicarbonates as CaC03 

SM 2340 B Hardness as CaC03 

EPA300.7 Calcium 

EPA300.0 Magnesium 

EPA300.0 Bromide 

EPA300.0 Nitrate 

EPA300.0 Sulfate 

EPA300.0 Chloride 

EPA300.0 Rouride 

EPA300.0 Nitrite 

EPA 300.0 Ortho-Phosphate 

EPA300.7 Lithium 

EPA300.7 Sodium 

EPA300.7 Potassium 

EPA300.7 Ammonium 

1,546 

I ,420 

8.74 

340 

20 

40 

300 

9.23 

2.22 

0.90 

0.74 

ND 

341 

271 

0.87 

ND 

ND 

0.02 

512 

1.28 

ND 

8 

lAB ID 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

0.02 

0.02 

O.QI 

0.002 

0.02 

0.02 

0.01 

0.004 

0.003 

0.01 

0.03 

0.01 

0.03 

¢k.m 

mg,t 

s.u. 
mg,t 

mg,t 

mg,1 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 
mg,t 

mg,t 

mg,t 

mg,t 

AQ-08 

12fJ4fi6 

p.m. 

12,{)5/76 

12,{)5/76 

12/)4/76 

12/10/76 

12/10/76 

12!20/76 

12!20/76 

12!20/76 

12,{)5/76 

12,{)5/76 

12,{)5/76 

12,{)5/76 

12,{)5/76 

12,{)5/76 

12,{)5/76 

12!20/76 

12!20/76 

12!20/76 

12!20/76 

hm 

hm 

hm 

hm 

hm 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



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

LABORATORY TEST RESULTS 

TEST 

SM25JOB 

SM2540C 

SAMPLE 10 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

85-29-709 

01/21t97 

09:30 

Total Dissolved Solids 

SM2540 H+B pH 

SM 2320 B Total Alkalinity as CaC03 

SM 2320 B Phenolphthalein Alk as CaC03 

Carbonate as CaC03 

Bicarbonates as CaC03 

SM 2340 B Hardness as CaC03 

SM 4110B Calcium 

EPA300.7 Calcium 

EPA300.0 Magnesium 

EPA300.0 Bromide 

EPA300.0 Nitrate 

EPA300.0 Sulfate 

SM4110 B Chlorides 

EPA300.0 Chlorides 

EPA300.0 Flouride 

EPA300.0 Nitrite 

EPA300.0 Phosphate 

EPA300.7 Lithium 

EPA300.7 Sodium 

EPA300.7 Potassium 

EPA300.7 Ammonium 

1366 

1080 

8.48 

325 

35 

42 

311 

II 

NA 

2.4 

0.6 

ND 

ND 

472 

NA 

278 

0.7 

ND 

ND 

0.06 

473 

1.5 

ND 

1 

lABJD 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

0.02 

0.02 

O.QJ 

0.002 

0.02 

0.02 

0.01 

0.004 

0.003 

O.QJ 

0.03 

0.01 

0.03 

¢/em 

mg/L 

S.U. 

mg/L 

mg/L 

mgtl 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

AQ-12 

01!21t97 

12:26 

Ol/23t97 

OJ!23t97 

Ol/23t97 

01!23t97 

01!23t97 

02t07t97 

02fJ7t97 

Ol/23t97 

01!25t97 

01/25!17 

01/24!17 

02t07f17 

02t07f17 

02/J7f17 

02fJ7f17 

02/J7f17 

02fJ7f17 

01!25!17 

01/25!17 

01!25!17 

01!25!17 

pa 

jcm 

pa 

hm 

hm 

am 

am 

am 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

pa 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



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

LABORATORY TEST RESULTS 

SM2510B 

SM2540C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

85-29-804 

01/21,97 

10:20 

Total Dissolved Solids 

SM2540 H+B pH 

SM 2320 B Total Alkalinity as CaC03 

SM 2320 B Phenolphthalein Alk as CaC03 

Carbonate as CaC03 

Bicarbonates as CaC03 

SM 2340 B Hardness as CaC03 

SM4110B Calcium 

EPA300.7 Calcium 

EPA300.0 Magnesium 

EPA300.0 Bromide 

EPA300.0 Nitrate 

EPA300.0 Sulfate 

SM 41 10 B Chlorides 

EPA300.0 Chlorides 

EPA300.0 Flouride 

EPA300.0 Nitrite 

EPA300.0 Phosphate 

EPA 300.7 lithium 

EPA300.7 Sodium 

EPA300.7 Potassium 

EPA300.7 Ammonium 

2732 

2200 

8.13 

970 

20 

24 

1134 

10.3 

NA 

2.5 

1.3 

1.3 

ND 

629 

NA 

482 

1.7 

ND 

ND 

0.11 

956 

2.1 

NO 

2 

LABID 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

0.02 

0.02 

0.01 

0.002 

0.02 

0.02 

0.01 

0.004 

0.003 

0.01 

0.03 

O.DI 

0.03 

JJS/cm 

mgtl 

S.U. 

mgtl 

mgtl 

mg,l 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

AQ-13 

01/21,97 

12:26 

01/23,97 

01/23,97 

01/23,97 

01/23,97 

01!23,97 

02!J7,97 

02fJ7fJ7 

01/23,97 

Ol/25fJ7 

01/25,97 

Ol/24fJ7 

02fJ7fJ7 

02fJ7fJ7 

02!J7,97 

02fJ7fJ7 

02!J7fJ7 

02!J7,97 

Ol/25fJ7 

0 I /25,97 

01/25,97 

01/25,97 

pa 

jcm 

pa 

hm 

hm 

am 

am 

am 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

pa 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



CITY OF LAREDO, WATER UTILITIES LAB SERVICES 

PROJECT: ASR DATE: Mar. 11,1998 

Sample ID: AQ-14 Lab ID: AQ-14 
Date Sampled: 1/30/97 Date Received: 1/30/97 
Time Sampled: 16:30 Time Received: 16:20 

SAMPLE 
TEST METHOD PARAMETER RESULT UNITS DATE TECH 
SM 2510B Conductivity 2001 us/em 1/31/97 JCM 

SM 2540C Total Dissolved Solids 1654 mg/L 1/30/97 HM 

SM 2540 H+B pH 7.48 s.u. 1/31/97 HM 

SM 2320 B Total Alkalinity 500 mg/L 1/31/97 HM 

SM 2320 B Phenolphthalein Alkalinity ND mg/L 1/31/97 HM 

SM 2320 B Carbonate 0 mg/L CALC. 

SM 2320 B Bicarbonate 500 mg/L CALC. 

SM 2320 B Hardness 164 mg/L 1/31/97 PA 

EPA300.7 Calcium 36.7 mg/L 2/1/97 JCM 

EPA300.0 Magnesium 17.8 mg/L 1/31/97 PA 

EPA300.0 Bromide 5.1 mg/L 1/31/97 JCM 

EPA300.0 Nitrate ND mg/L 1/31/97 JCM 

EPA300.0 Sulfate 540 mg/L 1/31/97 JCM 

EPA300.0 Chloride 280 mg/L 1/31/97 JCM 

EPA300.0 Flouride 1.913 mg/L 1/31/97 JCM 

EPA300.0 Nitrite ND mg/L 1/31/97 JCM 

EPA300.0 Ortho-Phosphate NA mg/L 1/31/97 JCM 

EPA300.7 Lithium 0.182 mg/L 1/31/97 JCM 

EPA 300.7 Potassium 6.257 mg/L 1/31/97 JCM 

AM4500 MH3 Ammonia Nitrogen ND mgfL 1/31/97 JCM 



FQb-12-97 10:09A 

City of laredo, Water Utilities Department 
Water Pollution Control Laboratoq Services 

LABORATORY TEST RESULTS 

0 ~-· WW "---~ MW MW 0' ·' 
M 0 M 0 M 0 0 0 ~- ~ 

0 

.. ~=~ ~: ' 'M" 
' .. , ............. " .. 

.. ..... -·····. 
r' """" ' . . ~~~·--·---·· ---····· ... "'"' ·- -

SAMPLEID 

DATE SAMPLED 

TIME SAMPLED 

....... 

AQ-14 

01/30!97 

15:45 

... ... .......... .......... .... "''"' 
. JEST·Mnt-100 ·•• :PMAMETER ., .... , . . ·-· .. . . •... ...... 

SM2SIOB Conductivity 

SM :1540 C Total Dissolved Solids 

SM2540H+B pH 

SM 2320 B Total .Alkalinity as CaC03 

SM 2320 B Phenolphthalern Alk as CaC03 

Carbonate ion 

Bicarbonate ion 

SM 2340 B Hardness as CaC03 

EPA300.7 Calcium 

EPA300.0 Magnesium 

EPA300.0 Bromide 

EPA300.0 Nitrate 

E'PA300.0 Sulfate 

EPA300.0 Ollorides 

F.PA300.0 Flo uri de 

EPA300.0 Nitrite 

EPA300.0 o-Pnosphate 

EPA300.7 Uttlium 

EPA300.7 Sodium 

EPA300.7 Potassium 

EPA 300.7 Ammonium 

:~iel}lf.:~ 
. . . . --~ •... •- -- ................... 

2,001 

1.654 

7.48 

500 

ND 

0 

610 

165 

37 

18 

S.l 

NO 
541 

280 

1.9 

ND 
ND 
01 
639 

6.3 

NO 

3 

LABID 

DATE RECEIVED 

TIME RECEIVED 

AQ-1'1 

01/30!97 

16:30 

. ··-- .. ~ .... ..... "' ...... .. ·-··--· --· .. 
:;:~TING.:UMtT' • .. PNilS ·-·· -·.- .. '• ..... ' . ··-· •' 

.. 
~DATE· 

j.l$/Cm 01/31!97 

mgA. Ol/31fi7 

S.U. 01/31!97 

mgA. 01/31!97 

mgA. 01/31!97 

Calculated mifl 02tJ7fo7 

Calculated m&f\. 02tJ7fo7 

mgA. 01/31fi7 

0.02 m&f\. OYJ2!97 

0.02 mift- 021J2fo7 

0.01 mgA. 01/31!97 

0.002 mEft_ Ol/31f.l7 

0.02 mgA. 01/Jitn 

0.02 mgA. 01/31!97 

0.01 mift- 01/31!97 

0.004 m&f\. 01/31!97 

0.003 mgA. 01/31!97 

0.01 m2JI_ 021J2tn 

0.03 m2!'1- OYJ2!97 

0.01 mgA. 021J2fo7 

0.03 mgA. 021J2!97 

P.02 

··TECH· 

hm 

nm 

hm 

hm 

hm 

am 

am 

nm 

jc:m 

jcm 

jcm 

jcm 

)Cm 

jcm 

jcm 

jcm 

Jcm 

jc:m 

jcm 

jcm 

jcm 



Crty of Laredo, Wa~r Utilities Department 
Water Pollution Control Laboratory Services 

SM 2SIOB 

SM2540C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

AQ-15 

021J6fn 

1230 

Total Dissolved Solids 

SM2540 H+B pH 

SM 2320 B Total Alkalinity as CaC03 

LABORATORY TEST RESULTS 

2890 

1752 

8.95 

185 

LABID 

DATE RECEIVED 

TIME RECEIVED 

SM 2320 B Phenolphthalein Alk as CaC03 27 

Carbonate as CaC03 54 Calculated 

Bicarbonates as CaC03 131 Calculated 

SM 2340 B Hardness as CaC03 21 

SM4110B Calcium 8 

EPA 300.7 Calcium 7.61 0.02 

EPA300.0 Magnesium 0.194 O.D2 

EPA300.0 Bromide 1.29 0.01 

EPA300.0 Nitrate ND 0.002 

EPA300.0 Sulfate 616 O.D2 

SM 4110 B Chlorides 450 

EPA300.0 Chlorides 469 0.02 

EPA300.0 Flouride 2.40 0.01 

EPA300.0 Nitrite ND 0.004 

EPA300.0 Phosphate ND 0.003 

EPA300.7 Lithium 0.06 0.01 

EPA300.7 Sodium 736 0.03 

EPA300.7 Potassium 2.36 0.01 

EPA300.7 Ammonium ND 0.03 

1 

J.IS/cm 

mg!L 

S.U. 

mg!L 

mg!L 

mgt1 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

AQ-15 

021J6/97 

1250 

02/IO{n 

02!20fn 

021J6/96 

021J?/97 

021J?/97 

02!20/97 

02!20fn 

02!20/97 

021J7/97 

021J7/97 

02/13/97 

021J7fn 

021J?fn 

021J7/97 

021J?fn 

021J?fn 

021J?/97 

021J7fn 

021J?fn 

02/13/97 

02/13/97 

02/13{n 

02/13fn 

pa 

jcm 

pa 

hm 

hm 

am 

am 

am 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

pa 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



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

SM 2510 B 

SM2540C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

AQ-16 

02/J6!97 

1935 

Total Dissolved Solids 

SM2540 H+B pH 

SM 2320 B Total Alkalinity as CaC03 

LABORATORY TEST RESULTS 

2880 

1282 

9.0 

184 

LABID 

DATE RECEIVED 

TIME RECEIVED 

SM 2320 B Phenolphthalein Alk as CaC03 20 

Carbonate as CaC03 40 Calculated 

Bicarbonates as CaC03 144 Calculated 

SM 2340 B Hardness as CaC03 20 

SM 4110 B Calcium as CaC03 8.22 

EPA300.7 Calcium 6.72 0.02 

EPA300.0 Magnesium 0.308 0.02 

EPA300.0 Bromide 1.15 0.01 

EPA300.0 Nitrate ND 0.002 

EPA300.0 Sulfate 593 0.02 

SM4110 B Chlorides 455 

EPA300.0 Chlorides 481 0.02 

EPA300.0 Rouride 2.20 0.01 

EPA300.0 Nitrite ND 0.004 

EPA300.0 Phosphate ND 0.003 

EPA 300.7 Lithium ND 0.01 

EPA300.7 Sodium 739 0.03 

EPA300.7 Potassium 1.98 0.01 

EPA300.7 Ammonium ND 0.03 

2 

¢/em 

mgtl 

S.U. 

mgtl 

mgtl 

mgA 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

AQ-16 

02/J7/97 

0910 

02/10/97 

02!20/97 

02/J6!96 

02/J7!97 

021J7!97 

02!20/97 

02!20/97 

02!20/97 

021J7!97 

02/J7/97 

02/14/97 

02/J7!97 

02/J7!97 

02/J7!97 

02/J7!97 

02/J7/97 

02/J7!97 

02/J7!97 

02/J7!97 

02/14/97 

02/14/97 

02/14/97 

02/14/97 

PA 

HM 

PA 

HM 

HM 

AM 

AM 

AM 

HM 

JCM 

JCM 

JCM 

JCM 

JCM 

PA 

JCM 

jCM 

jCM 

JCM 

JCM 

JCM 

JCM 

JCM 



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

SM2510B 

SM2540C 

SAMPLEID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

AQ-17 

02/J6{77 

2359 

Total Dissolved Solids 

SM2540H+B pH 

SM2320 B Total Alkalinity as CaC03 

LABOAATORYTEST RESULTS 

2900 

1224 

8.79 

180 

LABID 

DATE RECEIVED 

TIME RECEIVED 

SM 2320 B Phenolphthalein Alk as CaC03 18 

Carbonate as CaC03 36 Calculated 

Bicarbonates as CaC03 144 Calculated 

SM2340 B Hardness as CaC03 19 

SM4110B Calcium as CaC03 8 

EPA300.7 Calcium 6.2 0.02 

EPA300.0 Magnesium 0.38 0.02 

EPA300.0 Bromide 1.17 0.01 

EPA300.0 Nitrate ND 0.002 

EPA300.0 Sulfate 609 0.02 

SM 4110 B Chlorides 445 

EPA300.0 Chlorides 426 0.02 

EPA300.0 Rouride 2.22 O.QI 

EPA300.0 Nitrite ND 0.004 

EPA300.0 Phosphate ND 0.003 

EPA 300.7 Uthium ND O.QI 

EPA300.7 Sodium 718 0.03 

EPA300.7 Potassium 1.76 0.01 

EPA300.7 Ammonium ND 0.03 

3 

pS/cm 

mgA. 

S.U. 

mgA. 

mgA. 

mg!l 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

AQ-17 

02/J7{77 

0910 

02/10{77 

02/10{77 

02/10/16 

02!J7/17 

02!J7/17 

02!20/17 

02/20/17 

02/20/17 

02!J7/17 

02/14/17 

02/14/17 

02!J7/17 

02!J7/17 

02!J7/17 

02/J7/17 

02!J7/17 

02/J7/17 

02!J7/17 

02/J7/17 

02/14/17 

02/14/17 

02/14/17 

02/14/17 

pa 

jcm 

pa 

hm 

hm 

am 

am 

hm 

hm 

jcm 

jcm 

jcm 

jcm 

JCM 

pa 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



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

SM 2510 B 

SM2540C 

SAMPLE 10 

DATE SAMPLED 

TIME SAMPLED 

ConductMty 

AQ-18 

02/J7tn 

0825 

Total Dissolved Solids 

SM2540H+B pH 

SM 2320 B Total Alkalinity as CaC03 

LABOAA TORY TEST RESULTS 

2900 

1204 

8.83 

181 

LABID 

DATE RECEIVED 

TIME RECEIVED 

SM 2320 B Phenolphthalein .AJk as CaC03 18 

Carbonate as CaC03 36 Calculated 

Bicarbonates as CaC03 145 Calculated 

SM 2340 B Hardness as CaC03 18 

SM4110B Calcium as CaC03 8 

EPA 300.7 Calcium 5.74 0.02 

EPA300.0 Magnesium 0.47 0.02 

EPA300.0 Bromide 1.24 0.01 

EPA300.0 Nitrate NO 0.002 

EPA300.0 Sulfate 605 0.02 

SM4110B Chlorides 445 

EPA300.0 Chlorides 413 0.02 

EPA300.0 Flouride 2.26 0.01 

EPA300.0 Nitrite NO 0.004 

EPA300.0 Phosphate NO 0.003 

EPA300.7 Lithium NO 0.01 

EPA 300.7 Sodium 712 0.03 

EPA300.7 Potassium 1.65 0.01 

EPA 300.7 Ammonium NO 0.03 

4 

JJS/cm 

mgtl 

s.u. 
mgtl 

mgtl 

mg..1 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

mgtl 

AQ-18 

o2mm 
0910 

02/IO{n 

02/IOtn 

02/10!76 

02/J7tn 

02f)7fi? 

02!20tn 

02(10{n 

02f)7{n 

02/12!77 

02/14fi? 

02!14fi? 

02f)7fi? 

021)7!77 

021J?tn 

02/11!77 

02f)7fi7 

02f)7fi7 

021)7!77 

02f)7fi7 

02/14!77 

02/14!77 

02/14!77 

02/14!77 

pa 

jcm 

pa 

hm 

hm 

am 

am 

hm 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



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

LABORATORY TEST RESULTS 

SM2SIOB 

SM2540C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

AQ-19 

02!07/77 

1145 

Total Dissolved Solids 

SM 2540 H+B pH 

SM2320 B Total Alkalinity as CaC03 

SM 2320 B Phenolphthalein Alk as CaC03 

Carbonate as CaC03 

Bicarbonates as CaC03 

SM2340 B Hardness as CaC03 

SM4110B Calcium as CaC03 

EPA300.7 Calcium 

EPA300.0 Magnesium 

EPA300.0 Bromide 

EPA300.0 Nitrate 

EPA300.0 Sulfate 

SM 4110 B Chlorides 

EPA300.0 Chlorides 

EPA300.0 Flouride 

EPA300.0 Nitrite 

EPA300.0 Phosphate 

EPA300.7 Lithium 

EPA300.7 Sodium 

EPA300.7 Potassium 

EPA 300.7 Ammonium 

2900 

1240 

8.82 

180 

25 

so 
130 

NA' 

8.02 

5.71 

0.524 

1.13 

ND 

614 

445 

549 

2.2 

ND 

ND 

ND 

715 

1.67 

ND 

Note: Due to loss of sample, hardness as CaC03 was not measured 

5 

LABID 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

0.02 

0.02 

0.01 

0.002 

0.02 

0.02 

0.01 

0.004 

0.003 

0.01 

0.03 

0.01 

0.03 

pS/cm 

mgA-

s.u. 
mgA-

mgA-

mgA 

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

AQ-19 

02!07/77 

1443 

02/10{17 

02/10/77 

02/10fi6 

02/10/77 

02/10{17 

02/20{17 

02/20{17 

02/11!77 

02/14/77 

02/14/77 

02/11/77 

02/11{17 

02/11 f17 

02/11 f17 

02/11{17 

02/11!77 

02/11{17 

02/11{17 

02/14/77 

02/14{17 

02/14{17 

02/14{17 

pa 

jcm 

pa 

pa 

pa 

am 

am 

pa 

jcm 

jcm 

jcm 

jcm 

jcm 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



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

SM 2510 B 

SM2540C 

SAMPLEID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

AQ-20 

021J7!n 

1355 

Total Dissolved Solids 

SM 2540 H+B pH 

SM 2320 B T otaJ Alkalinity as CaC03 

LABORATORY TEST RESULTS 

2910 

1300 

8.88 

182 

LABID 

DATE RECEIVED 

TIME RECEIVED 

SM 2320 B Phenolphthalein Alk as CaC03 15 

Carbonate as CaC03 30 Calculated 

Bicarbonates as CaC03 146 Calculated 

SM 2340 B Hardness as CaC03 17 

SM4110B Calcium as CaC03 8.01 

EPA300.7 Calcium 5.48 0.02 

EPA300.0 Magnesium 0.871 0.02 

EPA300.0 Bromide 1.230 0.01 

EPA300.0 Nitrate ND 0.002 

EPA 300.0 Sulfate 593 0.02 

SM4110 B Chlorides 482 

EPA300.0 Chlorides 549 0.02 

EPA300.0 Flouride 2.34 0.01 

EPA300.0 Nitrite ND 0.004 

EPA300.0 Phosphate ND 0.003 

EPA300.7 Lithium ND 0.01 

EPA300.7 Sodium 703 0.03 

EPA300.7 Potassium 1.7 0.01 

EPA300.7 Ammonium ND 0.03 

6 

¢/crn 

mgA.. 

s.u. 
mgA.. 

mgA.. 

mg,1 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

AQ-20 

02!J7tn 

1443 

02/IO!n 

02/IO{n 

02/10/16 

02/IO{n 

02/IO!n 

02/lO!n 

02/lO!n 

02/ll{n 

02/14{n 

02/14{n 

02/ll{n 

02/ll{n 

02/ll{n 

02/ll{n 

02/ll{n 

02/ll{n 

02/ll{n 

02/ll{n 

02/14{n 

02/14{n 

02/14{n 

02/14{n 

jan 

jcm 

pa 

pa 

pa 

am 

am 

pa 

jcm 

jan 

jcm 

jcm 

jcm 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



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

SM 2510 B 

SM2540C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

AQ-21 

02f)8fi7 

0810 

Total Dissolved Solids 

SM2540H+B pH 

SM2320 B Total Alkalinity as CaC03 

LABORATORY TEST RESULTS 

2930 

1764 

8.58 

182 

LABID 

DATE RECEIVED 

TIME RECEIVED 

SM2320 B Phenolphthalein Alk as CaC03 16 

Carbonate as CaC03 32 Calculated 

Bicarbonates as CaC03 ISO Calculated 

SM 2340 B Hardness as CaC03 17 

SM4110B Calcium as CaC03 6.4 

EPA300.7 Calcium 5.1 0.02 

EPA300.0 Magnesium 0.59 0.02 

EPA300.0 Bromide 1.27 0.01 

EPA300.0 Nitrate ND 0.002 

EPA300.0 Sulfate 631 0.02 

SM4110B Chlorides 445 

EPA300.0 Chlorides 489 0.02 

EPA300.0 Flouride 2.3 0.01 

EPA300.0 Nitrite ND 0.004 

EPA300.0 Phosphate ND 0.003 

EPA300.7 Lithium ND 0.01 

EPA300.7 Sodium 708 0.03 

EPA300.7 Potassium 1.54 0.01 

EPA300.7 Ammonium ND 0.03 

7 

J1S/cm 

mg!l 

S.U. 

mg!l 

mg!l 

mg,1 

mg!l 

mg!l 

mg!l 

mg!l 

mg!l 

mg!l 

mg!l 

mg!l 

mg!l 

mg!l 

mg!l 

mg!l 

mg!l 

mg!l 

mg!l 

mg!l 

mg!l 

AQ-21 

02/10{77 

1336 

02/10{77 

02!20fi7 

02/1 I ,.96 

02/1 I ,.96 

02/11,.96 

02!20{77 

02!20{77 

02/llfi? 

02/llfi? 

02/14{77 

02/14{77 

02/llfi? 

02/11{77 

02/11{77 

02/1 1{77 

02/11{77 

02/11{77 

02/11{77 

02/llfi? 

02/14{77 

02/14{77 

02/14fi7 

02/14{77 

I 

jcm 

hm 

hm 

hm 

hm 

am 

am 

hm 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



CORE LABORATORIES 

Q U A l I T Y C 0 N T R 0 l RESULTS 
Job Numer: 970m Date: 03/19/97 

QC lab ID Reagent QC Result oc Result True Value Orig. Value Calc. Result Units Date/Time 

CCV M0057 5.06900 5.00 101.4 X REC 03/18/97 1345 
CCB 0.01328 03/18/97 1409 
MB 200.7 0.00327 03/18/97 1419 
MD 970609-11 134.8n51 137.61285 2.0 RPD 03/18/97 1431 
CCV M0057 5.18075 5.00 103.6 X REC 03/18/97 1512 
CCV M0057 5.04632 5.00 100.9 X REC 03/18/97 1515 
CCB 0.00202 03/18/97 1537 
MD 970742·1 16.85875 17.8n53 5.8 RPD 03/18/97 1618 
MS 970742-1 M3520 18.83610 1.00 17.87253 96.4 X REC 03/18/97 1622 
CCB ·0.03261 03/18/97 1653 
MD 970m·2 6.n875 7.07161 5.0 RPD 03/18/97 1731 
CCV M0057 5.06387 5.00 101.3 X REC 03/18/97 1741 
CCV M0057 4.95749 5.00 99.1 X REC 03/18197 1748 
CCB 0.08768 03/18/97 1759 
SB M3520B 2.09682 2.00 104.8 X REC 03/18/97 1834 
SB M3520B 2.12781 2.00 106.4 X REC 03/18/97 1837 
~r:v M0057 4.80400 5.00 96.1 X REC 03/18/97 1841 

3 0.08842 03/18/97 1844 

QC lab ID Reagent oc Result oc Result True value Orig. Value Calc. Result Units Date/Time 

ICV M0058 1.04205 1.00 104.2 X REC 03/18/97 1135 
ICV M0058 1.02569 1.00 102.6 X REC 03/18/97 1316 
CCV MD057 4.96994 5.00 99.4 X REC 03/18/97 1345 
CCB ·0.02002 03/18/97 1409 
MB 200.7 ·0.01962 03/18/97 1419 
LCS M3520 0.90811 1.00 90.8 X REC 03/18/97 1423 
MD 970609-11 28.23038 28.75441 1.8 RPD 03/18/97 1431 
CCV M0057 5.24851 5.00 105.0 X REC 03/18/97 1512 
CCV M0057 5.09570 5.00 101.9 X REC 03118/97 1515 
CCB 0.00945 03118/97 1537 
MD 970742-1 1.38717 1.51960 9.1 RPD 03/18/97 1618 
MS 970742-1 M3520 2.48500 1.00 1.51960 96.5 X REC 03/18/97 1622 
CCV M0057 5.23119 5.00 104.6 X REC 03/18/97 1638 
CCB 0.01797 03/18/97 1653 
MD 970m·z 1.35786 1.38133 1.7 RPD 03/18/97 1731 
MS 970m-z M3520 2.24087 1.00 1.38133 86.0 X REC 03/18/97 1734 
CCV M0057 5.16107 5.00 103.2 X REC 03/18/97 1741 
CCV M0057 5.05152 5.00 101.0 X REC 03/18/97 1748 
CCB 0.01257 03/18/97 1759 
SB M3520B 1.95416 2.00 97.7 X REC 03/18/97 1834 
SB M3520B 1.99820 2.00 99.9 X REC 03/18/97 1837 
CCV M0057 4.88429 5.00 97.7 X REC 03/18/97 1841 
CCB 0.01051 03/18/97 1844 
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CORE LABORATORIES 

Q U A L I T Y C 0 N T R 0 L R E S U L T S 
Job Nl.llber: 970m Date: 03/19/97 

QC Lab ID Reagent QC Result QC Result True Value Orig. Value Calc. Result Units Date/Time 

ICY M0054 10.01218 10.00 100.1 X REC 03/18/97 1325 
CCV M0057 4.89646 5.00 97.9 X REC 03/18/97 1345 
CCB -0.08526 03/18/97 1409 
MB 200.7 -0.41412 03/18/97 1419 
MD 970609-11 38.95249 39.15956 0.5 RPD 03/18/97 1431 
CCV M0057 4.82798 5.00 96.6 X REC 03!18/97 1515 
CCB 0.98623 03/18/97 1537 
MD 970742-1 2.23623 1.68578 0.55045 ABS Diff. 03/18/97 1618 
CCB 0.26376 03/18/97 1653 
MD 97om-2 1.60550 1.84633 0.24083 ABS Diff. 03/18/97 1731 
CCV M0057 4.87385 5.00 97.5 X REC 03/18/97 1741 
CCV M00 57 4.77064 5.00 95.4 X REC 03/18/97 1748 
CCB 0.66513 03/18/97 1759 
MD 97om-2 1.19266 1.84633 0.21789 ABS Diff. 03/18/97 1808 
SB M35208 2.27064 2.00 113.5 X REC 03/18/97 1834 
SB M35208 1.97247 2.00 98.6 X REC 03/18/97 1837 
-v M0057 4.82798 5.00 96.6 X REC 03/18/97 1841 
,a 0.94036 03/18/97 1844 

QC Lab ID Reagent QC Result ac Result True Value Orig. Value Calc. Result Units Date/Time 

ICY M0054 1.04679 1.00 104.7 X REC 03/18/97 1325 
CCV M0057 4.89359 5.00 97.9 X REC 03!18/97 1345 
CCB -0.00269 03/18/97 1409 
MB 200.7 -0.00636 03/18/97 1419 
LCS M3520 0.88389 1.00 88.4 X REC 03/18/97 1423 
MD 970609-11 1187.96557 1213.57971 2.1 RPD 03/18/97 1431 
CCV M00 57 5.18924 5.00 103.8 X REC 03/18/97 1512 
CCV M0057 5.09991 5.00 102.0 X REC 03/18/97 1515 
CCB 0.03030 03/18/97 1537 
CCB 0.01745 03/18/97 1653 
MD 970m-2 560.91516 581.17779 3.5 RPD 03!18/97 1731 
CCV M0057 5.07068 5.00 101.4 X REC 03/18/97 1748 
CCB 0.22447 03/18/97 1759 
SB M3520B 2.43716 2.00 121.9 X REC 03/18/97 1834 
SB M3520B 2.54854 2.00 127.4 X REC 03/18/97 1837 
CCV M0057 4.87327 5.00 97.5 X REC 03/18/97 1841 
CCB 0.30614 03/18/97 1844 
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(1) EPA 600/4-79-020, Methods for Che.ical Analysis of Water and 
Wastes, March 1983 

(2) EPA SW-846, Test Methods for Evaluating Solid Waste, Third 
Edition, Noventler 1990 and July 1992 Update 

(3) Standard Methods for the Exa~~ination of Water and Wastewater, 
18th Edition, 1995 

(4) Federal Register, July 1, 1992 (40 CFR Part 136) 
(5) EPA 600/2-78-054, Field and Laboratory Methods Applicable to 

OVerburdens and Minesoi ls 
(6) Methods of Soil Analysis, American Society of Agronomy, 

Agronomy No. 9, 1965 
(7) ASTM, Section 11 Water and Envirormental Technology, 

Volume 11.01 Water (1), 1991 
(8) ASTM, Section 5, Petroleum Products, Lubricants, and Fossil 

Fuels, Volune 05.05, Gaseous Fuels, Coal, and Coke 

Conments: 
Data in the QA report may differ from final results due to 
digestion and/or dilution of sample into analytical ranges. The 
"Time Analyzed• in the QA report refers to the start time of the 
analytical batch which may not reflect the actual time of each 
analysis. The ''Date Analyzed" is the actual date of analysis. 
Results for soil and sludge ....,les are reported on a wet weight 
basis (i.e. not corrected for percent moisture) unless otherwise 
indicated. 

NC = Not Calculable Due to Value(s) lower than the Detection Li•it. 

Qual! ty Control acceptance criteria are •thod depeudent. 

All data reported on sample •as received• unless noted. 

Sample IDs with 11 11-0011 at the end indicate a blank spike or blank 
spike duplicate associated with the ~red sample. 

BLANK OC SAMPLE IDENTIFICATION 

MB Method Blank 
ICB Initial Calibration Blank 
CCB Contii'Kiing Calibration Blank 

SPIKE OC SAMPLE IDENTIFICATION 

MS Method (Matrix) Blank 
MSD Method (Matrix) Spike Duplicate 
PDS Post Dfgestfon Spike 
sa spiked Blank 
SBD Spiked Blenk Dupl f cate 

REFERENCE STANDARD OC SAMPLE IDENTIFICATION 

LCS 
RS 

Laboratory Control Standard 
Reference Standard 

ICV 
CCV 
ISA/ISB 
ICL 

Initial Calibration Verification Standard 
Contii'Kiing calibration Verification Standard 
ICP Interface Check Sallple 

DSC 
Initial Calibration/Laboratory Control Sample 
Df stilled Standard Check 
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DUPLICATE QC SAMPLE IDENTIFICATION 

MD Method (Matrfx) Duplicate 
ED Extraction Duplicate 
DD Digestion Duplicate 
POD Post Digestion Duplicate 

Analyses performed by a sUx:ontract laboratory are indicated on the 
analytical and/or quality control reports li'ICier "technician" using 
the following codes: 

SUBCONTRACT LABORATORY CODE 

Core Laboratories - Anaheim, CA • an 
Core Laboratories - Aurora, CO • au 
Core Laboratories - casper, WY • ca 
Core Laboratories Edison, NJ • ed 
Core Laboratories Houston (Env.), TX • he 
Core Laboratories Houston (Pet.), TX • hp 
Core Laboratories lndianapol Is, IN • in 
Core Laboratories - Lake Charles, LA • lc 
Core Laboratories - Long Beach, CA • lb 
Core Laboratories Tampa, FL • tp 
Core Laboratories - Valparaiso, IN • vp 

Other Subcontract Laboratories • xx 
Pollution Control srv. - San Antonio, TX • pc 
Client Provided data • cp 

EXPLANATION OF DATA FLAGS 

B - This flag is used to indicate that an analyte is 
present in the method blank as well as in the sample. 
It indicates that the client should consider this 
when evaluating the results. 

D - This flag indicates that surrogates were dfluted out 
of calibration range and cannot be quantified. 

E - Indicates that a sample result is an estimate because 
the concentration exceeded the calibration range of 
the instrlllll!flt. 

I - Used to indicate matrix interference. 
J - Indicates that a value is an estimate. It is used 

when a cDqiDUnd is determined to be present based on 
the mass spectral data, but at a concentration less 
than the practical quantitation limit of tha method. 
This flag is also used when estiNting the 
concentration of a tentatively Identified c~. 

X • Indicates that a surrogatge recovery is outside the 
specified quality control limits. 

Y - Used to identify a spike or spike duplicate recovery 
and spike duplicate is outside the specified quality 
control limits. 

• - Indicates a relative percent difference for a 
duplicate -lysis is outside the specified quality 
control l halts. 
Used to indicate that a standard is outside 
specified quality control li•its. 
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Name: Chip Meador 

Title: Regional Manager 

CORE LABORATORIES 

Date 

1733 N. Padre Island Drive 
Corpus Christi, TX 78403 

PHONE: 512/289-2673 
FAX: 512/289-2471 



-. 

) 

Job Numer.: 970m 
Customer •• : City of Laredo 
Attn ••••••• : Adrian Montemayor 

97om-1 

970m-2 

97om-3 

970m-4 

970m·5 

AQ51 

AQ23 

AQ24 

AQ22 

AQ50 

CORE LABORATORIES 

Project Numer ••••••••• : 99999995 
Customer Project ID •••• : 
Project Description •••• : Yalk in Projects 

Yater 

Yater 

Yater 

Yater 

Yater 

Page 1 

03/10/97 

03/10/97 

03/10/97 

03!10/97 

03/10/97 

09:45 

10:03 

12:45 

22:30 

15:00 

03/13/97 

03/13/97 

03/13/97 

03/13/97 

03/13/97 

11:00 

11:00 

11:00 

11:00 

11:00 



Job N!Rber: 970m 

Customer Sample ID: AQ51 
Date Sampled •••••• : 03/10/97 
Time Sampled •••••• : 09:45 
Sample Matrix ••••• : Water 

EPA 200.7 Calcium (Ca), Total 

EPA 200.7 Magnesium CMg), Total 

EPA 200.7 Potassium CK), Total 

EPA 200.7 Sodium (Na), Total 

EPA 200.7 Digestion, Total 

L A B 0 R A T 0 R Y 

Metals 

T E S T 

Page 2 

CORE LABORATORIES 

R E S U L T S 

1.03 

599 

Coq:~lete 

Date: 03/19/97 

Laboratory Sample ID: 970m·1 
Date Received ••••••• : 03/13/97 
Time Received ••••••• : 11:00 

0.05 naiL 

mg/L 

11111/L 



Job Numer: 970m 

. : ... ·=: :~~ -.· . 

CUstomer Sllq)le ID: AQ23 
Date Sllq)led •••••• : 03/10/97 
Time Sampled •••••• : 10:03 
Sample Matrix ••••• : Yater 

Magnesium (Mg), Total 

Potassium (K), Total 

Sodium (Na), Total 

L A 8 0 R A T 0 R Y 

EPA 200.7 

EPA 200.7 

EPA 200.7 

EPA 200.7 Acid Digestion, Total Metals 

T E S T 
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CORE LABORATORIES 

R E S U L T S 

1.38 

2 

581 

COIJ1)lete 

Date: 03/19/97 

Laboratory Sample ID: 970m·2 
Date Received ••••••• : 03/13/97 
Time Received ••••••• : 11:00 

0.05 mg/L 

mg/L 

mg/L 03!18/97 gee 

03/14/97 dnw 

PPI'HMCI fiiD'.....,t ..,_~ iUCigtnenl Ol eor. \,.aDOralonn C~rl UDO<atgne$. ~~ !TIIII<K"" "'lr1F'ty I)< teQ< ...... IIIIOf' I""'"$ Of ltlll)loed Of..., tyOe. an11 eiOI'tiU!Ydl~l- as 10 , .... D<OOuct...,.,._ p•OI)er ooer.IIOI>$ or orotr!IO..,_U Ol 



Job Numer: 970m 

Customer Sample ID: AQ24 
Date Sampled •••••• : 03/10/97 
Time Sampled •••••• : 12:45 
Sample Matrix ••••• : Water 

EPA 200.7 

EPA 200.7 Magnesium (Mg), Total 

EPA 200.7 um (10, Total 

EPA 200.7 

EPA 200.7 Digestion, Total 

L A B 0 R A T 0 R Y 

Metals 

T E S T 
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CORE LABORATORIES 

RESULTS 

1.12 

2 

553 

Date: 03/19/97 

Laboratory Sample ID: 970m·3 
Date Received ••••••• : 03/13/97 
Time Received ••••••• : 11:00 

0.05 IIWL 

IIWL 

IIWL 

a..,100• gas. ~or--a.. :::·:lOertw -0' MtiCI.., ~--~~'·.:-..CO"',, ..-a 1:/f--IC'" ___ _. T!'loa._, .,......, oe•~ .,...._01,.,. o.n. -"o~: :~ ..... ~l""'ll!Xrc .. c• C;,. u;or1:o•-•s 



Job Nunber: 970m 

Customer Sample ID: AQ22 
Date Sampled •••••• : 03/10/97 
Time Sampled •••••• : 22:30 
Sample Matrix ••••• : ~ater 

(Mg), Total 

Potassium (K), Total 

Sodium (Na), Total 

L A 8 0 R A T 0 R Y 

EPA 200.7 

EPA 200.7 

EPA 200.7 

EPA 200.7 

EPA 200.7 Acid Digestion, Total Metals 

T E S T 
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CORE LABORATORIES 

RESULTS 

2.00 

2 

557 

ete 

Date: 03/19/97 

Laboratory Sample ID: 970m-4 
Date Received ••••••• : 03/13/97 
Time Received ••••••• : 11:00 

0.05 ~/L 

~/L 

~/L 



Job NU!iler: 970m 

Customer Sample ID: AQ50 
Date Sampled •••••• : 03110197 
Time Sampled •••••• : 15:00 
Sample Matrix ••••• : Water 

EPA 200.7 Calcium CCa), Total 

EPA 200.7 iun (Mg), Total 

EPA 200.7 Potassil.a (IC), Total 

EPA 200.7 Sodium CNa), Total 

EPA 200.7 id Digestion, Total 

L A B 0 R A T 0 R Y 

Metals 

T E S T 
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CORE LABORATORIES 

R E S U L T S 

1.00 

2 

514 

C~lete 

Date: 03119197 

Laboratory Sample ID: 970m·5 
Date Received ••••••• : 03113197 
Time Received ••••••• : 11:00 

0.05 maiL 

maiL 

maiL 



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

LABORA. TORY TEST RESULTS 

SM2510B 

SM2540C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

AQ-22 

03!J8/J7 

22:30 

Total Dissolved Solids 

SM2540 H+B pH 

SM 2320 B Total Alkalinity as CaC03 

SM 2320 B Phenolphthalein Alk as CaC03 

Carbonate as CaC03 

Bicarbonates as CaC03 

SM 2340 B Hardness as CaC03 

EPA300.0 Bromide 

EPA300.0 Nitrate 

EPA300.0 Sulfate 

EPA300.0 Chlorides 

EPA300.0 Flouride 

EPA300.0 Nitrite 

EPA300.0 o-Phosphate 

2830 

1660 

8.6 

215 

16 

19 

223 

40 

1.46 

ND 

491 

429 

ND 

ND 

ND 

1 

1000 

20 

10 

10 

LABID 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

20 

0.05 

0.05 

0.08 

0.08 

0.01 

0.004 

0.003 

J.LS/cm 

mg!L 

s.u. 
mg/L 

mg/L 

mg/1 

mg/L 

mg!L 

mg!L 

mg/L 

mg!L 

mg!L 

mg/L 

mg/L 

mg/L 

AQ-22 

03/10!97 

11:05 

03/10/}7 

03/14/}7 

03/10/}7 

03/10/}7 

03/10!97 

03/24/}7 

03/24/97 

03/10/97 

03/14/97 

03/14/97 

03!24/97 

03/24/}7 

03/14/97 

03/14/}7 

03/14/}7 

hm 

hm 

hm 

hm 

hm 

am 

am 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



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

LABORATORY TEST RESULTS 

SM 2510 B 

SM 2540C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

AQ-23 

03!09!17 

10:03 

Total Dissolved Solids 

SM 2540 H+B pH 

SM 2320 B Total Alkalinity as CaC03 

SM 2320 B Phenolphthalein Alk as CaC03 

Carbonate as CaC03 

Bicarbonates as CaC03 

SM 2340 B Hardness as CaC03 

EPA300.0 Bromide 

EPA300.0 Nitrate 

EPA300.0 Sulfate 

EPA300.0 Chlorides 

EPA300.0 Flouride 

EPA300.0 Nitrite 

EPA300.0 a-Phosphate 

2800 

1692 

8.6 

220 

IS 

18 

232 

24 

1.44 

ND 

484 

425 

ND 

ND 

ND 

2 

1000 

20 

10 

10 

LAB ID 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

20 

0.05 

0.05 

0.08 

0.08 

O.QI 

0.004 

0.003 

¢/ern 

mgft.. 

s.u. 
mgft.. 

mgft.. 

mgA 

mgft.. 

mgft.. 

mgft.. 

mgft.. 

mgft.. 

mgft.. 

mgft.. 

mgft.. 

mgft.. 

AQ-23 

03/10!17 

11:05 

03/10!17 

03/14!17 

03/10!17 

03/10!17 

03/10!17 

03/24!17 

03/24!17 

03/10!17 

03/14!17 

03/14!17 

03/24!17 

03/24!17 

03/14;97 

03/14;97 

03/14!17 

hm 

hm 

hm 

hm 

hm 

am 

am 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



City of laredo, Water Utilities Department 
Water Pollution Control laboratory Services 

SM 2510 B 

SM2540C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

AQ-24 

03!J9!17 

12:45 

Total Dissolved Solids 

SM2540 H+B pH 

SM 2320 B Total Alkalinity as CaC03 

L.ABOAATORY TEST RESULTS 

2800 

1670 

8.8 

219 

1000 

20 

10 

LABID 

DATE RECEIVED 

TIME RECEIVED 

SM 2320 B Phenolphthalein Alk as CaC03 14 10 

Carbonate as CaC03 17 Calculated 

Bicarbonates as CaC03 233 Calculated 

SM 2340 B Hardness as CaC03 32 20 

EPA300.0 Bromide 1.46 0.05 

EPA300.0 Nitrate ND 0.05 

EPA300.0 Sulfate 484 0.08 

EPA300.0 Chlorides 425 0.08 

EPA300.0 Flouride ND 0.01 

EPA300.0 Nitrite ND 0.004 

EPA300.0 a-Phosphate ND 0.003 

3 

¢/em 

mg,t 

S.U. 

mg,t 

mg,t 

mgA 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

mg,t 

AQ-24 

03/10/17 

I 1:05 

03/10!17 

03/14!17 

03/10!17 

03/10!17 

03/10{17 

03/24!17 

03!24!17 

03/10!17 

03/14!17 

03/14!17 

03!24!17 

03/24!17 

03/14!17 

03/14!17 

03/14!17 

hm 

hm 

hm 

hm 

hm 

am 

am 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



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

LABORATORY TEST RESULTS 

SM 2510 B 

SM2540C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

AQ-50 

03fJ9{77 

15:00 

Total Dissolved Solids 

SM2540H+B pH 

SM 2320 B Total Alkalinity as CaC03 

SM 2320 B Phenolphthalein Alk as CaC03 

Carbonate as CaC03 

Bicarbonates as CaC03 

SM 2340 B Hardness as CaC03 

EPA300.0 Bromide 

EPA300.0 Nitrate 

EPA300.0 Sulfate 

EPA300.0 Chlorides 

EPA300.0 Flouride 

EPA300.0 Nitrite 

EPA300.0 a-Phosphate 

2820 

1674 

8.7 

219 

14 

17 

233 

32 

1.48 

NO 

483 

425 

NO 

NO 

NO 

4 

1000 

20 

10 

10 

LABID 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

20 

0.05 

0.05 

0.08 

0.08 

0.01 

0.004 

0.003 

J.JS/cm 

mgA. 

s.u. 
mgA. 

mgA. 

mgA 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

AQ-50 

03/10{77 

11:05 

03/10{77 

03/14{77 

03/10,97 

03/10{77 

03/10{77 

03/24{77 

03/24{77 

03/10,97 

03!14!17 

03/14,97 

03/24,97 

03/24{77 

03/14,97 

03/14{77 

03!14!17 

hm 

hm 

hm 

hm 

hm 

am 

am 

hm 

jan 

jan 

jan 

jcm 

jcm 

jan 

jcm 



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

LABORATORY TEST RESULTS 

SM 2510 B 

SM2540C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

AQ-51 

03/10,97 

09:45 

Total Dissolved Solids 

SM2540 H+B pH 

SM 2320 B T otaJ Alkalinity as CaC03 

SM 2320 B Phenolphthalein Alk as CaC03 

Carbonate as CaC03 

Bicarbonates as CaC03 

SM 2340 B Hardness as CaC03 

EPA300.0 Bromide 

EPA300.0 Nitrate 

EPA300.0 Sulfate 

EPA300.0 Chlorides 

EPA300.0 Flouride 

EPA300.0 Nitrite 

EPA300.0 a-Phosphate 

2820 

1670 

8.8 

218 

13 

16 

234 

22 

1.46 

ND 

476 

418 

ND 

ND 

ND 

5 

1000 

20 

10 

10 

LABID 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

20 

0.05 

0.05 

0.08 

0.08 

O.DI 

0.004 

0.003 

pS/cm 

mg!L 

S.U. 

mg!L 

mg!L 

mgt1 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

AQ-51 

03/10/17 

11:05 

03/10,97 

03/14fi7 

03/10,97 

03/10fi7 

03/10,97 

03/24,97 

03/24,97 

03/10,97 

03/14,97 

03/14fi7 

03/24,97 

03/24,97 

03/14,97 

03/14fi7 

03/14fi7 

hm 

hm 

hm 

hm 

hm 

am 

am 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



' ,. 

City of Laredo, Water Utilities Department 
Water Pollution Control Laboratory Serv1ces 

CAL. CHECK Standard, KCL 1413 

DUPLICATE AQ-51 TDS 

BLANK Dl water 

DUPLICATE AQ-22 

LCS Standard Chloride 

SPIKE 12-18 

SPIKE-DUP 12-18 

LCS Standard Chloride 

BLANK Dl water 

BLANK Dl water 

DUPLICATE AQ-22 

LCS Standard Sulfate 

SPIKE 12-18 

SPIKE-DUP 12-18 

LCS Standard Sulfate 

BLANK Dl water 

QUALITY CONTROL REPORT 

1412 uS/em 0.4 

1670 1698 mg!L 0.83 

0 0 mg!L 

429.273 428.948 mg!L 0.038 

100 103 mg!L 103 

66.98 75.00 143.70 mg!L 98.8 

66.98 75.00 143.60 mg!L 0.034 

100 99.819 mg!L 99.8 

0 0 mg!L 

0 0 mg!L 

490.964 491.419 mg!L 0.046 

200 205.539 mg!L 102.8 

99.06 150.0 255.863 mg!L 104.5 

99.06 150.0 253.250 mg!L 0.51 

200 198.194 mg!L 99.1 

0 0 mg!L 

6 



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

BLANK Dl water 

DUPLICATE J2-21 

LCS Standard Bromide 

SPIKE J2-21 

SPIKE-DUP J2-21 

LCS Standard Bromide 

BLANK Dl water 

BLANK Dl water 

DUPLICATE J2-21 

LCS Standard Nitrate 

SPIKE J2-21 

SPIKE-DUP J2-21 

LCS Standard Nitrate 

BLANK Dl water 

BLANK Dl water 

DUPLICATE J2-21 

LCS Standard Nitrite 

SPIKE J2-21 

SPIKE-DUP J2-21 

LCS Standard Nitrite 

BLANK Dl water 

0.175 

0.14 

0.14 

3.52 

2.816 

2.816 

0 

0 

0 

0 0 mg!L 

0.172 mg!L 0.86 

0.837 mg!L 83.7 

0.2 0.311 mg!L 85.5 

0.2 0.291 mg!L 3.3 

5 4.502 mg!L 90 

0 0 mg!L 

0 0 mg!L 

3.543 mg!L 0.32 

I 0.835 mg!L 83.5 

0.2 3.010 mg!L 97.0 

0.2 2.969 mg!L 0.68 

5 4.725 mg!L 94.5 

0 0 mg!L 

0 0 mg!L 

0 mg!L 0 

I 0.829 mg!L 82.9 

0 0 mg!L 0 

0 0 mg!L 0 

5 4.492 mg!L 89.8 

0 0 mg!L 
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City of Laredo, Warer Utilities Department 
Warer Pollution Control L.aooratory Services 

BlANK Dl water 

DUPLICATE 12-21 

LCS Standard Phosphate 

SPIKE 12-21 

SPIKE-DUP J2-21 

LCS Standard Phosphate 

BlANK Dl water 

0 0 mgA. 
0 0 mgA. 0 

0.850 mgA. 85 

mgA. 
mgA. 

5 4.753 mgA. 95 

0 0 mgA. 
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CITY OF LAREDO, WATER UTILITIES DEPARTMENT 
WATER POLLUTION CONTROL, LABORATORY SERVICES 
REPORT DATE: 4/17/97 

PROJECT: ASR 
ATIENTION: PETER VAN NOORT 

SamQle Identification AQ-52 Laboratory Identification 
SamQie Date 4/9/97 Date Received 
SamoieTime 11:40 Time Received 
SamQle Location TW-3 Samnle Condition 
SamQler CHRISTIAN Chain Of Custody No. 

SAMPLE REPORTING 
TEST METHOD PARAMETER RESULT LIMIT UNITS 
SM4500H+B pH 8.70 0.00 su 
SM2320B Total Alkalinity 298.00 10.00 mg/L 
SM2320B Phen. Alkalinity 19.00 10.00 mg!L 
SM2340C Hardness 40.00 20.00 mg!L 
SM3500CaD Calcium, CaC03 9.60 20.00 mg!L 
Calculated Magnesium, CaC03 3.89 0.00 mg!L 
SM2510B Spec. Conductivity 2,390.00 0.00 uS/em 
Calculated Carbonate Ion 22.80 
Calculated Bicarbonate Ion 317.00 
SM2l30B Turbidity 20.80 0.00 NTU 
SM2540C Total Dissolved Sol. 1,470.00 20.00 mg!L 
EPA300.0 Bromides 1.06 0.50 mg!L 
EPA300.0 Chlorides 317.00 1.00 mg!L 
EPA 300.0 Nitrate-Nitrogen 0.00 0.05 mg!L 
1 300.0 Nitrite-Nitrogen 0.00 0.05 mg!L 
EPA300.0 o-Phosphate 0.00 0.01 mg!L 
EPA300.0 Sulfate 438.00 1.00 mg!L 

Page 

AQ52 
4/11197 
13:15 
No Color, HN03? 
1589 

DATE TECH 
4/11197 HM 
4/11/97 HM 
4/11/97 HM 
4/11197 HM. 
4/11197 HM 
4/11197 HM 
4/11197 HM 

4/11197 HM 
4/14/97 PA 
4/11/97 JCM 
4/14/97 JCM 
4/11/97 JCM 
4/11/97 JCM 
4/11/97 JCM 
4/14/97 JCM 



CITY OF LAREDO, WAlER liTILITIES DEPARTMENT 
WAlER POLLUTION CONTROL, LABORATORY SERVICES 
REPORT DAlE: 4117/97 

PROJECT: ASR 
ATTENTION: PETER VAN NOORT 

Sam(!le Identification AQ53 Laboratoo: Identification 
SanmleDate 4/11/97 Date Received 
Sam(!le Time 10:51 Time Received 
Samp!e Location TW-3,END Samp!e Condition 
Sam(!ler CHRISTIAN Chain Of Custody No. 

SAMPLE REPORTING 
TEST METHOD PARAMETER RESULT LIMIT UNITS 
SM4500H+B pH 8.50 0.00 su 
SM2320B Total Alkalinity 302.00 10.00 mg/L 
SM2320B Phen. Alkalinity 20.00 10.00 mg/L 
SM2340C Hardness 18.00 20.00 mg/L 
SM3500CaD Calcium, CaC03 4.00 20.00 mg/L 
Calculated Magnesium, CaC03 1.90 0.00 mg/L 
SM2510B Spec. Conductivity 2,060.00 0.00 uS/em 
Calculated Carl:Jonate Ion 24.00 
Calculated Bicarbonate Ion 319.00 
SM2130B Turbidity 8.68 0.00 N1U 
SM2540C Total Dissolved Sol. 1,266.00 20.00 mg/L 
EPA300.0 Bromides 0.27 0.50 mg/L 
EPA300.0 Chlorides 259.00 1.00 mg/L 
EP>\ 300.0 Nitrate-Nitrogen 0.00 0.05 mg/L 
I 300.0 Nitrite-Nitrogen 0.00 0.05 mg/L 
El'A300.0 a-Phosphate 0.00 0.01 mg/L 
EPA300.0 Sulfate 343.00 1.00 mg/L 

Page 2 

AQ53 
4/ll/97 
1315 
PASS 

DATE TECH 
4/11/97 HM 
4/ll/97 HM 
4/ll/97 HM 
4/11/97 HM 
4/ll/97 HM 
4/11/97 HM 
4/11/97 HM 

4/11/97 HM 
4/14/97 PA 
4/11197 JCM 
4/14/97 JCM 
4/11/97 JCM 
4/ll/97 JCM 
4/11/97 JCM 
4/14/97 JCM 



Water Pollution Control --'QC REPORT-- Laboratory ~ 

Toot -....I p .......... QCTVDo Llbll QCR~wft QCRo- TruoValue 
1 

o.talnal Value %Rocovorv %Dovlallon oa 

EPA300.0 CH..RDE MB 01 0.0000 ERR ERR ()411<1197 

LCS CAL-1 46.5160 50.00 93.0 ()4/1<1/97 

DIP AQ52 315.2920 316.6150 ERR 0.2094 ()411<1197 

MS 970414-J2 129.2690 50.00 79.7370 99.1 04/1<1197 

MSO 970414-J2 129.0060 129.2690 ERR 0.1018 04/1<1197 

LCS CAL/12 98.1540 100.00 98.2 04/1<1197 

BLK Dl 0.0000 ERR ERR 04/1<1197 

EPA 300.0 Sll.FAlE MB Dl 0.0000 ERR ERR ()411<1197 

LCS CAL-1 89.6360 100.00 89.6 ()411<1197 

DUP AQ52 435.4730 438.0670 ERR 0.2970 ()4/14'97 

MS 970414-J2 206.9700 100.00 108.8770 98.1 100.0000 ()4/1<1/97 
' 

MSD 970414-J2 206.6820 206.9700 ERR 0.0696 ()4/14'97 

LCS CAL~ 194.3910 200.00 97.2 100.0000 ()4/1<1/97 I 

BLK Dl 0.0000 ERR ERR ()411<1197 

EPA300.0 llfmiTE MB 01 0.0000 ERR ERR ()41111117 

LCS CAL~ 9.8330 10.00 98.3 ()41111117 

DIP AQ52 0.0000 0.0000 ERR ERR 04/111117 

MS J2-11 2.6370 2.50 0.0000 105.5 ()41111117 

MSD J2-11 2.4040 2.6370 ERR 4.6221 ()4/111117 

LCS CAL-2 4.5010 5.00 90.0 ()41111117 

BLK 01 0.0000 ERR ERR ()41111117 

EPA300.0 BRot.'llE MB 01 0.0000 ERR ERR ()4{1 1/97 

LCS CAL~ 9.5060 10.00 95.1 ()4{111117 

DIP AQ52 1.0350 1.0570 ERR 1.0516 ()4{111117 

MS J2-11 2.4240 2.50 0.2090 68.6 ()4{1 1197 

MSO J2-11 2.3930 2.4240 ERR 0.6436 ()4/1 1/97 

LCS CAL~ 4.6420 5.00 928 ()4/11/97 

BLK Dl 0.0000 ERR ERR ()4{111117 

EPA 300.0 IIITRAlE MB 01 0.0000 ERR ERR 04/11197 

LCS CAL~ 9.8010 1000 98.0 04/111117 

[)U> AQ52 0.0000 0.0000 ERR ERR 04/111117 

MS J2-11 3.7460 2.50 2.7920 38.2 ()4/11/97 

MSO J2-11 3.7380 3.7460 ERR 0.1069 04/111117 

LCS CAL~ 4.6080 5.00 922 04/11/97 

BLK Dl 0.0000 ERR ERR ()4{111117 

EPA 300.0 ~SPHAlE MB Dl 0.0000 ERR ERR ()4111197 

LCS CAL~ 9.9360 10.00 99.4 04/111117 

DIP AQ52 0.0000 0.0000 ERR ERR ()4{111117 

MS J2-11 2.3720 2.50 0.0000 94.9 04/11/97 

MSD J2-11 2.3660 2.3720 ERR 0.2942 04/111117 

LCS CAL~ 4.8130 5.00 96.3 04/11197 

BLK Dl 0.0000 ERR ERR ()4/1 1197 



Signature 

Name: Charles Sassine 

Title: Laboratory Supervisor 

At;.z, 
~/~~ -hr)l ~ 

CORE LAB~ATORIES 

Date 

1733 N. Padre Island Drive 
Corpus Christi, TX 78403 

PHONE: 512/289-2673 
FAX: 512/289-2471 



Job NLIID!r.: 971134 
Customer •• : City of Laredo 
Attn ••••••• : Adrian Mont_.,or 

971134·1 ACI 53 

971134·Z AQ sz 

CORE LABORATORIES 

Project Number ••••••••• : 99999995 
Customer Project ID •••• : ASR 
Project Description •••• : Walk in Projects 

Water 04/11/97 10:51 04/16/97 

Water 04/09/97 11:40 04/16/97 

Page 1 

08:30 

08:30 



Job llllllber: 971134 

· .. · :;_ :. 

Cust-r S~le ID: Ml 53 
Date S~led •••••• : 04/11/97 
Tl .. ~led •••••• : 10:51 
Salple Matrix ••••• : water 

L A B 0 R A T 0 R Y 

:; :- .. : .. :- :· . . . . . .. :; 
: ;: :; .. 

EPA 200.7 Celcii.A (Ce), Total 

EPA 200.7 (llg), Total 

EPA 200.7 Pot ... illl (IC), Total 

EPA 200.7 Sodi111 (Ne), Total 

EPA 200.7 Acid Dlgeatlon, Total Metals 

T E S T 

:: 
·-: 

.;· 

Page 2 

CORE LABORATORIES 

RESULTS 

0.94 

1 

422 

Cllq)lete 

Date: 04/18/97 

Laboratory SMple ID: 971134·1 
Dete Received ••••••• : 04/16197 
Ti .. Received ••••••• : 08:30 

0.05 awL 

IIWL 

118/L 



Job Niftier: 971134 

: ; .. 

CUstomer Sample ID: AQ 52 
Date Sampled •••••• : 04/09/97 
Time SBBpled •••••• : 11:40 
Sample Matrix ••••• : Water 

EPA 200.7 Calcium (Ca), Total 

EPA 200.7 (Mg), Total 

EPA 200.7 Potassium (K), Total 

EPA 200.7 Sodiu. (Na), Total 

L A B 0 R A T 0 R Y 

EPA 200.7 Acid Digestion, Total Metals 

T E S T 

Page 3 

CORE LABORATORIES 

R E S U L T S 

488 

Date: 04/18/97 

Laboratory Sample ID: 971 134·2 
Date Received ••••••• : 04/16/97 
Ti.- Received ••••••• : 08:30 

lllllfl 04/17/97 gee 

04!16/97 m,w 



CORE LABORATORIES 

Q U A L I T Y C 0 N T R 0 L R E S U L T S 
Job NUIIber: 971134 Date: 04/18/97 

QC Lab ID Reagent QC Result QC Result True Value Orig. Value calc. Result Unita Date!TI• 

ICY M0066 1.03077 1.00 103.1 X REC 04/17197 0933 
CCV M0061 4.97310 5.00 99.5 X REC 04/17197 1013 
CCB 0.01178 04/17/97 1026 
M8 200.7 0.00771 04/17197 1034 
LCS M3520 1.06894 1.00 106.9 X REC 04/17/97 1036 
CCV M0068 5.06687 5.00 101.3 X REC 04/17/97 1112 
CCB 0.02142 04/17197 1121 
CCV M0068 5.01746 5.00 100.3 X REC 04/17197 1306 
CCB 0.00961 04/17197 1313 
MD 971134-1 2.86969 3.07742 0.20773 ABS Olff. 04/17197 1318 
MD 970986-13 166.46038 161.36743 3.1 RPD 04/17197 1331 
MD 970987-13 23.05810 21.52145 6.9 RPO 04/17197 1343 
CCV M0068 5.08363 5.00 101.7 X REC 04/17197 1401 
CCB 0.04517 04/17197 1409 
MB 3050 0.10846 04/17197 1412 
LCS M3520 1.17223 1.00 117.2 X REC 04/17197 1414 ..... 971156-1 16.79791 18.82543 11.4 RPD 04/17/97 1420 

3005 -2.38997 04/17197 1454 
,.,;o 971101-1 149.42288 145.44122 2.7 RPO 04/17/97 1510 
POS 971101·1 M3520 146.30471 1.00 145.44122 86.3 X REC 04/17/97 1514 
CCV M0068 5.16801 5.00 103.4 X REC 04/17197 1525 
CCB -0.03497 04/17/97 1531 
MB 3010 -0.06553 04/17197 1544 
MD 971131-1 3506.08471 3505.87744 0.0 RPD 04/17197 1557 
CCV M0068 5.04927 5.00 101.0 X REC 04!17197 1649 
CCB 0.21472 04/17/97 1656 
MD 971084-1 162.09387 161.17480 0.6 RPO 04/17/97 1706 
sa M35208 2.21102 2.00 110.6 X REC 04/17/97 1720 
SBD M3520B 2.21515 2.21102 2.00 2.21102 110.8 X REC 04/17/97 1723 

0.2 RPD 
CCV M0068 5.17391 5.00 103.5 X REC 04/17197 1728 
cca 0.07189 04/17197 1737 

QC LMI ID Reagent QC Result QC Result True Value Drfg. Value calc. Result Unfta Date!Tf• 

ICY M0066 1.01932 1.00 101.9 X REC 04/17197 0929 
ICY M0066 0.99880 1.00 99.9 X REC 04/17197 0933 
CCV M0061 4.99527 5.00 99.9 X REC 04!17/97 1013 
cca 0.01162 04/17197 1026 
MB 200.7 -0.01543 04/17197 1034 
LCS M3520 1.00570 1 .DO 100.6 X REC 04!17197 1036 
CCV M0068 5.15342 5.00 103.1 X REC 04/17197 1112 
CCB ·0.00458 04/17197 1121 
CCV M0068 4.97870 5.00 99.6 X REC 04/17197 1306 
cca -0.01107 04/17197 1313 
") 971134-1 0.84073 0.93858 11.0 RPO 04/17197 1318 
~ 971134-1 M3520 1.78271 1.00 0.93858 84.4 X REC 04/17197 1321 

-MD 970986-13 36.42530 35.72489 1.9 RPO 04/17/97 1331 

P1111e 4 
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CORE LABORATORIES 

Q U A L I T Y C 0 II T R 0 L RESULTS 
Job Nuar: 971134 Date: 04!18/97 

QC Lab ID Reagent DC Result DC Result True Value Orig. Value Calc. Result Units Date/Tilne 

MD 970987-13 4.09183 3.87103 5.5 RPD 04/17/97 1343 
MS 970987·13 M3520 5.04196 1.00 3.87103 117.1 X REC 04/17/97 1345 
CCV M0068 5.1n45 5.00 103.4 X REC 04/17/97 1358 
CCV M0068 5.16376 5.00 103.3 X REC 04/17/97 1401 
CCB 0.02275 04/17/97 1409 
MB 3050 0.04982 04/17/97 1412 
LCS M3520 1.10935 1.00 110.9 X REC 04/17/97 1414 
MD 971156·1 3.85538 4.41568 13.5 RPO 04/17/97 1420 
MB 3005 -0.49660 04/17/97 1454 
POD 971101·1 12.53684 12.o1m 4.2 RPD 04/17/97 1510 
POS 971101·1 M3520 13.14234 1.00 12.o1m 112.5 X REC 04/17/97 1514 
CCV M0068 5.10858 5.00 102.2 X REC 04/17/97 1525 
CCB 0.00589 04/17/97 1531 
MB 3010 -0.02494 04/17/97 1544 
LCS M3520 0.99695 1.00 99.7 X REC 04/17/97 1552 
MD 971131-1 18.44528 18.46087 0.1 RPD 04/17/97 1557 .... 971131-1 M3520 19.n155 1.00 18.46087 126.1 X REC 04/17/97 1600 

3010 -0.04894 04/17/97 1610 
L•.O M3520 0.89668 1.00 89.7 X REC 04/17/97 1613 
CCV M0068 5.13560 5.00 102.7 X REC 04/17/97 1649 
CCB -0.00064 04/17/97 1656 
MD 971084·1 4.45774 4.42528 0.7 RPD 04/17/97 1706 
SB M3520B 2.06255 2.00 103.1 X REC 04/17/97 1no 
SBO M3520B 2.09118 2.06255 2.00 2.06255 104.6 X REC 04/17/97 1723 

1.4 RPD 
CCV M0068 5.10048 5.00 102.0 X REC 04/17/97 1n8 
CCB 0.14158 04/17/97 1737 

DC Lab ID ReiiQel'lt QC Result DC Result True Value Orig. Value Calc. Result Units Date/Time 

ICY 110067 10.26239 10.00 102.6 X REC 04!17/97 0951 
CCV M0061 4.82620 5.00 96.5 X REC 04/17/97 1013 
CCB -0.26737 04/17/97 1026 
LCS M3520 1.25668 1.00 125.7 X REC 04/17/97 1036 
CCV M0068 4.37577 5.00 87.5 X REC 04/17/97 1112 
CCB 0.53152 04/17/97 1121 
CCV M0068 5.24390 5.00 104.9 X REC 04/17/97 1306 
CCB -0.43360 04/17/97 1313 
MD 971134·1 1.19241 1.40914 0.21673 ABS Diff. 04/17/97 1318 
MS 971134-1 M3520 2.52032 1.00 1.40914 111.1 X REC 04/17/97 1321 
MD 970986-13 50.16260 48.84823 2.7 RPO 04!17/97 1331 
MD 970987-13 8.92953 7.85907 12.8 RPD 04/17/97 1343 
CCV M0068 5.24390 5.00 104.9 X REC 04/17/97 1401 
CCB -0.47425 04/17/97 1409 
MB 3050 -0.40650 04!17/97 1412 

' 971156-1 1.05691 0.81300 0.24391 ABS Diff. 04!17 /97 1420 
971156·1 M3520 1.76151 1.00 0.81300 94.9 X REC 04/17/97 1422 - 3005 0.05420 04/17/97 1454 

Pa;e 5 



CORE LABORATORIES 

QUALITY C 0 N T R 0 L RESULTS 
Job .~ .. : 971134 Date: 04/18/97 

QC Lab ID Reagent QC Result QC Result Tr-ue Value Or-ig. Value Calc. Result Unit a Date/Ti• 

PDD 971101·1 15.75880 16.02981 1.7 RPO 04/17/97 1510 
POS 971101·1 M3520 17.27642 1.00 16.02981 124.7 X REC 04!17/97 1514 
CCV M0068 4.60704 5.00 92.1 X REC 04/17/97 1525 
CCB ·0.98916 04!17/97 1531 
MB 3010 ·0.44715 04!17/97 1544 
LCS M3520 1.24661 1.00 124.7 X REC 04/17/97 1552 
MD 971131-1 8.65853 8.52303 1.6 RPO 04!17/97 1557 
MB 3010 0.42005 04/17/97 1610 
LCS M3520 1.20596 1.00 120.6 X REC 04/17/97 1613 
CCV 110068 5.54200 5.00 110.8 X REC 04!17/97 1649 
CCB 0.48780 04/17/97 1656 
MD 971084-1 4.60704 4.62059 0.01355 ABS Dfff. 04/17/97 1706 
CCB ·0.62330 04!17/97 1737 

QC Lab 10 Reagent QC Result QC Result Tr-ue Value Or-lg. Value Calc. Reaul t Unita DatetTf• 

ICY M0067 1.00354 1.00 100.4 X REC 04/17/97 0946 
ICY M0067 0.99559 1.00 99.6 X REC 04/17/97 0951 
CCV M0061 4.94064 5.00 98.8 X REC 04!17/97 1013 
CCB ·0.00518 04!17/97 1026 .. 200.7 ·0.01395 04/17/97 1034 
LCS M3520 1.16442 1.00 116.4 X REC 04/17/97 1036 
CCV M0068 5.12579 5.00 102.5 X REC 04/17/97 1112 
CCB 0.02974 04!17/97 1121 
CCV M0068 4.92070 5.00 98.4 X REC 04/17/97 1306 
CCB 0.01665 04/17 !97 1313 
MD 971134·1 420.52700 421.95758 0.3 RPO 04/17/97 1318 
MD 970986·13 8294.01562 8294.58203 0.0 RPO 04/17/97 1331 
MS 970986·13 M3520 8295.48632 1.00 8294.58203 90.4 X REC 04/17/97 1334 
CCV M0068 5.10276 5.00 102.1 X REC 04!17/97 1358 
CCV 110068 5.21717 5.00 104.3 X REC 04/17/97 1401 
CCB 0.30990 04!17/97 1409 
M8 3050 0.44281 04/17/97 1412 
MD 971156·1 0.56244 0.57502 0.01258 ABS Dlff. 04!17/97 1420 
MS 971156·1 M3520 1.45462 1.00 0.57502 88.0 X REC 04!17/97 1422 .. 3005 7049.49658 04!17/97 1454 
CCV 110068 4.51850 5.00 90.4 X REC 04/17/97 1525 
CCI ·0.31925 04!17/97 1531 
M8 3010 -0.42588 04!17/97 1544 
MD 971131·1 41.37551 41.16996 0.5 RPO 04/17/97 1557 
M8 3010 -0.42285 04!17/97 1610 
CCV M0068 3.75467 5.00 75.1 X REC 04!17/97 1649 
CCB 0.38269 04/17/97 1656 
MD 971084·1 4755.81738 4752.88476 0.1 RPO 04/17/97 1706 
58 M3520B 2.13557 2.00 106.8 X REC 04/17/97 1720 

'0 M35208 1.96238 2.13557 2.00 2.13557 98.1 X REC 04/17/97 1723 
8.5 RPO 

CCI ·0.33139 04/17/97 1737 

Page 6 
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(1) EPA 600/4·79-020, Methods for Chemical Analysis of Water and 
Wastes, March 1983 

(2) EPA sw-846, Test Methods for Evaluating Solid Waste, Third 
Edition, November 1990 and July 1992 Update 

(3) Standard Methods for the Examination of Water and Wastewater, 
18th Edition, 1995 

(4) Federal Register, July 1, 1992 (40 CFR Part 136) 
(5) EPA 600/2·78·054, Field and Laboratory Methods Applicable to 

OVerburdens and Minesoils 
(6) Methods of Soil Analysis, American Society of Agronomy, 

Agronomy No. 9, 1965 
(7) ASTM, Section 11 Water and Environnental Technology, 

Volume 11.01 Water (1), 1991 
(8) ASTM, Section 5, Petroleum Products, Lubricants, and Fossil 

Fuels, Volune 05.05, Gaseous Fuels, Coal, and Coke 

Connents: 
Data in the QA report may differ from final results due to 
digestion and/or dilution of saa.,le into analytical ranges. The 
•Time Analyzed" in the QA report refers to the start time of the 
analytical batch which may not reflect the actual time of each 
analysis. The ·~ate Analyzed• Is the actual date of analysis. 
Results for soil and sludge saa.,les are reported on a wet weight 
basis (I.e. not corrected for percent moisture) unless otherwise 
indicated. 

NC = Not Calculable Due to Value(s) lower than the Detection Limit. 

Quality Control acceptance criteria are method depeudent. 

All data reported on saa.,le "as received• unless noted. 

5aq)le IDs with a "-00• at the end indicate a blank spike or blank 
spike duplicate associated with the numbered sample. 

BLANK QC SAMPLE IDENTIFICATION 

MB Method Blank 
ICB Initial cat ibration Blank 
CCB Continuing Calibration Blank 

SPIKE QC SAMPLE IDENTIFICATION 

MS Method (Matrix) Blank 
MSO Method CMatrl x> Spike Duplicate 
PDS Post Digestion Spike 
sa Spiked Blank 
SBD Spi ked Blank Duplicate 

REFERENCE STANDARD QC SAMPLE IDENTIFICATION 

LCS 
RS 

Laboratory Control Standard 
Reference Standard 

ICY 
CCV 
ISA/ISB 
ICL 

Initial Calibration Verification Standard 
Continuing Calibration Verification Standard 
ICP Interface Check S...,le 

DSC 
Initial Cal I brat ion/Laboratory Control Saa.,le 
Distilled Standard Check 
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DUPLICATE QC SAMPLE IDENTIFICATION 

MD Method (Matrix) DYPlicate 
ED Extract ian DYPL I cate 
DD Digestion DYPlicate 
PDD Post Digestion DYPl icate 

Analyses performed by a subcontract laboratory ere indicated an the 
analytical lind/or quality control reports l.llder •t..chnician• using 
the following codes: 

SUBCONTRACT LABOIIA TORY CDDE 

Core Laboratories - Anahei•, CA * an 
Core Laboratories - Aurora, CO * au 
Core Laboratories - Casper, WY * ca 
Core Laboratories - Edison, NJ * ed 
Core Laboratories - Houston <Erw.), TX *he 
Core Laboratories - Houston (Pet.), TX * hp 
Core Laboratories - Indi-.pol is, IN * in 
Core Laboratories - Lake Charles, LA * lc 
Core Laboratories - Long Beach, CA * lb 
Core Laboratories - Tampa, FL * tp 
Core Laboratories - Valparaiso, IN * vp 

Dther Subcontract Laboratories * XX 
Pollution Control Srv. - San Antonio, TX * pc 
Client Provided data * cp 

EXPLANATION OF DATA FLAGS 

a - This flag is used to indicate that an analyte is 
present in the •thod blri as well as in tha Sllq)le. 
It indicates that the client should consider this 
when eYaluating the results. 

D - This flag indicates that surrogates were diluted out 
of cal ibratian range and camot ba quantified. 

E - Indicates that a sMPle result is an estiMte because 
the concentration exceeded the calibration range of 
the inst~. 

I - Used to indicate Mtrix interferance. 
J - Indicates that a value is an asti•te. It is used 

when a ~ is det-ined to ba present baaed an 
the IIISBB spectral data, but at • concentration lese 
than the practical ~itatian l i•it of tha •thod. 
This flag is also used when esti•ting the 
concentration of a tentatively identified caapcll.nd. 

X - Indicates that • surrogatge recovery Ia outside tha 
specified quality control ll•its. 

Y - Used to identify • spike or spike dYPlicate recovery 
and spike dYPl icate is outside tha specified quality 
control ll•i ta. 

* - Indicates a relative percent difference for a 
dYPlicate analysis is outside the specified quality 
control ll•i ta. 
Used to indicate that a standard is outside 
specified quality control ll•its. 
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CITY OF LAREDO, WATER UTILITIES LAB SERVICES 

PROJECT: ASR DATE: Mar. 11,1998 

Sample ID: TW-2 LabiD: TW-2 
Date Sampled: 7/29/97 Date Received: 7/29/97 
Time Sampled: 14:25 Time Received: 2:25 

SAMPLE 
TEST METHOD PARAMETER RESULT UNITS DATE TECH 
SM 2510B Conductivity 2550 us/em 7/31/97 HM 

SM2540C Total Dissolved Solids 1440 mg/L 7/31/97 AG 

SM 2540 H+B pH 8.8 s.u. 7/31/97 HM 

SM 2320 B Total Alkalinity 228 mg/L 7/31/97 HM 

SM 2320 B Phenolphthalein Alkalinity 17 mg/L 7/31/97 HM 

SM 2320 B Carbonate 34 mg/L CALC. 

SM2320 B Bicarbonate 225 mg/L CALC. 

SM 2320 B Hardness 15 mg/L 7/31/97 HM 

EPA 300.7 Calcium 4 mg/L 7/31/97 HM 

EPA300.0 Magnesium 1 mg/L 7/31/97 HM 

EPA300.0 Bromide NA mg/L 

EPA300.0 Nitrate NA mg/L 

EPA300.0 Sulfate ERR mg/L 8/25/97 JCM 

EPA300.0 Chloride 357 mgiL 8/25/97 JCM 

EPA300.0 Flouride NA mg/L 

EPA300.0 Nitrite NA mg/L 

EPA300.0 Ortho-Phosphate NA mg/L 

EPA 300.7 Lithium NA mg/L 

EPA300.7 Potassium NA mg/L 

AM4500 MH3 Ammonia Nitrogen NA mg/L 



Aug-26-97 03:21P 

City of Laredo. Water Utilities Depcartment 
Laboratory Services 

PROJECT: Aq\lifer Storage and Recovery 
PROJECT JD: ASR 
DATE: 8/26/97 

rSamgle ID- TW:Z ··-- S!!!!!RJQ oarc 1f21191 
l&!UJ2 972907-TW SampliTim~ 2045 I Sl!!lllle Locati!Ul Pump Test Disch Qlt!:! Reccjvgl 1f29191 
Chain of Custody 0308 Tjmc Ra!;cjved 1425 

·----· 
CONSTlTI.!Jiir!!I 
pH 
T-A!kal 
P-Alka! 
Hardness 
Calcium 
Magnesium 
Conduct 
TDS 
Bromide 
Chloride 
Fluoride 
Nitrate 
Nitrite 
O·Phosphat 
Sulfate 
Amm. Nitro 
T1(N 

TOC 
Aluminum 
Iron 
Lithium 
Magr!csium 
Manganese 
PoiiiSSium 
Si02 Total 
Sodium 

Page S 

JU'..SULT .mm:§ 
8.10 s.u. 

221.00 mg/L 

17.00/ mg/L 
15.00 mg/L 
4.00. mg/L 
1.00 mg/L 

2,550,00 uS/em 
_.-1-:440.00 / mgiL 

1.43/ mg/L 
357.10 mg/L 

LOO' Not Detect 
0.05 Not Detect 
0.05 Not Detect 
O.IS ~ mg/L 

2,065.00 Error 
'0,27 mg/L 
1.00 NotDetcet 
1.00 mg/L 
0.05~· Not Detect 
0.05.............-- Not Detect 
0.03/ mg/L 
0.49 mgiL 
o.os~ Not Deteet 
2.00 mgiL 

·12.50 / 
501.00 

0.00 
0.00 
0.00 

mg/L 
mg/L 

£!ATE CQMPI.cEJ:! 
7fll/97 
7fll/97 
7fll/97 
7f31/97 
7fll/97 
7f31/97 
7f31/97 
811197 
lf22191 
8(25197 
lf22/97 
B/22/97 
lf22197 
lf22/91 
S/25/97 
81 S/97 
117/97 
1/12/97 
8112197 
8114197 
1/10197 
1/14197 
1114/97 
1/14/97 
1/14197 
1114/97 

p- 10 

sampler AC 
Sll!llPI~ ~Millsm Good I 

i 

TECH-
HM I 
liM 
liM 
HM 
HM 
HM 
HM 
HM 
JCM 
JCM 
JCM 
JCM 
JCM 
JCM 
JCM 
JCM 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 
Car 
Cor 
Cor 
Cor 



Aug-26-97 03:21P 

L A I D I A T D I Y 

Cllal-r S..l• IDt ---niR 
Deto 1-.pted •••••• : 07/ZI/97 
fi• , .. ,11111 ...... : 20:,5 
S-.ple ~tria ••... : Voter 

II'A lSt.J •t•rot.,, Total ll:jol$1111 u N 

.. 5110C Drg .. tc C.r~, lotal (TOC) 

!Pa ZDII.7 Aluol~ (AI), fotol 

EPa ~.7 frgn (Fel. Tatal 

EPa zoo.7 lit~i~ !Lil. Total 

£N ZD0.7 Ma-a;l,ft Clltl, Tut•l 

II'A ZD0.7 ~~--·· ,,, . Total 

fPA zoa.7 Potacolu. CK>, Jat~t 

Eli'& 200.7 Silica o; .. ;cs. cstll2l, Tutal 

EPil ZD0.7 Sedlu. (Nft), Tatol 

lPA ZDO.T Acil Dtga•tiGn, fotal ~t•le 

(TIDI) 

T I! s r IESLI~I$ 

<1.0 

<0.05 

<0.05 

D.DJ 

0.~9 

<0.05 

z 
12.~ 

501 

l:allp\eto 

Pate I 

ot:tt L&-9t-l? 

P.11 

Dare: 08115/97 

........... .,. ~~-~· llh 9723&1-, 
D&te ReceiVed ••••••• ; 06/01/97 
Ti..., Recel-••••••• : D9:00 

1.0 .. /L 08107/97 

.. /L 08/12/97 

o.os 1111/L Dll/14197 

a.os ow/L III/U/97 

0.01 1111/L 111/10/97 

o.os _,./L 08/1"-1'" 

0.05 18/L 111/1"-/97 

11!/L 111114/91 

0., ...... , Ol/11.tlf1 

,.g/L 111/141'97 

IJ4/DI./91 

.:loll 

.... 
'" 
gee -ao:c 

ICC 

gee 

gee 

gee 

dnw 



CITY OF LAREDO, WATER UTILITIES LAB SERVICES 

PROJECT: ASR DATE: Mar. 27,1998 

Sample 10: Unitec LabiD: 971407 
Date Sampled: 7/13197 Date Received: 7/14/97 
Time Sampled: 13:15 Time Received: 10:42 

SAMPLE 
TEST METHOD PARAMETER RESULT UNITS DATE TECH 
SM 2510B Conductivity 4730 us/em 7/14/97 HM 

SM 2540C Total Dissolved Solids 2164 mg/L 7/18/97 AG 

SM2540 H+B pH 8 s.u. 7/14/97 HM 

SM2320 B Total Alkalinity 1196 mg/L 7/14/97 HM 

SM 2320 B Phenolphthalein Alkalinity NO mg/L 7/14/97 HM 

SM 2320 B Carbonate 0 mg/L CALC. 

SM2320 B Bicarbonate 1196 mg/L CALC. 

SM 2320 B Hardness 20 mg/L 7/14/97 HM 

EPA300.7 Calcium 6 mg/L 7/14/97 HM 

EPA300.0 Magnesium 1 mg/L 7/14/97 HM 

EPA300.0 Bromide 3.275 mg/L 7/16/97 JCM 

EPA300.0 Nitrate NO mg/L 7/16/97 JCM 

EPA300.0 Sulfate NO mg/L 7/14/97 JCM 

EPA300.0 Chloride 943 mg/L 7/14/97 JCM 

EPA300.0 Flouride 2.924 mg/L 7/16/97 JCM 

EPA300.0 Nitrite NO mg/L 7/16/97 JCM 

EPA300.0 Ortho-Phosphate NO mg/L 7/16/97 JCM 

EPA 300.7 Lithium NA mg/L 

EPA 300.7 Potassium NA mg/L 

AM4500 MH3 Ammonia Nitrogen 1 mg/L 7/24/97 JCM 



Aug-26-97 03:21P 

City of Laredo. Water Utilities Department 
Laboratory Services 

PROJEcr: Aquifer Storage and Rcc:avcry 
PROJECT ID: ASR 
DATE: S/26/97 

r.;;:-· --· --
' Sample lD Unit~ ll&!till 971407-UN 

I 
Sample Location Pump Discharge 
Chain of Custody 0304 

·--· 
CONSTIIUENT RESULT 
pH 8.00 
T-Aikal 1,196.00 
P-Aikal 0.00 
Hardncs~ 20.00,// 
Calcium 6.00 
Magnesium 0.97 
Conduct 4,730.00 
TDS 2,164.00 
Bromide 3.28 
Chloride 942.97 
Fluoride 2.92 
Nitrate 0.05 
Nitrite 0.05 
0-Phosphat 0.01 
Sulfate <:J::®) 
Amm. Nitro 1.0\ v 
TKN \.20 
TOC 2.00/ 
Aluminum 0.06" 
lron 0.22/ 
Lithium 0.18· 
Magnesium 10.00~ 
Manganese I(Q3)~ 
Potassium s.ov 
Si02 Total 23.4 
Sodium 13,900.00 

0.00 
0.00 
o.oo 
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"Saiiijite Date 
Sample Time 
Date Reo;eived 
Time Rec:eived 

7/13/97 
1315 
7/14/97 
1042 

UNITS IMTE COMPLETE 
s.u. 7/14/97 
mg!L 7/14/97 
Not Detcc:t 7/14/97 
mgll 7/14/97 
mg!L 7/14/97 
mg/1 7/14/97 
uS/em 7/14/97 
mg/1 7118/97 
mgiL 7/16/97 
mtr/L 7114/97 
mgiL 7/14/97 
Not Detect 7/16/97 
Not Detec:t 7/16/97 
Not Detec:t 7/16/97 
Not Detect 7/14/97 
mg/L 7/24/97 
mg/L 7/31197 
mg/L 8/8/97 
mg/L 7/21/97 
mgiL 7121/97 
mg!L 7129/97 
mg/L 7/21/97 
Nat Detect 7/21/97 
mgll 7121/97 
mg/1 7/21/97 
mg.IL 7121197 

p_oa 

Sampler PVN, BC 
Sample Conditign Good 

TECH. 
HM 
HM 
HM 
liM 
HM 
HM 
HM 
HM 
JCM 
JCM 
JCM 
ICM 
JCM 
JCM 
JCM 
JCM 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 



Aug-26-97 03:21P 

L A I 0 R A T D I Y 
Jab MUlDer: 9721111 

r:uat-r SIIIIIPle ID: ASI-UIIITEC 
Date 5-.pled- •.••. : 07/13/97 
Ti~ Sampled •••.•• : 13:15 
&~le Matrix ••••• : Water 

EPA 351.3 Nitrogen, Total Kjeld.hl •• • 

Sill 5310C Drgenlc Carbon, Total CTOCl 

EPA Z00.7 Aluoi~ (A\), Total 

EPA 200.7 !ron (fel, Total 

EPA 200.7 Lithium (Li), Total 

EPA 200.7 Mgnesiun ("g), Totel 

I!PA 200.7 M-anese (JIInl, Toul 

EPA ZOD.7 Pot.aaiUM (K), Total 

EPA Z00.7 Silica Dioxide CSIOZl, Total 

EPA l!00_7 Sodium CNe), Total 

El'A 200.7 Acid Digeetion, Total "•tala 

(TO) 

T E S T 

Pao• 3 

CORE LABORATORIES 

RESULTS 

1.2 

z 
D.06 

0.22 

0.15 

10 

<0.05 

5 

23.4 

13900 

c.,...l•t• 

Date: 08/1 1197 

L.-.retory SMiple lD: 972118-Z 
Date Received ••••.•• : DT/16/91 
Tima Received ••••••• : 09:00 

1.0 11111/L D7/31f97 

11111/L 08/Da/97 

0.05 11111/L 07121/91 

0.05 11111/L D7/Z1!97 

0.01 11111/l 07/'1.9/91 

5 11111/l 07/21/97 

0.05 11111/L 07/21/97 

IIIIJIL 07/21/91 

0.1 QI/L 07!21/97 

100 -all 07/21/97 

07/171'17 

-~'':'1>••;4" . .,,.,,,..,.. ••••-~•••••-1.6 ..... .-M.-~\ .... ,.,..._1--., .......... ,_..,,, .... ,.,,,._ • .._..._,. "'~'~"'"'·~~~~-: <T,I'•''·"·•··,."'''·""'''''•'''•'••··'·""""" ...... ' ...... ""«':-""'~Y·"Jool>I~.IW.:vl•--•~ 
_ .... 11" .. ~~-•••......,•-'11 . .,..,10 ,....., -• ,. ·-••••··• ............. __ ...,.. __ • ._..,.,.,...,, .. , ....... , .... _.,....,.,........., • ..,_, -<r.J:""'''I oom:r·ar, ................... , .... , *"'o:u~I-..M"""'•~o~.•••-• ,.,,-..- • .-.... 

del\ 

deh 

ace 

gee 

..... 
gee 

gee 

ICC 

ace 

gee 

dnlol 



CITY OF LAREDO, WATER UTILITIES LAB SERVICES 

PROJECT: ASR DATE: Mar.11,1998 

Sample 10: LCC Lab 10: LCC 
Date Sampled: 7/13/97 Date Received: 7/14/97 
Time Sampled: 9:55 Time Received: 10:42 

SAMPLE 
TEST METHOD PARAMETER RESULT UNITS DATE TECH 
SM 2510B Conductivity 3250 us/em 7/14/97 HM 

SM 2540C Total Dissolved Solids 1552 mg/L 7/18/97 HM 

SM 2540 H+B pH 8.5 S.U. 7/14/97 HM 

SM 2320 B Total Alkalinity 244 mg/L 7/14/97 HM 

SM 2320 8 Phenolphthalein Alkalinity 8.5 mg/L 7/14/97 HM 

SM 2320 B Carbonate 17 mg/L CALC. 

SM 2320 B Bicarbonate 227 mg/L CALC. 

SM 2320 B Hardness 20 mg/L 7/14/97 HM 

EPA300.7 Calcium 6 mg/L 7/14/97 HM 

EPA300.0 Magnesium 1 mg/L 7/14/97 HM 

EPA300.0 Bromide 1.846 mg/L 7/16/97 JCM 

EPA 300.0 Nitrate NO mg/L 7/16/97 JCM 

EPA300.0 Sulfate 590 mg/L 7/14/97 JCM 

EPA300.0 Chloride 495 mg/L 7/14/97 JCM 

EPA300.0 Flouride 1.713 mg/L 7/16/97 JCM 

EPA300.0 Nitrite NO mg/L 7/16/97 JCM 

EPA300.0 Ortho-Phosphate NO mg/L 7/16/97 JCM 

EPA 300.7 Lithium NA mg/L 

EPA 300.7 Potassium NA mg/L 

AM4500 MH3 Ammonia Nitro_g_en 0.278 mg/L 7/24/97 JCM 



Aug-26-97 03:20P P.06 

City of Laredo. Water Utilities Department 
Laboratory Services 

rROJECT: Aquifer Storage and R~very 
l"ROJECT ID: ASR 
DATI!:: 8/26/97 

~~aml!le To 
-----· 

S!!ml!lcQ~ 7113197 Sampler LCC PVN, BC 
~ 971407-LC S!!!lll!il Time 09SS :iimnz!c ~Q!ldilion Good 

' ::!aml!l!ll !.>l!:l.ti!ID Pump Discharge Date Rccci!!d 7114197 I Chai.~ ofCu!._tody 0303 IimeRc§eivqd 1042 
·-·-· -- -· .... I -·---

, COr;!STITUENT RE5ULT Ymn DATE COMPLEIE TECH. 
pH 11.50 s.u. 7114197 HM 
T-Alka.l 244.00 mgll 7114197 HM 
P-Alka! !.SO mg/L 7/14197 HM 
Hardness 20.00 mgiL 7114197 HM 
Calcium 6. ()()o-"" mg/1 1114191 JiM 
Magnesium 1.00 mg/1 7/14197 JiM 
Conduct 3,250.00 uS/cm 7114197 JiM 
TDS 1,552.00 mgll 7/18197 HM 
Bromide 1.85 v mgiL 7/16/97 JCM 
Chloride 494.7V maiL 7/14197 JCM 
Fluoride 1.71--- mg.IL 7/14/97 JCM 
Nitrate o.os Not Detect 7/16/97 -JCM 
Nitrite 0.05 Not Detect 7/16197 JCM 
0-Phosphat 0.01 Not Detect 7/16/97 JCM 
Sulfate 519.7V mg/L 7/14/97 JCM 
Amm. Nitro ...0.28 mw'L 7f24197 JCM 
TKN 1.00 Not Detect 7131197 Cor 
TOC 1.00 mgll 81 B/97 Cor 
Aluminum -o.07 mg/L 7121/97 Cor 
Iron .-Q.OS Not Detect 7121/97 Cor 
Lithium 0.09 ~ mgiL 7129/97 Cor 
Magnesium ua/ mgiL 1f21191 Cor 
Manganese -o.os Not Detect 7f21/97 Cor 
PolaSsium J.oo--"' mgiL 7f21/97 Cor 
Si02 Total --12.50 mw'L 7f21/97 Cor 
Sodium 618.00 (..../' mgiL 7f21/97 Cor 

0.00 
0.00 
0.00 

. --·--·--

Page 3 



Aug-26-97 03:21P P.07 

Jab NUIIber: 9n1aa 

Custan.r Sa.ple JD: ASR·LCC 
Date S.-pled •••••• : 07/13/'17 
Time Saapled .••.•• : 09:55 
Sample MetriA ••••• : Water 

L A I 0 I A T 0 I T 

EPA 351.3 Nitrogen, Total K]eldahl aa M (Tll) 

SII5310C Organic Carbon, Total CTDC) 

EPA 200.7 llu.inum CAll, Total 

I!PA 200.7 Iran tFel, Total 

EPA 200.7 Lithium (Li), Total 

EPA 200.7 llatM&t ... (IIQ), Total 

EPA 200.7 Manganese (Mn), Total 

EPA 200.7 Poteaai,.. (~). Total 

EPA 200.7 Silica Dioxide (5102), Total 

EPA 200.7 Sodfw. (Na), Total 

EPA 200.7 Acid Digestion, Total Metal& 

T E 5 T 

Paga 2 

CORE LABORATORIES 

RESULTS 

<1.0 

0.07 

<0.05 

O.D9 

1.511 

<O.OS 

12.5 

618 

c.....,leta 

Date: 08/11/97 

l.tmrnary S~le ID.• 9n188·1 
Date Recalved ••••••• : 07/16/97 
Tim- Received ••••••• : 09:00 

1.0 naiL 07/]1/97 

11111/l 08/08/97 

0.05 11111/L 07/21197 

0.05 'NIL Q7/21/97 

0.01 ~NIL 07/29/97 

o.os 11111/L 07/Z1!97 

0.05 111111/L 07/21/97 

11111/L 07/21/97 

0.1 111111/L 07/21197 

11111/L 07/21/97 

07/17/97 

, ..... ,.,.,..r.- ,. • ..,. ,,.,. .... , .... , . .,.,.,. __ ,..._.,.~...,....,. ........ ~1n 1 "'"'•~~·•·~··,. .... ..,,.,....,._,........,.,....,.,..._ .,.,.,...,.,,..,..o..,~ ..,,,,.,,.,, ··-· .....,r.,.,..,._"'"''"" .. .,."~' h,,,.,_.,.,.~ ... ~~ r ..... lo'l...__.,_... ..... Ua ,....,,v .... •,. ••• ,,,r '"""'· 
,..,,..,~""''' ·••r"""'~ 1-.>l:lcoo .uc¥••••~ o:l e... .. r .,._ ... '""'~· O:L~L r..r...,._:.., o.· •• •....-:-1'. ··•-* ... -· ,,..,, ·~ "''--"~"' ........ ~ '.1 ..,. • ...:;.. ·.~ •ot ,,...,. ••. ,.~· ~·~··•••~-... "_,..._,.,, ·"·'"' ""'1""'1..13Miy ,,.,..,.. ....,..u~o,.o ... '" ,..._.,.,L,n·...v.v;,l'l 

.• ,. •ol. '•"·· ··~~,, ,..,_ ·•-•"•·•'· or••••'•· .._., ,. • ..-.O •• ·'"'"" 1 ,.,,,.,.,.,.,,., ,, •h ,,,,,• , ••HI ,,. .,,,.,, .... ,. "" ,,. , "'"··• ,.,,,,••. ,.,,. fo .. , •"o'-•' ...,._~'''" "'"·"f',l--•'"" .., ........... I" (Wil. •:hrlll t•,.,..,.,..._ .. , .....,.,,..., ul :;..,.,. 1.4ol~lh~ 

deh 

deh 

gee 

gee 

•au 

gee 

gee 

gee 

gee 

gee 

dnw 



CITY OF LAREDO, WATER UTILITIES LAB SERVICES 

PROJECT: ASR DATE: Mar. 27,1998 

Sample 10: Jefferson Plant LabiD: 971607 
Date Sampled: 7/16/97 Date Received: 7/16197 
Time Sampled: 11:30 Time Received: 12:02 

SAMPLE 
TEST METHOD PARAMETER RESULT UNITS DATE TECH 
SM 25108 Conductivity 1093 us/em 7/16/97 HM 

SM2540C Total Dissolved Solids 516 mg/L 7/18197 AG 

SM2540 H+B pH 8.2 s.u. 7/16/97 HM 

SM 2320 B Total Alkalinity 101 mg/L 7/16/97 HM 

SM 2320 8 Phenolphthalein Alkalinity 1 mg/L 7/16/97 HM 

SM 2320 8 Carbonate 2 mg/L CALC. 

SM 2320 B Bicarbonate 99 mg/L CALC. 

SM 2320 B Hardness 266 mg/L 7/16/97 HM 

EPA300.7 Calcium 78 mg/L 7/16/97 HM 

EPA300.0 Magnesium 17 mg/L 7/16/97 HM 

EPA300.0 Bromide 0.128 mg/L 7/18/97 JCM 

EPA300.0 Nitrate 0.112 mg/L 7/18/97 JCM 

EPA 300.0 Sulfate 179 mg/L 7121/97 JCM 

EPA 300.0 Chloride 141 mg/L 7121/97 JCM 

EPA300.0 Flouride 0.724 mg/L 7/18/97 JCM 

EPA300.0 Nitrite NO mg/L 7/18/97 JCM 

EPA300.0 Ortho-Phosphate NO mg/L 7/18/97 JCM 

EPA300.7 Lithium NA mg/L 

EPA300.7 Potassium NA mg/L 

AM4500 MH3 Ammonia Nitrogen 0.989 mgJL 35635 JCM 



Aug-26-97 03:20P 

City of Laredo, Water Utilities Department 
Laboratory Services 

PROJECT: AAqS~ifer Storage and Recovery ~ \ :t 
PROJ.F.CT TD: .... / 
DATE: S/26t<n vJ l(: f ...}- ? a-. 

~pleiD --·-Jefferson ~frt'~W~pleDatc 7/16/97 

1 !;! 1D 971607 -J W Samnle Time 1130 
, Sample Location Spicket D!!te Becejud 7/16/97 I Chain o~ogy 030~ :-.=..:..: _ . ·--· l'lme R,ec::eived 1202 

I 
CONSTITUENT RESULT UNITS DATE COMfLEU 
pH 1.20 S.U. 7/16/97 
'1"-Alkal 101.00 mg/L 7/16/97 

I P-Alka! 1.00 mg/L 7/16/97 
Hardness 266.00 mg/L 7/16/97 

I 
Calcium ·78.00' mg/L 7/16/97 
Magnesium 17.00 mg/L 7/16/97 
Conduct ·l,~3-~ uS/em 7/16/97 

I 
TDS 6.00. mg/L 7/16/97 
Bromide :g mg/L 7/18/97 
Chloride 141.03 mg/L 7/21/97 

' Fluoride • 0. n mg/L 7/18/97 

I 
Nitrate 0.11 mg/L 7n.l/97 
Nitrite 0.0.5 Not Detect 7n.l/97 
0-Phosphat o.Ol Not Detect 7/21197 

I Sulfate \78.98 mmg!Lg/L 7/18/97 
Amm. Nitrn 0.99 7/24/97 

1

-TKN ·3.40 mg/L 7/31/97 
-TOC 5.00 mg/L 8/12197 

.--Aluminum .0.35 mg/L 8/12197 
- Iron 0.05 Not Detect 8/12197 
-Lithium 0.02 · Not Detect 7/29/97 

i -Magnesium 2(!.90 mg/L 8/12197 
. Manganese 0.05 Not Detect 8/12197 

Potassium 4.00 · mg/L 8/12197 
Si02 ToiJil 9.50 mgll 8/12197 
Sodium 121.00 mWL 8/12/97 

0.00 
0.00 
0.00 

P_Q4 

Sampler DC 
S!UJ!ple Condition Good 

I -::-:-::=-==-=------- _, 
TECH. 
HM 
HM 
HM 
HM 
HM 
HM 
HM 
HM 
JCM 
JCM 
JCM 
JCM 
JCM 
JCM 
JCM 
JCM 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 

I 
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P.05 

CORE LABORATORIES 
--- ------- --- ---· ----

L A I 0 I A T a I T f E IT 
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EP.a ~011.7 (1:), TDUil 

I::N ZOD.I ltee Dlul• UII02), Tot. I 

£H. 200.7 

era zao.r Di ... cl-., Tot1l ••••'• 

lliiiiLTS 

s 
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0 . .5 
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CITY OF LAREDO, WATER UTILITIES LAB SERVICES 

PROJECT: ASR DATE: Mar. 11,1998 

SampleiD: DELMAR LabiD: DELMAR 
Date Sampled: 7/15/97 Date Received: 7/16/97 
Time Sampled: 15:55 Time Received: 12:02 

SAMPLE 
TEST METHOD PARAMETER RESULT UNITS DATE TECH 
SM 25108 Conductivity NA us/em 

SM 2540C Total Dissolved Solids NA mg/L 

SM 2540 H+B pH NA S.U. 

SM2320 B Total Alkalinity NA mg/L 

SM 2320 B Phenolphthalein Alkalinity NA mg/L 

SM2320 B Carbonate NA mg/L CALC. 

SM 2320 B Bicarbonate NA mg/L CALC. 

SM 2320 B Hardness 262 mg/L 7/16/97 HM 

EPA 300.7 Calcium NA mg/L 

EPA300.0 Magnesium NA mg/L 

EPA300.0 Bromide NA mg/L 

EPA300.0 Nitrate NA mg/L 

EPA300.0 Sulfate 1990 mg/L 8125/97 JCM 

EPA300.0 Chloride 137 mg/L 8125/97 JCM 

EPA 300.0 Flouride NA mg/L 

EPA300.0 Nitrite NA mg/L 

EPA300.0 Ortho-Phosphate NA mg/L 

EPA300.7 Lithium NA mg/L 

EPA 300.7 Potassium NA mg/L 

AM4500 MH3 Ammonia Nitrogen NA mg/L 



Aug-26-97 03:20P 

City of Laredo. Water Utilities Department 
Laboratory Service:~ 

PROJECT: 
PROJECTID: 

- UATF.: 

I 
samole1b __ _ 

_LA!!.IQ 

Aquifer Stora&c ~ Recovery 
ASR 
8/26/97 

' lL,amn le Location 

Samole Date 7/lS/97 
S!!IDple Time 1555 

Sampler PVN, BC 
Samnle !:_p_n.sljtion Good 

! Chain of Custody 
I 

Date Received 7/16197 
Thne Received 1202 

--·===~~~:=::;;;=== 

Del Mar 
971607-DM 
Plant Spicket 
0305 

CONSTII.!.!E!fi RESULT UNITS DATE COMfLEI£ TECH. 
pH 0.00 NoLAnalyz 
T-Alj<al 0.00 NotAna.lyz 
P·Aikal 0.00 Not Analyz 
Hardness 262.00 mg!L 7/16/97 HM 
Calcium O.()(V NotAnalyz 
Magnesium 0.00 NotAnalyz 
Conduct 0.00 NotAnalyz 
TDS 0.00 NotAnalyz 
'Bromide 1.37 mg!L 8/22/97 JCM 
Chloride 136.91 mg!L 8122/97 JCM 
Fluoride 

1.00 ·--
Not Detect R/22J97 JCM 

Niu-atc o.os Not Detect 8123/97 JCM 
Nitrite 0.05 Not Detect 8123/97 JCM 
0-Phosphat 0.01 Not Detect 
Sulfate 1,999.16..........- EITor 

8/23/97 JCM 
8123/97 JCM 

Amm. Nitro 0.44.../' mJ!IL 7124/97 JCM 
TKN 1.00 Not Detect 7/31/97 Cor 

'-~roc 2.00 ,_./ mJ!IL 
Aluminum 0.18 mg/L 

8/12197 Car 
8/12197 Cor 

Iron -0.05 ..,/ Not Detect 1/12/97 Cor 
~ithium -0.02 Not Detect 

Magnesium 21.10. mJ!IL 

B/12/97 Cor 
8/12197 Cor 

MangMese .0.05 ___. Not Detect 8/12197 Cor 
Potassium 4.00 mg!L 8/12J97 Cor 
Si02 Total 1.301/' mg!L 8/12J97 Cor 
Sodium 119.00 mg!L 8/12/97 Cor 

0.00 
0.00 
0.00 

--- ··-·-----~· 

I' age 

P.02 
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CORE LABORATORIES 
--- ------- --- --- --- ------

L A I 0 • A T 0 I ' 

t&a~-r '-'• ID: AII-DfL ... 
·- ._, .......... 07/16/'R 
r; .. s..pl-d ...•.. : 15:55 
·~· ~trt •..... : wa~.r 

•511fll: (fill:) 

EPA 21110.7 IAll, To<el 

El'A 2011.7 

EN ZII0.7 

EPA 21110.7 To~•l 

El'a 2011.1 (11'1), Total 

EP. 2110.7 Po~ ... lu. C~). Total 

pa zao.r ill lea Dla.i4o (CIG2l, Total 

EPA Z00.7 (Ia). taul 

EPA 2110.7 Df-rl..,, Totel ~elo 

T E I r 

z 
0.11 

<0.05 

<0.02 

Z1. 1 

<0.05 

' 
8.3 

,., 

L_..,..,., '-'"' ID: 912264-Z 
Date •eceiwed ••...•. ; 07/l!/91 
rl.- .... f..- .....•• : ae,la 

..VL 

o.os "'11/L 

0.05 II&IL 

O.D2 ow/L 

0.05 1111/L 

o.os IIIIL 

111111/L 

0.1 """L 
_,L 
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DATE: 

TO: 

CC: 

FROM: 

RE: 

LABORATORY REPORT 

FEBRUARY 26, 1998 

PETER VAN NOORT, CH2MHILL 

FERNANDO ROMAN, P.E., UTILITIES DIR. 

GARARDO PINZON, P.E., ASST. DIRECTO 

ADRIAN MONTEMAYOR, LAB SUPT. tJ~ 
ASR, COMPATIBILITY TEST RESULTS • . -- I 

1 



Ci.ty of-Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

OVERVIEW REPORT 

Sample ID, .............. Iron (Fe) Mn Calcium Alk.- T Alk.-P Hard. Chloride TDS Con d. Sulfate ~H HC03 Mg Sodium Turbidi!}' 
SD.I.OI 0.05 0.05 89.80 114.00 0.00 276.00 129.00 682.00 1,057.00 183.00 7.60 139.00 12.60 99.00 0.12 

SD.I.02 0.05 0.05 89.80 113.00 0.00 282.00 135.00 680.00 1,075.00 191.00 7.60 113.00 14.10 103.00 0.78 

SD.R.01 0.99 0.05 74.50 128.00 2.00 236.00 141.00 708.00 1,156.00 198.00 8.10 15.10 12.20 143.00 4.43 

SD.R.02 0.20 0.05 21.60 160.00 16.00 92.00 176.00 846.00 1,452.00 233.00 8.80 156.00 9.20 255.00 0.71 

SD.R.03 0.16 0.05 24.80 240.00 20.00 86.00 370.00 1,466.00 2,410.00 440.00 8.80 244.00 5.80 500.00 0.60 

CY1.1.01 0.05 0.05 93.00 120.00 0.00 292.00 139.00 642.00 1,106.00 196.00 7.60 146.00 12.20 105.00 0.30 

CY1.I.02 0.05 0.05 80.96 121.00 0.00 286.00 132.00 658.00 1,105.00 187.00 7.90 148.00 20.40 106.00 0.46 

CY1.1.03 0.05 0.05 78.60 119.00 0.00 280.00 133.00 668.00 1,104.00 188.00 7.60 145.00 20.40 105.00 0.13 

CYI.R.01 0.17 0.05 86.60 127.00 0.00 296.00 137.00 716.00 1,124.00 195.00 7.60 155.00 19.40 97.00 1.67 

CYI.R.02 0.10 0.05 83.40 124.00 0.00 294.00 137.00 618.00 1,132.00 196.00 7.60 151.00 20.90 96.00 0.76 

CY1.R.03 0.05 0.05 26.40 160.00 5.00 86.00 191.00 890.00 1,514.00 250.00 8.40 183.00 4.90 ~ 0.16 

CYI.R.04 0.18 0.05 20.00 191.00 7.00 65.00 211.00 1,010.00 1,677.00 264.00 8.60 216.00 3.60 / 250.00 0.10 

DLY.CY1.01 120.00 0.00 298.00 134.00 1,089.00 190.00 7.60 146.00 ( 0,07 

DLY.CY1.02 121.00 0.00 300.00 133.00 1,094.00 189.00 7.60 147.00 ' om 

DLY.CY1.03 120.00 0.00 279.00 132.00 1,107.00 187.00 7.60 146.00 :J.rtJ.!Jo 0.24 

DLY.CY1.04 119.00 0.00 274.00 128.00 1,095.00 181.00 7.60 145.00 

~ 
0.68 

DLY.CYI.05 118.00 0.00 300.00 132.00 1,099.00 186.00 7.60 144.00 0.21 

DLY.CY1.06 118.00 0.00 284.00 137.00 1,102.00 192.00 7.60 144.00 0.26 

Page Form (Overview) 



: . 
City of Laredo, Water Utilities Laboratory Services 
·----------'\ --

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

OVERVIEW REPORT 

Sample ID ............... Iron (Fe) Mn Calcium Alk.- T Alk.-P Hard. Chloride TDS Cond. Sulfate pH HC03 _ M&__ Sodi!!_f1! _ _'l'urbi~!}' __ 
DLY.CYI.07 124.00 0.00 290.00 137.00 1,114.00 192.00 7.60 157.00 0.16 

DLY.CYI.08 117.00 0.00 290.00 137.00 1,112.00 192.00 7.60 143.00 0.17 

DLY.CYI.09 122.00 0.00 284.00 136.00 1,120.00 194.00 7.60 149.00 0.91 

DLY.CYI.IO 147.00 0.00 148.00 136.00 1,206.00 191.00 8.00 179.00 0.28 

DLY.CYI.ll 160.00 5.00 88.00 188.00 1,491.00 245.00 8.40 183.00 0.16 

DLY.CYI.l2 186.00 8.00 70.00 202.00 1,630.00 260.00 8.50 207.00 0.16 

CYI.I.04 0.05 0.05 85.80 126.00 0.00 290.00 136.00 666.00 1,105.00 190.00 7.60 154.00 18.50 107.00 0.19 

CYI.R.05 0.05 0.05 18.00 205.00 8.00 67.00 231.00 I ,Q96.00 I ,809.00 279.00 8.60 231.00 5.30 260.00 0.10 

DLY.CYI.l3 205.00 10.00 67.00 230.00 1,807.00 277.00 8.60 226.00 0.18 

CYI.R.06 0.06 0.05 18.00 210.00 9.00 70.00 282.00 1,254.00 2,070.00 325.00 8.60 234.00 6.08 350.00 O.o7 

DLY.CY1.14 211.00 13.00 62.00 281.00 2,060.00 323.00 8.60 226.00 0.10 

CY1.R.07 0.05 0.05 17.20 216.00 10.00 61.00 306.00 I ,350.00 2,230.00 351.00 8.60 239.00 4.38 380.00 0.07 

I 
DLY.CYI.l5 217.00 11.00 59.00 300.00 2,230.00 352.00 8.60 238.00 0.07 

CYI.R.08 0.05 0.05 15.60 213.00 11.00 58.00 324.00 1,410.00 2,370.00 359.00 8.60 233.00 4.62 410.00 0.07 

DLY.CYI.l6 215.00 12.00 55.00 326.00 2,370.00 362.00 8.60 0.18 

Page 2 Form (Overview) 



City of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

Sam!!le ID .... SD.I.O I Sam!!le Date ..... .l/14/98 Date Received ..... 1114/98 Sam!!le Location ..... Del Mar Plant Custody .... .1702 
Lab ID .......... LAB-A Samole Time .... .l430 Time Received .... .1500 Sam!!ler .................. P. VanNoort 

LAB- A ANALYSES 
PARAMETER RESULT DETECTION REPORTING LIMIT UNITS TECH DATE COMPLETED 
Iron (Fe) 0.05 Non-Det 0.05 mg/L Core Labs 
Manganese (Mn) 0.05 Non-Det 0.05 mg/L Core Lab 
Calcium 89.80 mg/L cc 1/15/98 
Alkalinity- Total 114.00 mg/L cc 1115/98 
Alkalinity - Phen 0.00 mg/L cc 1115/98 
Total Hardness 276.00 mg/L cc 1/15/98 
Sulfate 183.00 mg/L cc 1119/98 
Chloride 129.00 mg/L cc 1119/98 
TDS 682.00 mg/L JCM 1116/98 
Conductivity 1,057.00 uS/em cc 1115/98 
pH 7.60 s.u. cc 1115/98 
Bicarbonate 139.00 mg/L Cal 
Magnesium 12.60 mg/L cc 1115/98 
Sodium(Na) 99.00 1.00 mg/L Core Lab 
Turbidity 0.12 NTU cc 1115/98 

Page Form (Lab A) 



¢ity of Laredo, Water Utilities Laboratory Services 
-·-· -- =-·-== 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

Smnnle ID .... SD.I.02 Samnle Date ..... .I/14/98 Date Received ..... J/15/98 Sample Location ..... Del Mar Plant Custody ..... l703 
Lab ID .......... LAB-A Samnle Time .... .1615 Time Received .... J005 Sampler .................. P. VanNoort 

LAB- A ANALYSES 
PARAMETER RESULT DETECfiON REPORTING LIMIT UNITS TECH DATE COMPLETED 
Iron (Fe) 0.05 Non-Dec 0.05 mg/L Core Lab 
Manganese (Mn) 0.05 Non-Dec 0.05 mg!L Core Lab 
Calcium 89.80 mg!L cc 1115/98 
Alkalinity - Total 113.00 mg/L cc 1115/98 
Alkalinity - Phen 0.00 mg/L cc 1/15/98 
Total Hardness 282.00 mg/L cc 1115/98 
Sulfate 191.00 mg!L cc 1119/98 
Chloride 135.00 mg/L cc 1/19/98 
TDS 680.00 mg/L JCM 1/16/98 
Conductivity 1,075.00 uS/em cc 1115/98 
pH 7.60 s.u. cc 1115/98 
Bicarbonate 113.00 mg/L Cal 
Magnesium 14.10 mg/L cc 1115/98 
Sodium (Na) 103.00 1.00 mg/L Core Lab 
Turbidity 0.78 NTU cc 1115/98 

Page 2 Form (Lab A) 



¢ity of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

Sample ID ... ,SD.R.Ol - .... M - - • • ••• oM Sample Location ..... Del Mar Plant Custody .... .l704 Sample uate ...... ll I'l/~11 uate Kecetvea ..... ll 1 :J/~11 

Lab ID .......... LAB-A Sample Time .... .l700 Time Received .... .l005 Sampler .................. P. VanNoort 

LAB-A ANALYSES 
PARAMETER RESULT DETECTION REPORTING LIMIT UNITS TECH DATE COMPLETED 
Iron (Fe) 0.99 0.05 mg/L Core Lab 
Manganese (Mn) 0.05 Non-Dec 0.05 mg/L Core Lab 
Calcium 74.50 mg/L cc 1115/98 
Alkalinity - Total 128.00 mg/L cc 1115/98 
Alkalinity - Phen 2.00 mg/L cc 1/15/98 
Total Hardness 236.00 mg/L cc 1/15/98 
Sulfate 198.00 mg/L cc 1119/98 
Chloride 141.00 mg/L cc 1/19/98 
TDS 708.00 mg/L JCM 1/16/98 
Conductivity 1,156.00 uS/em cc 1115/98 
pH 8.10 s.u. cc 1/15/98 
Bicarbonate 15.10 mg/L Cal 
Magnesium 12.20 mg/L cc 1115/98 
Sodium(Na) 143.00 1.00 mg/L Core Lab 
Turbidity 4.43 NTU cc 1115/98 

Page 3 Form (Lab A) 



C.ity of Laredo, Water Utilities Laboratory Services 
~ ~ 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2125/98 

Sample ID .... SD.R.02 Sample Date ...... lll4/98 Date Received ..... l/15/98 - - ---Sarriple Location ..... Del Mar Plant Custodv .... .l705 
Lab ID .......... LAB-A 

Page 

LAB -A ANALYSES 
PARAMETER RESULT 
Iron (Fe) 0.20 
Manganese (Mn) 0.05 
Calcium 21.60 
Alkalinity - Total 160.00 
Alkalinity - Phen 16.00 
Total Hardness 92.00 
Sulfate 233.00 
Chloride 
TDS 
Conductivity 
pH 
Bicarbonate 
Magnesium 
Sodium(Na) 
Turbidity 

4 

176.00 
846.00 

1,452.00 
8.80 

156.00 
9.20 

255.00 
0.71 

Sample Time .... .l730 

DETECTION 

Non-Det 

Time Received .... .l005 Sampler .................. .P. VanNoort 

REPORTING LIMIT 
0.05 
0.05 

5.00 

UNITS 
mg!L 
mg!L 
mg!L 
mg!L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
uS/em 
s.u. 
mg/L 
mg/L 
mg/L 
NTU 

TECH DATE COMPLETED 
Core Lab 
Core Lab 
cc 1115/98 
cc 1115/98 
cc 1115/98 
cc 1115/98 
cc 1119/98 
cc 1/19/98 
JCM 1116/98 
cc 1/15/98 
cc l/15/98 
Cal 
cc 1/15/98 
Core Lab 
cc 1115/98 

Form (Lab A) 



City of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

SatnRie ID .... SD.R.03 Samj!le Date ...... l/14/98 Date Received ..... l/15/98 Samj!le Location ..... Del Mar Plant Custody .... .l706 
Lab ID .......... LAB-A Samole Time .... .l830 Time Received .... J005 Samj!ler .................. P. VanNoort 

LAB -A ANALYSES 
PARAMETER RESULT DETECTION REPORTING LIMIT UNITS TECH DATE COMPLETED 
Iron (Fe) 0.16 0.05 mg!L Core Lab 
Manganese (Mn) 0.05 Non-Det 0.05 mg!L Core Lab 
Calcium 24.80 mg!L cc l/15/98 
Alkalinity - Total 240.00 mg!L cc l/15/98 
Alkalinity - Phen 20.00 mg!L cc l/15/98 
Total Hardness 86.00 mg!L cc 1/15/98 
Sulfate 440.00 mg!L cc l/19/98 
Chloride 370.00 mg!L cc l/19/98 
IDS 1,466.00 mg!L JCM 1116/98 
Conductivity 2,410.00 uS/em cc 1/15/98 
pH 8.80 s.u. cc l/15/98 
Bicarbonate 244.00 mg!L Cal 
Magnesium 5.80 mg!L cc 1/15/98 
Sodium(Na) 500.00 10.00 mg!L Core Lab 
Turbidity 0.60 NTU cc l/15/98 

Page 5 Form (Lab A) 



.. 
C_ity of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

- ~- ------~---~-----~---

Sample JD .... CYI.I.OI Sample Date ...... 1/15/98 Date Receiyed ..... 1116/98 Sample Location ..... Del Mar Plant 
Lab ID .......... LAB-A 

Page 

LAB- A ANALYSES 
PARAMETER RESULT 
Iron (Fe) 0.05 
Manganese (Mn) 0.05 
Calcium 93.00 
Alkalinity- Total 120.00 
Alkalinity- Phen 0.00 
Total Hardness 292.00 
Sulfate 196.00 
Chloride 
TDS 
Conductivity 
pH 
Bicarbonate 
Magnesium 
Sodium (Na) 
Turbidity 

6 

139.00 
642.00 

1,106.00 
7.60 

146.00 
12.20 

105.00 
0.30 

Sample Time ..... 1345 Time Received .... .l120 Sampler .................. P. VanNoort 

DETECTION 
Non-Det 
Non-Det 

REPORTING LIMIT 
0.05 
0.05 

1.00 

UNITS 
mg/L 
mg/L 
mg/L 
mg!L 
mg!L 
mg!L 
mg/L 
mg!L 
mg!L 
uS/em 
s.u. 
mg!L 
mg/L 
mg!L 
NTU 

TECH DATE COMPLETED 
Core Lab 
Core Lab 
HM 1116/98 
HM 1/16/98 
HM 1/16/98 
HM 1116/98 
cc 1119/98 
cc 1/19/98 
JCM 1/22/98 
HM 1/16/98 
HM 1/16/98 
Cal 
HM 1116/98 
Core Lab 
HM 1116/98 

Custody ..... l708 

Form(LabA) 



City ofLaredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

Sam11le ID .... CY 1.1.02 Sam11le Date ..... .l/17/98 Date Received ..... 1119/98 Sam11le Location ..... Del Mar Plant Custody .... .l710 
Lab ID .......... LAB-A Sam11le Time .... .l045 Time Received .... 0925 Sam11ler .................. P. VanNoort 

LAB- A ANALYSES 
PARAMETER RESULT DETECTION REPORTING LIMIT UNITS TECH DATE COMPLETED 
Iron (Fe) 0.05 Non-Det 0.05 mg!L Core Lab 
Manganese (Mn) 0.05 Non-Det 0.05 mg!L Core Lab 
Calcium 80.96 mg!L JCM 1119/98 
Alkalinity - Total 121.00 mg!L JCM 1119/98 
Alkalinity - Phen 0.00 mg!L JCM 1/19/98 
Total Hardness 286.00 mg!L JCM 1119/98 
Sulfate 187.00 mg!L cc 1119/98 
Chloride 132.00 mg!L cc 1/19/98 
TDS 658.00 mg/L JCM 1/22/98 
Conductivity 1,105.00 uS/em JCM 1/19/98 
pH 7.90 s.u. JCM 1119/98 
Bicarbonate 148.00 mg!L Cal 
Magnesium 20.40 mg!L JCM 1/19/98 
Sodium(Na) 106.00 1.00 mg!L Core Lab 
Turbidity 0.46 NTU JCM 1119/98 

Page 7 Form (Lab A) 



' 
City of Laredo, Water Utilities Laboratory Services 
------------- =====:::.....==--=== ------ --
Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

Sample Date ...... l/19/98 Date Received ..... l/19/98 Sample Location ..... Del Mar Plant 

Page 

LAB- A ANALYSES 
PARAMETER RESULT 
Iron {Fe) 0.05 
Manganese {Mn) 0.05 
Calcium 78.60 
Alkalinity- Total 119.00 
Alkalinity - Phen 0.00 
Total Hardness 280.00 
Sulfate 188.00 
Chloride 
TDS 
Conductivity 
pH 
Bicarbonate 
Magnesium 
Sodium{Na) 
Turbidity 

8 

133.00 
668.00 

1,104.00 
7.60 

145.00 
20.40 

105.00 
0.13 

Sample Time ..... 0900 

DETECTION 
Non-Det 
Non-Det 

Time Received .... 0925 Sampler .................. P. VanNoort 

REPORTING LIMIT 
0.05 
0.05 

1.00 

UNITS 
mg!L 
mg!L 
mg/L 
mg/L 
mg/L 
mg/L 
mg!L 
mg!L 
mg/L 
uS/em 
s.u. 
mg/L 
mg/L 
mg/L 
NTU 

TECH DATE COMPLETED 
Core Lab 
Core Lab 
JCM 1/19/98 
JCM 1/19/98 
JCM 1119/98 
JCM 1119/98 
cc 1/19/98 
cc 1/19/98 
JCM 1/22/98 
JCM 1119/98 
JCM 1/19/98 
Cal 
JCM 1119/98 
Core Lab 
JCM 1/19/98 

Custody .... .1710 

Form (Lab A) 



C.ity of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

Sample ID .... CYI.R.OI Sample Date ..... .l/23/98 Date Received ..... 1/26/98 
Lab ID .......... LAB-A 

LAB- A ANALYSES 
PARAMETER RESULT 
Iron (Fe) 0.17 
Manganese(Mn) 0.05 
Calcium 86.60 
Alkalinity- Total 127.00 
Alkalinity - Phen 0.00 
Total Hardness 296.00 
Sulfate 195.00 
Chloride 137.00 
TDS 716.00 
Conductivity 1,124.00 
pH 7.60 
Bicarbonate 155.00 
Magnesium 19.40 
Sodium (Na) 97.00 
Turbidity 1.67 

Page 9 

Sample Time .... .l340 

DETECTION 

Non-Det 

Time Received .... ! 031 

REPORTING LIMIT 
0.05 
0.05 

1.00 

UNITS 
mg!L 
mg!L 
mg!L 
mg!L 
mg/L 
mg!L 
mg!L 
mg!L 
mg!L 
uS/em 
s.u. 
mg!L 
mg!L 
mg!L 
NTU 

Sample Location ..... Del Mar Plant Custody .... .l714 
Sampler .................. Porter/Salas 

TECH DATE COMPLETED 
Core Lab 
Core Lab 
cc 1127/98 
cc 1/27/98 
cc 1/27/98 
cc 1127/98 
cc 1/26/98 
cc 1/26/98 

1123/98 
cc 1127/98 
cc 1127/98 
Cal 
cc 1127/98 
Core Lab 
cc 1127/98 

Form (Lab A) 



C.ity of Laredo, Water Utilities Laboratory Services 
~- --- ~ ~ ~ ~-- ===== 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

Sample ID .... CY1.R.02 Sample Date ...... l/2319_8__ ~DateReccived.::~1i26/98 -- Sample LocatiOIL.:-.bel Mar~Plant 
Lab ID .......... LAB-A 

LAB- A ANALYSES 
PARAMETER RESULT 
Jron(Fe) 0.10 
Manganese(Mn) 0.05 
Calcium 83.40 
Alkalinity- Total 124.00 
Alkalinity- Phen 0.00 
Total Hardness 294.00 
Sulfate 196.00 
Chloride 137.00 
TDS 618.00 
Conductivity 1,132.00 
pH 7.60 
Bicarbonate 151.00 
Magnesium 20.90 
Sodium (Na) 96.00 
Turbidity 0. 76 

Page 10 

Sample Time .... .l620 Time Received .... 1031 Sampler .................. Porter/Salas 

DETECTION 

Non-Det 

REPORTING LIMIT 
0.05 
0.05 

1.00 

UNITS 
mg/L 
mg/L 
mg!L 
mg!L 
mg!L 
mg!L 
mg!L 
mg!L 
mg!L 
uS/em 
s.u. 
mg/L 
mg!L 
mg!L 
NTU 

TECH DATE COMPLETED 
Core Lab 
Core Lab 
cc 1127/98 
cc 1127/98 
cc 1127/98 
cc 1127/98 
cc 1/26/98 
cc 1/26/98 

1123/98 
cc 1127/98 
cc 1/27/98 
Cal 
cc 1/27/98 
Core Lab 
cc 1127/98 

Custody ..... 1714 

Form (Lab A) 



C~ty ofLaredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

rsw;:;pie ID .... CYI.R.03 Sample Date ...... 1/25/98 Date Receiyed ..... l/26/98 Sample Location ..... Del Mar Plant Custody .... .l714 
Lab ID .......... LAB-A Sample Time .... .l305 Time Received .... ! 031 Sampler .................. Porter/Salas 

Page 

LAB- A ANALYSES 
PARAMETER RESULT 
Iron (Fe) 0.05 
Manganese(Mn) 0.05 
Calcium 26.40 
Alkalinity- Total 160.00 
Alkalinity- Phen 5.00 
Total Hardness 86.00 
Sulfate 250.00 
Chloride 191.00 
TDS 890.00 
Conductivity 1,514.00 
pH 8.40 
Bicarbonate 183.00 
Magnesium 
Sodium(Na) 
Turbidity 

11 

4.90 
21.00 

0.16 

DETECTION 
Non-Det 
Non-Det 

REPORTING LIMIT 
0.05 
0.05 

1.00 

UNITS 
mg!L 
mg/L 
mg!L 
mg!L 
mg!L 
mg!L 
mg/L 
mg!L 
mg/L 
uS/em 
s.u. 
mg/L 
mg!L 
mg!L 
NTU 

TECH 
Core Lab 
Core Lab 
cc 
cc 
cc 
cc 
cc 
cc 

cc 
cc 
Cal 
cc 
Core Lab 
cc 

DATE COMPLETED 

1127/98 
1/27/98 
1127/98 
1127/98 
1/26/98 
1/26/98 
1/23/98 
1/27/98 
1127/98 

1/27/98 

1/27/98 

Form (Lab A) 



City of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

----- --~~------- ------ ------~------- --------------·--------- -- -----
Sample ID .... CYI.R.04 Sample Date ..... .l/26/98 Date Received ..... l/27/98 Sample Location ..... Del Mar Plant Custody ..... l716 
Lab ID .......... LAB-A Sample Time ..... l628 Time Received .... .I 027 Sampler .................. Porter/Salas 

LAB- A ANALYSES 
PARAMETER RESULT DETECTION REPORTING LIMIT UNITS TECH DATE COMPLETED 
Iron (Fe) 0.18 0.05 mg!L Core Lab 
Manganese (Mn) 0.05 Non-Det 0.05 mg!L Core Lab 
Calcium 20.00 mg!L cc 1/27/98 
Alkalinity -Total 191.00 mg!L cc 1127/98 
Alkalinity - Phen 7.00 mg!L cc 1127/98 
Total Hardness 65.00 mg!L cc 1127/98 
Sulfate 264.00 mg!L cc 2/2/98 
Chloride 211.00 mg!L cc 2/2/98 
TDS 1,010.00 mg!L 1/27/98 
Conductivity 1,677.00 uS/em cc 1/27/98 
pH 8.60 s.u. cc 1/27/98 
Bicarbonate 216.00 mg!L Cal 
Magnesium 3.60 mg!L cc 1/27/98 
Sodium(Na) 250.00 10.00 mg/L Core Lab 
Turbidity 0.10 NTU cc 1/27/98 

Page 12 Form (Lab A) 



CitY ofLaredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

Sample ID .... CYI.I.04 - · · ~. ·M - · - · ··-··Aft Sample Location ..... Del Mar Plant Custody .... .1712 Sample uare ...... ll.<:l/'1~ uare ~:<.eceiveo ..... It.<:l/'1~ 
Lab ID .......... LAB-A Sample Time ..... 0900 Time Received .... 0925 Sampler .................. Porter/Salas 

LAB- A ANALYSES 
PARAMETER RESULT DETECTION REPORTING LIMIT UNITS TECH DATE COMPLETED 
Iron (Fe) 0.05 Non-Detect 0.05 mg/L Core Labs 
Manganese (Mn) 0.05 Non-Detect 0.05 mg/L Core Labs 
Calcium 85.80 mg/L Hm 1/21/98 
Alkalinity - Total 126.00 mg/L HM 1121/98 
Alkalinity - Phen 0.00 mg/L HM 1/21198 
Total Hardness 290.00 mg/L HM 1/21/98 
Sulfate 190.00 mg/L cc 1/26/98 
Chloride 136.00 mg/L cc 1/26/98 
TDS 666.00 mg/L JCM 1/22/98 
Conductivity 1,105.00 uS/em HM 1/21/98 
pH 7.60 S.U. HM 1/21/98 
Bicarbonate 154.00 mg/L Cal 
Magnesium 18.50 mg/L Hm 1/21/98 
Sodium(Na) 107.00 1.00 mg/L Core Labs 
Turbidity 0.19 NTU HM 1/21198 

Page 13 Form (Lab A) 



CitY ofLaredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

Sample io.:~.cvT:R.])T- ---- SamPleo8te:.~.~.ii27t98 - --oilie Received ..... 1/27/98 ·---Sample Loclliion.-.-... DeTMar plant- custody .... J716 
Lab ID .......... LAB-A Sample Time ..... 0950 Time Received .... .l027 Sampler .................. Porter/Salas 

Page 

LAB- A ANALYSES 
PARAMETER RESULT 
Iron (Fe) 0.05 
Manganese(Mn) 0.05 
Calcium 18.00 
Alkalinity- Total 205.00 
Alkalinity- Phen 8.00 
Total Hardness 67.00 
Sulfate 279.00 
Chloride 
TDS 
Conductivity 
pH 
Bicarbonate 
Magnesium 
Sodium(Na) 
Turbidity 

14 

231.00 
1,096.00 
1,809.00 

8.60 
231.00 

5.30 
260.00 

0.10 

DETECTION 
Non-Det 
Non-Det 

REPORTING LIMIT 
0.05 
0.05 

10.00 

UNITS 
mg!L 
mg!L 
mg!L 
mg/L 
mg!L 
mg!L 
mg!L 
mg!L 
mg!L 
uS/em 
s.u. 
mg!L 
mg!L 
mg!L 
NTU 

TECH DATE COMPLETED 
Core Lab 
Core Lab 
cc 1127/98 
cc 1127/98 
cc 1127/98 
cc 1127/98 
cc 2/2/98 
cc 2/2/98 

1128/98 
cc 1127/98 
cc 1127/98 
Cal 
cc 1127/98 
Core Lab 
cc 1127/98 

Form (Lab A) 



CitY oi'Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

'SalllPfe-ID .... CY1.R.06 Sample Date ..... .l/28/98 Date Received.~:.: 1/28/98 Sample Location ..... Del Mar Plant Custody ..... 1717 
Lab ID .......... LAB-A Sample Time ..... 1405 Time Received .... .1424 Sampler .................. Porter/Salas 

LAB- A ANALYSES 
PARAMETER RESULT 
Iron (Fe) 0.06 
Manganese(Mn) 0.05 
Calcium 18.00 
Alkalinity- Total 210.00 
Alkalinity - Phen 9.00 
Total Hardness 70.00 
Sulfate 325.00 
Chloride 282.00 
TDS 1 ,254.00 
Conductivity 2,070.00 
pH 8.60 
Bicarbonate 234.00 
Magnesium 6.08 
Sodium (Na) 350.00 
Turbidity 0.07 

Page 15 

DETECTION 

Non-Det 

REPORTING LIMIT 
0.05 
0.05 

10.00 

UNITS 
mg!L 
mg!L 
mg!L 
mg/L 
mg!L 
mg/L 
mg!L 
mg!L 
mg/L 
uS/em 
s.u. 
mg!L 
mg!L 
mg/L 
NTU 

TECH 
Core Lab 
Core Lab 
HM 
HM 
HM 
cc 
cc 
cc 

HM 
HM 
Cal 
HM 
Core Lab 
HM 

DATE COMPLETED 

1/30/98 
1130/98 
1130/98 
1130/98 
2/2/98 
2/2/98 
1/28/98 
1/30/98 
1/30/98 

1/30/98 

1/30/98 

Form (Lab A) 



C~tY of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

Sample ID .... CY1.R.07 Sample Date ...... ll29/98 Date Received ..... 1/29/98 
Lab ID .......... LAB-A 

Page 

LAB- A ANALYSES 
PARAMETER RESULT 
Iron (Fe) 0.05 
Manganese (Mn) 0.05 
Calcium 17.20 
Alkalinity - Total 216.00 
Alkalinity- Phen 10.00 
Total Hardness 61.00 
Sulfate 351.00 
Chloride 
TDS 
Conductivity 
pH 
Bicarbonate 
Magnesium 
Sodium (Na) 
Turbidity 

16 

306.00 
1,350.00 
2,230.00 

8.60 
239.00 

4.38 
380.00 

0.07 

Sample Time .... .l 000 

DETECTION 
Non-Det 
Non-Det 

Time Received .... J040 

REPORTING LIMIT 
0.05 
0.05 

10.00 

UNITS 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
uS/em 
s.u. 
mg/L 
mg/L 
mg/L 
NTU 

Sample Location ..... Del Mar Plant Custody .... J718 
Saropler .................. Porter/Salas 

TECH DATE COMPLETED 
Core Lab 
Core Lab 
HM 1/30/98 
HM 1/30/98 
HM 1/30/98 
HM 1130/98 
cc 2/2/98 
cc 2/2/98 

1/29/98 
HM 1/30/98 
HM 1/30/98 
Cal 
HM 1130/98 
Core Lab 
HM 1130/98 

Form (Lab A) 



C\tY cifLaredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2125/98 

Sample ID .... CYl.R.08 Sample Date ..... .l/30/98 Date Received ..... ll30/98 
Lab ID .......... LAB-A 

LAB- A ANALYSES 
PARAMETER RESULT 
Iron (Fe) 0.05 
Manganese (Mn) 0.05 
Calcium 15.60 
Alkalinity- Total 213.00 
Alkalinity - Phen 11.00 
Total Hardness 58.00 
Sulfate 359.00 
Chloride 324.00 
TDS 1,410.00 
Conductivity 2,370.00 
pH 8.60 
Bicarbonate 233.00 
Magnesium 4.62 
Sodium (Na) 410.00 
Turbidity 0.07 

Page 17 

Sample Time ..... 0930 

DETECTION 
Non-Detect 
Non-Detect 

Time Received .... .l 024 

REPORTING LIMIT 
0.05 
0.05 

20.00 

UNITS 
mg/L 
mg/L 
mg!L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
uS/em 
s.u. 
mg/L 
mg/L 
mg/L 
NTU 

Sample Location ..... Del Mar Plant Custody .... .l719 
Sampler .................. Porter/Salas 

TECH DATE COMPLETED 
Core Labs 
Core Labs 
HM 1130/98 
HM 1130/98 
HM 1130/98 
HM 1130/98 
cc 2/2/98 
cc 212/98 

1128/98 
HM 1/30/98 
HM 1/30/98 
Cal 
HM 1130/98 
Core Labs 
HM 1/30/98 

Form (Lab A) 



C_ity of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

Sample ID .... DLY.CYI.OI 
Lab ID .......... LAB-8 

LAB - B ANALYSES 
PARAMETER RESULT 
Chloride 134.00 
Conductivity 1,089.00 
pH 7.60 
Alkalinity- Total 120.00 
Alkalinity- Phen 0.00 
Total Hardness 298.00 
Turbidity O.o7 

Sample ID .... DLY.CY1.02 
Lab ID .......... LAB-B 

LAB- B ANALYSES 
PARAMETER RESULT 
Chloride 133.00 
Conductivity 1,094.00 
pH 7.60 
Alkalinity- Total 121.00 
Alkalinity - Phen 0.00 
Total Hardness 300.00 
Turbidity 0.07 

Sample ID .... DL Y.CYI.03 
Lab ID .......... LAB-8 

LAB- B ANALYSES 
PARAMETER RESULT 
Chloride 132.00 
Conductivity I, 107.00 
pH 7.60 
Alkalinity- Total 120.00 
Alkalinity- Phen 0.00 
Total Hardness 279.00 

Sample Date ..... .l/15/98 
Sample Time .... .l345 

UNITS 
mg/L 
uS/em 
S.U. 
mgiL 
mgiL 
mgiL 
NTU 

TECH 
cc 
HM 
HM 
HM 
HM 
HM 
HM 

Sample Date ..... .l/16/98 
Sample Time .... .ll 05 

UNITS 
mgiL 
uS/em 
s.u. 
mgiL 
mgiL 
mgiL 
NTU 

TECH 
cc 
HM 
HM 
HM 
HM 
HM 
HM 

Sample Date ..... .l/17/98 
Sample Time .... .l 045 

Date Received ..... 1116/98 
Time Received .... .IJ20 

DATE COMPLETED 
1119/98 
10/16/98 
1116/98 
1116/98 
1116/98 
1116/98 
1/16/98 

Date Received ..... 1116/98 
Time Received .... .ll20 

DATE COMPLETED 
1119/98 
1116/98 
1116/98 
1116/98 
1116/98 
1116/98 
1/16/98 

Date Received ..... 1119/98 
Time Received .... 0925 

DATE COMPLETED 
1119/98 
1119/98 
1119/98 
1119/98 
1119/98 
1119/98 

Sample Location ..... Del Mar Plant Custody .... .l708 
Sampler .................. P. VanNoort 

Sample Location ..... Del Mar Plant Custody .... .l708 
Sampler .................. P. VanNoort 

Sample Location ..... Del Mar Plant Custody .... .l71 0 
Sampler .................. P. VanNoort 

Turbidity 0.24 
----------------------------------------------------------------~ 

UNITS 
mgiL 
uS/em 
s.u. 
mgiL 
mgiL 
mgiL 
NTU 

TECH 
cc 
JCM 
JCM 
JCM 
JCM 
JCM 
JCM 1119/98 

Page Form (Lab B) 



City of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

Sample ID .... DLY.CYI.04 ·-------···~---·-·-----·---~~------------·-------Sample Location ..... Del Mar Plant Sample Date ..... .l/18/98 Date Received ..... l/19/08 
Lab ID .......... LAB-8 

LAB- B ANALYSES 
PARAMETER RESULT 
Chloride 128.00 
Conductivity I ,095.00 
pH 7.60 
Alkalinity -Total 119.00 
Alkalinity- Phen 0.00 
Total Hardness 274.00 
Turbidity 0.68 

Sample Time .... .IOIO 

UNITS 
mg!L 
uS/em 
s.u. 
mg!L 
mg!L 
mg!L 
NTU 

----

TECH 
cc 
JCM 
JCM 
JCM 
JCM 
JCM 
JCM 

Time Received .... 0925 

DATE COMPLETED 
1119/98 
1119/98 
1/19/98 
1119/98 
1/19/98 
1119/98 
1119/98 

Sampler .................. P. VanNoort 
Custody .... .l71 0 

' Sample ID .... DL Y.CYI.OS Sample Date ..... .I/19/98 Date Received ..... lll9/98 Sample Location ..... Del Mar Plant Custody ..... I71 0 
Lab ID .......... LAB-8 Sample Time ..... 0900 Time Received .... 0925 Sampler .................. P. VanNoort 

LAB- B ANALYSES 
PARAMETER RESULT 
Chloride 132.00 
Conductivity 1,099.00 
pH 7.60 
Alkalinity- Total 118.00 
Alkalinity- Phen 0.00 
Total Hardness 300.00 
Turbidity 0.21 

Sample ID .... DLY.CYI.06 
Lab ID .......... LAB-8 

LAB- B ANALYSES 
PARAMETER RESULT 
Chloride 137.00 
Conductivity I, I 02.00 
pH 7.60 
Alkalinity -Total 118.00 
Alkalinity- Phen 0.00 
Total Hardness 284.00 
Turbidity 0.26 

Page 2 

UNITS 
mg!L 
uS/em 
s.u. 
mg!L 
mg!L 
mg/L 
NTU 

TECH 
cc 
JCM 
JCM 
JCM 
JCM 
JCM 
JCM 

Sample Date ..... .l/20/98 
Sample Time ..... 0950 

UNITS 
mg/L 
uS/em 
s.u. 
mg/L 
mg!L 
mg!L 
NTU 

TECH 
cc 
cc 
cc 
cc 
cc 
cc 
cc 

DATE COMPLETED 
1/19/98 
1/19/98 
1119/98 
1/19/98 
1119/98 
1119/98 
1119/98 

Date Received ..... l/20/98 
Time Received .... .IOI8 

DATE COMPLETED 
1126/98 
1120/98 
1/20/98 
1120/98 
1120/98 
1120/98 
1120/98 

Sample Location ..... Del Mar Plant 
Sampler .................. P. VanNoort 

Custody .... .l711 

Form (Lab B) 



. ' ' 

City of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

1 Sampte ID .... DLY.CYI.07 Sample Date ..... .l/21198 Date Received ..... 1121198 Sample Location ..... Del Mar Plant Custody., ... 1712 
Lab ID .......... LAB-8 Samole Time ..... 0900 Time Received .... 0925 Samoler .................. .Porter/Salas 

LAB- B ANALYSES 
PARAMETER RESULT UNITS TECH DATE COMPLETED 
Chloride 137.00 mg/L cc 1126/98 
Conductivity 1,114.00 uS/em HM 1121198 
pH 7.60 s.u. HM 1121198 
Alkalinity - Total 124.00 mg/L HM 1121198 
Alkalinity - Phen 0.00 mg!L HM 1121198 
Total Hardness 290.00 mg!L HM 1121198 
Turbidity 0.16 NTU HM l/21198 

Sample ID .... DLY.CY1.08 Sample Date ..... .l/22/98 Date Received ..... l/22/98 Sample Location ..... Del Mar Plant Custody .... l713 
Lab ID.=LAB-B Samole Time ..... 0900 Time Received .... 0920 Samoler .... ,,,,~ .... .Porter/Salas 

LAB- B ANALYSES 
PARAMETER RESULT UNITS TECH DATE COMPLETED 
Chloride 137.00 mg/L cc 1126/98 
Conductivity 1,112.00 uS/em cc 1122/98 
pH 7.60 s.u. cc 1/22/98 
Alkalinity - Total ll7.00 mg!L cc 1/22/98 
Alkalinity - Phen 0.00 mg!L cc 1/22/98 
Total Hardness 290.00 mg!L cc 1122/98 
Turbidity 0.17 NTU cc 1122/98 

Sample ID .... DLY.CY1.09 Sample Date ..... .l/23/98 Date Received ..... 1126/98 Sample Location ..... Del Mar Plant Custody,.., .1714 
Lab ID.=LAB-B Sample Time .... .l620 Time Received .... l031 Sampler .................. .Porter/Salas 

LAB- B ANALYSES 
PARAMETER RESULT UNITS TECH DATE COMPLETED 
Chloride 136.00 mg!L cc 1126/98 
Conductivity 1,120.00 uS/em cc l/27/98 
pH 7.60 s.u. cc 1127/98 
Alkalinity - Total 122.00 mg!L cc 1127/98 
Alkalinity - Phen 0.00 mg!L cc 1127/98 
Total Hardness 284.00 mg!L cc 1127/98 
Turbidity 0.91 NTU cc 1127/98 

Page 3 Form (Lab B) 



City of Laredo, Water Utilities Laboratory Services 
==c-'-'======- - -- ----- - -----~------ ___ -- ----~= 
Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

Sample ID .... DLY.CYI.IO 
Lab ID .......... LAB-8 

LAB - B ANALYSES 
PARAMETER RESULT 
Chloride 136.00 
Conductivity 1,206.00 
pH 8.00 
Alkalinity- Total 147.00 
Alkalinity - Phen 0.00 
Total Hardness 148.00 
Turbidity 0.28 

Sample ID .... DLY.CYI.ll 
Lab ID .......... LAB-8 

LAB- B ANALYSES 
PARAMETER RESULT 
Chloride 188.00 
Conductivity I ,491.00 
pH 8.40 
Alkalinity- Total 160.00 
Alkalinity- Phen 5.00 
Total Hardness 88.00 
Turbidity 0.16 

Sample Date ..... .l/24/98 
Sample Time .... .1225 

UNITS TECH 
mg/L cc 
uS/em cc 
S.U. cc 
mg/L cc 
mg/L cc 
mg/L cc 
NTU cc 

Sample Date ...... l/25/98 
Sample Time ..... 1305 

UNITS 
mg!L 
uS/em 
S.U. 
mg/L 
mg/L 
mg/L 
NTU 

TECH 
cc 
cc 
cc 
cc 
cc 
cc 
cc 

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

Sample JD .... DLY.CYI.l2 Sample Date ...... l/26/98 
Lab ID .......... LAB-B Sample Time .... .! 005 

LAB- B ANALYSES 
PARAMETER RESULT UNITS TECH 
Chloride 202.00 mg/L cc 
Conductivity 1,630.00 uS/em cc 
pH 8.50 s.u. cc 
Alkalinity- Total 186.00 mg/L cc 
Alkalinity - Phen 8.00 mg!L cc 
Total Hardness 70.00 mg!L cc 
Turbidity 0.16 NTU cc 

Page 4 

-----~· 

Date Received ..... l/26/98 
Time Received .... I 031 

DATE COMPLETED 
1126/98 
1/27/98 
1/27/98 
1127/98 
1/27/98 
1127/98 
1/27/98 

Date Received ..... l/26/98 
Time Received .... 1031 

DATE COMPLETED 
I/26/98 
1/27/98 
1/27/98 
1/27/98 
1127/98 
1/27/98 
1/27/98 

Date Received ..... I/26/98 
Time Received .... I031 

DATE COMPLETED 
1/26/98 
1/27/98 
1127/98 
1/27/98 
1/27/98 
1/27/98 
1/27/98 

------

Sample Location ..... Del Mar Plant Custody .... .1714 
Sampler .................. Porter/Salas 

Sample Location ..... Del Mar Plant Custody ..... l714 
Sampler ..... , ............ Porter/Salas 

Sample Location ..... Del Mar Plant Custody .... .1715 
Sampler .................. Porter/Salas 

Form (Lab B) 



·- ' 

City of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

'Saffii}leiD-:-::.DLY.CYl.l3 Sample Date ..... .l/27/98 Date Received ..... J/27/98 Sample Location ..... Del Mar Plant Custody .... .J716 
Lab ID .......... LAB-B Sample Time ..... 0950 Time Received .... .I027 Sampler .................. Porter/Salas 

LAB- B ANALYSES 
PARAMETER RESULT 
Chloride 230.00 
Conductivity 1,807.00 
pH 8.60 
Alkalinity- Total 205.00 
Alkalinity- Phen I 0.00 
Total Hardness 67.00 
Turbidity 0.18 

Sample ID .... DLY.CYI.l4 
Lab ID .......... LAB-B 

LAB- B ANALYSES 
PARAMETER RESULT 
Chloride 281.00 
Conductivity 2,060.00 
pH 8.60 
Alkalinity - Total 21 1.00 
Alkalinity- Phen 13.00 
Total Hardness 62.00 
Turbidity 0.10 

Sample ID .... DLY.CY1.15 
Lab ID .......... LAB-B 

LAB- B ANALYSES 
PARAMETER RESULT 
Chloride 300.00 
Conductivity 2,230.00 
pH 8.60 
Alkalinity- Total 217.00 
Alkalinity - Phen 11.00 
Total Hardness 59.00 
Turbidity 0.07 
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UNITS 
mg!L 
uS/em 
S.U. 
mg/L 
mg/L 
mg/L 
NTU 

TECH 
cc 
cc 
cc 
cc 
cc 
cc 
cc 

Sample Date ..... .l/28/98 
Sample Time .... .l405 

UNITS 
mg!L 
uS/em 
s.u. 
mg!L 
mg/L 
mg/L 
NTU 

TECH 
cc 
HM 
HM 
HM 
HM 
HM 
HM 

Sample Date ..... .J/29/98 
Sample Time .... .lOOO 

UNITS 
mg!L 
uS/em 
S.U. 
mg!L 
mg/L 
mg!L 
NTU 

TECH 
cc 
HM 
cc 
HM 
HM 
HM 
cc 

DATE COMPLETED 
2/2/98 
1127/98 
1/27/98 
1127/98 
1127/98 
1127/98 
1127/98 

Date Received ..... J/28/98 
Time Received .... .l424 

DATE COMPLETED 
2/2/98 
1/30/98 
1130/98 
1130/98 
1/30/98 
1/30/98 
1/30/98 

Date Received ..... l/29/98 
Time Received .... .l 040 

DATE COMPLETED 
2/2/98 
1130/98 
1/30/98 
1/30/98 
1/30/98 
1/30/98 
1130/98 

Sample Location ..... Del Mar Plant 
Sampler .................. Porter/Salas 

Sample Location ..... Del Mar Plant 
Sampler .................. Porter/Salas 

Custody .... .l717 

Custody .... .l718 

Form(Lab B) 



C.itY of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

Sample ID .... DLY.CYI.l6 Sample Date ..... .l/30/98 I.>aie-Received ..... l/30/98 Sample Location ..... Del Mar Plant Custody .... .1719 
Lab ID .......... LAB-8 Sample Time ..... 0930 Time Received .... .I024 Sampler. ................. Porter/Salas 

LAB- 8 ANALYSES 
PARAMETER RESULT UNITS TECH DATE COMPLETED 
Chloride 326.00 mg!L cc 2/2/98 
Conductivity 2,370.00 uS/em HM 1/30/98 
pH 8.60 s.u. HM 1130/98 
Alkalinity- Total 215.00 mg!L HM 1/30/98 
Alkalinity - Phen 12.00 mg!L HM 1/30/98 
Total Hardness 55.00 mg!L HM 1130/98 
Turbidity 0.18 NTU HM 1130/98 

Page 6 Fonn (Lab B) 



Signature 

Name: Charles Sassine 

Title: Laboratory Supervisor 

CORE LABORATORIES 

Date 

1733 N. Padre Island 
Corpus Christi, TX 

PHONE: 512/289-2673 
FAX: 512/289-2471 

Drive 
78403 



Job Nunber.: 980484 
Customer •• : City of Laredo 
Attn ••••••• : Adrian Montemayor 

CORE LABORATORIES 

Project Nunber ••••••••• : 99999995 
CUstomer Project ID •••• : LAREDO ASR DEL MAR 
Project Description •••• : Walk in Projects 

llllll••a••a: '/''''·1111111111111111','•··•::11111'.'••,:.·,···,•····,·····,'·'· •. :.,.,,, IIM~I~MI'•'> 
980484-1 

980484-2 

980484-3 

980484-4 

980484-5 

980484-6 

980484-7 

980484-8 

CYI.R.01 

CYI.R.02 

CYI.R.03 

CYI.R.04 

CYI.R.05 

CY!.R.06 

CYI.R.07 

CYI.R.08 

water 01/23/98 

\later 

Water 

\later 

Water 

\later 

Water 

\later 

Page 1 

.. - ,. :-:·a· ! ' :: ~;: :. ·--• .. -· .. 

01/23/98 

01/25/98 

01!26/98 

01/27/98 

01/28/98 

01/29/98 

01/30/98 

13:40 

16:20 

13:08 

16:25 

09:50 

14:05 

10:00 

09:30 

02/06/98 

02/06/98 

02/06/98 

02/06/98 

02/06/98 

02/06/98 

02/06/98 

02/06/98 

08:00 

08:00 

08:00 

08:00 

08:00 

08:00 

08:00 

08:00 



Job Number: 980484 

Customer Sample ID: CYI.R.01 
Date Sampled ••.••• : 01/23/98 
Time Sampled •••••• : 13:40 
Sample Matrix ••••• : Water 

'i '''"'''''::""'''' _,. 
SW·846 60108 Iron (Fe), Total 

SW-846 60108 Manganese (Mn), Total 

SW-846 60108 Sodium (Na), Total 

L A 8 0 R A T 0 R Y 

SW-846 3015 [Acid Digestion, Total Metals 

T E S T 

Page 2 

-····-···-.-

CORE LABORATORIES 

RESULTS 

0.17 

<0.05 

97 

C~lete 

Date: 02/18/98 

Laboratory Sample ID: 980484·1 
Date Received ••••••• : 02/06/98 
Time Received •..•••• : 08:00 

0.05 

0.05 

1 

mg/L 

1119/L 

1119/L 

02/17/98 gee 

02!17!98 gee 

02/17/98 gee 

02!06/98 ah 



CORE LABORATORIES 

L A B 0 R A T 0 R Y T E S T R E S U L T S 
Job NU!tler: 980484 Date: 02/18/98 

Customer Sample ID: CYI.R.02 
Date Sampled •••••• : 01/23/98 
Time Sampled •••••• : 16:20 
Sample Matrix ••••• : Water 

SW-846 60108 lron <Fe), Total 

SW·846 60108 Manganese (Mn), Total 

SW·846 60108 

SW·846 3015 

un (Na), Total 

Metals 

96 

c~lete 

Page 3 

Laboratory Sample ID: 980484·2 
Date Received ••••••• : 02/06/98 
Time Received ••••••• : 08:00 

111&/L 02/17/98 gc: 

02/06/98 ah 

.. -·~-.. ~·-~· ,. ••L"fll ;- -:: .::. ;· ••-, t.IA. "'") ••"••u • Jf"_,..., • ...,-~-. ·: -· c·:~.--



Job Number: 980484 

Customer Sample ID: CYI.R.03 
Date Sampled ••..•• : 01/25/98 
Time Sampled •••.•• : 13:08 
Sample Matrix •.••. : Water 

SW·846 60108 Iron (Fe), Total 

SW-846 60108 na .. ~a"•~~ (Mn), Total 

SW-846 60108 Sodium (Na), Total 

L A B 0 R A T 0 R Y 

SW-846 3015 Acid Digestion, Total Metals 

- • l"~ 

T E S T 

Page 4 

CORE LABORATORIES 

R E S U L T S 

<0.05 

<0.05 

21 

Complete 

Date: 02/18/98 

Laboratory Sample ID: 980484·3 
Date Received ••••••• : 02/06/98 
Time Received ••••••• : 08:00 

0.05 

0.05 

,,,, > ,,,, ·, I~'-~, 

mg/L 102/17/98 gee 

mg/L 102117/98 gee 

mg/L 02/17/98 gee 

02!06/98 ah 



Job Nunber: 980484 

~srtJI!~~i• gjfr9f•····~~r~•·• ••••••••·••·•·•···•·•···•···•·••• \<·· 

Customer Sample ID: CY!.R.04 
Date Sampled •••••• : 01/26/98 
Time Sampled •••••• : 16:25 
Sample Matrix ••••• : Water 

SW·846 60108 Iron (fe), Total 

SW·846 60108 Manganese (Mn), Total 

SW·846 60108 Sodium (Na), Total 

L A B 0 R A T 0 R Y 

SW·846 3015 Acid Digestion, Total Metals 

T E S T 

Page 5 

CORE LABORATORIES 

RESULTS 

0.18 

<0.05 

250 

C~lete 

Date: 02/18/98 

Laboratory Sample ID: 980484·4 
Date Received ••••••• : 02/06/98 
Time Received ••••••• : 08:00 

0.05 

0.05 

10 

11111/L 

11111/L 

11111/L 

02/17/98 gee 

02/17/98 gee 

02/17/98 gee 

02/06/98 ah 



L A B 0 R A T 0 R Y 
Job NU!tler: 980484 

Customer Sample ID: CYI.R.05 
Date Sampled •••••• : 01/27/98 
Time Sampled •••••• : 09:50 
Sample Matrix ••••• : Water 

··\········· .. ····· 
SW·846 60108 

SW·846 601 DB 

SW·846 60108 

SW·846 3015 

·:;"t'"C:.t~~. '·' .. 
Iron (Fe), Total 

Manganese (Mn), Total 

Sodium CNa), Total 

Acid Digestion, Total Metals 

~.·!~·········· 

T E S T 

Page 6 

CORE LABORATORIES 

R E S U l T S 

. ················ . 
<0.05 

<0.05 

260 

C~lete 

Date: 02/18/98 

Laboratory Sample ID: 980484·5 
Date Received ••••••• : 02/06/98 
Time Received ••••••• : 08:00 

:I { ti~lt. ? 

0.05 mg/l 02/17/98 

0.05 mg/l 02/17/98 

10 mg/l 102117/98 

02/06/98 

I!ECH. 

gee 

gee 

gee 

ah 



Job Nurt>er: 980484 

Custaner S~le ID: CY!.R.06 
Date S~led •••••• : 01/28/98 
Time Sampled •••••• : 14:05 
Sample Matrix ••••• : Water 

SW-846 60108 Iron (Fe), Total 

SW-846 60108 Manganese (Mn), Total 

SW-846 60108 Sodium (Na), Total 

L A 8 0 R A T 0 R Y 

SW-846 3015 id Digestion, Total Metals 

T E S T 

Page 7 

CORE LABORATORIES 

R E S U L T S 
Date: 02/18/98 

Laboratory S~le !0: 980484·6 
Date Received ••••••• : 02/06/98 
Time Received ••••••• : 08:00 

. :~~ ::;. ·;·: 

0.06 

<0.05 

350 

C~lete 

0.05 

0.05 

10 

02/06/98 ah 



I''''''' 

CO}tELAJ 
Job Number: 980484 

Customer Sample ID: CYI.R.07 
Date Sampled •••••• : 01/29/98 
Time Sampled ...... : 10:00 
Sample Matrix .••.• : Water 

SW-846 60108 Iron (Fe), Total 

SW-846 60108 ,g,,g .. ~~, (Mn), Total 

SW-846 60108 Sodium (Na), Total 

L A 8 0 R A T 0 R Y 

SW-846 3015 Acid Digestion, Total Metals 

T E S T 

Page 8 

CORE LABORATORIES 

RESULTS 

<0.05 

<0.05 

380 

Complete 

Date: 02!18/98 

Laboratory Sample ID: 980484·7 
Date Received ••••••• : 02/06/98 
Time Received ••••••• : 08:00 

0.05 mg/L 02/17/98 gee 

0.05 

10 

mg/L 02/17/98 gee 

ms/L 02/17/98 gee 

02/06/98 ah 



Job Number: 980484 

Customer Sample ID: CYI.R.08 
Date Sampled •••••• : 01/30/98 
Time Sampled •••••• : 09:30 
Sample Matrix ••••• : ~ater 

S~·846 60108 Iron (Fe), Total 

s~-846 60108 Manganese (Mn), Total 

Sodium CNa), Total 

l A 8 0 R A T 0 R Y 

S\1·846 60108 

~-846 3015 Acid Digestion, Total Metals 

T E S T 

Page 9 

CORE LABORATORIES 

R E S U l T S 

410 

Ccmplete 

Date: 02/18/98 

Laboratory Sample ID: 980484·8 
Date Received ••••••• : 02/06198 
Time Received ••••••• : 08:00 

0.05 maiL 

20 mg/L 

-··: :~ .... -- ... .,~~ .. ,. --· -- -----. -



LABORATORY T E S T 
Job Number: 980696 

Cus~omer Sample ID: CY1. t .04 
Oat~ Sampled •••••• : 01/21/98 
Time Sampled •.•••• : 09:00 
Sample Matrix ••••• : ~ater 

SW·846 60108 Iron (fa), To~al 

SW•846 60108 Mangano• (lin), Total 

sw-846 60108 soal..,. CNa), Total 

S\1·846 301S Acid Digestion, Total Metals 

.l!IO~ECT'i:'.' : -·. ' .. '''. 

RESULTS 

<0.05 

<0.05 

107 

c....,tete 

Date: 02!25M 

Laboratory S~lll ID: 980696·1 
Dote Received ••••••• : 02/21/98 
Time ReceiYed ••••••• : 11:10 

0.05 

0.05 

11111/L 

1119/L 

11111/L 

02/24/98 ICC 

02/24/'11 gee 

02/Z4/98 fCC 

02/24/98 all 



Signature 

Name: Chip Meador 

Title: Regional Manager 

CORE LABORATORIES 

Date 

1733 N. Padre Island 
Corpus Christi, TX 

PHONE: 512/289-2673 
FAX: 512/289-2471 

Drive 
7840: 



CORE LABORATORIES 

Job NUIIber. : 98022D Project Number ••••••••• : 99999995 
Customer •• : City of Laredo CUstomer Project ID •••• : LAREDO ASR DEL MAR 
Attn ••••••• : Adrian Montemayor Project Description •••• : Walk in Projects 

::::. 
:: .. 

::.:: 

98D22D·1 SO.I.D1·A Water D1!14/98 14:3D D1/2D/98 08:DD 

98D22D·2 SO.I.D2·A Water 01/14/98 16:15 01/2D/98 08:DD 

98022D·3 SD.R.D1·A Water 01/14/98 17:DO 01/2D/98 D8:DO 

98022D·4 SD.R.D2·A Water 01/14/98 17:30 01/20/98 08:00 

98D220·5 SD.R.03·A Water 01/14/98 18:30 01/20/98 08:00 

980220·6 CY1.I.D1·A Water 01/15/98 13:45 01/20/98 08:00 

98D220·7 CY1.I.02·A water D1/17/98 10:45 01/20/98 08:00 

980220·8 CY1.I.D3·A Water 01/19/98 09:00 01/20/98 08:00 

Page 1 



CORE LABORATORIES 

,,,,, 

Job Number: 980220 

Customer Sample ID: SD.I.01·A 
Date Sampled •••••• : 01/14/98 
Time Sampled •.•••• : 14:30 
Sample Matrix ••••. : Water 

L A 8 0 R A T 0 R Y T E S T R E S U L T S 

''.>. •. ·· .. ·.· .. ·.· .... :: ·.·. <. ·.••·• <.•.< • .. •.'.· ··.· .. • .. ::: '.· .. :: •.··.u.• .•·· ·• ' ••. • .. ·.· · ....•. ·· .. ·· .·.· · ... · ...•.. •· •' . ·' . , ..•.. ,.. • . •· ·.· '''~·'.:< ·. . . . . 
·. •.. .•....•.•...•••.•••... \ >>.: ...••....... , ...••.••.. ''~?! <c;c;-'~{"'f~\ .• /. :-•7•:;;- .•.. • .. ) 

SW-846 60108 Iron (Fe), Total <0.05 

SW-846 60108 Manganese (Mnl, Total <0.05 

SW-846 60108 Sodium (Na), Total 99 

SW-846 3015 Acid Digestion, Total Metals Complete 

Page 2 

Date: 01/28/98 

Laboratory Sample ID: 980220-1 
Date Received ••••••• : 01/20/98 
Time Received ••••••• : 08:00 

>( .: 
""' 2 : ... 

0.05 mg/L 01/27/98 

0.05 mg/L 01/27/98 

mg/L 01/27/98 

01/21/98 

m 
gee 

gee 

!gee 

ah 



Job N~r: 980220 

Customer Sllq)le ID: SD.I.02·A 
Date Sampled •••••• : 01/14/98 
Time Sllq)led •••••• : 16:15 
Sllq)le Matrix ••••• : Water 

SW·846 60108 Iron (Fe), Total 

SW·846 60108 Manganese CMn), Total 

SW·846 60108 Sodium CNa), Total 

L A 8 0 R A T 0 R Y 

SW·846 3015 d Digestion, Total Metals 

T E S T 

Page 3 

CORE LABORATORIES 

R E S U L T S 

<0.05 

103 

Date: 01!28/98 

Laboratory Sample ID: 980220·2 
Date Received ••••••• : 01/20/98 
Time Received ••••••• : 08:00 

0.05 mgtL 

mg/L 

~ ~ .. - .. -.~-- ,·· . ·-.:·-·~\' .· ., ..... ,, :· -e-.a ~- J"• '·~• t•g •·~..,,., ",~-,..-.- •• = :-.. ~=-; . ·· ~·=t"' ~=~~· ·-· ·· ~--



Job Number: 980220 

Customer Sample 10: SO.R.01-A 
Date Sampled •.•.•• : 01/14/98 
Time Sampled ••.•.• : 17:00 
Sample Matrix ••••• : ~ater 

L A 8 0 R A T 0 R Y 

' . ' < •. ,_.~ .. /·~~!>':'', 
S~-846 60108 Iron (fel, Total 

s~-846 6010B 

S~-846 60108 Sodium (Na), Total 

~-846 3015 !Acid Digestion, Total Metals 

T E S T 

•i 
,o_? 

Page 4 

CORE LABORATORIES 

RESULTS 

0.99 

<0.05 

143 

Complete 

Date: 01/28/98 

~·······-····. 
Laboratory Sample ID: 980220·3 
Date Received •••.••• : 01/20/98 
Time Received ..••••• : 08:00 

< iiATE . 
. ' 2 .. , .. 

0.05 mg/L 01/27/98 

0.05 mg/L 01/27/98 

1 mg/L 01/27/98 

01/21/98 

lf::H 
gee 

gee 

gee 

ah 



Job Number: 980220 

Customer Sample ID: SD.R.02·A 
Date Sampled •.•••• : 01/14/98 
Time Sampled ..••.• : 17:30 
Sample Matrix .•••• : ~ater 

~-846 60108 Manganese (Mn), Total 

~-846 6D10B Sodium (Na), Total 

l A B 0 R A T 0 R Y 

~-846 3015 Acid Digestion, Total Metals 

T E S T 

Page 5 

CORE LABORATORIES 

R E S U L T S 

<0.05 

255 

Complete 

Date: 01!28/98 

Laboratory Sample ID: 980220·4 
Date Received ••••••• : 01/20/98 
Time Received ••••••• : 08:00 

0.05 

5 

mg/L 

mg/L 



Job Number: 980220 

Customer Sample ID: SD.R.03-A 
Date Sampled •••••• : 01/14/98 
Time Sampled •••••• : 18:30 
Sample Matrix ••••• : Water 

•••• •••••••••••••••• •••• 

SW-846 60108 Iron (Fe), Total 

SW-846 60108 Manganese (Mn), Total 

SW·B46 60108 Sodium (Na), Total 

L A 8 0 R A T 0 R Y 

IPHrW•·••·•·•·· ·.:. : .. · ... 

SW-846 3015 Acid Digestion, Total Metals 

T E S T 

CORE LABORATORIES 

R E S U L T S 
Date: 01/28/98 

Laboratory Sample ID: 980220·5 
Date Received ••••••• : 01/20/98 
Time Received •••.••• : 08:00 

ol·······.·.·.·· \ ............. ·············~trtt> g;..... ·• ····· 

Page 6 

0.16 0.05 mg/L 

<0.05 

500 

C~lete 

0.05 

10 

mg/L 

mg/L 

01/27/98lgcc 

01/27/98lgcc 

01/27/98 gee 

01/21/98 ah 



CORE LABORATORIES 

L A 8 0 R A T 0 R Y T E S T R E S U L T S 
Job Number: 980220 Date: 01!28/98 

•·•·pusi~~i 9~~yot Laredo ···il£•• .· · ... ·.··• ··.)····.•··· ·•. . . PROJECT: lAREDO. ASR DEl. MAR,><•··· .······. ... ~T!~: .l.c!rf~n ~onteinayor: • .i· 

Customer Sample !D: CY1.!.01-A 
Date Sampled •..••. : 01/15/98 
Time Sampled ..•... : 13:45 
Sample Matrix ..••• : Water 

SW-846 60108 Iron (Fe), Total 

SW-846 60108 Manganese (Mn), Total 

SW-846 60108 Sodium (Na), Total 

SW-846 3015 Acid Digestion, Total Metals 

Page 7 

<0.05 

<0.05 

105 

Complete 

Laboratory Sample !D: 980220·6 
Date Received ••••..• : 01/20/98 
Time Received ••••••• : 08:00 

0.05 

0.05 

mg/L 

mg/L 

mg/L 

01/27/98 gee 

01!27/98 gee 

01/27/98 gC< 

01/21/98 ah 



Job Number: 980220 

Customer Sample ID: CY1.l.D2·A 
Date Sampled •••••• : D1/17/98 
Time Sampled •••••• : 1D:45 
Sample Matrix ••••• : Water 

SW-846 60108 Iron (fe), Total 

SW-846 60108 Manganese (Mn), Total 

SW-846 60108 Sodium (Na), Total 

L A 8 0 R A T 0 R Y 

SW-846 3015 Acid Digestion, Total Metals 

T E S T 

Page 8 

CORE LABORATORIES 

RESULTS 

<0.05 

<0.05 

106 

Complete 

Date: 01/28/98 

Laboratory Sample ID: 980220-7 
Date Received ••••••• : 01/20/98 
Time Received ••••••• : 08:00 

0.05 

0.05 

mg/L 

mg/L 

mg/L 

01!27 /98 gee 

01/27/98 gee 

01/27/98 gee 

01/21/98 ah 



CORE LABORATORIES 

L A B 0 R A T 0 R Y T E S T R E S U L T S 
Job Nl.riler: 980220 Date: 01/28/98 

Customer Sample ID: CY1.1.03·A 
Date Sampled •••••• : 01/19/98 
Time Sampled •••••• : 09:00 
Sample Matrix ••••• : Water 

SW·846 60108 Iron (Fe), Total 

SW·846 60108 Manganese (Mn), Total 

SW·846 60108 Sodium (Na), Total 

SW·846 3015 Acid Digestion, Total Metals 

Page 9 

<0.05 

<0.05 

105 

C~lete 

Laboratory Sample ID: 980220·8 
Date Received ••••••• : 01/20/98 
Time Received ••••••• : 08:00 

0.05 

0.05 

mg/L 

mg/l 

01/27/98 gc: 

01/27/98 gc: 

mg/L 01/27/98 gc 

01/21/98 ah 



AppendixG 
Core Analysis Report 
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CORE ANALYSIS RESULTS 

CH2M HILL, INC 
LAREDO ASR; WELL TW-2A 

PROJECT# 118069 

Mineralogy, Inc. Job No.: 97-288 
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---- 3228 East 15th Street /Tulsa, Oklahoma 74104-5252 I (918) 744-8284 I FAX 743-7460 

Where Science Gets Down to Earth 

August 11, 1997 

Mr. Peter VanNoorl 
CH2M Hill, Inc. 
5339 Alpha Rd. Suite 300 
Dallas, TX 75240-7352 

RE: Core Analysis Results 
CH2M Hill, Inc.; Laredo ASR- Well TW-2A; Project No.: 118069 
Mineralogy, Inc. Job No.: 97-288 

Gentlemen: 

The following report provides the final results of a series of laboratory analyses performed on three 
selected intervals from the above captioned well. The core intervals examined in this reservoir study 
include: core# C-2 (292.05- 293.4 ft.), core# C-3 (330.0- 330.95 ft.) and core# C-7 (400.65- 401.9 ft.). 
Analytical procedures include: x-ray diffraction analysis, macroscopic sedimentological analysis (core 
description), thin section petrographic analysis, scanning electron microscopy (SEM analysis), routine 
core analysis (helium porosity, air permeability and grain density), cation exchange capacity - leachate 
analysis ( CEC), acid insoluble residue analysis, specific gravity analysis and laser particle size analysis. 
The results of these various analytical procedures are summarized and descnbed in the report text, with an 
interpretive emphasis which addresses those mineralogical and petrophysical properties which directly 
influence the reservoir quality of this aquifer. 

It is our hope that these results will contnbute to an understanding of the rock properties characterizing 
these intervals and thereby promote the successful utilization and development of this aquifer. The 
conditions under which this report is presented are summarized immediately following this letter. If you 
should have any questions regarding these results, or if we can be of further service, please don't hesitate 
to call. 

Mineralogy, Inc. 
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II. CONDITIONS AND QUALIFICATIONS 

Mineralogy, Inc. will endeavor to provide accurate and reliable 
laboratory measurements of the samples provided by the client. The 
results of any x-ray diffraction, petrographic or core analysis 
test are necessarily influenced by the condition and selection of 
the samples to be analyzed. It should be recognized that 
mineralogical samples are commonly heterogeneous and lack uniform 
properties. Unless otherwise directed, the samples selected for 
analysis will be chosen to reflect a visually representative 
portion of "the bulk sample submitted for analysis. Where provided, 
the interpretation of x-ray diffraction, petrographic or core 
analysis results constitutes the best geological judgement of 
Mineralogy, Inc. , and is subject to the sampling limitations 
described above, and detection limits inherent to semi-quantitative 
mineralogical analysis. Mineralogy, Inc. assumes no responsibility 
nor offers any guarantee of the productivity or performance of any 
oil or gas well or hydrocarbon recovery process, based upon the 
data presented in this report. 
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SUMMARY 

The three cores analyzed from the TW-2A well display striking similarities with one another with respect 
to mineralogy, te>.."ttlre and reservoir quality. Each of these sandstones is descnDed as very fine-grained, 
very well sorted, porous and permeable, glauconitic, sublitharenitic sandstone. The detrital framework of 
these sandstones is mildly to moderately compacted, weakly cemented and friable. The cores display a 
low angle cross-bedded to ripple-bedded sedimentary fabric, locally accentuated by a few scattered lenses 
and lamina of thin detrital clay matrix. Portions of core # C-7 display a massively bedded fabric, with 
irregular lobe-shaped concentrations of infiltrated detrital clay, suggesting the posSibility of limited 
amounts of bioturbation. Helium porosity values range between 30.2- 32.1o/o, with horizontal 
permeabilities between 631 - 809 md The sandstones display a quartz-rich mineralogy, with moderate 
volumes of clay matrix minerals (9%) and feldspar (2- 3%). The bu1k of the clay is present as 
intragranular matrix within glauconite pellets and sedimentary mudstone and shale clasts. These ductile 
grain types are locally deformed and squashed due to mechanical compaction between adjoining brittle 
framework grains, resulting in scattered concentrations of pseudomatrix. The clay mineralogy is 
dominated by mixed-layer illite/smectite and relatively minor volumes of chlorite and illite. Kaolinite is 
present as an accessory clay mineral constituent. The sandstones are weakly cemented with authigenic 
quartz, which occurs as weakly developed syntaxial overgrowths nucleated on the detrital quartz grains. 
Calcite, dolomite, ferroan dolomite, pyrite and siderite are also locally present as accessory cement 
constituents. 

The sandstones from these aquifer intervals should prove to be excellent reservoir rocks in terms of their 
overall reservoir quality and relatively low susceptibility to formation damage. The clay matrix phases 
present within these sandstones are generally concentrated with lithic fragments, glauconite pellets and 
patches of pseudomatrix, with relatively minor volumes of grain-coating chlorite irregularly distnbuted 
throughout the sandstone framework. Minor amounts of pseudomatrix have been mobilized within the 
pore network, resulting in scattered occurrences of matrix occluded pore throats due to "brush-piling" of 
fines. The few irregular lenses and lamina of detrital matrix (especially concentrated within portions of 
core# C-3) have locally contributed to a reduction of the vertical permeability, however, the abundance 
and interconnected nature of the pore network is expressed by consistently high horizontal flow capacity 
within each of these sandstones. The mixed-layer illite/smectite is moderately expansive, with illite layers 
accounting for roughly half of the clay layers within this hybrid clay species. The smectite inter-layers are 
susceptible to expansion, especially in the event of sharp changes in the pore fluid salinity, however, 
assuming a constant hydration state with relatively constant salinity values, the potential for formation 
damage related to the volumetric expansion of these clays should be minimal. 
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TABLEL 
X-RAY DIFFRACTION MINERALOGICAL ANALYSIS 

The results of the x-ray diffraction mineralogical analysis are summarized on Table L These cores are 
strikingly similar with respect to mineralogy, displaying a rather homogenous mineral suite dominated by 
quartz (88-89%), clay matrix minerals (9"/o) and feldspar (plagioclase [1-2%] and k-feldspar [1 %] 
varieties). The clay mineral suite(< 2 micrometer) is dominated by mixed-layer illite/smectite (6-7%) and 
chlorite (2%), with minor to accessory amounts of illite/mica (trc - 1 %) and kaolinite (trc). The mixed
layer illite/smectite is moderately expansive and is chaiacterized by subequal volumes of illite and 
smectite interlayers (estimated 40- 55% illite layers). Accessory (or trace) mineral phases detected within 
one or more of the sandstone samples include: calcite, ferroan dolomite(+ dolomite), gypsum and pyrite. 

TABLE II. 
ROUTINE CORE ANALYSIS 

(Helium Porosity, Air Permeobility & Grain Density) 

The results of the routine core analysis test suite are provided on Table n. One inch diameter core plugs 
drilled from the core intervals displayed comparable values of helium porosity (30.2 - 32.1 %), horizoutal 
permeability (631 - 809 md.) and grain density (2.63 g/cc). The vertical permeability values measured for 
these plug samples were somewhat more variable, with core # C-3 displaying a significant decline in flow 
capacity relative to the horizoutal permeability value for this sandstone. These data reflect the localized 
presence of detrital matrix lenses and lamina within core# C-3 (330.65 ft.; 207 md.). Vertical 
permeability values for core C-2 (292.5 ft.; 729 md.) and core C-7 (401.3 ft.; 749 md.) were only sligbtly 
lower than the measured values for horizontal flow within these sandstone intervals, reflecting excellent 
inter-connectivity of the pore network oriented perpendicular to the bedding planes. 

TABI..Em. 
CATION EXCHANGE CAPACITY- LEACHATE ANALYSIS 

Cation exchange capacity measurements for these sandstones are summarized in Table m. Total CEC 
values (representing the sum of CEC data for each ionic species measured for a given sandstone) range 
between 3.86- 9.48 meq/lOOg of core material The sandstones within cores C-2 and C-7 are quite 
similar with respect to the relative hierarchy of exchangeable cationic species (Ca>K>Mg>Na). Core C-3 
displays a somewhat modified cation sequence, characterized by a significantly reduced CEC value for Ca 
(0.9 meq/100g), and a total CECvalue which is the lowest value measured for these three core samples. 
The relative hierarchy of exchangeable cation species for core C-3 is K>Ca>Mg>Na 

TABLE WAND TABLE V. 
SPECIFIC GRA V1TY ANALYSIS and ACID INSOLUBLE RESIDUE ANALYSIS 

The results of the specific gravity analysis are summarized on Table IV, while the acid insoluble residue 
data is presented in Table V. The specific gravity values measured for the sandstones range between 2.49 
- 2.51 glee. These data are somewhat lower than the grain density measurements obtained via the helium 
porosity analysis (2.63 g/cc; see Table IT). The discrepaDcy is probably related to the incomplete water 
saturation of micropores associated with the glauconite pellets and lithic mudstone and shale fragments 
contained in the detrital assemblage of these sandstones. The acid insoluble residue data presented on 
Table V, range between 98.4 • 98.8%, indicating the presence of minor volumes of acid soluble mineral 
species (predominantly calcite, ferroan dolomite, dolomite and/or siderite). 
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SEDIMENTOLOGICAL ANALYSIS RESULTS 
and RESERVOIR QUALITY 

The sedimentological analysis of these cores consists of macroscopic core description, thin section 
petrography, scanning electron microscopy and laser particle size analysis. Given the inter-dependence of 
the data sets from each of these analyses and their respective ~uence on reservoir quality, the results of 
these assessments have been presented sequentially for each of the core samples. This presentation will 
hopefully afford the reader with an integrated view of the sedimentology for each of the sandstone 
intervals from this aquifer. The following discussion provides an interpretive focus on the 
sedimentological factors which influence the reservoir quality of these aquifer intervals. The similarity of 
these sandstones with respect to mineralogy, framework composition, cement constituents, clay matrix 
components and te,."ture allow for a general overview of the clastic sedimentology. 

The sandstone cores from this suite of aquifer intervals display a similar character with respect to current
induced bedding features. Low angle cross-bedding is the dominant bed-form present, with fore-set dips 
commonly ranging from 5 - 15 degrees relative to the horizontal. Some evidence of ripple bedding is 
present, especially within the relatively finest sand-sized fractions of core C-3 (330- 330.95'). Minor 
evidence of clay matrix infiltration is present, especially within cores C-3 (330.0 - 330.95') and C-7 
( 400.65 - 401. 9'), typically occurring as subtle, lenticular to laminar concentrations of clay-rich sand 
(with traces of silt) draping selected rippled cross-bed sets. Core C-7 displays a subtly massive subinterval 
which contains a few scattered lobe-shaped concentrations of clay matrix, suggestive of minor burrow 
mottling. 

Examination of the thin sections and SEM mounts prepared from these core samples reveals a detrital 
mineralogy which is dominated by monocrystalline quartz, together with significant volumes of glauconite 
pellets, sedimentary shale and mudstone clasts and feldspar grains. Minor to accessory grain types 
include volcanic rock fragments (VRF's), chert, mica, hornblende, metamorphic RF's, magnetite, 
carbonized woody plant fragments and residue and epidote. The grain constituents are generally mildly 
compacted, typically displaying a predominance of point-to-point and elongated intergranular contacts. 
The ductile framework grains are locally deformed due to compression between adjoining brittle grains 
(generally quartz and/or feldspar), locally yielding pseudomatrix. The term pseudomatrix, as applied 
here, is defined as pore-filling clay matrix derived from a matrix-rich, lithic grain source, which has been 
compressed and deformed to result in the injection of clay matrix into the adjoining intergranular pores. 
The relative abundance of ductile grain constituents (especially glauconite and mudstone RF's) within 
these sandstones has contributed to the localized presence of plastically deformed and deeply embayed 
ductile grain boundaries and scattered patches of pseudomatrix. 

These sandstones are rather weakly cemented with a combination of authigenic quartz overgrowths, and 
traces of carbonate minerals (calcite+/- dolomite+/- ferroan dolomite+/- siderite). The quartz 
overgrowths are the most significant cement constituents, occurring as weakly developed syntaxial rims 
and nodules flanking the detrital quartz grains. h is largely the quartz cement that accounts for the 
weakly lithified character of these sandstone intervals. Quartz overgrowth cement is visually estimated to 
account for approximately 2- 4%ofthe bulk volume. Traces of iron oxide and pyrite cement are also 
locally present, with the pyrite typically occurring as a microcrystalline replacement for scattered patches 
and lenses of organic matter (woody plant fragments ?). 

As described above, much of the clay present within these sandstones is present as intragranular matrix 
within the glauconite pellets and matrix-rich SRF's (shale and mudstone particles), and as scattered 
patches ofpseudomatrix (derived from these matrix-rich grain sources). Additionally, clay matrix 
minerals are present as replacements for leached and altered detrital grains (especially feldspar and 
VRF's), as localized lenses and lamina of detrital clay matrix, and as irregularly distnbuted grain-coating 
I pore-lining matrix. The detrital matrix lenses and lamina are most commonly expressed as 
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concentrations of infiltrated matrix admixed with sand and traces of quartz-rich silt This description is 
also valid for the lobe-shaped, irregular concentrations of clay detected within core C-7 ( 401.3 ft.) which 
have been tentatively attributed to the mixing influence ofburrowing organisms soon after deposition. 
The grain-coating and pore-lining clay is generally comprised of chlorite, which appears as a firmly 
attached, inter-connected network of clay crystallites, arranged in a characteristic "edge to filce" 
configuration on the detrital grain surfaces. At sufficiently high magnification (generally> 2000 X), the 
grain-coating chlorite commonly resembles a honey-comb morphology, and is characterized by an 
extremely high ratio of surface area to mass. 

The macropore network within these sandstones is comprised of very well preserved (and inter-connected) 
intergranular voids and subordinate amounts of secondary porosity (inttagranular dissolution voids and 
grain-moldic pores). The primary or intergranular pores are estimated to display average pore diameters 
which range between 0.25- 0.35mm (approximately 1/4- 1/3 the mean grain diameter), supporting 
excellent fluid communication throughout the pore system. The secondary pores are present due to the 
partial to complete dissolution of metastable grain constituents (especially feldspar, VRF' s, and less 
commonly amphibole grains). The pore volumes calculated from the helium porosity analysis are 
consistent with estimated porosity values obtained from the thin section samples. Intercrystalline 
microporosity is present in association with the matrix-rich detrital grains (especially glauconite), and 
may account for as much as 2-4% of the reported storage capacity within these sandstones. 
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Table 1-XRD 

TABLE I. 
X-RAY DIFFRACTION MINERALOGICAL ANALYSIS 

CH2M Hill, Inc. 
Laredo ASR; 7W-2A 
Project No.: 118069 

Mineralogy, Inc. Job No.: 97-288 

Core No. 
Depth (ft.) . 

C-3 
330.65 

C-7 
401.3 

MINERAL CONSTITUENTS RELATIVE ABUNDANCE(%} 

Quartz 88 89 89 

Plagioclase Feldspar 2 1 1 

K-Feldspar 1 1 1 

Calcite trc trc 

Ferroan Dolomite trc trc 

Gypsum trc 

Pyrite trc trc trc 

Kaolinite trc trc trc 

Chlorite 2 2 2 

Illite/Mica trc trc 1 

Mixed-Layer Illite/Smectite 7 7 6 

% Illite Layers in M.LIIIite/Smectite 45-55% 40-50% 45-55% 

TOTAL 100 100 100 



Table II- RCA 

TABLE II. 
ROUTINE CORE ANALYSIS RESULTS 

CH2M Hill, Inc. 
Laredo ASR; TW-2A 
Project No.: 118069 

Mineralogy, Inc. Job No.: 97-288 

AIR PERMEABILITY Helium Grain 
Horizontal Vertical Porosity Density 

CORE# I DEPTH (ft.l (md) (md) (%) (alec) 

C-2/292.5 761 729 30.2 2.63 

C-3/330.65 631 207 32.1 2.63 

C-7/401.3 809 749 30.4 2.63 
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TABLE.III. 
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CATION EXCHANGE CAPACITY· LEACHATE ANALYSIS 

CH2M Hill, Inc. 
Laredo ASR; TW-2A 
Project No.: 118069 

Mineralogy, Inc. Job No.: 97-288 

CEC Leachate Anal~sls 

J 

Calcium Magnesium Potassium Sodium 
Results PQL* Results PQL* Results PQL* Results 

CORE# I DEPTH (ft.) tmeq!100q1 fmeq/100q1 fmeq!100q1 fmeq!t00q1 fmeq/100q1 tmeq/100W fmeg/100gJ 

C-21292.5 6.4 0.04 0.8 0.01 1.9 0.01 0.38 

C-3/330.65 0.9 0.005 0.77 0.01 1.7 O.Q1 0.5 

C-7/401.3 4.8 0.04 0.6 0.01 1.6 0.01 0.24 

Method Reference: 40 CFR 136, 261, Method for Chemical Analysis of Water and Waste EPA-60014-79-020 March 1983 
CEC Method Reference: Methods of Soil Analysis, Chemical and Microbiological Properties, 2nd Ed.; American Society of 
Agronomy, Inc., Soil Science Society of America, Inc., page 160. 

* PQL = Practical Quantltatlon Limit 

PQL* 
tmeq!100W 

0.0013 

0.0064 

0.0013 



Table IV-SG 

TABLE IV. 
SPECIFIC GRAVITY ANALYSIS 

CH2M Hill, Inc. 
Laredo ASR; TW-2A 
Project No.: 118069 

Mineralogy, Inc. Job No.: 97-288 

SPECIFIC 
GRAVITY 

CORE# I DEPTH (ft.) (glee) 

C-2/ 292.5 2.53 

C-3 I 330.65 2.49 

C-7/401.3 2.51 



TableV-AR 

TABLE V. 
ACID INSOLUBLE RESIDUE ANALYSIS 

CH2M Hill~ Inc. 
Laredo ASR; TW-2A 
Project No.: 118069 

Mineralogy, Inc. Job No.: 97-288 

CORE #I DEPTH (ft.) 

C-2/292.5 

C-3/330.65 

C-7 /401.3 

ACID 
RESIDUE 

(%) 

98.4 

98.8 

98.4 



CH2M mLL, INC. 
LAREDO ASR; WELL TW-2A 

PROJECT # 118069 

CORE NO. C-2; 292.05- 293.4 ft. 

MACROSCOPIC CORE DESCRIPTION, 
THIN SECI'ION PETROGRAPHY, 

SCANNING ELECTRON MICROSCOPY 
and 

LASER PARTICLE SIZE ANALYSIS RESULTS 
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Cll2M Ifill, Inc. 
Laredo ASR; TW-2A 

Project # I I 8069 Core C-2 

MACROSCOPIC CORE DESCRIPTION 

CH2M HiU, Inc. 
Laredo ASR; TW-2A; Project No.: 118069 

Core No.: C-2; 292.05-293.4 ft. 

Mineralogy, Inc. Job No.: 97-288-01 

A light gray, very fine-grained, very well sorted, weakly consolidated, friable, low angle cross-bedded, 
porous and permeable sublitharenitic sandstone. The cross bed sets display fore-set dips which range 
from approximately 5-15 degrees throughout the bulk of the interval. The interval between approximately 
292.4 - 292.75 ft. is characterized by relatively steeply dipping fore-set lamina (approximately 35-45 
degrees), with some evidence of slumping. The sandstone framework is glauconitic throughout the 
interval, with pelletal grains displaying a light to medium green appearance at low magnification. Traces 
of calcite and dolomite cement are present as widely scattered patches of intergranular cement. The 
principal stabilizing force within this weakly consolidated and friable sandstone appears to be 
pseudomatrix derived from mechanically deformed glauconite pellets coupled with minor quartz 
overgrowth cement. Intergranular porosity is evenly distributed throughout the interval and appears well 
interconnected given the small volumes of intergranular clay and cement constituents. 



PETROGRAPIDC ANALYSIS 
CLIENT: CH2M Hill, Inc. 
PROJECI' IDENTIF1CATION I WELL: Laredo ASR -1W-2A; #118069 
CORE NO./ DEPTH (ft.): #C-2 I 292.5 ft. 
MINERALOGY, INC. JOB NO: 97-288-01 

UTHOLOGY: Porous, GlaMconitit; Sublitluzrenitic Sandstone 

CLASTIC TEXTURE (mm): Mean= 0.11 Max= 0.68 

PORE DIAMETER (mm): Mean= 0.035 

HELIUM POROSITY: 30.2" AIR PERMEABILITY (Horii.): 761 nul. 
FABRIC I TEXTURE: This core sample is comprised of very fine-grained, very well sorted, slightly 
calcareous and glauconite-rich, sublitharcDitic sandstone.. The depositional fabric is mildly compacted 
and displays common point-to-point and elongatrrl intergranular contacts. Pseudomatrix is locally present 
due to the compression and injection of clay derived from glauconite pellets and matrix-rich SRFs into 
the adjoining pore spaces. The 5aDdstonc fabric is porous (30.2%) and permeable (Kh=761 md.) aDd 
displays a well interconnected intergranular pore network. The sandstone is best described as very weakly 
consolidated and friable. · 
FRAMEWORK COMPONENTS: Detrital grain types included within this core sample are listed 
below, in order of decreasing relative abnndana:: 

QIUlrl%; Monocrystalline quartz and minor poJ:ycrystalline quartz varieties. 
Glmlctmite; Locally defonned due to compaction - comprised of light to dark green- colored, 
microcrystalline clay matrix minerals (chiefly mixed-layer illite/smectite, illite and 
chlorite). 
Sedimentary &ck Fragments (SRFs); Shale and mudstone clasts • typically laminatc:d 
and locally silty 
Feldspar; Plagioclase + k-:fel.clspar locally leached and replaced with clay matrix with common 
intragranular dissolution porosity. 
Volcanic &ck Fragments (VRFs); Extensively matrix-replaced· VRF's typically display a 
glassy gronndmass with I'3Jidomly oriented laths of altered plagioclase feldspar. 
Chert 

Muscovite and biotite mica, amphibole {basaltic hornblende), metamorphic RF's and magnetite are 
present as accessory constituents. 
MATRIX I CEMENTS: Traces of cartxmate cement are locally scattered within the pore netwmk as 
patChes of finely crystalline calcite, dolomite, siderite(?) and ferroan dolomite. Traces of quartz 
overgrowth =ent are present on scattered quartz grains as weakly developed syntaxial rims and nodules. 
Iron oxide =ent and pyrite are preseD1 as accessory =ent varieties. Clay is present throughout the 
framewoik as a primary constituc:ot within the glauconite pellets and SRF' s, as scattered patches of 
microporous pore-filling matrix (mostly psent!omatrix derived from squashed glauconite) and as grain
coating matrix which is locally concentrated within the intergranular pore throats. The clay mineralogy 
is dominatc:d by mixed-layer illitc/smeclile and chlorite, together with minor amounts of illite and 
kaolinite. 

PORE SYSTEM: Macropore types present within this sandstone include intcrgranular voids and 
secondary intragranular and grain-moldic dissolution pores. The intergranular pore netwoik is very well 
preserved and interconnected, given the paucity of intergranu1ar =ents and pore-filling clays. 
Secondary voids are present throughout the sandstone framewoik due to the partial to complete 
dissolution of feldspar grains and metastable RF's. Secondary void space is visually estimatc:d to accomtt 
for approximately 2 • 4% of the bulk volume. lntert:rysta1li microporosity is present in association with 
the matrix-rich glauconite pellets and the scattered patches of pore-filling pseudomattix. Some 
constrictions of the pore throat apertures are apparent due to the concentration of grain-coating clay aDd 
the localized "brush-piling" of mattix clusters, however, the impact of these factors on overall reservoir 
quality for this interval is interpreted as minimal 
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FJgUre A. A low magnification view illustrating the porous character of this weakly consolidated, 
glauconite-rich, sublitharenitic sandstone. The dark green colored grains distributed throughout this field 
of view are comprised of glauconite pellets admixed with minor amounts of shale and mudstone clasts. 
16X uncrossed nicols 1.25"=2.0mm 

CH2M Hill, Inc.; Laredo ASR; TW-2A; Project # 118069; Core C-2; 292.5 ft. 
Mineralogy, Inc. Job # 97-288-01 

Figure B. A detailed view of the micro-texture of the glauconite pellets (e.g., center-left) contained 
within this sandstone. These grains are comprised almost exclusively of clay matrix minerals (mixed
layer illite/smectite+ chlorite). Note the marginally deformed character of the pellet on the left Also 
note the intra granular dissolution porosity and the grain-coating chlorite in the extreme lower-right of this 
field of view. lOOX crossed nicols l"=0.25mm 



A&B 

SCANNING ELECTRON MICROSCOPY 

CH2M H'rll, Inc. 
Laredo ASR; TW-2A.; Project No.: 118069 

Core No.: C-2; 292.5 ft. 

MiDeralogy, IDe. Job No.: 97-288-01 

Low and high magnification SEM views illustratiDg a CODCeDtnllion af pseudomatrix derived from a 
squashed glauconite pcllct (c:cntcr; F1g111e A & Figure B). Note the patch of pore-filling carboDatc cement 
(upper left; Figure A) and the mic:roaystallin CIUSt af matrix coating several af the grain SUifaces 
throughout Figure A (e.g., center and upper-right). Figure B provides a detailed view afthe deformed 
glauconite pcllct, revealing a comp ..mou dominated by matted laths af mixed-layer illite/smectite The 
inttagranular void at the center of Figure B contains a few te1atively large, pseudo-hexagonal clay 
platelets which are tentatively identified as kaolinite. 

C&D 

This sand sample is cb.aractcrized by an abundance af intergranular porosity as depicted in Figure C. The 
grains are locally encrusted with chlori1E day, which displays an "edge to face" CiyStalliDe IDOipbology 
which is especially visible on tbe detrital grain in the lower right quadmnt of Figure D. Note the 
unattached clusters off matrix (illite?) occupying the pore in tbe bottom-ceuter of Figure D. Unlike the 
grain-coating chlorite which is firmly attached to the grain S!11'fitc:e, these pore-:6lling clay c1ustc:rs 
(probably derived from a mc:c:banjcally deformed lithic grain) are relatively mobile and are prone to 
"brush-pile" within the intergranular pore throats. thus redncing the pcnncability. 



CH2M Hill, Inc.; Laredo ASR; TW-2A; Proj. #118069; Core# C-2- 292.5 ft.; Mineralogy, Inc.# 97-288-01 
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Mineralogy 
Incorporated 
3228 E. 15th Street 
Tulsa. Okla. 74104 

Particle Size Analysis 
CH2M Hill, Inc. 
Laredo ASR; TW-2A; Project No.: 118069 - Core C-2; 292.5 ft. 
Mineralogy, Inc. Job# 97-288-01 

Mesh Phi Inches Millimeter Microns Inc. Cum. % Cum. % Percent 
Count Value Percent Larger Smaller 

Than Than 
18 0 0.0394 1.0000 1000 0.00 100.00 
20 0.25 0.0331 0.8410 841 0.00 0.00 100.00 
25 0.50 0.0278 0.7070 707 0.00 0.00 100.00 
30 0.75 0.0234 0.5950 595 0.00 0.00 100.00 
35 1.00 0.0197 0.5000 500 0.00 0.00 100.00 
40 1.25 0.0165 0.4200 420 0.00 0.00 100.00 
45 1.50 0.0139 0.3540 354 0.10 0.10 99.90 
50 1.75 0.0117 0.2970 297 0.60 0.70 99.30 
60 2.00 0.0098 0.2500 250 1.80 2.50 97.50 
70 2.25 0.0083 0.2100 210 3.90 6.40 93.60 
80 2.50 0.0070 o.1no 1n 7.00 13.40 86.60 

100 2.75 0.0059 0.1490 149 10.50 23.90 76.10 
120 3.00 0.0049 0.1250 125 13.30 37.20 62.80 
140 3.25 0.0041 0.1050 105 14.50 51.70 48.30 
170 3.50 0.0035 0.0880 88 13.90 65.60 34.40 
200 3.75 0.0029 0.0740 74 11.30 76.90 23.10 
230 4.00 0.0025 0.0630 63 8.00 84.90 15.10 
270 4.25 0.0021 0.0530 53 4.80 89.70 10.30 
325 4.50 0.0017 0.0440 44 2.50 92.20 7.80 
400 4.75 0.0015 0.0370 37 1.20 93.40 6.60 
450 5.00 0.0012 0.0310 31 0.70 94.00 5.90 
500 5.25 0.0010 0.0260 26 0.40 94.40 5.50 
635 5.50 0.0009 0.0220 22 0.40 94.80 5.10 

5.75 0.0007 0.0190 19 0.30 95.10 4.80 
6.00 0.0006 0.0160 16 0.30 95.40 4.50 
6.25 0.0005 0.0130 13 0.30 95.70 4.20 
6.50 0.0004 0.0110 11 0.30 95.90 3.90 
6.75 0.0004 0.0093 9.3 0.30 96.20 3.60 
7.00 0.0003 0.0078 7.8 0.20 96.40 3.40 
7.25 0.000~ 0.0065 6.5 0.20 96.70 3.20 
7.50 0.0002 0.0055 5.5 0.20 96.90 3.00 
7.75 0.0002 0.0046 4.6 0.20 97.20 2.80 
8.00 0.0002 0.0039 3.9 0.20 97.40 2.60 
8.25 0.0001 0.0033 3.3 0.20 97.60 2.40 
8.50 0.0001 0.0028 2.8 0.20 97.80 2.20 
8.75 0.0001 0.0023 2.3 0.20 98.00 2.00 
9.00 0.0001 0.0019 1.9 0.20 98.20 1.80 
9.25 0.0001 0.0016 1.6 0.20 98.40 1.60 
9.50 0.0001 0.0014 1.4 0.20 98.60 1.40 
9.75 0.0000 0.0012 1.2 0.20 98.90 1.20 

10.00 0.0000 0.0010 1 0.20 99.10 1.00 
10.25 0.0000 0.0008 0.8 0.20 . 99.30 0.80 
10.50 0.0000 0.0007 0.7 0.20 99.50 0.60 
10.75 0.0000 0.0006 0.6 0.20 99.70 0.40 
11.00 0.0000 0.0005 0.5 0.10 99.90 0.30 
11.25 0.0000 0.0004 0.4 0.10 100.00 0.20 

14.9 0.0000 0.0000 0.01 0.00 100.00 0.20 

Larger 
Than 

5 
10 
16 
25 
50 
75 
84 
90 
95 

Median 
Value 
Primary 
Mode 
Secondary 
Mode 

Mean 
Sorting 
Skewness 
Kurtosis 

Phi microns mm inches 

2.16 223.7 0.2237 0.00881 
2.38 192.3 0.1923 0.00757 
2.56 169.4 0.1694 0.00667 
2.n 146.5 0.1465 0.00577 
3.22 107.3 0.1073 0.00422 
3.71 76.5 0.0765 0.00301 
3.97 63.7 0.0637 0.00251 
4.28 51.5 0.0515 0.00203 
5.67 19.7 0.0197 0.00078 

Phi microns mm inches 

3.22 107.27 0.10727 0.00422 
Peak Value= 14.50 

3.13 114.63 0.1146 0.00451 
Peak Value= 0.00 
11.125 0.45 0.0004 0.00002 

Trask Values Folk Values 
Phi mm Phi mm 

0.107 3.251 0.11 
0.4027 0.5767 
0.5017 0.230 0.8 
0.1828 1.533 0.3032 

Moment Values Cmm) 
Mean (First Moment) 0.0914 
Std. Dev. (Second Moment 0.627 

Sand Contents 
%Coarse 
%Medium 
%Fine 
%Very Fine 
%Total Sand 

Silt Contents 
%Coarse 
%Medium 
%Fine 
%Very Fine 
%Total Silt 

I Clay Content 
%Clay 

0.00 
2.50 

34.70 
47.70 
84.90 

9.10 
1.40 
1.00 
1.00 

12.50 

2.6ol 
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CH2M HILL, INC. 
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PROJECT# 118069 

CORE NO. C-3; 330.0- 330.95 ft. 

MACROSCOPIC CORE DESCRIPTION, 
THIN SECTION PETROGRAPHY, 

SCANNING ELECI'RON MICROSCOPY 
and 

LASER PARTICLE SIZE ANALYSIS RESULTS 
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CH2.l1 Hill, Inc. 
Laredo ASR; TW-2A 

Project# 118069 Core C-3 

MACROSCOPIC CORE DESCRIPTION 

CH2M Hill, Inc. 
Laredo ASR; TW-2A; Project No.: 118069 

Core No.: C-3; 330.0:..330.95ft-

Mineralogy, Inc. Job No.: 97-288-02 

A light gray, very fine-grained, very well sorted, weakly consolidated, friable, ripple-bedded to low angle 
cross-bedded, silty, porous and permeable sublitharenitic sandstone. The interval between 330.0- 330.45 
ft. is characterized by a predominance ripple-bedded lamina alternating with low angle cross bed sets (5-
10 degrees). The ripple troughs are locally highlighted by very thin, tlaser-like lenses of detrital clay 
matrix. This sub-interval is underlain (330.45 - 330.95 ft.) by subtly higher energy, low angle cross 
bedded sandstone (5 - 10 degrees), which is characterized by a lower density of detrital matrix lenses 
capping the individual cross bed sets. As within core C-2, this interval is glauconitic and slightly 
calcareous to dolomitic. The common presence of the interbedded clay matrix lenses (especially within 
the uppermost one-third of this core, will reduce the vertical permeability of this sandstone interval. The 
principal stabilizing force within this weakly consolidated and friable sandstone appears to be 
pseudomatrix derived from mechanically deformed glauconite pellets coupled with minor quartz 
overgrowth cement. Intergranular porosity appears to be slightly more abundant within the lower, cross
bedded sandstone (330.45 - 330.95 ft.), with voids well interconnected. 



PETROGRAPHICANALYS~ 
CLIENT: CH2M Hill, Inc. 
PROJECT IDENTIFICATION /WELL: LarcdoASR- TW-2A; #118069 
CORE NO./ DEPTH (ft.): #C-3 I 330.65 ft. 
MINERALOGY, INC. JOB NO: 97-288-02 

LITHOLOGY: Porous, Glauconitk, Sllblitluzrenitic Sandstone 

CLASTIC TEXTURE (mm): Mean= 0.09 Mu = 0.34 

PORE DIAMETER (mm): Mean=0.025 

HELIUM POROSITY: 321% AIR PERMEABILITY (Horiz.): 631 md. 
FABRIC I TEXTURE: This core sample is comprised of very :fine..graiDed, very Wen sorted, slightly 
calcaieous and glauconite-rich, sublitharenitic sandstone The 13bric: oontains a few leoscs and lamina of 
detrital-clay-rich sand, oriented panllel to the bedding plaue of the sandstone. The lamina lack continuity 
across the thin section, and tdlect episodes of depositional quiescence which were chaiac:terized by the 
patchy amnnnlaticmlinfiltration of suspended serliment within the sandstone fabric. The detrital clay-rich 
leoscs have contributed to a sharp drop in the vertical permeability (207 md. ), relative to the horizontal 
permeability (631 md.) for this interval. The depositional fabric is mildly compacted and displays 
common point-to-point and elongated intergranular contacts, with lenses of detrital clay and ductile grains 
locally defonned dne to TTil':C:hanical compaction. Pseudomatrix is locally present dne to the compression 
and injection of clay derived from glauconite pellets and matrix-rich SRF' s into the adjoining pore spaces. 
The sandstone fabric is porous (32.1%) and displays a well interconnected intergranular pore network. 
The sandstone is best descn"bed as very weakly consolidated and friable. 
FRAMEWORK COMPONENTS: Detrital grain types included within this core sample are listed 
belOw, in order of decreasing relative abundance: 

Quartr, Monoc:rysta1line quartz and minor polycrystalline quartz varieties. 
Glmu:onite; Locally ddormed dne to compaction- comprised of light to daik green- colored, 
microcrystalline clay matrix minerals (chiefly mixed-layer illite/smectite, illite and 
chlorite). 
Sedimentmy Rock Fragments (SRFs); Shale and mudstone clasts -typically laminated 
and locally silty 
Feldsptu; Plagioclase+ k-feldspar locally leached and replaced with clay matrix with co=on 
intragranular dissolution porosity. 
Volcanic Rock Fragments (VRF's); Extensively matrix-replaced 
Chert 

Muscovite and biotite mica, amphibole (basaltic hornblende), metamorphic RF's, magnetite, 
ilmenitelleucoxene and epidote arc present as accessory constituents. 
MATRIX I CEMENTS: Traces of carbonate =ent arc locally scattered within the pore network as 
patches of finely crystalline dolomite, siderite and fenoan dolomite. Traces of quartZ overgrowth cement 
are present on scattered quartZ grains as weakly developed syntaxial rims and nodules. Iron oxide cement 
and pyrite arc present as accessory =ent varieties which arc locally concentrated within the matrix-rich 
lamina of the sandstone. Clay is present throughout the framework as a primary constituent within the 
glauconite pellets and SRF's, as scattered patches of microporous pore-filling matrix (mostly 
pseudomatrix derived from squashed glauconite) and as grain-coating matrix which is locally 
concentrated within the intergranular pore throats. Lenticular concentrations of detrital clay arc 
concentrated along discontinuous, bedding plane lamina. The clay mineralogy is dominated by mixed
layer illite/smectite and chlorite, together with minor amounts of illite and kaolinite. 

PORE SYSTEM: The intergranular pore network is very well presetVed and interconnected, given 
the paucity of intergranular cements and pore-tilling clays. Vertical permeability is somewhat 
compromised due to the detrital clay lenses. Secondary voids are present owing to the partial to complete 
dissolution of feldspar grains and metastable RF' s. Microporosity is present in association with the 
matrix-rich glauconite pellets and the scattered patches of pore-filling pseudomatrix. 
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Fq:ure A. A low magnification view of this very fine-grained, porous and glauconitic sublitharenitic 
sandstone. Note the discontinuous laminae of matrix-rich sand along the upper margin of this 
photomicrograph. The matrix contained in this laminae is a combination of infiltrated detrital clay, 
pelletal grains and matrix-rich SRF's and pseudomatrix. 16X uncrossed nicols 1.25"=2.0= 

CH2M IFUl, Inc.,· Laredo ASR,· TW-2A: Project# 118069: Core C-3: 330.65 ft 
M'ureralogy, Inc. Job # 97-288-02 

Figure B. A detailed view of a rather typical, wispy lens of matrix-rich sand, in which the clay has 
effectively obstructed fluid co=unication. Note the deformed glauconite pellets (right-center). Much of 
the clay present within this lens is interpreted as pseudomatrix derived from squashed glauconite pellets 
and mudstone SRF's. lOOX uncrossed nicols 1"=0.25mm 



SCANNING ELECTRON MICROSCOPY 

CH2M KUI, Inc. 
Laredo ASR; TW-2A; Project No.: 118069 

Core No.: C-3; 330.65 ft. 

Minenlogy, Inc. Job No.: 97-288-01 

A&B 

This sample is comprised of porous and permeable, very fine-grained, very well sorted, sublitharenitic 
sandstone. Note the well interconnected voids distributed throughout Figure A, and the localized presence 
of pore-filling clay matrix (e.g., center), and weakly developed quartz overgrowths (e.g., extreme lower
left). Note the large irregular-shaped grain near the center of Figure A· representing a matrix-rich lithic 
fragment (possibly multiple glauconite pellets and/or mudstone clasts). Figure B provides a detailed view 
of the matrix concentrated in the pore throat present on the lower margin of this grain cluster. The matrix 
is comprised of mixed-layer illite/smectite together with traces of vermicular (authigenic) kaolinite (top
center; Figure B). 

C&D 

The cluster of pore-filling matrix at the center of Figure C represents pseudomatrix derived from a 
quashed glauconite pellet Note the laminated, clay-rich lithic fragment (shale) in the upper-right 
quadrant of Figure C and the aggressively leached feldspar (?) grain in the lower-right comer of this 
photomicrograph. Figure D provides a delailed view of the microc:rysta)line clay within the glauconitic 
pscudomatrix visible at the center of Figure C. The clay is comprised of mixed-layer illite/smectite and 
chlorite. Note the abundance of intcraystalline microporosity associated with this cluster of matrix 
material. 
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CH2M Hill, Inc.; Laredo ASR; TW-2A; Proj. #118069; Core# C-3- 330.65 ft.; Mineralogy, Inc.# 97-288-02 
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Mesh Phi Inches 
Count Value 

18 0 0.0394 
20 0.25 0.0331 
25 0.50 0.0278 
30 0.75 0.0234 
35 1.00 0.0197 
40 1.25 0.0165 
45 1.50 0.0139 
50 1.75 0.0117 
60 2.00 0.0098 
70 2.25 0.0083 

·80 2.50 0.0070 
100 2.75 0.0059 
120 3.00 0.0049 
140 3.25 0.0041 
170 3.50 0.0035 
200 3.75 0.0029 
230 4.00 0.0025 
270 4.25 0.0021 
325 4.50 0.0017 
400 4.75 0.0015 
450 5.00 0.0012 
500 5.25 0.0010 
635 5.50 0.0009 

5.75 0.0007 
6.00 0.0006 
6.25 0.0005 
6.50 0.0004 
6.75 0.0004 
7.00 0.0003 
7.25 0.0003 
7.50 0.0002 
7.75 0.0002 
8.00 0.0002 
8.25 0.0001 
8.50 0.0001 
8.75 0.0001 
9.00 0.0001 
9.25 0.0001 
9.50 0.0001 
9.75 0.0000 

10.00 0.0000 
10.25 0.0000 
10.50 0.0000 
10.75 0.0000 
11.00 0.0000 
11.25 0.0000 

14.9 0.0000 

Particle Size Analysis 
CH2M Hill, Inc. 
Laredo ASR; TW-2A; Project No.: 118069- Core C-3; 330.65 ft. 
Mineralogy, Inc. Job# 97-288-02 

Millimeter Microns Inc. Cum.% Cum.% 
Larger Smaller 

Percent 
Percent 

1.0000 1000 0.00 
0.8410 841 0.00 
0.7070 707 0.00 
0.5950 595 0.00 
0.5000 500 0.00 
0.4200 420 0.00 
0.3540 354 0 
0.2970 297 0.10 
0.2500 250 0.40 
0.2100 210 1.40 
o.1no 177 3.30 
0.1490 149 6.20 
0.1250 125 . 9.50 
0.1050 105 12.40 
0.0880 88 13.90 
0.0740 74 13.30 
0.0630 63 11.30 
0.0530 53 8.30 
0.0440 44 5.20 
0.0370 37 2.90 
0.0310 31 1.60 
0.0260 26 0.90 
0.0220 22 0.60 
0.0190 19 0.60 
0.0160 16 0.50 
0.0130 13 0.50 
0.0110 11 0.50 
0.0093 9.3 0.50 
0.0078 7.8 0.50 
0.0065 6.5 0.50 
0.0055 5.5 0.50 
0.0046 4.6 0.40 
0.0039 3.9 0.40 
0.0033 3.3 0.40 
0.0028 2.8 0.30 
0.0023 2.3 0.30 
0.0019 1.9 0.30 
0.0016 1.6 0.30 
0.0014 1.4 0.30 
0.0012 1.2 0.30 
0.0010 1 0.30 
0.0008 0.8 0.30 
0.0007 0.7 0.30 
0.0006 0.6 0.20 
0.0005 0.5 0.20 
0.0004 0.4 0.20 
0.0000 0.01 0.00 

Than Than 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.10 99.90 
0.50 99.50 
1.90 98.10 
5.20 94.80 

11.40 88.60 
20.90 79.10 
33.30 66.70 
47.20 52.80 
60.50 39.50 
71.80 28.20 
80.10 19.90 
85.30 14.70 
88.20 11.80 
89.80 1020 
90.70 9.30 
91.30 8.70 
91.90 8.10 
92.40 7.60 
92.90 7.10 
93.40 6.60 
93.90 6.10 
94.40 5.60 
94.90 5.10 
95.40 4.60 
95.80 420 
96.20 3.80 
96.60 3.40 
96.90 3.10 
9720 2.80 
97.50 2.50 
97.80 2.20 
98.10 1.90 
98.40 1.60 
98.70 1.30 
99.00 1.00 
99.30 0.70 
99.50 0.50 
99.70 0.30 
99.90 0.10 
99.90 0.10 

Larger 
Than 

5 
10 
16 
25 
50 
75 
84 
90 
95 

Median 
Value 
Primary 
Mode 
Secondary 
Mode 

Mean 
Sorting 
Skewness 
Kurtosis 

Phi microns mm inches 

2.48 178.6 0.1788 0.00703 
2.69 154.6 0.1546 0.00609 
2.87 136.7 0.1387 0.00538 
3.08 118.0 0.1180 0.00485 
3.55 85.2 0.0852 0.00336 
4.10 58.5 0.0585 0.00230 
4.44 46.2 0.0462 0.00182 
5.06 30.1 0.0301 0.00118 
7.30 6.3 0.0063 0.00025 

Phi microns mm inches 

3.55 85.22 0.08522 0.00336 

Trask Values Folk, Values. 
Phi mm Phi mm 

0.0848 3.620 0.08 
0.396 0.4928 

0.4999 0.343 0.8 
0.1327 1.947 0.2092 

Moment Values cmml 
Mean (First Moment) 0.0684 
Std. Dev. (Second Moment 0.6113 

Sand Contents 
%Coarse 
%Medium 
%Fine 
%Very Fine 
%Total Sand 

Silt Contents 
%Coarse 
%Medium 
%Fine 
%Very Fine 
%Total Silt 

I Clay Content 
%Clay 

0.00 
0.50 

20.40 
50.90 
71.80 

18.00 
2.60 
2.00 
1.80 

24.40 

3.aal 



C-3; 330.65 ft.; 97-288-02 

Cumulative 0/o Greater Than vs Size 

100 
-1-J 90 
c 80 Q) 
0 

70 s.... 
Q) 

·--' ~ 
I .. 

~ 
~ 

a.. 60 
Q) 

50 > ·--+-' 40 rn -::l 30 E 
20 ::l 

0 10 
0 

~ 

\ .... - -

0.1 1 10 100 1000 
Particle Size (Microns) 

[---Particle Data -----~?~mal Dist. Curve] 



CH2M HILL, INC. 
LAREDO ASR; WELL TW-2A 

PROJECT # 118069 

CORE NO. C-7; 400.65-401.9 ft. 

MACROSCOPIC CORE DESCRIP170N, 
THIN SECTION PETROGRAPHY, 

SCANNING ELECTRON MICROSCOPY 
and 

LASER PARTICLE SIZE ANALYSIS RESULTS 



MACROSCOPIC CORE DESCRIPTION 

CH2M Hill, Inc. 
LaredoASR; TW-2A; Project No.: 118069 

Core No.: C-7; 400.65- 401.9 ft 

Mineralogy, Inc. Job No.: 97-28~3 

A light gray, very fine-grained, very well sorted, weakly consolidated, friable, low angle cross-bedded to 
massive, porous and permeable sublitharenitic sandstone. The interval between ~00.9- 401.25 ft. is 
massively bedded and contains localized lobes of detrital matrix which appear to represent in-filled 
burrow molds. The balance of the core interval is characterized by low angle cross bed sets (5-10 degrees) 
with subtle traces of infiltrated detrital matrix situated near the tops of the cross bed sets. The sandstone 
framework is quartz-rich and contains scattered glauconite pellets and woody plant fragments which have 
been locally replaced with pyrite. Traces of dolomite cement are present as an intergranular pore-filling 
component. The sandstone is porous and permeable as evidenced by the rapid absorption of water on the 
core surface. 



PETROGRAPIDC ANALYSIS 
CLIENT I PROJECT IDENTIFlCATION: CH2M Hill, Inc_ I Laredo ASR-TW-~ #118069 
CORE NO./ DEPTH (ft.): #C-7 I 401.3 ft. 
MINERALOGY, INC. JOB NO: 97-288-03 

LITHOLOGY: Porous, Glauconitic, &lblitlulrmitic Sandstone 

CLASTIC TEXTURE (mm): Mean= 0.105 Mu: = 0.47 

PORE DIAMETER (mm): Mean=0.030 

HELIUM POROSITY: 30.4% AIR PERMEABD..ITY (Horir..): 809 nuL 
FABRIC I TEXTURE: This core sample is comprised of very fiDe..glaiDed. very well sorted, slightly 
dolomitic and glaucoDite-rich, sublithaienitic sandstone The 1llbdc contains a few scattered lobes and 
lenses of organic-matter and detrital clay-rich sand, suggestM: of bioolxbation. The surrounding 
sandstone framework is mildly compacted and contains a prec!omin8D!'.l'l of point-to-point and elongated 
intergranular contacts. with lenses of detrital clay and ductile graiDs locally ddbrmed due to mechanical 
compaction. as within the previously desaibed sandstones from this aquifer, scattered patches of 
pseudomatrix are locally present owing to the compaction and subsequeD1 injection of clay (derived from 
glauconite pellets and matrix-rich SRF's) into the adjoining pote spaces. The sandstone fabric is weakly 
consolidated, friable, porous (30.4%) and permeable (Kh=809md.) and displays a well interconnected 
intergrannlar pore network. 
FRAMEWORK COMPONENTS: Detrital grain types included within this core sample are listed 
below, in order of deaeasing relative abundance: 

Q1uut:; Mooociystalline quartz and minor polycrystalline quartZ varieties. 
Glmu:oniU; Locally deformed due to compaction- comprised of light to dark green-allored, 
microc:rystalline clay matrix mineia1s (chiefly mixed-layer illite/smectite, illite and chlorite}. 
Sdimentary Rock Fragments (SRF's); Shale and nmdstnne clasts- typically laminated 
and locally silty 
Feldspar; Plagioclase+ k-feldspar locally leached and replaced with clay matri."( with common 
intragranular dissolution porosity. 
Voktmic Roclc Fragments (VRF's); Extensively matrix-replaced, feldspar-rich grains 
Woody Plant Fragments; Extensively replaced with pyrite and preferentially associated with the 
lobes of matrix-rich sand. 
Chert 

Muscovite and biotite mica. amphibole (basaltic hornblende}, llld3IDOJ'phic RF's, magnetite and epidote 
are present as accessory constituents. 
MATRIX I CEMENTS: Traces of carbonate cement are locally scattered within the pore network as 
patches of finely crysta.lline dolomite and ferroan dolomite. The dolomite displays very faint traces of 
alizarin-red stain, confirming the origin of the dolomite as a replacement for precursor calcite. Pyrite is a 
minor replacement variety associated with the woody plant debris. Traces of quartz overgrowth cement 
are present on scattered quartz grains as weakly developed syn1liXial rims and nodules. Clay is present 
throughout the framework as a primary constituent within the glauconite pellets and SRF's, as scattered 
patches of microporous pore-tilling matri."( (mostly pseudomatrix derived from squashed glauconite) and 
as irregularly distributed grain-coating matrix which is locally coDCelltrated within the intergranular pore 
throats. Lenticular and lobe-shaped concentrations of detrital clay are irregularly distributed as a pore
filling constituent - probably derived as infiltrated clay associated with bioturbation. The clay mineralogy 
is dominated by mi."(ed-layer illite/smectite and chlorite, with minor illite and kaolinite. 

PORE SYSTEM: The intergranular pore network is very well preserved and interconnected, with 
macropore types including intergranular (primary) and secondary (intragranular & grain-moldic} voids. 
Secondary voids are present owing to the partial to complete dissolution of feldspar grains and metastable 
RF' s. Microporosity is present in association with the matrix-rich glauconite pellets and the scattered 
patches of pore-filling pseudomatrix. 

L 



SCANNING ELECI'RON MICROSCOPY 

CH2M Kdl, Inc. 
Laredo ASR; TW-2A; Project No.: 118069 

Core No.: C-7; 401.3 ft. 

MiDeralogy, Inc. Job No.: 97-~3 

A&B 

This sample is comprised of porous and permeable, very fine-grained, very well sorted, glauconitic, 
sublitharenitic sandstone. Figure A provides a typical, low magnification view of the sandstone 
framework, illustrating the well interconnected character of the pore network within this core interval. 
Figure B provides a detailed view of the leached dettital grain visible at the center of Figure A. This grain 
is tentatively identified as a leached volcanic RF which is marginally encrusted with a lacy network of 
microcrystalline iron oxide cement. The interior of this grain appears to be replaced with chlorite-rich 
matrix material. 

C&D 

Figure C provides a general view of this sandstone illustrating a leached rock fragment with intragranular 
·dissolution porosity (top-center), a pore-tilling concentration of dolomite cement (upper-left) and weakly 
developed rims of quartz overgrowth cement (e.g., lower-right and right-center). FigureD provides a 
close-up image of the pore throat situated to the lower-left of the leached grain noted in Figure C. The 
matrix cluster occupying this pore throat (top-«nter; Figure D) is comprised of a combination of mixed
layer illite/smectite and chlorite. Note the grain-coating chlorite matri.x visible on the grain SUiface 
adjoining this pore (e.g., left-center). 



Figure A. This sandstone is described as a glauconitic, porous, sublitharenitic sandstone which displays 
lobe-shaped con=ttations of infilttated detrital clay (e.g., center). The black colored particles and 
mechanically deformed lenses are interpreted as organic matter which has been partially replaced with 
pyrite cement. The shape of the matrix-rich sandstone lobes is suggestive of in-filled burrow molds. 
16X uncrossed nicols 1.25"=2.0= 

CH1M lrzll. Inc.; Laredo ASR; TW-1A; Project# 118069; Core C-7; 401.3 ft. 
Mineralogy, Inc. Job # 97-188-03 

Figure B. As within the previously descn'bed sandstones from this aquifer, much of the clay matrix 
present in this core sample occurs as inttagranular matrix within glauconite pellets (e. g., green; lower
right and top-center) and matrix-rich SRF's. Note the microporous authigenic clay encrusting the leached 
feldspar grain and choking the pore throat in the center of this photomicrograph. lOOX uncrossed nicols 
1"=0.25mm 



CH2M Hill, Inc.; Laredo ASR; TW-2A; Proj. #118069; Core# C-7- 401.3 ft.; Mineralogy, Inc.# 97-288-03 

B. 

c. D. 



Mineralogy 
Incorporated 
3228 E. 15th Street 
Tulsa, Okla. 74104 

Mesh Phi Inches 
Count Value 

18 0 0.0394 
20 0.25 0.0331 
25 0.50 0.0278 
30 0.75 0.0234 
35 1.00 0.0197 
40 1.25 0.0165 
45 1.50 0.0139 
50 1.75 0.0117 
60 2.00 0.0098 
70 2.25 0.0083 
80 2.50 0.0070 

100 2.75 0.0059 
120 3.00 0.0049 
140 3.25 0.0041 
170 3.50 0.0035 
200 3.75 0.0029 
230 4.00 0.0025 
270 4.25 0.0021 
325 4.50 0.0017 
400 4.75 0.0015 
450 5.00 0.0012 
500 5.25 0.0010 
635 5.50 0.0009 

5.75 0.0007 
6.00 0.0006 
6.25 0.0005 
6.50 0.0004 
6.75 0.0004 
7.00 0.0003 
7.25 0.0003 
7.50 0.0002 
7.75 0.0002 
8.00 0.0002 
8.25 0.0001 
8.50 0.0001 
8.75 0.0001 
9.00 0.0001 
9.25 0.0001 
9.50 0.0001 
9.75 0.0000 

10.00 0.0000 
10.25 0.0000 
10.50 0.0000 
10.75 0.0000 
11.00 0.0000 
11.25 0.0000 

14.9 0.0000 

Millimeter Microns 

1.0000 1000 
0.8410 841 
0.7070 707 
0.5950 595 
0.5000 500 
0.4200 420 
0.3540 354 
0.2970 297 
0.2500 250 
0.2100 210 
0.1770 177 
0.1490 149 
0.1250 125 
0.1050 105 
0.0880 88 
0.0740 74 
0.0630 63 
0.0530 53 
0.0440 44 
0.0370 37 
0.0310 31 
0.0260 26 
0.0220 22 
0.0190 19 
0.0160 16 
0.0130 13 
0.0110 11 
0.0093 9.3 
0.0078 7.8 
0.0065 6.5 
0.0055 5.5 
0.0046 4.6 
0.0039 3.9 
0.0033 3.3 
0.0028 2.8 
0.0023 2.3 
0.0019 1.9 
0.0016 1.6 
0.0014 1.4 
0.0012 1.2 
0.0010 1 
0.0008 0.8 
0.0007 0.7 
0.0006 0.6 
0.0005 0.5 
0.0004 0.4 
0.0000 0.01 

Particle Size Analysis 
CH2M Hill, Inc. 
Laredo ASR; 1W-2A; Project No.: 118069- Core C-7; 401.3 ft. 
Mineralogy, Inc. Job# 97-288-03 

Inc. 
Percent 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0 
0.40 
1.40 
3.40 
6.50 
9.90 

12.90 
14.20 
13.70 
11.20 
8.10 
4.90 
2.70 
1.40 
0.90 
0.60 
0.50 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.20 
0.20 
0.20 
0.00 

Cum.% Cum.% 
Larger Smaller 
Than Than 

0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0.00 100.00 
0:00 100.00 
0.00 100.00 
0.40 99.60 
1.80 98.20 
5.20 94.80 

11.70 88.30 
21.60 78.40 
34.50 65.50 
48.70 51.30 
62.40 37.60 
73.60 26.40 
81.70 18.30 
86.60 13.40 
89.30 10.70 
90.70 9.30 
91.60 8.40 
92.20 7.80 
92.70 7.30 
93.10 6.90 
93.50 6.50 
93.90 6.10 
94.30 5.70 
94.70 5.30 
95.10 4.90 
95.50 4.50 
95.90 4.10 
96.30 3.70 
96.60 3.40 
96.90 3.10 
97.20 2.80 
97.50 2.50 
97.80 2.20 
98.10 1.90 
98.40 1.60 
98.70 1.30 
99.00 1.00 
99.30 0.70 
99.60 0.40 
99.80 0.20 

100.00 -0.00 
100.20 -0.20 
100.20 -0.20 

Percent 
Larger 
Than 

5 
10 
16 
25 
50 
75 
84 
90 
95 

Median 
Value 
Primary 
Mode 
Secondary 
Mode 

Mean 
Sorting 
Skewness 
Kurtosis 

Phi microns mm inches 

2.24 212.4 0.2124 0.00836 
2.43 185.0 0.1850 0.00728 
2.61 164.0 0.1640 0.00646 
2.82 142.0 0.1420 0.00559 
3.27 103.4 0.1034 0.00407 
3.79 72.1 0.0721 0.00284 
4.12 57.6 0.0576 0.00227 
4.62 40.5 0.0405 0.00160 
6.94 8.2 0.0082 0.00032 

Phi microns mm inches 

3.27 103.40 0.1034 0.00407 

Trask Values Folk Values 
Phi mm Phi mm 

0.1031 3.333 0.10 
0.3992 0.4972 
0.5001 0.338 0.8 
0.1494 1.972 0.199 

Moment Values (mm) 
Mean (First Moment) 0.0832 
Std. Dev. (Second Moment 0.6119 

Sand Contents 
%Coarse 0.00 
%Medium 1.80 
%Fine 32.70 
o/o Very Fine 47.20 
%Total Sand 81.70 

Silt Contents 
o/o Coarse 9.90 
%Medium 1.90 
%Fine 1.60 
%Very Fine 1.50 
%Total Silt 14.90 

I Clay Content 
%Clay 3.401 
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MFIData 



Attachment H-1 
MFI Data-Del Mar Site 



DMTSS 

TOTAL SUSPENDED SOLIDS AND MODIFIED FOULING INDEX SPREADSHEET 
LAREDO ASR (DS) FILTER END WT: 0.0778 

7/11/97 (US) FILTER END WT: 0.0845 
DELMAR SITE 
TEST 1 TEMPERATURE: 37 C 
FILTERS# 59 (DS) AND #64 (US), STARTING WT 0.0831 
Notes:no tears in filters 

FLOW TOTAL TIME/TOTAL 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE VOLUME VOLUME 
VOULME (ml) 

500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 
5500 
6000 
6500 
7000 
7500 
8000 
8500 
9000 

MFI= 
TSS Correction 
Temp Correction 
actual MFI = 

TIME (sec) 
44 
88 

135 
184 
235 
286 
340 
398 
460 
523 
600 
675 
763 
854 
950 

1070 
1190 
1317 

3.35 
0.741 

1.43 
3.55 

(sec) (psi) 
44 
44 
47 
49 
51 
51 
54 
58 
62 
63 
77 
75 
88 

179 
96 

120 
120 
127 

(mVsec) (L) (sec/L) 
30 11 0.5 88 
30 11 1 88 
30 11 1.5 90 
30 11 2 92 
30 11 2.5 94 
30 10 3 95 
30 10 3.5 97 
30 10 4 tOO 
30 10 4.5 102 
30 10 5 105 
30 9 5.5 109 
30 9 6 113 
30 9 6.5 117 
30 8 7 122 
30 8 7.5 127 
30 7 8 134 
30 7 8.5 140 
30 7 9 146 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream filter~ WI, then add that WI gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS =(ending WI· (starting WI· 0.0053))/vol (L) x 1000 mg/L 

TSS= 0.74 mg/L 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 FILTERSTARTWT: 
DEL MAR SITE FILTER END WT: 
TEST 1 
FILTER 1151, WT 0.0827 TEMPERATURE: 
Notes: Filter tom near end of test 

FLOW 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE 
VOULME (ml) TIME (sec) (sec) (psi) (mVsec) 

500 30 30 30 
1000 61 31 30 
1500 92 31 30 
2000 125 33 30 
2500 160 35 30 
3000 195 35 30 
3500 232 37 30 
4000 272 40 30 
4500 313 41 30 
5000 357 44 30 
5500 403 46 30 
6000 455 52 30 
6500 510 55 30 
7000 572 62 30 
7500 641 69 30 
6000 719 76 30 
6500 604 85 30 
9000 899 95 30 
9500 966 69 30 

10000 1076 66 30 
10500 1166 90 30 
11000 1256 92 30 
11500 1352 94 30 
12000 1446 94 30 

MA= 2~ 

Temp Correction 1.43 
actual MFI = 3.66 

17 
16 
16 
16 
16 
15 
15 
15 
14 
14 
14 
13 
13 
12 
12 
11 
11 
10 
10 
9 
9 
9 
9 
6 

0.0827 
0.0846 

37 c 

TOTAL 

OM 1 

TIME/TOTAL 
VOLUME VOLUME 
(L) (sec/L) 

0.5 60 
1 61 

1.5 61 
2 63 

2.5 64 
3 65 

3.5 66 
4 66 

4.5 70 
5 71 

5.5 73 
6 76 

6.5 76 
7 62 

7.5 65 
6 90 

6.5 95 
9 100 

9.5 104 
10 106 

10.5 111 
11 114 

11.5 116 
12 121 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream filter gained wt, then add that wt gain to the top filter. 
Calculate total volume only up to point where filter breaks (If applicable) 

TSS =(ending wt • (starting wt • 0.0053))/vol (L) x 1000 mg/L 

TSS= 0.6 mg/L 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 FILTERSTARTWT: 
DEL MAR SITE FIL TEA END WT: 
TEST2 
FILTER #52, WT 0.0830 TEMPERATURE: 
Notes: 

0.083 
0.0849 

37C 

FLOW 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE 
VOULME(ml) TIME (sec) (sec) (psi) (mllsec) 

500 28 28 30 18 
1000 59 31 30 17 
1500 94 35 30 16 
2000 128 34 30 16 
2500 164 36 30 15 
3000 201 37 30 15 
3500 241 40 30 15 
4000 282 41 30 14 
4500 326 44 30 14 
5000 373 47 30 13 
5500 426 53 30 13 
6000 485 59 30 12 
6500 548 63 30 12 
7000 620 72 30 11 
7500 704 84 30 11 
8000 794 90 30 .10 
8500 892 98 30 10 
9000 1001 109 30 9 
9500 1123 122 30 8 

10000 1252 129 30 8 

MFI= 2.92 
Temp Correction 1.43 
actual MFI = 4.18 

LaredoASR 

TOTAL TIME/TOTAL 
VOLUME VOLUME 
(L) (sec/L) 

0.5 56 
1 59 

1.5 63 
2 64 

2.5 66 
3 67 

3.5 69 
4 71 

4.5 72 
5 75 

5.5 77 
6 81 

6.5 84 
7 89 

7.5 94 
8 99 

8.5 105 
9 111 

9.5 118 
10 125 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream filter~ wt, then add that wt gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS =(ending wt- (starting wt- 0.0053))/vol (L) x 1000 mg/L 

TSS= 0.72 mg/L 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 
DEL MAR SITE 
TEST3 
FILTER# 54, WT 0.0831 
Notes: filter broken at end of test 

CUMULATIVE ELAPSED 
VOULME (ml) TIME (sec) 

500 28 
1000 58 
1500 89 
2000 119 
2500 153 
3000 187 
3500 225 
4000 262 
4500 300 
5000 340 
5500 382 
6000 425 
7000 4n 
7500 527 
8000 584 
8500 644 
9000 710 
9500 782 

10500 866 
11000 918 

MFI; Not Calculated 
Temp Correctio 1.43 
actual MFI; 

INTERVAL 
(sec) 

28 
30 
31 
30 
34 
34 
38 
37 
38 
40 
42 
43 
52 
50 
57 
60 
66 
72 
84 
52 

FILTER START WT: 
FILTER END WT: 

TEMPERATURE: 

FLOW 
PRESSURE RATE 
(psi) (mVsec) 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

DM3 

0.0831 
0.0848 

37C 

TOTAL TIME/TOTAL 
VOLUME VOLUME 
(L) (sec/L) 

18 0.5 56 
17 1 58 
17 1.5 59 
17 2 60 
16 2.5 61 
16 3 62 
16 3.5 64 
15 4 66 
15 4.5 67 
15 5 68 
14 5.5 69 
14 6 71 
15 7 68 
14 7.5 70 
14 8 73 
13 8.5 76 
13 9 79 
12 9.5 82 
12 10.5 82 
12 11 83 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream filter ~ wt, then add that wt gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS; (ending wt ·(starting wt • 0.0053))/vol (L) x 1000 mg/L 

TSS= 0.7 mg/L 
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Attachment H-2 
MFI Data-East corridor Site 



ECTSS 

TOTAL SUSPENDED SOLIDS AND MODIFIED FOULING INDEX SPREADSHEET 
LAREDO ASR (DS) FILTER END WT: 0.0815 

7/11/97 (US) FILTER END WT: 0.0827 
EAST CORRIDOR SITE 
TEST 1 TEMPERATURE: 32 C 
FILTERS# 29(ds) AND #33 (us), STARTING WT: 0.0812 
Notes: Both filters tom at end of test 

FLOW TOTAL TIME/TOTAL 
CUMULATIVE ELAPSEDTIME INTERVAL 
VOULME(ml) 

500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 
5500 

MFI= 
TSS Correction 
Temp Correctior 
actual MFI = 

(sec) 
40 
82 

124 
167 
213 
259 
309 
362 
420 
485 
544 

1.5 
0.741 
1.28 
1.42 

(sec) 
40 
42 
42 
43 
46 
46 
50 
53 
58 
65 
59 

PRESSURE RATE · VOLUME VOLUME 
(psi) (mVsec) (L) (sec/L) 

30 13 0.5 
30 12 1 
30 12 1.5 
30 12 2 
30 12 2.5 
30 12 3 
30 11 3.5. 
30 11 4 
30 11 4.5 
30 10 5 
30 10 5.5 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 

80 
82 
83 
84 
85 
86 
88 
91 
93 
97 
99 

If downstream filter~ WI, then add that WI gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS = (ending WI • (starting WI • 0.0053))/vol (L) x 1000 mg/L 

TSS= 1.42 mg/L 
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MODIFIED FOULING INDEX SPREADSHEET 
LAAEDOASA 

7/11/97 FIL TEA STAAT WT: 
EAST CORRIDOR SITE FILTER END WT: 
TEST 1 
FILTER 1145, WT 0.0771 TEMPERATURE: 
Notes: Filter tom during test 

FLOW 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE 
VOULME(ml) TIME (sec) (sec) (psi) (mVsec) 

500 30 30 30 17 
1000 63 33 30 16 
1500 96 33 30 16 
2000 131 35 30 15 
2500 169 38 30 15 
3000 209 40 30 14 
3500 251 42 30 14 
4000 298 45 30 14 
4500 346 50 30 13 
5000 398 50 30 13 
5500 433 37 30 13 
8000 470 37 30 13 
7000 545 75 30 13 
7500 582 37 30 13 
8000 620 38 30 13 

MFI• 2.5 
Temp Correction 1.28 
actual MFI = 3.2 

0.0771 
0.0783 

32C 

TOTAL 

LaredoASR 

TIME/TOTAL 
VOLUME VOLUME 
(L) (sec/L) 

0.5 60 
1 63 

1.5 64 
2 66 

2.5 68 
3 70 

3.5 72 
4 74 

4.5 77 
5 79 

5.5 79 
6 78 
7 78 

7.5 78 
8 78 

TSS calculation assumptions: Based on Del Mar test. assume all downstream filters lost 0.0053g. 
II downstream filter~ wt, then add that wt gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS =(ending wt- (starting wt- 0.0053))/vol (L) x 1000 mg/L 

TSSz 1.3 mg/L 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 FILTER STARTWT: 
EAST CORRIDOR SITE FIL TEA END WT: 
TEST2 
FILTER #44, WT 0.0815 TEMPERATURE: 
Notes: Finer tom during test after 6000 ml 

FLOW 
CUMULATIVE ELAPSED TIME INTERVAL PRESSURE RATE 
VOULME (ml) (sec) (sec) (psi) (mVsec) 

500 34 34 30 
1000 65 31 30 
1500 104 39 30 
2000 137 33 30 
2500 176 39 30 
3000 226 50 30 
3500 256 30 30 
4000 298 42 30 
4500 342 44 30 
5000 392 50 30 
5500 447 55 30 
6000 509 62 30 
6500 568 59 30 

MFI~ Not Calculated 
Tamp Correction 1.28 
actual MFI• 

15 
15 
14 
15 
14 
13 
14 
13 
13 
13 
12 
12 
11 

0.0815 
0.0829 

32C 

TOTAL 

Laredo ASR 

TIME/TOTAL 
VOLUME VOLUME 
(L) (sec/L) 

0.5 68 
1 65 

1.5 69 
2 69 

2.5 70 
3 75 

3.5 73 
4 75 

4.5 76 
5 78 

5.5 81 
6 85 

6.5 87 

TSS calculation assumptions: Based on Del Mar test, assume all downstream liners lost 0.0053g. 
If downstream filter gained wt, then add that wt gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS ~(ending wt- (starting wt- 0.0053))/vol (L) x 1000 mg/L 

TSS= 1.12 mg/L 
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MODIFIED FOULING INDEX SPREADSHEET 
LAAEDOASR 

7/11/97 FIL TEA STAAT WT: 
EAST CORRIDOR SITE FIL TEA END WT: 
TEST3 
FILTER# 42, WT O.On3 TEMPERATURE: 
Notes: Filter tom during whole test 

FLOW 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE 
VOULME(ml) TIME (sec) (eec) (pal) (mVaac) 

500 32 32 30 
1000 63 31 30 
1500 96 33 30 
2000 131 35 30 
2500 168 37 30 
3000 202 34 30 
3500 234 32 30 
4000 266 32 30 
4500 299 33 30 
5000 331 32 30 
5500 365 34 30 
6000 408 43 30 
6500 431 23 30 

MFI= Not Calculated 
Temp Correction 1 .28 
actual MFI = 

16 
16 
16 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

O.On3 
0.0780 

32C 

TOTAL 

EC3 

TIME/TOTAL 
VOLUME VOLUME 
(L) (aac/L) 

0.5 64 
1 63 

1.5 64 
2 66 

2.5 67 
3 67 

3.5 67 
4 67 

4.5 66 
5 66 

5.5 66 
6 68 

6.5 66 

TSS calculation assumptions: Basad on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream filter{~!!!!§!~ wt, then add that wt gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS =(ending wt- (starting wt- 0.0053))/vol (L) x 1000 mg/L 

TSS= 0.92 mg/L 
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MODIFIED FOULING INDEX SPREADSHEET 
LAAEDOASA 

7/11/97 FILTER STAAT WT: 
EAST CORRIDOR SITE FILTER END WT: 
TEST4 
FILTER# 38, WT 0.0771 TEMPERATURE: 
Notes: Filter tom towards end of test 

FLOW 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE 
VOULME (ml) TIME (sec) (sec) (psi) (ml/sec) 

500 29 29 30 
1000 60 31 30 
1500 91 31 30 
2000 124 33 30 
2500 159 35 30 
3000 196 37 30 
3500 235 39 30 
4000 2n 42 30 
4500 324 47 30 
5000 378 54 30 
5500 442 64 30 
6000 488 46 30 
6500 531 43 30 

MFI= 2 
Tamp Correct! or 1.28 
actual MFI = 2.56 

17 
17 
16 
16 
16 
15 
15 
14 
14 
13 
12 
12 
12 

0.0771 
0.0784 

32 c 

TOTAL 

Laredo ASR 

TIME/TOTAL 
VOLUME VOLUME 
(L) (sec/L) 

0.5 58 
1 60 

1.5 61 
2 62 

2.5 64 
3 65 

3.5 67 
4 69 

4.5 72 
5 76 

5.5 80 
6 81 

6.5 82 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream filter gained WI, then add that WI gain to the top filter. 
Calculate total volume only up to point where filter breaks (If applicable) 

TSS =(ending WI- (starting WI- 0.0053))/vol (L) x 1000 mgll 

TSS= 1.2 mgll 
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Attachment H-3 
MFI Data-NW Storage Tank 



NW1 

MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 FILTER START WT: o.o1n 
NW STORAGE TANK FIL TEA END WT: 0.0809 
TEST 1 
FIL TEA 1130, WT O.On7 TEMPERATURE: 30C 
Notes: Filter tom near end of test 

FLOW TIME/TOTAL 
CUMULATIVE ELAPSED 
VOULME(ml) TIME (sec) 

500 32 
1000 67 
1500 101 
2000 138 
2500 176 
3000 216 
3500 258 
4000 302 
4500 347 
5000 395 
5500 446 
6000 501 
6500 560 
7000 626 
7500 699 
8000 782 
8500 830 
9000 881 

MFI• Not Calculated 
Temp Correctlol 1.25 
actual MFI = 

INTERVAL 
(sec) 

32 
35 
34 
37 
38 
40 
42 
44 
45 
48 
51 
55 
59 
66 
73 
83 
48 
51 

PRESSURE RATE TOTAL VOLUME 
(psi) (mVsec) VOLUME (L) (sec/L) 

41 18 0.5 
41 15 1 
41 15 1.5 
41 14 2 
41 14 2.5 
41 14 3 
41 14 3.5 
41 13 4 
41 13 4.5 
41 13 5 
41 12 5.5 
41 12 6 
41 12 6.5 
41 11 7 
41 11 7.5 
41 10 8 
41 10 8.5 
41 10 9 

TSS celculatlon assumptions: Based on Del Mar test, assume all downstream fiHers lost 0.0053g. 
If downstream filter !IBlD!I! wt, then add that wt gain to the top filter. 
Calculate total volume only up to point where filter breaks (ij applicable) 

TSS =(ending wt ·(starting wt · 0.0053))/Vol (L) x 1000 mgll 

TSS= 0.94 mg/L 

64 
67 
67 
69 
70 
72 
74 
76 
77 
79 
81 
84 
86 
89 
93 
98 
98 
98 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 
NW STORAGE TANK 
TEST2 
FILTER 1136, WT 0.0816 
Notes: Filter tom near end ol test 

CUMULATIVE ELAPSED 
VOULME (ml) TIME (sec) 

500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 
5500 
6000 
6500 
7000 
7500 
8000 

MFI• 
Temp Correctio 
actual MFI• 

34 
71 

109 
149 
190 
232 
277 
324 
372 
423 
476 
536 
600 
675 
756 
850 

3.1 
1.25 
3.88 

INTERVAL 
(sec) 

34 
37 
38 
40 
41 
42 
45 
47 
48 
51 
53 
60 
64 
75 
81 
94 

FILTER START WT: 
FILTER END WT: 

TEMPERATURE: 

FLOW 
PRESSURE RATE 
(psi) (ml/sec) 

41 15 
41 14 
41 14 
41 13 
41 13 
41 13 
41 13 
41 12 
41 12 
41 12 
41 12 
41 11 
41 11 
41 10 
41 10 
41 9 

NW2 

0.0816 
0.0845 

30C 

TOTAL TIME/TOTAL 
VOLUME VOLUME 
(L) (sec/L) 

0.5 68 
1 71 

1.5 73 
2 75 

2.5 76 
3 77 

3.5 79 
4 81 

4.5 83 
5 85 

5.5 87 
6 89 

6.5 92 
7 96 

7.5 101 
8 106 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream filter llli!m!! wt, then add that wt gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS =(ending wt ·(starting wt • 0.0053))/vol (L) x 1000 mg/L 

TSS: 1.03 mg/L 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 FILTER START WT: 
NW STORAGE TANK FILTER END WT: 
TEST3 
FILTER 1127, WT 0.0773 TEMPERATURE: 
Notes: Filter tom near end of test 

FLOW 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE 
VOULME (ml) TIME (sec) (sec) (psi) (mVsec) 

500 31 31 41 
1000 66 35 41 
1500 102 36 41 
2000 137 35 41 
2500 173 36 41 
3000 213 40 41 
3500 253 40 41 
4000 295 42 41 
4500 337 42 41 
5000 384 47 41 
5500 431 47 41 
6000 485 54 41 
6500 543 58 41 
7000 609 66 41 
7500 664 55 41 
8000 724 60 41 

MFI• 1.2 
Temp Corractio 1.25 
actual MFI• 1.50 

16 
15 
15 
15 
14 
14 
14 
14 
13 
13 
13 
12 
12 
11 
11 
11 

0.0773 
0.0801 

30C 

TOTAL TIME/TOTAL 
VOLUME VOLUME 
(L) (sec/L) 

0.5 
1 

1.5 
2 

2.5 
3 

3.5 
4 

4.5 
5 

5.5 
6 

6.5 
7 

7.5 
8 

62 
66 
68 
69 
69 
71 
72 
74 
75 
77 
78 
81 
84 
87 
89 
91 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream filter gained wt, then add that wt gain to the top fitter. 

NW3 

Calculate total volume only up to point where filter breaks (if applicable) 

TSS a (ending wt- (starting wt- 0.0053))/vol (L) x 1000 mg/L 

TSS: 1.01 mg/L 
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NWTSS 

TOTAl SUSPENDED SOLIDS AND MODIFIED FOULING INDEX SPREADSHEET 
LAREDO ASA (OS) FIL TEA END WT: O.Om 

7/11/97 (US) FILTER END WT: 0.0790 
NW STORAGE TANK 
TEST 1 TEMPERATURE; 30 C 
FILTER I 32 (US) AND 25 (OS), STARTING WT 0.0771; 
Notes: Filter tom near end of test 

FLOW TOTAL TIME/TOTAL 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE VOLUME VOLUME 
VOULME (ml) TIME (sec) 

500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 
5500 
6000 
6500 
7000 
7500 

MFI= 
TSS Correction 
Temp Correctio• 
actual MFI = 

43 
88 

135 
182 
232 
283 
337 
396 
464 
535 
613 
701 
800 
919 

1069 

2.8 
0.741 

1.25 
2.59 

(sec) (psi) 
43 
45 
47 
47 
50 
51 
54 
59 
68 
71 
78 
88 
99 

119 
150 

(mVsec) (L) (secll) 
41 12 0.5 86 
41 11 1 88 
41 11 1.5 90 
41 11 2 91 
41 11 2.5 93 
41 11 3 94 
41 10 3.5 96 
41 10 4 99 
41 10 4.5 103 
41 9 5 107 
41 9 5.5 111 
41 9 6 117 
41 8 6.5 123 
41 8 7 131 
41 7 7.5 143 

TSS calculation assumptions: Based on Oel Mar test, assume all downstream filters lost 0.0053g. 
If downstream filter 9!1!!!!1 wt, then add that wt gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS =(ending wt ·(starting wt • 0.0053))/vol (L) x 1000 mg/L 

TSS• 1.04 mg/L 
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Attachment H-4 
MFI Data-Jefferson Water Treatment Plant 



TOTAL SUSPENDED SOLIDS AND MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

JWTPTSS 

7/11/97 FILTER H40 END WT: 0.0777 
JEFFERSON WATER TREATMENT PLANT (JWTP) FILTER #43 END WT: 0.0772 
TSSTEST 1 
FILTERS# 40 (ds) and 43 (us) STARTING WT 0.0772, ENDING WT: TEMPERATURE: 30 C 
Notes: both filters tom around o-ring at 8000 ML 

FLOW TOTAL TIME/TOTAL 
CUMULATIVE ELAPSED TIME INTERVAL PRESSURE RATE VOLUME VOLUME 
VOULME (ml) (sec) (sec) (psi) (mVsec) (L) (sec/L) 

500 42 42 30 12 0.5 84 
1000 86 44 30 12 1 86 
1500 133 47 30 11 1.5 89 
2000 182 49 30 11 2 91 
2500 235 53 30 11 2.5 94 
3000 290 55 30 10 3 97 
3500 351 61 30 10 3.5 100 
4000 414 63 30 10 4 104 
4500 483 69 30 9 4.5 107 
5000 558 75 30 9 5 112 
5500 640 82 30 9 5.5 116 
6000 727 87 30 8 6 121 
6500 831 104 30 8 6.5 128 
7000 943 112 30 7 7 135 
7500 1075 132 30 7 7.5 143 
8000 1220 145 30 7 8 153 
8500 1300 80 30 7 8.5 153 
9000 1346 46 30 7 9 150 

MFia 5.12 
TSS correction x0.741 
Temp Correctio1 X 1.25 
Actual MFI 4.7424 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream lilter gained wt, then add that WI gain to the upstream Iiiier ending WI 
Calculate total volume only up to point where filter breaks (il applicable) 

TSS =(ending wt- (starting WI- 0.0053))/vol (L) x 1000 mg/L 

TSS• 1.36 mg/L 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 
JEFFERSON WATER TREATMENT PLANT (JWTP) 
TEST 1 
FILTER II 50, WT 0.0650 

FIL TEA START WT: 
FIL TEA END WT: 

TEMPERATURE: 30C 

Notes: flHer not prope~y seated In 0-~ng, flow bypassing filter at some point in time 

0.085 
0.0853 

FLOW TOTAL TIME/TOTAL 
CUMULATIVE ELAPSED 
VOULME (ml) TIME (sec) 

100 
200 
300 
400 
600 
700 
800 
900 

1000 
1200 
1400 
1600 
1800 
2000 
2200 
2400 
2600 
2800 
3000 
3400 
3600 
3800 
4000 

PRESSURE RATE VOLUME VOLUME 
INTERVAL (psi) (mVsec) (L) (sec/L) 

7.9 7.9 30 13 0.1 
12 4.1 30 17 0.2 

18.5 8.5 30 16 0.3 
25.5 7 30 16 0.4 
36.6 13.1 30 16 0.6 
44.5 5.9 30 16 0.7 
50.7 6.2 30 16 0.6 

56 5.3 30 16 0.9 
62 6 30 16 1 
76 16 30 15 1.2 
90 12 30 16 1.4 

104 14 30 15 1.6 
117 13 30 15 1.8 
130 13 30 15 2 
145 15 30 15 2.2 
158 13 30 15 2.4 
173 15 30 15 2.6 
188 15 30 15 2.8 
202 14 30 15 3 
232 30 30 15 3.4 
245 13 30 15 3.6 
262 17 30 15 3.8 
277 15 30 14 4 

MFI; Not Calculated 
Tamp Correction 
actual MFI; 

79 
60 
62 
64 
64 
64 
63 
62 
62 
65 
64 
65 
65 
65 
66 
66 
67 
67 
67 
68 
66 
69 
69 

JWTP 1 

TSS calculation assumptions: Based on Del Mar test, assume all downstream fiHers lost 0.0053g. 
If downstream filter gained wt, then add that wt gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS ; (ending wt - (starting wt - 0.0053))/vol (L) x 1000 mgll 

TSS; 1.4 mgll 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 
JEFFERSON WATER TREATMENT PLANT (JWTP) 
TEST2 
FIL TEA # 48, WT 0.0848 
Notes: test completed with filter Intact 

JWTP2 

FILTER START WT: 0.0848 
FILTER END WT: 0.0861 

TEMPERATURE: 30 C 

FLOW TOTAL TIME/TOTAL 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE VOLUME VOLUME 
VOULME (ml) TIME (sec) (sec) (psi) (ml/sec) (L) (sec/L) 

200 17 17 30 12 0.2 85 
400 31 14 30 13 0.4 78 
600 46 15 30 13 0.6 77 
800 60 14 30 13 0.8 75 

1000 76 16 30 13 1 76 
1200 91 15 30 13 1.2 76 
1400 105 14 30 13 1.4 75 
1600 120 15 30 13 1.6 75 
1800 136 16 30 13 1.8 76 
2000 151 15 30 13 2 76 
2200 168 17 30 13 2.2 76 
2400 184 16 30 13 2.4 77 
2600 200 16 30 13 2.6 77 
2800 217 17 30 13 2.8 78 
3000 233 16 30 13 3 78 

MFI= Not Calculated 
Temp Correction 
actual MFI = 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream filter gained wt, then add that wt gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS =(ending wt- (starting wt- 0.0053))/Yol (L) x 1000 mg/L 

TSS= 2.2 mg/L 
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JWTP4 

MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR FILTER START WT: 0.0772 

7/11/97 FILTER END WT: 0.0787 
JEFFERSON WATER TREATMENT PLANT (JWTP) 
TEST3 TEMPERATURE: 30 C 
FIL TEA II 46, WT 0.0772 
Notes: 

FLOW TOTAL 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE VOLUME 
VOULME (ml) TIME (sec) (sec) (psi) (mVsec) (L) 

500 31 31 30 16 
1000 65 34 30 15 
1500 102 37 30 15 
2000 137 35 30 15 
3000 212 75 30 14 
3500 251 39 30 14 
4000 289 38 30 14 
4500 329 40 30 14 
5000 371 42 30 13 
5500 412 41 30 13 
6000 454 42 30 13 
6500 496 42 30 13 
7000 541 45 30 13 
7500 587 46 30 13 
8000 631 44 30 13 
8500 679 48 30 13 
9000 725 46 30 12 

MFI= 
Tamp Correction 
actual MFI = 

1.57 
1.25 
1.96 

0.5 
1 

1.5 
2 
3 

3.5 
4 

4.5 
5 

5.5 
6 

6.5 
7 

7.5 
8 

8.5 
9 

TIME/TOTAL 
VOLUME 
(sec/L) 

62 
65 
68 
69 
71 
72 
72 
73 
74 
75 
76 
76 
77 
78 
79 
80 
81 

TSS calculation assumptions: Based on Del Mar lest, assume all downstream filters lost 0.0053g. 
If downstream filter~ wt, then add that w1 gain to the top filler. 
Calculate total volume only up to point where filler breaks (if applicable) 

TSS =(ending wl- (starting wt- 0.0053))/vol (L) x 1000 mg/L 

TSS= 0.76 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7111/97 
JEFFERSON WATER TREATMENT PLANT (JWTP) 
TEST3 
FILTER# 47, WT 0.0891 

FILTER START WT: 
FILTER END WT: 

TEMPERATURE: 

Notes: filter tore all the way around o-ring between 7000mland 7500ml 
FLOW TOTAL 

CUMULATIVE ELAPSED INTERVAL PRESSURE RATE VOLUME 
VOULME (ml) TIME (sec) (sec) 

500 37 
1000 75 
1500 115 
2000 155 
2500 199 
3000 242 
3500 290 
4000 339 
4500 393 
5000 452 
5500 515 
6000 582 
6500 656 
7000 730 
7500 785 
8000 842 

MFI= 
Temp Correction 
actual MFI = 

2.82 
1.25 

3.525 

(psi) (ml/sec) (L) 
37 30 14 
38 30 13 
40 30 13 
40 30 13 
44 30 13 
43 30 12 
48 30 12 
49 30 12 
54 30 11 
59 30 11 
63 30 11 
67 30 10 
74 30 10 
74 30 10 
55 30 10 
57 30 10 

0.5 
1 

1.5 
2 

2.5 
3 

3.5 
4 

4.5 
5 

5.5 
6 

6.5 
7 

7.5 
8 

30C 

JWTP3 

0.0891 
0.0909 

TIME/TOTAL 
VOLUME 
(sec/L) 

74 
75 
77 
78 
80 
81 
83 
85 
87 
90 
94 
97 

101 
104 
105 
105 

TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream filter gained wt, then add that wt gain to the top filter. 
Calculate total volume only up to point where filter breaks (if applicable) 

TSS =(ending wt- (starting wt- 0.0053))/vol (L) x 1000 mg/ln mg/L 

TSS= 1.01 mg/L 
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