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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/l 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 

Toe 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 (IDS). An indicator of a water's salinity, defined as the mass of 
dissolved solids per unit volume of water (commonly expressed in mg/l). 

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 TWOB Water Well Survey and Sampling 

Laredo Aquifer Storage and Recovery Project 

Sampler SWN Owner Lab Sample? Status Remarks 

TWOB 85-20-901 Laredo Reddy Mix Co. AQ-01 Pumps into 8' x 20" concrete tank 
Was used for domestic, except 

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

Was used for domestic, yard water, 
TWOB 85-29-708 Trevino AQ-02 wash 
TWOB 85-37-404 Minne AQ-03 Domestic 
TWOB 85-37-406 Whiteside AQ-04 Domestic 
TWOB 85-29-301 Killam Cattle Co. AQ-05 Domestic 
TWOB 85-29-102 Laredo Country Club AQ-06 Irrigation 
TWOB 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 
TWOB 85-37-204 Garcia AQ-14 Stock 
TWDB 85-29-203 Enron Oil & Gas Co. No Inoperative Near gas production well #2 
TWOB 85-29-402 Benavides No Inoperative 

Did not VISit this well, unable to contact 

TWOB 85-29-707 Bermudez No owner 

Notes: SWN = state well number 
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2.3 Construction and Testing Activities 
Based on the results of the preliminary field activities, test hole sites were selected at the 
following locations: McPherson storage tank, Del Mar storage tank, and the East Corridor 
storage tank and booster station (Figure 2-1). As discussed earlier, it was determined that 
each of these sites could serve as a future location for operational ASR facilities and all three 
are located above relatively complete sections of the upper sand zone within the Laredo 
Formation. 

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

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

Table 2-2 Borings and Wells Completed 

Laredo Aquifer Storage and Recovery Project 

Construction Dates 

1nt97 - 1/13197 

219/97 - 2120/97 

3/19/97 - 417/97 

7/9197 - 7115197 

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-l, 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 lo-foot intervals and stored onsite in sample bags. Boring logs were prepared 
for each boring and are presented in Appendix C. In general, a 77 IS-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 
S/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 
(Ieet) 

330-390; 440-
490 

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

446-458; 476-
492; 498-506; 
532-572; 590-
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 
& O.04O-inch louver 
screen 

Carbon steel, 430-610 
O.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 

1121197 

4116197 

2120/97 

4116197 

7126197 

3125197 

7115197 

Geophysical Log Run and Operator 

Resistivity. Spontaneous Potential (SP). 
Gamma Ray-TWOS 

Fluid Velocity. Ruid Resistivity. 
Temperature-TWOS 

Resistivity. SP. Gamma Ray-TWOS 

Fluid Resistivity and Temperature-TWOS 

Ruid Velocity. Fluid Resistivity and 
Gamma Ray-Century Geophysical 

Resistivity-TWOS 

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 215/97 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-31ed 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 O.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. 

OFW\RANCHHAND\P:\11806S1F1NALREPORT199S\SEC:!0514.00c 2·10 



\ 

I 1000 

SCALE 1-'7000' 

~ 

• BOOSTER STATIONS 

• PROPOSED WATER TAN(! 

• WATER STOfV.QE T N«S 

• WATER llEA11.ENT PI....ANT 

-

/ / 

/ 

/' 

~_I·' 
~ACLITY L.OC:A~ 

~ 

" • \ \ 

AOU_ 8T01lA_ A/ID _va" PIIo.e'I' 
CITY OP L.ARIDO, TllXA8 

! 

\ 
I 

\ 



, , 
- " 

SCALE , ... ,000' 

• Exisling Water Well 

... ASR Observation Well 

Toral Deprh 

Screen Interval 

8S-29-708 TWDS Well Number 

, , 
" , , 

'<h. 85-20-907 
;V (4751 
.. IN/A) 
, , 

, , , ,,­, 

, 
8S-28-302 ..d:. 
(20S1 Yo 
(l72-794J 

/ •. """'" 
) 
/ 

I 

85-29-702 
(800) 

.. .1440-660) 

TW-7 
(8471 

1330-390. 440-490) 
.230-252)' 

TW-2 ...... DEL MAR 
(800) STORAGE 
1270-470) TANK 

• 

• 8S-29-301 
(200) 
(l67-ZOO) 

85-29-407 
( 7000J 
1240-300) 

. TANK t: EASr .CORRIOOR 
STORAGE 

8S-29-709 TW-3' 
(440J 
1200~420. 420-440) ~~~~6'0) . . ,. ff 8S"29-804~ 

"'IV (S851 V, 
8S"29-706.' 1396-58S) 
(2361 .. 

'.' (I7~"t95; 2"2-232) 
t,' 

'85-29-708 . 
(200) 

-$;: WIN , .-

.,-

!J5-37-406 
, (3001 

• 1770- 748, 792-227, 232-260) 
85-37-404 

• (2S0) 
1208-250) 

~IGUR. I-I 
LOCATION or .xraTING 

~85-37-204 
"'IV (2301 

1770-230) 

WAT.A W.LLI AND RIT wau 
AQUI~EA ITOAAG. AND A.COWAY ... AIIIILlTY 

lTUDY ~OR LAAIDO, RXAI 

t.==-______________________ CH2MHILL 



Results 

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

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

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

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

The geophysical evaluation summarized in Appendix A identified an upper sand zone 
within the Formation that contains the greatest concentration and thickness of waterbearing 
sandstone layers (Figure 3-2). The saturated upper sand zone appears to occur within a 
relatively narrow, north-south trending band that encompasses most of central and eastern 
Laredo. The upper sand zone is apprOximately 200 to 250 feet thick across most of eastern 
Laredo, which is where the complete section is present (Figure 3-2). In western Laredo, the 
upper sand zone is present at the surface and is only partially saturated. While the entire 
formation thickens to the east and southeast, in this direction it also becomes finer grained 
and contains fewer and 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-I. 

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 (it' 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-l 

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 PUlRping Test Evaluation 

Laredo Aquifer Storage and Recovery Project 

Well Location Pre-redevelopment Well Losses 

C Cet 
TW·2 0.0137 34 

TW·3 0.0062 16 
Note: 0 - Discharge 

C = Well Loss Coefficient 
Cet = Well Loss 

3.1.2.3 Spatial Distribution of Specific Capacity 

Post-redevelopment Well Losses 

C CO2 

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 draw down 
during pumping. The distribution of specific capacity measurements is shown on Figure 3-
8. In general, very low specific capacities occur in the Laredo area and there does not appear 
to be a strong trend to the reported values. Higher specific capacity values generally occur 
in the central and northeastern areas of the City where upper sand zone deposits may be 
thicker and/or more permeable. The specific capacity values calculated after 100 minutes of 
pumping for test wells TW-1, TW-2, and TW-3 were 0.36, 0.72, and 0.82 gpm/ft, 
respectively. Values around 1 gpm/ft appear typical for the Laredo area. 

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

3.1.3 Groundwater Quality 
Groundwater analytical data from existing wells are presented in Table 3-3. Three of the 
locations sampled, including the Unitec well, well 85-29-301, and well 85-37-204, were 
determined not to be screened in the Laredo Formation and were not consider further in this 
evaluation. Test well analytical data is prOvided in Table 3-4. Laboratory analytical data 
reports can be found in Appendix F. Test parameters generally included major anions and 
cations and general water quality parameters. Metals were also analyzed at some locations. 
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Lab 10 AQ-l AQ-2 

Field 10& 85-20-901 85-29-708 
Location (Laredo (Catholic 

RedlMlx) cemetery) 

Date Collected 1214196 1214196 

Parameter Units 

Temperature C 27.5 25.3 
TDS moll 2065 5163 
IDH S.U. 7.47 7.48 
FieidDH S.U. 7.3 7.59 
Condo S.U. 2970 7070 
Field Cood S.U. 7110 
Pheno Alk mg/l 
Alkalinity mg/l 268 244 
Hardness mg/l 389 323 
Dissolved Oxygen (%) % NA NA 
ORP millivolts NA NA 
Nitrogen (TKN) mg/l NA NA 
Organic Carbon mg/l NA NA 
Silica Dioxide mglL NA NA 
COllons 
Aluminum mg NA NA 
Iron rna NA NA 
Manganese ma NA NA 
Calcium mg 88 83 
Sodium mg 422 982 
Potassium mg 7.096 39 
Magnesium ma 41 28 
Lithium ma 0.117 0.073 
An/ona 
Bromide mgl 0.924 1.74 
Chloride '11ll 315 743 
Sullate ma 876 2830 
Florida mg 2.629 5.84 
Phosphate mg/l 
Ammonium mg/l 
INilrate mg/l 0.49 
INtlrrte moll 
Bicarbonate moll 326.7 297 
Carbonate mC>'1 0 

Mass Balance % -10.7 -25.8 

Note: 
• Samples collected for metals analysis were field fiHered 
NA 3 Not Analyzed 
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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) cettle Co) Country 

Club) 

1215196 1213196 1213196 1213196 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 50SO 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 I • 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 1/30197 7113197 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 SOO 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 ~0-16 I AO-17 I ACHe I AQ-19 I AQ-20 I AQ-21 I AQ-22 I AQ-23 I AQ-24 I AQ-50 I AQ-51 I AQ-52 I AO-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 

_2J6I97 

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 

Corridorll 
~2... 7l6/9I . 217197 217191 _117197 217197_318197 3/9/97 1f9I97 3/9/97 3110197 _4/9I9L ~!/97 ..L7128197 

~ ~ 
1282 1440 
L.i8~_~~ 11.82 _L8,1lLJ 11 58 ...L ilL 18.6_L8Ll ilL L.-I!.8..L 8,LL..!l.5.L IIJL 

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 3OSO na 1900 27SO 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 
~ 19 18 17 ----'.L_.~ 24 32 32 22 40 18 15 

NA 114.1 
NA 167.1 
N.A.....l .. ~ I __ llA....J. NA_ NA_I NA L ~ I NA L_ N~---.l N~ I NJ\...L N!o_1 \'jj 
NAINJ\._ NA I NA I NA I NA INA INl<INAINAINAINAI NA I 
NA r-NA I NA I-NA-I NA iNA I -NA TNA I NA I-NA-I NA I NA I NA 112.5 

NA I NA I . lolA NA INA I NA I NA I NA INA 1 NA 
NA NA 
NA NA 
~ ~ I _ELl 5.71 L"'§A!LI_~1 L .IL 1....1 L L.J JL 

739 514 
1.98 2 

.9.3081 0.38 '_.Q.47 1 ().524 0.871 0.59 L 2 L38 '-1.12 I 1. 

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~i 12:22 2.26 ~.2 1.34 2. 

lolA 1 NA 
NANA 
NA NA 

~ 
599 498 

1 1 
.103 L 3,88 

1.46 I 1.06 
~1L.L :m_ 

476 I 438 

If 
N 
~ 

422 

.1.9 

0.27 
~~. 
343 

NA 
NA 
NA 

~. 
SOl 
2 

0.49 
0.03 

1.43 
357.1 .. 

I 159.7171422r 175.6 I 175.6- 176.8 158.5 178.0 182.9 262.1 1 268.2 I 267.0 267.0 1 265.8 386.5 388.9 
1~.52~117§L47,U 43~ ~2.4 58.8 35.3 37.6 22.4 I 21.2 L20.0 J 20.0 ..18.8 L 26.8 I ~!I.2 
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• Samples collected lor metals analysis were lield filtered 
•• Sulfate value Is erroneous 
iNA ~ Not An~~ed 
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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-S 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" An), a mixed water chemistry (type "Bn), 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/I) 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 IDS (1,266 to 2,200 mg/I) and a high pH 
ranging from 8.13 to 8.85. 

Figure 3-9 
Piper Plot, Laredo ASR Project 

Laredo,Texas 
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~Types: 

A = 85-2M01, 85·2!H08, 85-
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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 10 
85-20-901 AQ-1 
85-29-708 AQ-2 
85-37-404 AQ-3 
85-37-406 AQ-4 
85-29-706 AQ-8 
85-29-401 AQ-7 
85-29-301 AQ-5 
85-29-102 AQ-6 
Del Mar Storage Tank 
Isurface water) Del Mar 
85-29-804 AQ-13 
85-29-709 AQ-12 
TW-1 AQ-21 
TW-2 AQ-52 
TW-3 AQ-53 
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Table 3-5 
Percentages of Various Anions and Cations 

Laredo Aquifer Storage and Recovery Project 

%~oalum ana % tilcarOonale 
%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 0, Attachment 0-2, and show flow contribution from four 
primary zones: 290-306, 330-360, 373-386, and 410-420 feet bgs. The 330-360 foot interval 
appears to be contributing the most flow during pumping. Similar flow contributions were 
observed from both the 330-360 and 410-420 foot zones, suggesting that they have similar 
permeabilities. This was later confirmed by the core permeability tests performed on TW-2A 
samples from these intervals (see below). 

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

Field and laboratory examination of rock cores obtained from test well TW-2A reveal that 
the primary waterbearing units consist of relatively fine-grained, friable sandstone. 
Additional rock core descriptions may be found in Appendix C. Rock core samples were 
obtained for laboratory analysis from three representative sand zones (292-293.4, 330-330.4, 
and 400.65-401.9) and were determined to be relatively similar with respect to mineralogy, 
texture, and reservoir quality. The mineralogic content of these cores is approximately 
89 percent quartz, 9 percent clay minerals, and about 2 percent feldspar minerals. The bulk 
of the clay is present as glauconite pellets, and sedimentary mudstone and shale fragments. 
A mixed layer illite / smectite and relatively minor volumes of chlorite and illite dominate 
the clay mineralogy. A helium porosity of approximately 30 percent was measured in each 
core and the horizontal permeability of the cores ranged from 631 to 809 millidarcies. The 
laboratory identified minor occurrences of pore throats filled or "clogged" with clay 
materials. The laboratory determined that some clays were susceptible to expansion but 
suggested that under a relatively constant hydration state and stable salinity values, 
formation damage caused by expansion of clays would be minor. Additional information 
regarding the laboratory rock core analyses may be found in Appendix G. 
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Three aquifer tests were performed at the Del Mar site including two single well, constant 
rate tests and one constant rate test utilizing TW-2A as an observation well. As discussed 
earlier, specific capacity values were calculated for each test and compared to evaluate 
changes in well losses. Table 3-6 is a comparison of the values for specific capacity and well 
loss coefficients. 

Table 3-6 Comparison of 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 capacity 
(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/l) than the average of five analyses from samples collected in March 1997 (1673 
mg/l) 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/l) 

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/ 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. 

DFVMANCHHANDIP:l11B069\F1NAl REPORT 19991SEC30514.DOC 3-11 



Table 3-8 
Surface Water Analytical Data 

Laredo Aquifer Storage and Recovery Project 

LablD • JEFFERSON • DELMAR 
Treat. Plant Treat. Plant 

Date Collected 7/16197 7/15197 
Parameter Units 

TDS mgtl 516 NA 
IpH S.U. 8.18 NA 
Field pH S.U. 8.75 7.21 
Condo S.U. 1093 NA 
Field Cond S.U. 1075 1109 
PhenoAlk mg.1 1 NA 
Alkalinity mg.1 101 NA 
Hardness mg.1 266 262 
Dissolved Oxygen (%) % 109.3 88.9 
ORP millivolts 345.9 403.2 
Nitrogen (TKN) mgtl 3.4 
Ol"ganic Carbon mg/I 5 2 
Silica Dioxide mgll 9.5 8.3 
Cations 
Aluminum mgtl 0.35 0.18 
Iron mg/I 
Manganese mgtl 
Calcium mg/l 78 NA 
Sodium mgtl 121 119 
Potassium mg/l 4 4 
Magnesium mg/I 20.9 21.1 
Lithium mg/I 
Anions 
Bromide mg/I 0.128 1.37 
Chloride mgtl . 141 137 
Sulfate mgtl 179 Error, bad data 
Floride mgtl 0.724 
Phosphate mg/I 
Ammonium mgtl 0.44 
Nitrate mgtl 
Nitrite mg/l 
Bicarbonate mg/I 
Carbonate mgtl 

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 
I-inch injection tube was also installed in the well next to the pump. Preliminary 
calculations indicated that an additional 33 gpm could be injected through the injection tube 
and a combined injection rate of up to 50 gpm may be possible with the piping 
configuration installed. It is important to note that the injection rate into the well is 
dependent on both the system pressures delivered to the well, and the water level in the 
well. Both of these variables were expected to change during the testing and this variability 
had to be considered in selecting the target recharge rate. 

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

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

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

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

Test Component Volume Recharged Volume Recovered Rate Duration 

(gallons} (gallons} (g(!m} (davs: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 

3-14 



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

Test 

Shakedown Test 

Cyc/eNo.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'l 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/l 
while the average concentration of chloride in the groundwater was approximately 
418 mg/I. 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/l, which is below drinking water standards. 
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Sample 10 Sample Type Date 
CY1.1.01 LAB-A 01115/98 
CY1.1.02 LAB-A 01/17/98 
CY1.I.03 LAB-A 01/19/98 
CY1.1.04 LAB-A 01/21/98 
CY1.R.Ol LAB-A 01/23/98 
CY1.R.02 LAB-A 01123/98 
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.CY1.0l 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 01/22198 
DLY.CY1.09 LAB-B 01/23/98 
DLY.CY1.l0 LAB-B 01/24/98 
DLY.CY1.ll LAB-B 01/25/98 
DLY.CY1.12 LAB-B 01/26/98 
DLY.CY1.13 LAB-B 01127/98 
DLY.CY1.14 LAB-B 01128/98 
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 

OFWIRANCHHANOIP:11180691FINAL REPORT 19991Table3·12 

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 

Sample 10 Sample Type Date TIme • Result TALK2 MEa • Result MEa 
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.Ol LAB-A 01/23198 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 01126/98 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 01/16198 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 01/18198 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 01/22198 0900 143.00 142.65 2.34 NA NA 
DLY.CY1.09 LAB-B 01/23198 1620 149.00 148.74 2.44 NA NA 
DLY.CYl.l0 LAB-B 01/24198 1225 179.00 179.22 2.94 NA NA 
DLY.CYl.l1 LAB-B 01125/98 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) 
MEa = Millequivalents 
NA = Not Analyzed - See Table 2-6 for sample type and parameters analyzed 
2 Bicarbonate value calculated by thEl~lIowi"lJ rEllationship: total illkalinity/.8202 

---_ .. _- -
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Magnesium 
I 

• Result MEa 
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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Sample 10 Sample Type Date Time 

CY1.I.Ol 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.Ol 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 01/29/98 1000 
CY1.R.08 LAB-A 01/30/98 0930 

OLY.CY1.0l LAB-B 01/15/98 1345 
OLY.CY1.02 LAB-B 01/16/98 1105 
OLY.CY1.03 LAB-B 01/17/98 1045 
OLY.CY1.04 LAB-B 01/18/98 1010 
OLY.CY1.05 LAB-B 01119/98 0900 
OLY.CY1.06 LAB-B 01/20/98 0950 
OLY.CY1.07 LAB-B 01/21/98 0900 
OLY.CY1.08 LAB-B 01/22198 0900 
OLY.CY1.09 LAB-B 01/23/98 1620 
OLY.CYl.l0 LAB-B 01/24/98 1225 
OLY.CY1.11 LAB-B 01/25/98 1305 
OLY.CY1.12 LAB-B 01/26/98 1005 
OLY.CY1.13 LAB-B 01/27/98 0950 
OLY.CY1.14 LAB-B 01/28/98 1405 
OLY.CY1.15 LAB-B 01/29/98 1000 
OLY.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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Sample 10 Sample Type Date Time 
CY1.I.Ol LAB·A 01/15/98 1345 
CY1.1.02 LAB·A 01/17198 1045 
CY1.I.03 LAB·A 01/19/98 0900 
CY1.1.04 LAB-A 01/21/98 0900 
CY1.R.Ol LAB-A 01/23198 1340 
CY1.R.02 LAB-A 01/23198 1620 
CY1.R.03 LAB·A 01/25/98 1305 
CY1.R.04 LAB-A 01/26/98 1628 
CY1.R.05 LAB-A 01127/98 0950 
CY1.R.06 LAB-A 01/28198 1405 
CY1.R.07 LAB-A 01/29198 1000 
CY1.R.08 LAB-A 01130/98 0930 

DLY.CY1.01 LAB-B 01115/98 1345 
DLY.CY1.02 LAB·B 01/16/98 1105 
DLY.CY1.03 LAB-B 01/17198 1045 
DLY.CY1.04 LAB-B 01/18198 1010 
DLY.CY1.05 LAB-B 01/19/98 0900 
DLY.CY1.06 LAB-B 01/20/98 0950 
DLY.CY1.07 LAB-B 01/21198 0900 
DLY.CY1.08 LAB-B 01/22198 0900 
DLY.CY1.09 LAB-B 01/23198 1620 
DLY.CYl.l0 LAB-B 01/24/98 1225 
DLY.CY1.l1 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) 
MEa = Millequivalents 

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

Conductivity Field Parameters (Standard Units) 

(IImoh'.) 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 Anion. 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/I. The recovered 
water calcium concentrations dropped to less than 30 mg/l by the time 50 percent of the 
recharged water was recovered. The reduction in calcium concentration is thought to be the 
result of calcium precipitation in the aquifer combined with calcium ion exchange with 
sodium on the aquifer clay minerals. This is supported in Figures 3-19 and 3-20, which 
indicate somewhat higher concentrations of sodium in the recovered water than would be 
expected based on mixing alone. Additionally, as shown in Figures 3-21 and 3-22, the 
alkalinity of the recovered water was higher than can be attributed to mixing alone. The 
increase in alkalinity may be a byproduct of calcium precipitation that reduced the pH 
(Figure 3-23) of the native groundwater and resulted in additional dissolution of 
bicarbonate in the aquifer matrix. 

The observed temperature of the recharged and recovered water is presented in Figure 3-24. 
The recharged water was cooler than the native groundwater as shown in the figure, with 
the average recharged temperature apprOximately 17°C, and the groundwater temperature 
approximately 27 0c. 

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 fe/day to about 133 fe/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/l and 243 to 
743 mg/l, 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/l). 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 Weil Design Criteria 

Average Depth 

Well Casing Diameter 

Recovery Rale 

Recharge Rale 

Minimum Well Spacing 

Step 1 Assumptions 

650 feel 

12 inch 

300gpm 

250gpm 

1,000 feel 

Step 2 Refined Assumptions 

600 feel 

12 inch 

150 gpm 

75gpm 

1,500 feel 

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 Well 12-inch dia, 600 It Tolal Each 28 $ 70,000 $1,960,000 
Depth, 200 fool 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 Tesling 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, S­
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. 

OFWIRANCHHANDll1806S'F1NAL REPORT 19991SECS0514 5-1 



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-I. 

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-I 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-I to evaluate the distribution of net and gross sand thicknesses. 

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

TW-l 

TW-2 
TW-3 

89-29-102 
I 
2 
3 
4 

Table A-I 
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 #1 510 
General Crude #1 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 2oo 
140 90 
273 132 

5 Southland Drilling Co. #1 Hachar Poor Log Quality - Use for Correlation Only. - See #4 
6 Southland #1 Killam & Hurd 440 280 165' 
7 AHERN #A-I Hubbard 700 326 159' 
8 Killam & Hurd #1-P24 Fee 580+ 420 195' 
9 Watson (Sanchez O'Brien - #1 A.F. Muller G&S Unit 510 230 170' 
10 Watson (Sanchez O'Brien Jacaman #1 590 255 150' 
11 Sanchez O'Brien #1 Webb Co. 650' 230' 125' 
12 Michael Pet. #1 Hurd-Peko-Garcia 570 185 145 
13 General Crude #1 Killam & Hurd 485 335 175' 
14 Daigle & Young Park # 1 300 142 122' 
15 Good Hope Ref. #1 Killam & Hurd 445 337 230' 
16 HawkinslRodriguez Cattle Co. - 160 -
17 ReMex M-G Mexico - - 217 
18 Morgan #1 McNary 520 315 140 
19 Morgan #3 Link - 83 -
20 C.F. Braun - -
21 TransAmerica #12 Schwarz 430 237 132 
22 Cattle Land Oil Co. #1 A.F. Muller - loo 10 
23 AMOCO #2 Killam & Hurd - AMOCO Range - 130 -
24 Gulf Oil Company M. Alexander #4a 5oo 280 160 
25 Amoco Killam & Hurd - Amoco "G" 300 1oo 80 
26 Amoco Killam & Hurd - Amoco "H" 280 loo 80 

"-------- . 
DataIl1compl~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-I). 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-I 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-I. 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-I). 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-I and Figure A-I) 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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Prev ious lie 11 IIuD!r -
Zone - 2 latitude - 27 39 52 

County - IIebb 479 

longitude - 99 26 35 Source of Coords - 1 

0wnef'S lie 11 110. ____ _ location ___ 1/4, ___ 1/4, Section ___ , Block ____ , Survey ___ _ 

OWner - laredo Country Club Dr iller - Woods Dr ill i ng Co. 

~s~ ___ ~ ______________ ~ __ -- TeMnt/~. ~~_~~~ _______ ~ ____ ___ 

Date Drf11ed - 10/04/1993 Depth - 800 ft. Source of Oepth - 0 Altitude - 532 ft. Source of Alt. - " 
Aquifer - 124lRDO lAREDO FIlUlATIIII llell Type - II User -
IlEll Canst, Casing 

COIISlRUCTIIII Method - IIYIlRAIIlIC ROTARY Mater ia 1 - PVC, FIBERGlASS, OTHER PlASTI C 
Screen 

CoIipletlon - PERFIJIATED II! SlOTTED Materia I - PCV, FIBERGlASS, OTHER PlASTIC 

LIn DATA - P~Mr. __________ __ Type - SUBMERSIBlE PUMP 110. Stages 

I Casing or Blank Pipe (C) 

I llell Screen or Slotted Zone ( 
I Open Hole (0) 
I teEnted fnlll _____ to 

I Dia.. Setting(feet) 
I (in.) FnlII To 

Setting - _____ ft. Col .... Dia.. - _____ in. I __ --::----~----
11 C 6 0 440 

Bowls Dia.. - ________ in. 

PIotor Mr. - ~ ________ Fuel or POIIIer - ElECTRIC IIlTII! IIorsepme- -

YIELD Flow- ____ GPM P~- _____ GPM !leas. ,Rept. ,Est- ~ __ ~ Date- ____ _ 

PERFIJUWlCE TEST Date- ~ ____ length of Test- ______ __ Production- _____ ,GPM 

Static level- ft. P~ing level- ____ ft. OrCDlldown- ___ ft. Sp.Cap.- ____ GPM/ft 

~~In (RBB"S-~ ________________________________ __ 

WAlfR USE PriEry- IRRIGATIIII Secondary- _____ _ 

OTHER DATA AVAILAIBlE lIater levels- " Quality- II logs- 0 

WATER lEVELS Date- 10/04/1993 
Date- 1 1 

MeasureEnt­
MeaSureEnt-

-65.00 

Tertiary- ______ _ 

Other Data-

Recorded By _______________ __ Date Record Collected or Updated- 11/05/1996 

R~ting ~ -- -fuAS'-liAm-riEVELoftEiT-oOMo 
,"'1"iUl",DcS ~'J"""~':_':~ _. :'. - ,.' -~.- ,~ ,~'" " ···;h.'· 

~o' ,~S~lyi~ji~1iPM With~lOO~:' \~f~;;~.'~-, 
""..,-, ~di"~ ~ft~.JllJlPing 21MJUr.s" ,"" 
":~~9J3', C_~. f~ OJO malic! ", : 

340 ,to' ,440 f~t. l'1IIP setJ.t420 ',-;". 
, 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 

llell 110. - 85 zg 102 



Slate of Texas 
WELL REPORT 

~ ~_~"' __ 1 """3 ..... ____ ond_'""" __ 'II_ .. ...., ......... - ___ ~ ... - ..... oIIIcW 

~ ...... ~ T_ c-., QenIqt tIgI.-y IMp ond In.dI lie nwp 10 '* 101m. 

o LEGAL DaCIW'TlON: 
s-o ..... ___ .,.. ..... ___ T-.Np ____ _ 

~ ..... ----
~_cINcIIonlran_~ ........ ...., ... ________________________ _ 

~ IU ATTACtIID IW' 

:I) 1'YI'II M WORK (CMctI): 

II .... WeI O~."'11 
OF*adllaiilog O~ 

OMonilDr 
o II1IdIon 

I) WULLOG: 

0. .. IlfiIInr: 
s.ItJd 9 -;l 8' 
~ /0-'1 

_·:rn.t F""" (Il) ToJll.l 

,.afil/.L ~I.:.~o· 
1'£;~v.,,· LL/'J ~(Jf)' 

F ram (Il) To (Il) 

14) WUL TESTS: 

Type T..c: !if ~ 0 ..... o Jelled 
YIeld: :2 go gpm _ I 0 0 I. cftwdown JIIJr 

15) WAnIt OUAUTY: 

Old you kI ..... tih pitWCraIe II1Y _....." ---..-­
c:a ,'It , IIa? 

o Y.. rX No • YMo IUbniI "REPORT Of' UNOESIRA8I..E WATER' 

Type '" WW1 G C> 0 A 0IpII "'_ 111/0 - " I. a 
w .. I ___ JNIyW ...... , 0 Y. ~ No 

I) !!PI ..... IETHOD (CMctI): 0 ~ 
rflllud "-y 0 All........ 0 JJIIJd 0 ionic! 

o All "-y 0 CII* TOGI 0 0Iw 

7) 8OREHOU CClW\.IIDt 

.¥OpeIIHaIJ 0 ~W" DUn .... ...,,"'" 
o GrawI hdr8d I! 0Iw Gr 4CJ 1"0 4. ia a 
• GtawlPJoMrl give ___ . ........ I.. ___ I. 

I) CASING. ILANK PI'I, AND WEU SCREEN DATA: 

SeaIng (Ill 

Fram To 

11) WAnltLEYIL: 

SlllIic _ " 6 I\. bIIDw lind ~ oa. /0 - y-1"3 
MIoJiM .... 14k .1,. gpm. 

oa. ____ _ 

12) PACKERS: 

-.byC*Wy"-l '* _ wudrtled ~ .... ( ....... "., supenriIion) JnCIIhJ. MClIn" "' .. _".,.. ... _10 .. bill "''''' """"'*'IIeJnClIleW.1 ", ...... 11 
"\AI ....... 10 ~ ..... 1 "'" 15 ....... 111 llelog(lllleO'l9 reI!IIT...:t lot campIeIIaI. _ ~ 

OIlllPANY ........ /1 ) f'I 0 .l., () .. , t!1It1~ (' 0 WUL 0AIL.LIJn UC£MSUO. 7 2 2 cold Ii' b 
(Type .. prR) 

DDfWIS cr.? D st~~~ 
;IQIWdl ~ (Jaoc! c;. 

(UcenMd WeI D*r) 

_1IIIadI log. ___ ..wy.iJ. ond Obt '***" inIorm&Iicn, iI....w.. 

(Stata) 

'NC~I" (Rev. 06-18-901 TEXAS WATER COMMISSION COf"f 'Z 5· ;l '/- 10 2... 
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SWN: 
County: 
Aqulfer(s): 

'65' -21/62 
w6bb 
L.. '" Y r'..cf t) 

Il-+b 

Water Quality Field Data 

Name: 1.0,( <-do CoUAl-l y-1 cft,h 
Addr ... : / t/ 15 C6v"J~ y clv/; [}; 

I 

,<0., r ~d& ,7'1 
owner's well #.J..I ________ _ 

Sample No.A Q -oro 
Date: (2 - .3 - '1 (;, 

By: J. f)r...,r 1?J N 

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

1~'~~ 
250 ml 1 liter Samples 

& • Nitrate Radioactivity 3 ~11118"& 

C 1I/0}/(, 1{ 0.5 ml 2ml All filtered 

I IT'I HI H SO HNO unless other-

//f./tJ~_ (~itn (Sulfuric) (Nitric) wise stipulated 

Time in Starting pH 

Water Level V'(t1/ LSD Remark N~ I3I/1r'l Time out Sample time /6;(0 mi. of 0.02N to 

Temperature (00010) 29' _ tf c Weather well use / R I<. mi. of Sample 

Specific Conductance (00094) Z ~ 36 umhoslcm Outside Temp 71 Ending pH 

pH (00400) g: 5'1 Sampling point 

Eh (00090) mv. Time: IblO /&/5 I c,;J.C!> ml. pH ml. pH mi. pH 

lenol ALK (82244) !..C/ mgll pH: '6.5 R' ?;,~ '6~ 
Total ALK (39086) 22 0 mgll Temp: ;;<~,1 -:<.9,3 ~9.4 
Carbonate (00452) meqll /"c:, 7 mgll Eh: 

Bicarbonate (00453) meqll Z '3 Cf, '3 mgll Cond. ~w ~!P ":<~30 

Total Cations(+) Ii' other notes: 
<: It; CJ ~ jJv!?11 6N Total Anions (-) 

Total Hardness (00900) /0 (ve,l/ tc,,/cd 5 ;,/11U /11) .5"m /1/ t 
Dissolved Solids LY/rJ 

I 

. 

I 

I 



SWN: 
County: 
Aqulfer(s): 

Water level 

'3-5;<9/02 
'v.J t!/b b 

b"'lyet10 Pm. 

Bottle1 

sImi 

I ml 
HIVO,3 

(Ndr,G) 

uY#/lSD 

Temperature (00010) 

Bottle 2 

,4' 
1 liter 

Remark 

.;z",. ~ c 

Water Quality Field Data 

Nam·:Lg yetJo C()(JNiryC/viJ 
Addr ••• : 17'!;£C.o(!&rIn c/"p /Jt". , 

L 0,.1' e.dt:) J)( 

owner's well ,, ________ _ 

Sample No. At!~ -00_ . 
Date: 12 - 3 - '16. . 

By: \/, De-rio,.;' 

Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Total -- 1 
3 I C SUB-

I I d-er 1 liter Samples i 

~ un other· Na/-[Irk, J w stipu ~ 

Time In S'larting pH I 
Time oul Sample time / b::< (7) mi. of 0.02N to 

Wealher well use L tR. fZ. ml. of Sample 

Specific Conductance (00094) ~ 8: 39 umhoslcm Outside Temp Ending pH ___ ~ ___ . __ 

pH (00400) -:5·51 Sampling point j) IcAD,,,?,e.. tJ I iJ e 

1/6/0 l/65 /~.:7A 
, 

IpH Eh (00090) my. Time: mi. mi. pH mi. pH 

Phenol AlK (82244) mgll pH: ~.5'ir 8".t, 'if .s"} 

Total AlK (39086) mgll Temp: ;8'.<1- ;;1..9.~ -;(7.1-
Carbonate (00452) meqll mgtl Eh: 

Bicarbonale (00453) meqll mgll Cond. '")// I~~ .<8"~ 
! 

TOlal Calions(+) olher noles: 

Total Anions H /6olf I'vPI/o"; 

Tolal Hardness (00900) 

Dissolved Solids 





TEXAS VATER Il£VELOPI'EIT BOMIJ 
WELL SCHEDULE 

State llell ~ - 85 Z9 203 Previous llell ~ - County - IIebb 479 
River Basin - Rio Grande - Z3 Zone - 2 latitude - 27 35 50 longitude - 99 25 05 Source of Coords - 1 

Owners llell No. ____ _ location ____ 1/4, ___ 1/4, Section ___ , Block ____ , Survey _____ _ 

0Imer - Enron on , Gas Co. Drl11er - R Ic:hardson later 
Well Drilling Co. 

~s ___________________________ TmantJ~. ___________________ __ 

Date Dr111ed - 01/02/1981 Depth - 483 ft. SoI.raI of Depth - D Altitude - 499 ft. SoI.raI of Alt. -I 
Aqu i fer - 124LR1lO l.MEIlO FIJIMTIOII We 11 Type - " User -
WELL Const. 

lletbod - IIYIJWIlle ROTMY 

~letlon - PERfCIIATED (It SlOTTED 

casing 
llterlal - STEB. 
Screen 
Material - STEB. 

I casing or 81a,* Pipe (e) 
I lie 11 Screen or Slotted lone ( 
I Open 110 le (0) 
I Cell!nted fn. ___ to __ _ 

LIFT MTA - P..., Mfr. ______ _ Type - SUBlERSIBlE P .... No. Stages __ I DiD. SettI ng(feet) 

I (In.) F.,. To 
IIoIIls DI_. - ______ In. Setting - ______ ft. Col .... DI-. - _____ In. 1, _________ _ 

11 e 5 
Motor Mr. - __________ Fuel or PoIIer - ELECTRIC MOTIlt 21 S 5 

31 e 5 
YIELD Flow- ___ GJIIII ~- ____ GJIIII Meas. ,Rapt. ,Est- ______ Date- ____ _ 41 S 5 

51 

o 
189 
Z31 
4ZO 

189 
231 
4ZO 
483 

PERFIIUWICE TEST Date- ______ Length of Test- ___ _ ProclJction- ______ GJIIII. 61 

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

~In (RBBns- ______________________ __ 

VATER USC: PrilElry- UllUSED ~~ry------ Tertiary- ____ _ 

OTHER DATA AVAlLAIBlE !later Levels- M Quality- It 

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

MeasureEllt­
MeasureEnt-

logs- D Other Data-

-90.00 
-71.20 

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

Reporting Iqerrcy - TEXAS WATER DEYElIJIIDT BOMD 
REIWIKS -

UIUSed imustrla 1 well. Measured 
yield 50 GJIIII in 1981. 

mj/-= tbf of C4.S/A/1 
-t- 2.1/ 

tv e..-/ / /10) c'I t:.-I' .. :A V c.. 0....f..;41 ~ -./? /7'1 t!.- • 

tv e,,- / I {II e.A ( 1a.YP f 0 Ii ve....f, 61.1 W -e--I' -::tF-z-

71 
81 
91 

101 
111 
121 
131 
141 
151 
161 
17r 
181 
191 

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

Aqu ifer - 124lR1lO 
Well 10. - 85 Z9 Z03 



S.nd 0"9'n.1 oCt 
Qftlfl.a rn ... 1 To 

T •• a 0 .... ""' ••.• oJt 'N ..... RIIIQU," 

Slate of T.' 
WATER WELL fI_ 0 •.. 

,. O. loa 1:.0.7 
Au.",. T .... 717" ATTENTION OWNER: C"",i_tioliry Pri.,I. NOfiQ on Rrv_ $1'* 

11 OWNER 

I)' 

Amoco 

21 LOCATION 0' WELL: 
Coun1Y hbb 

o. . Add' .. 
INern.1 

6 _WI 
• '''I''~ .. 

il" .. , .. "'01 tel",. ~.'etel 
2 ... 1i1t1 .,.. ~ 

N. I. cfit«tion "G'ft Iuec10 
nlliam & Rum _ !-..n 'V!l~·W .. ';iJ 1 CTOWf\i 

0 L .... -.cr •• HHI: 

0"1 .... mu .. cornote1. tIM I ... ' ~'lPt,on to U'Ie "lht Secbon Ha. lIock Ho. T_ 
Wfttl disUrIce Md ai, •• ion "0l'I'l rwo intwMCltnt IC'o _ No. Sunov _ 
bon at "'i'WV Itnet, Of "e ft"IUft lOCI .. InClldenlffv the 
...... on In otlic. Qv.".,.. or Halt· ... T .... County 

OitUMe '"" dit'lCbOn f,.,. two in.-..cti"t IIICtIcIR Of' aHWY liNI a...,.. H.".,...,. MIp end ntlCh me """ U) .. form. 

i9 s...~map. 

31 TV'" OF WO~K IChodcI: 41 '''OfIOIID lal IOMcIIJ: 51 OlllLLlNG MlTHOO 10l00I01: 

(%H...,WeU o DMCMft,"t 1£]_, .. 0 1_ ... O .... bI .. _ II_Ao ..... 
0, .. ,_ 

OD_O_ 0 ___ .... 
0 ........ a 'r,i .. tiort CJ Tilt W,,, 0 OINt 0"",_ o Coble Tool c- o_ 

II WELL LOG: CIAMETER OF HOLE 71 IOAEHOLE COMPLETION: 

iZ'DI 

Oia. (in,.) From UtJ Tol"J 00p0n_ ~,_w ... c~,,_, .... 
6 ?'/1. ~"- ~ 

OG __ 
0_ 

I 
o...drilMd lL~L81 It G,.... ~ed ..... intIn8f • , , ...... 11.10 

F_ To Oacriptlon Iftd color of f~.ion II CASING. SUNK Pt~. ANO WELL SCREIN DATA: , 1".1 1ft.) "'lit., ••• 

! 0 - 4 8.lr1'ace Soil 0 • .1. 
N_ StHI, PlastIC, etc. s."lng (ft.l 

l.n.1 0< P!ri., $lotted, etc. 

4 - 15 White Sand & fine In'avel u_ Sa.." M;f., If commercial F, .... -.l To 

15 - 20 aJst Shale &_~vel Set slota rra. 1891 1 ZUI 
20 - 42 aJst Shale "~ek fine sand and rra. l.2I:JI to loin' 
42 -72 sandstone ~vel 

. 72 - 104 In'aV shale " ,..-t,...."k 

104 - 124 gray shale 
i124 - .1.45 blue shale lI/gravel streak 
11.45 - 197 blue shale 
1197 - 207 blaclcsand 
;207 - 2Z7 black sand CEMENTING DATA 

i2Z7 - 2.48 blue sandy shale Cament.r:S from fl ... 
12.48 - 268 blue shale wI sandstone ... _ ...... 
1268 - 351 blue shale ~.,.....,tt'd by 

1351 - 371 blue sand.1" shale (ComMft'lOf' 'I"Icllvtd\NI) 

371 - 391 blue shale 9. WATER LEVEL: 

,~21 - _~ blue shale sanqy S~(ic level 2Q ft. below l.end surf-=- 0 ... 
~ - 454 black sand Anftlan flow -. 0 ... 
,454 - 472 black sand 
472 - 479 hard sand black 101 PACKERS; T,OO Oeoth 

'479 - 484 black sand Imbber Neocreme lB8 A 10.19 
I 
I 

111 TYPE P\"IIMIt: 

o Turbine OJ .. 1lIIs..-..bIo DC.,linder 

00th« 
IU .. ,..".,. I. " nec.u.ry) C>.pttl fa pump bcMob:. cylinct.r. itt: •• tc .. It. 

131 WATER QUALITY; 

Old you know'"9lv penetrate .anv Itrata wl'l.cn contained unOHlrabi. 121 WELL TESTS 

'::.' 
c;., 
$cc. 

noaler) = '(@os = ...... 0 = Type TotS: =?1..mp = S."e, ~J.ned ::; :nlma!e-o 
If ves, SUom'1 "REPOAT OF UNDESIRABLE WATER" 

T."peof~r ... ' D.-pt" of strlta Yield: SQ 'PI' With ___ ft. dr • ....oown after __ I'In. 

I Was a cr'.",cal anan.."II' mad.-? ,-Y" ::JNo with 315' 01' 2" air line. 
I hereby emifv th,u this well was dr,lIed bv me (or und. my superi'lSionJ iM that 

tach ,nd ,iI 01 thl stat.m.nb herlln if' true to Ih. best of my knowlldgl ,nd b.lief, 

- ---- ----.--- - - -- ---

NAME Jesse N. Richardson W,ter Well Drill.rs Rtgistntlon No. 162S! 
Tyg. 0' P"nrl 

ADDRESS 803 Lincoln .lii~e. Texa" 78~~2 
ISI,~",(llfFO) 

~i.4'/~'/ 
I(,ty) l$UlUI (Zig) 

ISignidl ./)" LA B;iCbaz:dSlll Kate%: KaJ J dr11 Co. Iuci 
c~ tW.I8f' w." Drilt_' 

ICom.,.,..,,,,,, i 

PI .. ,ttIC lC1ric lot. chernGi '1'IIIysis,.nd othw pertinent infDnnltion. if IVIilabl •• Z'S-;l" 1- ;<03 
TOW ... .()392 (FIl .... '-12·791 OEPARTMENT OF WATER RESOURCES COpy 
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TEXAS WATER DEVELOPMENT BOAID 

GWI 

FWd Ko. _______________ _ 

Owner I S Well No. ___________ _ 

1. Location. 1/4, 1/4 Sec. , Block S~ ; , 

I _ 2.J f _-_~L ~~-_ PL =;-E _ ~ ;~-~::-~~;? ___ -_-_-_-_-_-_-_-____ -_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-~ '--+- -+--
2. Oloner.J.I<') J J '" Kl I' L1 r"'; J:" ,,1 • Addr....:'" ,..' """, " ' 'J __ ,-U.L" _ >-.n.~i_ ...... ;;21. _ _ _ _ _ _ _ _ _ _ _ ____ , _______ 0 ___ ,,>-. _______ ' I I 

i i Tenant: _ ,. ___ ~ _ -.;or - _ - - - - - - - - _ - - ___ ,- _. - _ .... ~~,:8.1I:..;. >7~ - _. - _ - _____ :-__ ~ ________ _ 

;'VDr1ller: , ..... _'!'" .... ' t-. .". 'j;)ff"!'r'.J)eJA~lIln ....... ,' ; " -,---------- -------- ------ _ ..... _---------;------------ --+- -+--
J. Elention ot ______ £.~:..~ 1 ________ ia _ _ t-:"'e _ .tt. above 11181, detend.necl: by __ .:. :.1_ '~, ______ ~~_-= , I 

" , 
4. ~. ______ J j _-_I..~ _ y_' Q _l Dug,fc;ble-~ Rotary, __________ _ 

CASING & lU.Al<K PIPE 
5. Depth: Rept. _ _ c _"..._ ~ __ tt. Meas. ________ rt. Ce:anted FrOID :1 tt. to 

~iu. r,p. 

r , 
.tlll 

6. CO!IIfletion: Open Hole, i~;~ Underr.amed
J 

Grawl Packed ____________ _ (~.) r"" 
7. ~. Mgr. ________ :2:' _________ Tn>e _______________ _ 

~ ,I ,.. --._,. 

I 
I 

ft, 

No. Stages _____ , Bowls Din. ____ in., Setting _______ ft. 
, • - I ., 

\.,. '. .. --.:.:..:..... --------- -----I 
r----- -- ,;--?-, 

Column D1.1I1. ________ in., Length TaUpipe _________ Ct. 

B. ~: 1\1e1 ___ ~ ~ ~::: _ ~ _____ Make &: Mode1 ______________ HP. ____ _ --------------- -----J 9. ~: Flow _____ gplD, Pump ______ gpm, Meas., Rept., Est. _____________ _ 

10. Per.t'ormance Test: nate ________ Length or 1'est _____ Made by ___________ r _ _ _ _ _ _ ____________ _ 
Static Leve.l_""~:' _n.. Pumping Lue1 ___ _ tt. Dravdcnm _____ ft. 

Production r ') _ SpecUic Capacity gpm/ft. 

ll. Water L •• el. =21. ~=i~.~ __ t-))_19~= 12,::: _~~~ j~::. 1"- -'~"-...:..~ ~-~ ______ which ia_2,-~~ ft. @surface, 

___ ~_~~tt.~-J-l9- a !~e ___ · ________________________ which ~ _____ ft. ~~loveow surface. 
~- - ~l~ 

___________ tt. mea~·-------19---above--------------------------- which u _____ ft, ~:~: !Urtace. 
• below 

ft. rept, 19 abaTe which 18 _____ ft .• bove surface. ------ --=:=_- - lleas.- - - - - - - - - -bel:.w- - - - -~- - - - - - - - - - - - - - - - below 
12. ~: Dom.,~~",: Public Supply, Ind., Irr., t"aterfloOding.~:::_=:::!.:>_~Not Used. __________________________ _ 

13. Gua1itr- (Reaaarks on ta:Jte, odor, color, etc.) _________________________________________________ _ 

~emp._:Z, GF, Date sampled tor analys1.5 __ 1_ .... _.;.. ~.:..; ~ _t.aboratory_ i.. _~ ~7 ______ _ 

!emp, ___ OF, Date sampled. tor analysi,s _________ LaboratoI'Y __________ _ 
."'"" SC"""'" 

':ereen Openinga 

Dia:. Type ft. 
trom 

I 

i 

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

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

14. Other data available as circled: prUler's Log, RadiOlictivity Log, Electric Log, 

Formation ;; amples J Pumping Test, _____________________________ _ 

IS. Record by: __ ~ _. ______________________ Dete_ J.:. __ . ____ 19 __ _ 

,sO'J.rCe of Data 
------~------------------------------

16. ~: _________________________________________ _ 

- - - - - -'" - -:: - -'._' - '-'- .:.. - _.- - - - - - - - - - - - - -- - - - - - - - - - - - -'-
oC..~ ..: ' ... -

-------~-------~------------------------------
. . t ',. ~ ~ ----------------_._---------------------------

! 

----- --------1------,-----' 
Ii, 

r------ --------r-----r------

- -7J6T~;;- - -- - -.:. - -fJ,i( {---.:. - - --- ----'-- --- --' --- -- '- - -----' --'- - - - -- - - - - - --- - - - --, t . -- .... 
~.. ,(,.) rJ~;O 

5:' ('VI 
.' J L' 

TWDBE-GW-49 (Sketch) 



SWN: 
County: 
Aqulfer(s): 

'25621301 
we.6h 
L.,gred6 'Em 

Water Quality Field Data 

Neme: k,l/qm (A #Ie a,. 
Addre .. : PtJ . .&X 1'-9'1 

• 
L~t:J,1x 

owner's well , ------------------

Sample No. dc2 -06 
Date: I::? -3 - [0 ~ 

By: J. i)e.,rot/ 

Bottle1 Bottle 2 Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Total 3 .[5 A C SUB-
500 ml 1 liter I I, fer 1 liter Samples 

I 1'111 

* 
HAJO.3 un other-

(NdrIG) AI()f{/~(Jw stipu d 

Remark ~~G 
Time In Starting pH 

Water Level h1<'/SLsD Time out Sample time Ji3S- mi. of 0.02N to 

Temperature (00010) 027. b c Weather well use slve.-lz . ml. of Sample 

Specific Conductance (00094) ,-5"050 umhos/cm OutsIde Temp Ending pH 

pH (00400) Z,3t! Sampling point ~ tlt:..d-~ I- tv e,-/ ( 

Eh (00090) mv. Time: i/";o~ I~t. 11;<6 1~5 #~ li~ ml. pH ml. pH ml. pH 

"henol ALK (82244) l? mgll IpH: 8',/0 ')(·17 <l,~g ~~ Z:-33 '8'.~ 
Total ALK (39086) t:? 6"0 mgll Temp: ~,8' 1~.7 ~7.o ~7.o ;0£ lit7.t 
Carbonate (00452) meqll 9.b mgll Eh: 

Bicarbonate (00453) meqll .we? mgtl Cond. 1507o 5070 970 ~?o Icnzn Lc/lO" 

Total Catlons( +) b( other notes: 
pv,.,p ON 11.00 Total Anions (-) 

Total Hardness (00900) .3P C/()tldy "'+-/~~6 
Pl/MtJe.d ".f:C ""TF130 

Dissolved Solids 3/00 
Cc..Y,,,,Ii'leJ l'e-/d <;j6-P/?1 

~ 

I 

! 

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





.. Texas Water Development Board. 
Well Schedule 

State Well No.[j]£] ImJI ~Io III I Previous Well No. I I \ I I \ I I I County liteM Iy 171~1 
Sour .. 

River Basin f./O 6~t1AJIJ C [@II Zone QJ Lat.im][IDJ 13101 Long. I \j fi 1 ~ am ~ooni [] 
Owner's Well No. ______ Location __ 114,_ 1.4, SectiolL--. Block __ • Survey __ _ 

Well Const. • 
Construction Method 1'1)' a fA v L I c.. 1.0 r: Casing Ml 0J Material --,-P_II c..~ ____ t6 

Lift Data 

p"",.1 !OJ Screen D 
Completion _O~,=:<-~{V,--___ ~ Material __ --==-__ _ 

Pump Mfr. Type svAm ~No.Stages --
Bowls Diam. ____ 1n. Setting _____ ft.Column Diam. ____ in. 

Motor Mfr. ______ · ~~~e~r t3"LCLT~ Ie ffil Horsepower I I 1 I· 1 I I 2 

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

Performance Test Date 10- J.d- $8 Length of Test d Hg S Production _3""'o==---_ GPM • 

StaticLevel-ft. PumpingLevel--ft. Drawdown/~ft. 
5 

Sp.Cap. --GPMIft. 
6 

Quality (Remarks ____________________ 7 

WaterUae Primary ____ D Secondary ____ D Temary ____ D 8 

Other Data 
Available 

nate 

Water n 
Levels ate 

nate 

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

rn IT]' I ( 19 ~ S! Meas·1 1 §1:51. [[] ____ 10 
1\ moo II ttlcrlGl Meas.1 1 1 '1131 • [[] ----

[O[]]IIIIIMeas·11111·[]] __ _ 
12 

13 

14 

15 

16 

Casing or Blank Pipe (C) 
Well Screen or Slotted Zone (S) 
Open Hole (0) 
Cemented fromJl2. to ifjD 

Diam. Setting (feet) 
(in.) From To 

c.. S 0 J H () 
0 5 a if 0 13 ~ ~ 

Recorded By (20 max) Repe rting Agency ~ 
Remarks I 

2 

3 

5 I-- Aquifer ___ _ 

6 I" V-1\ j ") ( Well No. U-·~1 -40 I 
92.Q023 rt'-' \.../ \ 

!lI9I91 



sua of T ..... _ .... OnII.n ..... 

WATER WELL REPORT '.Q .... 13G11 

" ..... r ... 71711 

; .... "lUl .... nn A.R.L.A. /:arms 
" OWNER --;...-----,'N"_=o-' ------- A_ 500 Calle Del N~rteLareg9. 

1St ..... Of' illtlIOI 1S;,tyt 

o City Laredo 21 LOCAT'ON o. WELWebb 
County 

__________________ ",1I.,n 

--'-N-.• -.""S-.W-. -ft-,-,-- dtre.:'llOft from ------",,"_--:,------

o L .... ~tlOft: 
D"IIe, must compl.ta II .... I.,., ~nDllon to Tn. "gftl 
with QlS~nc. ~ dlrlCt.on from 1'\I'l1O ,nt""':111"19 sc­
non Of' ''''~ j,nes, Of' .,. m .... t Ioc..ta linG ,"'I"V r'" 
~I on ." OffIC," a"M'-,- or Half·Sca'e r ••• County 
Gerw,. t·41gtt~v M.Jp ~ attach ttl. "'., fa til" lorm. 

Sect.Of'I No. ______ BIOCk No. ____ To"'""',o ________ _ 

AblttlCl No. ______ SYrwy Na'IM ______________ _ 

... 'ROPOSED usa 100eelel: II DRILLING METHOD Ca-It): 0 Or ....... xl. TV'. Of! WORK (Check): 

4tJ New W." 0 o...-,u", 
CJ R.conditiOfti.. 0 P'uai,. 

lbOamootic 0, ......... 0__ 0 ....... -.. 

Dirtitillton DT_Well Dlrt;lction DOtfMr 

O ..... R...., 0 .... _ 0_ 0_ 

Cli .... _ O~T'" Oom" 

., WELL LOG: 

o.t. Orillint: -ComoI ..... 

•• om 
(tt.! 

OIAMETER OF HOLE 
D ••. (in.) From Ift.l To IftJ 

10-19 ,9 8816 3/4 !uri... 1000 

10 ?2 19aB 1---+---+---1 
To 
(ft.J 

O.-scrlp110n and coIcw of torrn."CM 
mate".1 

0.) 230 Shal.e Gray 
~)o ':OIJ ",anu \In .. y nn .... " 

I 0 J lCo • ... \ II ' 
('\ \ '--' 

7J BOREHOLE COMPLETION: 

:tJ Ooen HeM 0 Stl'llight Wall 0 !Jftdft'r.rMd 

o Grawe! fl'Klttd !ZOther Ca sed tg 240' 
If Orwef 'Ehd I'W '"1 ......... trom ____ It ... ____ .. 

IJ CASING. BLANK "'E. AND WELL SCREEN DATA: 

N.... $IHI, Pi_tic. In:. Setting (ft.! G.91 
M Plrf., Slottlld. 1tC. 

Used Scrnn Mtf .• if Cor:NnIIrci.1 1--'-"'-"'-I'--T-o--1 ~~~ 

F1U.9 se-e )00 - J'l'O 

101 SURFACE COWLETION 

o So«"iIId Surface Slab Il"IItlilled {Rule 3f9.oMfc.' 1 

o Pitlftl A.cao. U .. d {Rule 319.4ot{dll 

Il: AoorOWd .lr.n.t",e Procedure Uted I Au .. 319.711 

1 n WATER LEVEL 

SrailC Iewl 

Artftl." flow 

121 PACKERS. 

r:one 

95 #t belo .... I.,d surface None' 
lIP"" 

10-22-88 

f---------------------------i 13) TYPE PUMP: 
o TI,I,btn. OJel o Cyhr.d"" 

(Us. rllVIIII"SI' Ilde.f nKHSlrvi 
o 0'"1' ------------~2>1tro!rn".r-----
D.plh 10 pwnp bowls, cyhnde •. Jft, .tc., __ • ______ ',. 

151 WATER QUALITY: 

D,d you kno""l'I9ly pen.tral. any Ufua wtucl'l conra.ned I,IndHl1abl' 

'MIter' 0 YIS ~o 
141 WELL TESTS; 

",n. "'."'" ""ff'1r~F UNOES'AABLE WATE'l!'30_280 
Tyg. of _1.r' ... Degth 0' Hnta _=--______ 1 

Wu • ctlemoeal .Ina I'll'" mad.? C Yes ~ No 

I he,. I)" ':1'1,t" Ihat 1"" _ ......... a"Ued 1;0" ..... (0' unaa. my '''PM,,'',O'''' .,..a th.t al-C~ ."0 .11 of tha U .. l ...... n~ h.,.,n .r. I'"" to Ih. 1)"1 Co' m" 

.. no .... ,.aee .. na till •• f I un.cl.,n.,.a that h.I ..... 10 cOmQlel •• 1_"" 1 tn .... 12 ....... ,"U'I." :h. '09'.11:1""9 re1l"ned for 1:;I .... D.I1'On an.cl r" ... t.m'~ .. ' 

Water Wtn Onlle,', Llt!1'lSt No. ____ ~~~'~'_'~__'W"" __________ _ 

TEXAS WATER COMMISSION COpy 



1_ ....... "\ 

---

c 

o 

o 

---
'--

---
.-----

'-<>,' ~ 
2· s+.''/ A$ 

,,::=~l e. 

------

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

------



SCHOOL 
CALLE 
DEL 

NOI\TE 



SWN: 'ts~/@1 
County: we-hh 
Aqulfer(s): 6.o.fedo r#l 

Water Quality Field Data 

Name: ~o 1J (t-J 
Address: A ~ De/Mile 

.L.2.redo, J X 
owner's well # ------------------

Sample N·o. dO -0 Z 
Date: /2 -1-/b 

By: J« b eryLo,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 1111 

,v,f(/~J~ HIII03 

LNdr1c.) () I It.. stlpu 

Time in Starting pH 

Water Level 13,Z LSD Remark 9IA I,t:.- Time out Sample time I tJsi6- ml. 0' 0.02N to 
• 

well use lJ:::v;tes/;c, Temperature (00010) ~1,' 3 c Weather ml. of Sample 

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

pH (00400) g. 8fL Sampling point -Fave. e .. :f ~~.,L t...../e.-I/ 
Eh (00090) my. Time: 1/()Z5 IO.YJ 1/£135 v~ /016- I~ mi. IpH mi. pH ml. pH 

·henol ALK (82244) ;l<...f mg/l pH: ~.'37'1 <iU~1 '8'. '3'1 't.g'.£' i<g'.~ '8'.~-r 
Total ALK (39086) ;J.7b mgll Temp: ~7.1 ~7.2 ;<7.3 ~7.3 ;t7.3 ~7.3 
Carbonate (00452) meq/l :< f?« f: mgll Eh: 

Bicarbonate (00453) meqll ;<?8',c;? mg/l Cond. k;<~~o ~/6o ;1../$>'" ;J../9tJ ~/9t!J Z1./t) 

Total Cations(+) 
~ 

other notes: 

Total Anions ( .. ) fvmjJ otJ vtJZ2- I 

Total Hardness (00900) fI ('1-:;- {73·2 
Dissolved Solids !.320 

I 

_I 

j 

I 





TEXAS WATER IlEYEllIPIIElT IIONID 
NEll SCHEDU\..E 

State lien ...,.,.. - 85 29 402 Previous 1le11 ...,.,.. - Count)< - IIebb 479 
River Basin - Rio Grande - 23 Zone - 2 Latitude - 27 34 53 longitude - 9!J 29 27 Source of toords - 1 

Owners lie 11 10. _____ _ Location ____ 1/4, ___ 1/4, Section ___ , Block ___ , Survey ___ _ 

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

IfJdress..510 1¥hIAl..,L,QIJ"'/ Blvd. / ,.,.J,"';l.1. Tenant/Oper. _________ _ 

Date Drt11ed - lZ/11/1975 Depth - 300 ft. ~ of Depth - D .. Altitude - 480 ft. Source of Alt. - " 
Aquifer - 124LRDO lAREDO FIllMATlOll lie 11 Type - II User-
IIELL Const. casing 
IDISTRUCTIOII Rethad - CABLE-TOIl. 1 Casing or Bl_ Pipe (e) 

CIlIIp let ion. - PERFIllATED OR SLOTTED 

ltaterlal - STEEL 
Screen 
ltaterlal - STEEL 

1 lie 11 Sc:reeII or Slotted Zone ( 
1 Open I/o Ie (0) 
I ee.ented f~,--__ to __ 

LIFT DATA - ~ Mfr. ______ _ Type - SUBMERSIBLE Pili' 110. Stages __ I Oi_. Setting(feet) 
I (in.) F~ To 

Bowls 01_. - ______ In. Setting - _____ ft. Col ... D_. - _____ ID. 1, __________ _ 

11 e 7 
Motor Mr. - __________ Fuel or !'oller - ELECTRIC IIJTOR 21 S 1 

31 e 7 
YIELD Flow- ___ GPN ~ ___ GPN Reas.,Rept.,Est- ____ Date- ___ _ 41 S 1 

51 e 7 

o 
185 
205 
230 
252 

185 
Z05 
230 
252 
30D 

PERfORlWlCE TEST Date- ____ Length of Test- ___ _ Production- ____ GPN. 61 

71 
Static Level- __ ft. ~Ing level- __ ft. Orlllllbm- __ ft. Sp.cap.- __ GPN/ft BI 

91 
~In (~ns- _______________________________ _ 101 

111 
IIATER USE PriEry- UllUSEO Secondary- ____ _ Tertiary- ____ _ 121 

131 
OTHER DATA AVAlLAIBlE lIater levels- M Quality- II logs- D Other Data- 141 

151 
WATER LrnlS Date- 12/11/1975 -76.00 161 

Date- / / IleasureEflt- 171 
181 
191 

1------------------------.-
Recorded By ....I. • b ~ rio tJ Date Record Co 11ected _or Updated- 12/05/1996 

Reporting 1qeIrI:y - TEXAS WATER 1DEL0PIIEIT IIONID 
RDWIKS - uY/l'J- "-T'4;;e. Will NDf -AJI fl'ee" 

Unused doEstic tie 11. lleasured 
yie 1d 25 GPN with 125 feet draw­
down In 1975. ee.ented ~ 0 to 
180 arxl 259 to 270 feet. 

Aquifer - 124LRDO 
lie 11 10. - 85 29 402 



HI 
,..111 o't.I''''' con '" SCate of tUM '0' -:YD. " •••• 1, 
UI'UftH .. n to c .. "U ... l,s;. #,z ~ , 
t ..... Wour 0. ... 10,...' holt" LocatH 011.., . ."' '0 o. 1011. 110U 

trA.1'D au UIOat' 
a.c.t. ... 4: ,,,--,--.-

~u., to •• 11711 ~ 

UIIIIIIIJ .-_0 Per_. a-... t .. _11 'rill" .":1: .I~ ~aBa -.. .. "',] .. ~ :2"."t1l i l.-.j "'.xa-
Cit .. ) (St .... e .1' II"D) (ct./,) (Stu .. 

...... -. • " • Add ..... • • 
(-) (Stnet or UD) ("'7) (Sc.co· 

Z)LOCAn .. or VIU" 

0-" '.ill:: :. . , .. leo ill ~ 41ncclM. '"- L.a •• • • • f ... 

Locoto b, ,k.t.cb up ''''"'''' 1.~l'ru. r~.. c .. o-:::; •• " ... h._' locu loa vUh clluanc .. ... • 1rutiou f ... 
11.1..,. ....... etc •• 

~~ 
"Jac .. , aecU ... 02 "'n.," u. ... ..... ""-v~ ~ XI,u - ·'11_ -1 -'b'U'lKt ... 

(v ....... "0 .s.dtI If aec •• ...,.) c-. Dl< SlOt Sit! of s.cct_ 

l)nn Of ~ (a-k) , 4),..,...111 UU (a-k), S)nn Of IIIIU. 1_), 
",,".11 11: Deep.a:Lq aa..nt.c t ..... urhl Mllaict.,al ... ..., ... - ... 

, IecoodtUOIIiq Pluaiq Irri.atloa ron v.n Ot"1' X Cal. x J ..... ..... 
i) Ull.l. t.OC: ... 

Dt.-tar ot h.01.- • . In. Deptb drilled ~. ft. Depth ot c~l.ce1i _lL ,~~ 

ft. '.ta drUha . d 

411 ....... -....:. --.d. lr_ il tt.~ II'OIIIM l."d. 

, ... T. . D .. cdpUOD ... col ... of ') C .. l.: 
m.l (ft.) for.aU. • .aerial ".,.. 01. It - St .. 1 It ,lucie Other 

1. - ,r~ve~ :27S, -, .... , ... tor s. ,'II C __ ted 
f.- .... f<. t. ] 

. -:2 35 IOUO", •• :ti .t.:'1.t 2<l"'1::)..rra clay 
~=:~ 

hcU!! 

1~ ,ae 'r'1 u .... ,. ••• 10 
r. .. < t. f< Cu. 

7 I.'. , :-t. • ;..ve .IIrf,oa :'.7 
12. 13. ".t.r ... i 

n" , "1 ,." ".ty •• ,10 

1 '., 1~' . ~ . ... 101 $CUD, 
".,. ,.,. He - .. _, , 
hrforated nOCCH :c 

1 • < ,-= .. . 
?"<; -a' •• "IT. ,10 ~!::!:~ FrCla (ft.~eetiDC To tft.) 

51;:t 
:"1· ... Hu 

t ".~ .. . _.,. . •• '" .,j 1 = , " 

0= , 0'7= ,1, , . - -,:;", . - -.. 
,rSII rivers. side If !'Iec ..... rv\ 

" .:;~?!...::::ros ,~~ecot! 11) OlE:"':' :=:5:5; 

Seuilhc ",.U Gr'aval p.ck.d OCher Wa. a ?UIIIp t.se »de? , .. ~.: ti '1es. 'Y ~.;"lI: 

Uadar r .... d o,eo Kola 
Tidd: c-pa with ft. dr_ova aftu' --.. 

8) "ATEI L.EVEL: 

I Stacie level ~ . ft. t:I.lov l.nd surface :late .. -5 3ailet tes:----.:....JP. with , ;..: f-:.!ravdovn .f~o!.r --, 
I .utui_n pre •• ur. ___ lb •• p.r _qua .. e inch ,.,. Arte.i_a. :10'11 ... 

Depcb to pu.p bowls. t:11iDder. Jec. ecc., ft. T..,aratur. of vaur 

beleN laDd. INrfac •• 12) u.tD. qu..u.:lT: 
w .. .. ~lc.l -..l,d. -.de? T.. X •• 
:lid any strata ;;;~ntain unde.lrabl. vattr? , .. ';" ., 

I :11'. of v~ter-! . - de1)tb. 'f ttrat~ . 

I 
r heuDY eutity tu.t t.b.i • ..,.11 " .... dt'Llled by _ \01' u.a.der 2Y ,upervisLoa) &ad thae 
eac:b ed aU of the .. eae_nts h.reia ar. tt'\l.. :0 til. !),"C .)[ 7l'! Imovled.e aDd MUd. 

' _____ .",:=:-:~6'::;f-~~~~----------'J~t.r ;,jeU .)rUlers ~"'!:'strati.ot\ :010, ___ "-_________ _ !U.."'~ 

i 

+ ADOIESS (Sjt 
t (SiJtled) t 

.CU,)~----··--------------·---~ ,-4SUU).-

1';' ---, ~, ~ .... ..,. 
I 

-,'wIcl1t1oul LAaU'uceiou OD. r ... r .. I1d •• 

-



, 

I) 

2) 

l) 

rlh Oc-4, • d .. 
t .... Ve,.r Dn.lo,..a, aa .. rd 

•• o. "a DOS7 
.... u. .. , tn... ,Snl 

v.u Ow"",r: kr J.t; I 

wrllilGWaer: 
..... M'11 

• 
l.t ...... UUI IrlIIIu.:::lO; Huaicl,.lD; 

lut. ot Tn .•• 
WArD WELL 

C(JCPLftIOlC AHD PLUCC;11lC UPOIT 

7'1 [,, ,;it,.",. 4 
ltu •• OI' III'D 

Inl •• tloeO, 
Itre.t o~ 
ao...Uc ,Stocll:O; at .. , 

'or MI "" 111 E .011 •• t -;';2- 'f 
'Oft! CIf )3 r.ed .... ___ _ 
'0111 ell S4 role. "w" ___ _ I 

L ..... -. T.x •• 
• Cit, • . .... 

CLt1 ..... 
y 

4) Locatton Ot W.Il: COUftt'y, __ ... ' •• ..c""iL ____ L.bor ________ Le.au. _________ Ab.tuct Mo. _________ _ 

..,... at SWot $Ii of Sect1oa _________ .lock ... _______ "" .. u, __________________ _ 

(tlrel ..... ..,. .. 1cacMI) 

-4--11 •• tA-,=II''=::--:--;-_"tl'.cu ... r.... L,re'. 
(111 , SV. • tc . ) Town 

fro. adJac.at •• ctioa or 'UE"Y., 

5) Driller_..I."'.Ll1"'L;~L .. C~_ .... L ... I .. IL_'Cw.J:r:.o4Ll''-_____ le'iura t toa MIab.r __ ...... 7'-___ Addre.. 2 '21 a L 1 'rli. 

') PU"ty eo.pl.tiGI Or 'h.Uta, V.Il ... Ie. a.lhu·aUoa "-Mr_ ..... ;....:,7'-__ Addr.... • 
7) 01'111_ " f ,,/ 1925. DYID; cab .. Tool£;iJ; Iotar,Q Other· ___________ 'OIme .... Well ... 1"_ ..... __ _ 

9) Ca'l~ aad C ... at: 

OL.aetO!r So< In "lI!lt Left In iJell CO!"IIo!nt !askets or Cftlen t 
(lnches) ::rOlll (fet!! t) " (tutl 7rOlll (feet) to (feet) ?ack.ers, 'epth (fen) ,,- (hee) ! T, (feet) 

c . , - , . - . , , 

to) '1.11 LoI: All .... unMaU .. a fr .. ~.at ........ 
lround 1 ..... 1. 

11) Sutch Of Vell: SbCN' .. thod of coa,letLoa Utlf/OT p1uu1na 
iDCludiftl all calias .aIi c: ... atecl 1at.rv .. 1I". 

" .. To o..crt-ptiolD. .. nd color ,f forut1oQ 
(ft, ) (ft. ) ..ter1al - - -

-. . ~ -. --, 

- -. -
; ,-

, 

, , 

I : 
! 

I 

I ; I ! 
; 

! : 
! 

I 
I 

~ u·) \ 

I .... 

~ , .' • ~c 1>7 - 17 ~ 
''oJ' .. Pi'-J { ... ,( .+t.I 

F~ 

i2l f'r~.h ~ .. ter-·Be"r1.n, Zone(s): "'ptb in :~~t to top 0(_1'-'.;< _______ • Th.i.:ltn.eu-2-h·ct. 

14) Static: lIaur Ln.l(.) ,. fut below taad .urfac.. Vas the "at.r l_el .... ured .fter peoetntiq tb" Unt "ar."r.-bea-rLal 
10neD, or "her drHlinl to toul depthD? Chac:k. .. ppltC:.3bl. box(.}. 

l5) Oescrlbe in Jet.atl the type, .... 01' •• i1nti ,..anner of phCftU·tH of dl ClI!!IM!nt Indicate :iepth to top of celllant "i)ahLnd a .. ch c:asl~g 
Strl~g. :>e,c:-:b" ltW ~L'Je ;:>O!:-eo!~t .. f Jlt ':c!IIel'\t. .aJdlti.vO!s: _____________________________ _ 

1 --. 1- i." ]. 

~6) Mol'S unde:s~r .. btil · ... ,Her ~l(C~'~S i.l:'. 

~8) 

If 110 .-:lese:'1.:'e :IIeth.:lc!(~) LiS<!Q. • 'J .... ...... ,t 1 .:: 

VALIDAIION 

,,,,,4,r' rn.J0"">O"~:'~ .«b'ion; ! ,,,,0< ion c::::::J""",,,c:::::J(Ch.ck • .,,,,,bt. box) 0,."", ... 
& ~ I ~,,-4 ~ .. rId the landOVftc-r '1' party h_inl ",ell drLlled, deapened o-r C)tharvise eltered. 

'/ __ ~ ___ ""'_':"" _____ '--==~_ cartify tuC the uad •• inlil. nur _c:l..,.toa O'r' rateottoa O"f plugi"l o..,.ratt ... 

_re performed i.tI. Ule ~~nn<l!r described .above. 

T'WOtlE GW 55 



, 

Send Original Copy by 
C.rtifled K.II to the 

For T.W.O.B. JI.e only: 
Well No. r.s--.;?- Jf"E 

Texas Water Development Board 
P. O. Box 12386 

REPORT OF Recelved:: ____________________ _ 
For= GW 7' __________________ __ 

Au.tin, Tex.. 78711 UIIOESIRABLE WATEK 1'01"111 GW 81 _________ _ 

1. 

l'or= GW 91 _________ _ 

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

l. W.ter Well Or111er: hyi' .... L • Cn-
C .... p.ny N.me' I , I • 
Address: 211' 1.1 ,rl' .. at''''' .,;Sl. 

(Street or RED) (City) (State) 

2. Landowner: ______ ~.~·r~.·~·u.~·~·w_~f.'~·~,~, ______________________________________________ __ 
Addre •• : ________ ~fI~~7jL41~L~!~'~i~.~,~.~·.~.~i~ ____ ~~~.~rcS~~'L-~--------:~.~x~.~,~----________ ___ 

(Street or RED) (City) (State) 

J. Person Having Well Orilled: __________ ~i~L~~. ____________________________________ ___ 
Addr.ss: ________ ~~------~~~------------~~~~--------------~----~------(S treH or RF1l) (C i ty) (S tate) 

4. Loe. t ion 0 f We 11 : County ____ -'·."'·.,,="'o'--___________ La bor ________________________ ___ 
League~----~--~------------------Ab.tract No ______________________________ ___ 
mo", NE4, sw4, SE4 of Sectton ___________________ Block ________________________ ___ 
Survey __________________________________________________________ _ 

4 miles in ______ ~ ________________________ ,direct10n. 

(NE,SW,etc. ) 
from __________ AL~,~r~.~'~' __ ~~~~------------------------------------------------_ (Town) 

5. Date Well Orilled: ____ ~'~·,~/~"~,~/~~5~------------------------------------__________ _ 

6. Has a Water Well Report (For= GW 7) relating to this well been forwarded to the 
Date 1 /l'r· Texas Water Development Board? Yes X No _______ _ 

!i :!:'. please ~ '~ ~ Report ~ this fonn. 

'. I d~ hereby certify that in drilling, deepening, or otherwiSe alteri.ng the a~.JVe 
.;!<i!scr:bed 1J~11! water injurious to veg~tation. to land, or to fresh '..-ater has 
:,-=cn o::ncoL:nc~I'ed 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.,0..:;/._I '-_.~:...I_°.L.L'--.... }:... .... ( .... __ ___ 

Reg. 1I0. __ .......Lt..;· ....... 7L-____ _ (5 igned) 

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 
encountered water injurious to vegetation, to 13nd or tv fresh watcr and that the 
~elL must be cvmpleted or plugged in such a ~anner as to avoid injury or pol­
lution. 

Date' ______ -'-_____ ~_'_ __________ _ ,ft, "" _./._ (Signed) ____ -'-~~~ ____ ·o~--_.:...~=_-:...~===_ __ _ 
(Landowner or person having 

·.ell drilled) 
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TEXAS IlATBl 1lEVEl0PlDT IIOI\RD 
liEU SCIIEDII.E 

State 1le11 Ikaer - 85 29 706 Previous 1le11 ..... - County - IIe!Jb 479 
River Basin - Rio Grande - 23 Zone - 2 Latitude - 27 31 41 Longitude - 99 28 55 Source of Coords - 1 

0Imers lie 11 110. ____ _ Location ___ 1/4, ___ 1/4, Section ___ " Bloct ___ , Survey ___ _ 

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

Address .p tJ. fJox ;z36~ Loded().lx Tenant/Oper. 
Date Drilled - 12/08/1965 Depth ~ 236 ft. !O:irte of Depth - 0 Alti-tude-----464~-f-t.---::-Source--o-f-AI-t-.---"--
~ifer - 124lR1lO u.REOO FIlUlATIOII 1le11 Type - II User -
IIElL Canst. Casing 
taIS1RUCTIOII Nethod - IIYII!AIJLIC ROTARY llateria 1 - STEEL I Casing or Bla'* Pipe (C) 

Screen 

~letion - PERFORATED II( SlOTTED llaterial - STEEL 
I lie 11 Screen or S lotted Zone ( 
I Open Ifole (0) 
I CeEnted fro.,-_to 

LIFT DATA - ~Mr. _______ _ Type - SU8NERSIBLE PIlI' 110. Stages __ I Oi.. Setting(feet) 
I (in.) Fro. To 

Bowls Oi •• - _____ in. Setting - ____ ft. Col_ Oi •• - _____ in. 1 _________ _ 

IIotor Mr. - _______ Fuel or PoIIer - ELECTRIC NeTII( Horsepo.er -

YIELD Flow- ___ IiPtI ~- ___ IiPtI Neas. ,Rept. ,Est- ____ Date- __ _ 

PERF\JIMIICE TEST Date- ____ Length of Test- ___ _ Production- ____ 1iPtI 

Static Level- __ ft. Plilping Level- __ ft. Drihldown- ft. Sp.Cap.- __ IiPtI/ft 

~In(Raans- _______________________ __ 

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

OTHER DATA AVAILAIBLE lIater Leve Is- " Quality- Y Logs- 0 Other Data-

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

NeaSureEnt­
NeaSureEnt-

-76.00 
~.50 

~ecorded By .I I. be-rio AJ Date Record Collected or Updated- 12/04/1996 

~eport i ng Agency - TEXAS IlATBl OEVELIlPIEIIT BOARD 
~EJWU(S - /7J t:= %1 0( {A':;/A/? 

-r 0,7/ 

11 C 7 
21 S 7 
31 C 7 
41 S 7 
51 C 7 
61 
71 
81 
91 

10 1 
111 
121 
131 
141 
151 
161 
171 
181 
191 

o 
175 
195 
212 
232 

175 
195 
212 
232 
235 

I--------------------------------~ 

Owner's 11 .ell. Neasured yield 25 
IiPtI with 64 feet drawdown in 1965. 
CeEnted fro. 0 to 175 feet. {/AJq6/~ ~ 14J"~~yI- C-/IIJ~. :-1\ 

we-II I~""f'.$ /v.,to 1frJfll.ld sYc""'~ ~AI/l:...0-e,m"IJr.J' 

Aquifer - 124lR1lO 
We 11 110. - 85 29 706 



1tl .. _'ataal cot'7' • 
SUt. o( t .... 

1' ... Vat.r D ... ~ ... 101.1'4 
P. o ... 12316, C.,ltol Suti_ 
4 .... ti.~ '1' .... 71711 

DRILLERS LOG AND wtLL DATA REPORT 

l) 11.11 (),m.r! Cath.olic Cementery 1219 Saunders - -.... 
2) . La_ (IIra.r: Catholic Ce:jlentery 1219 Salmders - -.... 
J) Iat ..... " \de: tachl.e-rtalCl lJt.&alc1pal0 Ilrri..,Uloa 2f ,Otla ... 

.... , 110. 

Laredo 
'"' T.aredo ... -Texas -

4) Locatio. of •• U: COUaty._-'We::.:.:b"b:.... _________ ... bo' ____ L ..... _____ Ab.tr.ct Mo. ____________ _ 

~ '!,IL~..!~ "t SectLolI ____ lloclc Noo _____ SurvSl' ____________________________ _ 

1--_1.1 .. iD_--;;r;:;-::;:,--'dLl'ecti.O. 

".. Laredo '"t"eXas 
,-

Sketch !Up of •• U locat:l.oa .ith di.ataac •• (I'a. two aectf.oa 
01' ,urYe litla. and to 1andIM.I'u rMda and cre.k •• 

I CALLERS LOG OF WELL 
I !1etbod ot ciT'i.11 illl:_-=S"t:;a::,:n!;c==",:;rC:..::_=--.:r"l.::.· ... :'-______ Ol.atu ,,( hole 8 t 1ft. Oata dYilled __ .;:1:;,;2;;,/<-_3;;,/<-__ :.: .:5'-____ _ 

I 
, 

i 

I 

AU m .. u - .. sr. tS dafr ,. a u 

~~~ (~:) D • .scnpt10n aaO color of " .. r. O •• cr1,tloll aad coloI' .f 
fonution ... tau .. l -,-'t) (f!L fotsatioa _tal'~al 

1 3 
3 15 

15 26 
26 36 
36 1'~ 0_ 

162 171 

171 175 
175 I 195 

Stnipu:: ",.11 0 

Gravel p.ackad C 

Jpen holeD 

Surface 
Yellow rock 

~rav co1av 
:iater sar.d 
Gray sandy 

;.Jet sand ( 

Grav clav 
,-inter sand 

CaotPLETtON 

E'Lea.se attach cleetn.c. 

1 Q <; i '0 1 ~ ,"!.,..~ - ~,.,rl" .1 .. 
, 

!l2 232 ;'iat:er sand 
".u. "-',, "ray C.Lay 

shale 

humid ) I 
i I i 

(1.:,. c.onti..n\l.&tioa .h.au if :lK .... ry) 

COMPLETION DATA 

SCIEE~ 

~pa: Old~ :r.wD Type ____________________________ __ 

C_anted fr=- 1 :':.. 

i " J 75 ::t. 
Par fora ted 0 

i 
:l~_at.r: Sett]. 
(~:1.c.bas) :1'::" (It) ,. " , 

I" ~,,:~:~ i 7"{)_ n ""I~ 

I 

I i I 

W4TER LEVEL AND PUMP OATA 

Stat1c \I.atel' 1eva1 __ -'7":',,, _______ -1 
ft. balCW ___ s;:..:u:.;r;..f=a..;c;..e-=-________ -i 

Puap t~p. ______________________________________________________________ _ 

o. •• ,n.ed PUIIIIP.t'll rata ____________________ iPIQC Q.-._ 

140 
I !'!.OI.lC'S 

?uap In.S lavel 
1-

Ty,. pQWer \.I.zut _____________________________ __ 

:s 
o.,th to ~owl., :yll.nder. Ju, etc •• ____________ !t. bel"" plJZllp ; .. ~ 

! ~ of cOlltyaceol' C.Stlns vell or 1n.t .. llln& per2.1..aant '1.D1' i.f. oth.r than ~·o ... r c~.ny: r, ..s---~2 -7t10 I ____ '-"-"'--"'-'...1-_'--''-''''''' __ _ 



_ /)1 Co pI. .. ~So.J 
()~.tl'" +' 
/?)a •• J'I"N" '" Go 
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o 
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lot/- @ 

k-~-.I! .. I 

Mapped, edited, and published by the Geological Survey 

Control by USGS and NOS/NOAA 

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

Polyconlc projection. 10, OOO-foot grid based on 
Texas coordinate system. south zone 
lOOO-meter Universal Transverse Mercator grid ticks. 
zone 14, shown In blue. 1927 North American Datum 
To place on the predicted North American Datum 1983 
move the prolectlon lines 27 meters south and 
32 meters east as shown by dashed corner ticks 

Red tint indicates area In which only landmark buildings are shown 

Fine red dashed lines Indicate selected fence lines 

Areas covered by dashed light-blue pattern are sublect 
to controlled Inundation 

ZAPATA 1+7 MI. 

UT~ GRID AND 19ac ~AGNETIC NORTH 
DECLINATION AT ·:E~TER OF SHEET 

Revisions shown in purp'~ sompiled from aer:al 
photographs tak~n 1975 acd other source ~ata 
This information not fieid checked Map edited 1980 

Purple tlrt Indicates exterSIon of urban areas 

f' 
L 

FOR 

?Ss-2;-700 



SWN: 
County: 
Aqulfer(s): 

t>--.z?-zrh 
we-6h 

k-o.redCJ "rHt 

Water Quality Field Data 

N.m.:Co,~&c- ~rr 
Addr ••• : &2 &x ;s:~ 

Lo.l"doT;< 
owner's well " ..... /r..-. _______ _ 

Sample No. d& -0 7 
Date: /i< f -1&; 

By: ... 1 , .berri}Al 

Bottle1 Bottle 2 Bottle 3 Bottle 4 BoUIe 5 Bottle 6 Bottle 7 Total 3 SUB-
500 ml 1 liter I l,fer 1 liter Samples 

I 171/ £ HIV03 un other· 

(NdrIG) Nof£lrkfJW stipu 
Time In Starting pH 

Water level ~O.gJ LSD Aemari( ~,(_ Time out Sample time / .3S"'~ mi. of 0.02N to 

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

Specific Conductance (00094) O? 3'r'.o umhoslcm OutsIde Temp Ending pH 

pH (00400) 2{.70 Sampling point U/sD /4"Qe ~/, / e-//. 
/317 '/-=i2S 

, 
/~ ),3---;;;; 135z.. pH Eh (00090) my. Time: /.3~ ml. mi. pH ml. pH 

'henol AlK (82244) ;<0 mgll pH: g.Gb : 'g.t/! :'tSl cr.67 51.70 ~,70 

34 0 Temp: ~6.o ~.3 ~.~ ';V.tJ .:z7,o :;1...7,6 
-

Total AlK (39086) mgll "-
Carbonate (00452) meq/l ::<'/ mgll Eh: 

Bicarbonate (00453) meq/l 3(;&> mgll Cond. ;?600 :»'70 ,~ :::l,dL, J"271'.l ~::""k 

Total Catlons(+) ~ other notes: 

Total Anions (-) fum/' oAl/31? 
Total Hardness (00900) r 
Dissolved Solids /333 -





T£XAS WATER DEVELOPIEIIT BOHtD 
WELL SCHEDULE 

State lien IIIIIb!r - 85 29 707 Previous 1le11 ....... - County - Webb 479 
River Basin - Rio Grande - 23 Zone - 2 latitude - 27 28 30 Longitude - 99 27 46 Source of Coords - 1 

Owners llell 10. ____ _ Location ___ 1/4, ___ 1/4, Section ___ " Block ___ , Survey ___ _ 

OWner - Fausto Berwudez Ortner - IbJds Drill Ing Co. 

Address 3 g:?c:2 s.,Le.w~ d; LOa(e.Jo~ 7'8'011 . Tenant/Oper •. ~_-=::-::-:-_=--_:--:-__ _ 
Ilaite Drt11ed - 06/24/1984 DeptII - 260 ft. Source of DeptII - 0 Altftude - 465 ft. Source of Alt. - " 
Aqu i fer - 124l.RDO lAREDO FIIIMTIOII lie 11 Type - II User-
IIEll Const. 
COIISTROCTIOII Method - AIR ROTARY 

casing 
llaterlal - PVt, FIBERQASS, OTHER PlASTIC 
Screen 

~letlon - PERFlllATED lit SLOTTED llaterla I - PCV, FIBERQASS, OTHER PlASTIC 

LIFT DATA - P~Mr. _______ _ Type - SUlKRSIBlE PIlIP 110. Stages __ 

I casing or Bl .. Pipe eC) 
I lie 11 Screen or S lotted lone ( 
I Open Hole (0) 
I te.ented fro.,---:_to,~~ 
I OlD. Setting(feet) 
I (In.) To 

Bowls Oi_. - _____ In. Setting - ____ ft. Col.-J 01 •• - _____ In. 1 _________ _ 

Motor Itfr. - _______ Fuel or Puller - ElECTRIC IIDTIIt 

YIElD FIOlf- ___ GPfI Pulp- ___ GPfI Meas.,Rept.,Est- ____ Date- __ _ 

PERFIItIWICE TEST Date- ____ Length of Test- ___ _ Production- ____ GPfI 

Static Level- __ ft. ~ing Level- __ ft. DrCllildOlfn- __ ft. Sp.Cap.- __ GPfI/ft 

~In (RBBrts- ______________________ __ 

WATER USE PriEry- IXIESTIC ~ry------ Tertiary- ____ _ 

OTHER DATA AVAILAIBlE Water levels- M Quality- II logs- 0 Other Data-

WATER lEVELS Date- 06/26/1984 -52.00 
Date- / / 

Recorded By J , j)e,~ tJ Ilaite Record Co llec1ed 0[' Updated- 12/05/1996 

Reporting Agency - T£XAS WATER 1lEVEl0PlElT IIIWID 
RDWIKS -

Measured yield 30 GPfI with 115 feet 
drawdown after pullping 3 hours in 
1984. ee.ented fro. 0 to 30 feet. 
p~ set at 231 feet. 

bill A/",L lIJ.slf ..f1,.$~/1. 
V ;v~/~ 10 C~~(;.+ o(.,U~er. 

11 C 5 0 200 
21 S 5 
31 
41 
51 
61 
71 
81 
91 

101 
111 
121 
131 
141 
151 
161 
171 
181 
191 

200 260 

1-------------------· 

AIJIifer - 124lR1lD 
lie 11 110. - 85 29 707 



-
P ..... Q' bt.u:1r State of Tex ... Send o,'.NlI cODy >.IV r ••• w..., w.l1 0' .. ..,. Io.a 
CWtlfr«l m.d tD \he WATER WELL REPORT P.O .... ,., 
T .... O.....,.,. •• n Itt w •• III .... ,... 
ft. o. ao. 13011 A"INYION OWNE": eo"/itk,,rw/il)l PrJ"'''tr .Yohe'1I' 11'1 .,W'M' $iM 

,., .... r ... 7171' 
Au ••. T ... 1171' 

11 _III lIwliltg IliIIJIII,u:l lIZ ... .,.- J~,Q Stewart I.e.redo I Texas Z8041 
IN.,... I.t,.... ... ,.,D. ICIIYI ,_, IZ.,. 

21 LOCATION Of WILL: Well located....2.Jt. east city limite lineat dead end. I.e.ndo 
""""IV JIlebka dirlK'lH)l't ".,." 

(N E. 5 \III nc.1 !TOwIwftI 

Q \.atII-.. -: 
Onl.., ..... ~ tN J .... dllcrliption to .. ,..,.. _No. ..... No. T_ 
with diIunce end "tiOtl front two in ..... '"" tIC-
tIon or IUfWy ..... or ... ""* LoCI .... idIMtfy 1M 

__ No. 
s-...,-

wett Oft 1ft officill Querw.. or HeH· .... T ... Cot.tfttV 
Di.tllnQ .-d dirctrOft from two i"tenet.", section or ... ~ lina GtN, .. H~ Map .nd an.actl m • .,...., fa mi, form. 

~-- ~- .:IQ _ "l'l 
31 TV" OF WOIIK IChoQ" 41 , .. ~ lAIIChecIII: II DIIILLING MlTHOO 1000ct0I: 

~-- Oa..-... 0-. .. 0,_. O ... bI .. ,....... 0_ .. 0 .... a Ai' H..,."... CJ O,jwft 0_ 
o R'ICOftdibOni"l OPlu ..... C%J rrllJl'IOft 0 Tat Well 0 01"-' lAIr Rotary Cl Cable Toot 0 ... " ... 00 ..... 

II WELL Lao: O ...... IETE .. OF HOLE 11 IORE_E ~LETION: 
Oea.Uft.) _IItJ To IIt.J Oa.-_ O~tW'" OUndor_ a._ 

OG.- ....... 110_ CAI!lli ~ llQU2m ,60' 
0 ... "'''1ocI 6i2 SiB!!: 6 1/4 260 If G, ... PICkId .,. tftlhtr'\tai ••• 'ram It. to It , 
F,_ To OftO'lPtlon Iftd cGlC)f" of fonna(ion 

" CASING. _LANK PIPE. AND WELL SCAEEN DArA: Ih.1 {ftJ "'-1.r .. 1 

0 4 Topsoil 
':: N_ St .... Pt.tlC .• tC. Senln, (ft.) G ... - 0 ... 

yell.ow HnJ Oft ,..,., .. SIoe,"- etc.. Cas," 
4 25 Siltstone ~ Screen ..., .• if CQft'IfMI'C* F ..... I To Sa .. 

?c ?nc <:" ... <4" .. h .. , .. .,.,....,v "I"' h,,~ P.V.C, nlain 0 200 
'oc; 2~6 Sand' 4Zrav 5" he .. P. V. C. perf. 200 260 i" 
256 260 Shale gray 

91 aMENTING 0 ... T ... (R." 3'9 .... lblJ 

Cemtn1ld fram ~o It .... Sucl:ace h. 

ft. to It. 

Method \.-d Basket ,5; Gt:al!:i t:.o: 
c.n-...... 'IIggglii Qdlling Co. 

10) $\JRFAC£ COWLETION 

Ck ~if" SurflC. Slab I ",wiled {Rule 319.44ld I 
o Pitlea".-pw Uted (Flule 319 .... ld)) 

o AC)prOW(l Altametrw Proadure Uwd (Flu" 319.711 

I1l WATER LEVEL 

St.tlc ...... 52 0. .. 6h6i84 D Iflllf'\f. II) It. belOw I.enclsurfllce 

n - 1111 ... ".. ... flowDQne """. 0. .. 

.. II. :.. 12) PACKERS: Ty .. Owp", 

.lUI. 'V aIM none 

-'.ur 131 rY~E P'\AIP: .. ri'~ o Tul"bfM OJ .. !lISu-.. ... OCvtindlw 

Do .... 
(UM rev.,. 'Id. If f1ecHUI"'W' Depth to pump bowls. cylinder. jet. etc .• 2~1 It. 

151 WATER QUALITY: 

Old you knowingly penetrar. oI"V str.ta whICh conuu"KI uN:ift.rabl. 141 WELL TESTS; _ .. 1 o V .. ONo 
TvpeTnt: ~Pump ~ B.,I., o Jetted o ES111Nrec 

If yet. SUbmit "REPORT OF UNDESIRABLE WATER" 
Type of ~t ... ~ I.j gh t sa J t Depth of urara 205-256 y,,,., )0 gpm .,.·th .1..l..S..-.lt. dra'Ndowf'l .1ft" -L I1n. 

Wn 01 ch,,"cat analY!lsmade~ DVn CXNo 

___ ~ ...... 111'1 cr.",,,, that th .. __ I _M drl" .... D'I __ lor ",I'CI'" m'l tu,.....,i.iOnl -'CI ttlat INdIo ancII "I of 1M SlaC_1S " .... In .,. Irve to ~ ..... of my 

Ie now I",,, .rid bet •• ' I u..,CI.'SI .... CI t"et ta""" to compl.te .t."... I tl'l,1,I 12 "",II ~-'11 in tfM lotlSI tte'''9 ,.tl,l,n-a for complet.on .f'CI '....,bm.tt.1 

COMPANY N ... ME t!ocds C:dJl iD~ QQ, Wiltlr Well Driller', L!CIRst No. 2220 
(T..,oe or POr,nt' 

... ODRESS P.o • 6489 laredo. Texas 78042 

i Ise'''-7:' ICily) (Sg,., IZitl) 

(SitNt!J ~~'.J 1.1 '. ..L ./ (S .... dJ ?:( s-.7i.-7a7 
~-~ 

~a. ,.,_W_WWIIDn''''' ("~_ed 0,,'1er T'oIl"'" ::,TN'::'ft 11M &_,;)Q. ~~ "1Ct1" • chemical al'lllysis.lnd other pertirmu in'Ofmation. rt millibl •. 
LOc..ted on -.a 

v 
DEPARTMENT OF WATER RESOURCES copy 

TOWA·0392·' 12.'19.-11:3) 
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Tens Water Development Board 
Well Schedule 

StateWcU No. ~ ~:11 O!i! I PreviowWeU No. i I I I I I I I I County ~!J i '1179 

River Basin £-rJ 4n:.~ 1.2~ I ZoDe ~ taL ~[J@ I /I~I long. :o~"91 ~.3 ~ t: 7 

Owner'. Well No. 

.>J( ,(I t.J c.o ,.-
Loation _1/4. __ 1.4. Section __ • Block . Survey 

( _ U/~ J-r'-, 

Addras f06 AI, /11 Ji ~c'-'f?../ ~!:;fi T ...... "~r. _of-:-7~.lc:::;..2.;:,..---""..;....::;;.z;;,:.2.:;:,..:;9 _______ _ 

Du. Drilled CD CD I I CVM I Depch I I l;tId 10 I 0:: Daaun B Altitude I "d44 01 ~~r~·.;~m 8 
Aquifer --------------LlI4I'f@p?bl I ~~ ~ liser '--_! ......... ....I-"--'.--" 

Wdl 

Bowls OWn. 

Const. 
Mechod O 

Casinc 
_______ Material 5-ke1 M ~ ...... ____ t=J 

Completion 

Pump MIT. 

O'Scree 0 
------- Mate~ :--__ = ___ _ 
_____ Type _-=..5.;;..;~~~...;...... _@No.Scaca 

_____ 'n. Seninl _____ ft.CoIumn Diam. ____ 'n. 

Motor Mfr. _______ ~~!~r ---"e~fec..=::::::=_:..r _ 0 Honopower I I I I· I I I 1 

Y'teld Flow --- GPM Pump -- GPM Mns..Rcpc..£st. ---- Date ~-_ 

Date ----unpofTesc --- Production ----GPM 

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

Quality (Renwks tJ4.J dlJ2 t-J --. u.."ed2 -£ r V6..~ 4,/.:;;;C/( t....Jt;/I.J"t:... . ) r 1 

WaecrU. Primary be...... [El Secondary 0 Tertiary 0 . 

Du. 

~er ~ ~=ty [YJ Lop 000000 ~ 00000 · 
~~ 1/1~114l M .... I I l3k1.~ /_0 / ,. 

[]]DJIIIIIMns.IIIII·CD ___ _ Due 
I 

Da[e [JJDJI III I M .... I I I II·CD---
14 

I 

, 

c..,ng or Blank ?:pe Ie) 

WcII Screen or Stoned Zone (5) 
Ope. Hole (0) 
Comenred f'tom <0 - -

Diam. 5o«i., (feer) 
Ii 1.1 From To 

Ie Ie , I 

i 
! ! , 
; I i 
I I , 

I 

1 i ! 

11 , 

i 
I 

! 

i I 
I 

I 
I 

I 
I , 
! 

I , 
i 

I I 
! 

Recorded By 
00'0 Record CoIIcaecI 
or Up<Iotai 

(20 mu) 
R ""It 

Remuks 1 

i 
I 
, 
, 
I 

i 
! 

, 

, , 

I J I 

i 
! I 

! 
i i 

J 
I i 

1J 
i I 

! t 

J 

v-tf~ 1 ; "'()r JV 1"7 

h1~ r/.16 

E/«.. /I ... e 
A4/e. ?{G 4 

, 
, 

',.oJ" /'1/ .1..._( ':!. <L C. II"'" 
IT-' 

. , / 

I 



~". . 

_if Q ..... :.>). 

13:<)0 
7,¢7 

.:1).' 
. ,;.,.0 

13,:,J..~ 

7, )0 
:; c;-,cr 
7330 

13: i r 
" <S~ ~ -- - -. . . 

~<;.I.o 

73/0 

. . 

i1..~j . ~./I .r") 

13. .' I ~ I ~ ;~'" 

?, 'S""7 7.0 J 

.2 ~.l. ....2. .c:. 7 
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99-30' 

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 
10DO-meter Universal Transverse Mercator grid 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 

U1M GRID AND 1980 MAGNETIC NORTH 
DECUPIATtON AT CENTER OF SHEET 



Water Quality Field Data 

SWN: 8S--,2.9~ 70B 
IJdh L ---- . 

S'ample No. A 9- o;L. 
County: 
Aqulfer(s): i....c::c..reclo 

I Bottle1 Bottle 2 

• 

Neme:)fJ. , (..-etl i ~o 

Addr ••• : ?O() AJ. M-!''',..c...J..C. 
4G.r. cI 0 7 ItS ¥' I ,. 

owner's well ,, ________ _ 

Bottle 3 Bottle 4 Bottle 5 Bottle 6 

6 
Bottle 7 

c.... 

Date: /...1- y-c; , 
By: P. ~/c::~_ 

Total 
SUB-

s::i ~i:t 2ft :t£1 1;~,- .s~ .. 1 I 1 .. /.e- Samples 3 
CIS N r te Aa '0 ctivity 

, 

~~ o~ 2al All filtered 
I~{ 

~ 0 
. t- (Nit ) 

unless other-

(Stdfu ) /lAID) wise stipulated 

Time In lJ... : ~ .} ~.~/ Water level 3:1. 't'.2. LSD Remark Time out Sample time Itf o.s.- I. 0.02N to 

Temperature (00010) :z.S".3 c Weather I~. ~ .... well use ¥-(J. ". tiL 01 Sample 

SpecIfIc Condudance (00094) 7110 umhoslcm OutsIde Temp (.7 OF 
f.).,'~- fL"ok. 

E"",9 pH 

pH (00400) ....,.51 Sampling point 

~h (00090) mv. Time: Il:" 11/~ 1)/5" Il.lS> I.J~ I.JJf ml. 'pH mi. pH ml. pH 

"henol AlK (82244) --#Tmg/l pH: '1.,*1 7.$1. 7.r7 7 ... 0 ..,.rt,. 7 • .)-t IJ~ 7...s1l 13J'"S 7 • .r:t I,{-oo "T. S"'I 

Total AlK (39086) 2C; mgll Temp: ,t:l.c.. ).'f..l .J.~.). .J.~' 7 .l~-., .zs;(. .&s.3 .1..t"'.c.. ...,lIS: & 

Calbanate (00452) meq/l ;< ( . Co mgll .Iiho 

BIcarbOnate (00453) meq/l 253. g mgll Cond. "1).70 1J ¥> 1UCt u"to 7l~6 71/0 7,b)6 7/1<:> 711 oj 

Total Catlons(+) &b other ~tes: 
-c9 ~ 0"',. Total Anions (-) yiA-"" J ~vt"~~ 'tP ".1 ... 11 

Total Hardness (00900) 3~5 oA (.A) IV-let.· "- /1''' f:. .,;:f- 4 ~ , Sf; 

DIIeoIved Solids '/tfG() r~,,; p..c. ~ .6e £te r.-{t;A~ I 

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





Scaca WclI No. ~~17Iol~1 I PreYiouaWeUNo. I I I I 1 I 1 1 1 County ~6 1~7i'i 
River Buia £:0 (irc..~ ~ Loae @ Lat. @ZIGiZl0iI Lon,. ; d 1i,1 ru ~ t: [2j 
Owner's WcU No. _____ Location __ 1/4. _ 1.4. SecQOIl _. Block 

, 
__ .SIUY.,. 

A.ddrao ________________ TcnanrlOpcr.-;-___________ _ 

1 1 I tile,: § 1 ~;:;...".. 0 A!liNC!e 

eli RIA1Jl1 o l 1 ~; ~ 
Da.e Drilled 

Aquifer 

Well Cons •. Cuin, _______ 0 MII.rial _____ 0 Con.tnoction M.thod 

Lift Data 

31. ,. / /' 
Comple.ion /'~ dr,/I~ 0 =.:~ /' __ ---",,:=--___ 0 

l'umpMfr. _____ Type .sc:..o~ ~No.SIIp 

8ow\a Diam. ____ .n. Seninc .3 IS ft.CoIwnn Diam. ____ in. 

Fuel or ~ 
Moror Mfr. ______ Power -e(e-e.. ~ Horxpower I/lsf· I ~ I 0 I 1 

Flow __ GPM Pump _ liO GPM Mcu~ 0... ,:/.,t;.. J 

/".)/- 'i "I I I.. r I {.;, :~ 
P.do ......... Tat 0... ~ncrh of Tar I'roduaiOll GPM 

'71. 7 ,;,,-1.>," I !></ I O!>-
S.aric L....J - ft. Pumpin, lev.1 -ft. Orawdown -ft. Sp.Cap. -'- GPM/ft. 

.. 1'\ .< I r . ~ ,- ' 
Q\Wiry(lUmatlrs ji"QQM '""~t6 <--o.,..-..4.i .. " - ,20 So 

:1 '\b t . 
Water U. I'rimary.~ _ ~ StcondaJy :::[:r (" • [fI Tmiary ___ 0 . 
Oth.r Data 
Available 

'1" .... 
t..N Oat. 

Date 

~r ~ ~ry [1J lop 000000 g:r 00000 · 
07J~Itf?I~~ M_II 1~/I·~4-o7 .. 

I " ~ [ill] I;FiIe? 171 Mcu. I I I j II· @JI--,I_-'_O __ 
~ .2 

[]JeD I II I I M_I I I II·[]J--- , I 

•• 
1\ 

•• 

14fg lji !;r~rga;!m 8 
User I I I I I I I I 

c..in, or Blank Pipe (0 
Well Screen or 510fted ZOM (5) 
Ope. Ho.(O) 
<:em.nred 110m _co._ 

Diem. s...in, (f ... d 
(in.) From ~o 

Ie::. II c:: ~ 
Ie. Ia I" ~ ~ 0 0 

$ 0 " ~ ~ l~ "" 1<01- 0 

~ 0 b ~ ~ 0 " ~ b 

Recorded 8y 
Da •• R_rd Collected 
or Upda.ed (20 max) R I!!!!'i n'· .... ncr !ill 

Remarks · " ~ ... 5,,- , ~ 6 " I t' I .d. I ~, 3 ~1. " /1 , f I- /s ~ -
i L~ 

~ 2 _ 

C '<' i- ~ .. .:: .~. c ... {~ '.L I •• r t ~, <.. 
" I 

. ~ < , , .-
J II .... I Iq 4- 'I. II I v 

• 
, Aq...rer ----
• Well NoBS-~? 1:1 

/ 



Water Quality Field Data 
A Ci-,-e J l> ,4..s ~ 

SWN: 
County: 

ljs -;2'/- 767 
l0 t" hLJ Nem.: /h~, L· Y /1..0 S 7' . 

Sample No. /) G - /2 

Aqulfer(.): 

'\ 

, 
h".t.t"':-<~{ (") 

(f, F.. ~ . 
Addr ••• : . 0 Ill .. :)" Co Ell) "'<:'.".,) (., 

l.h:,l 1"1 .. ", '/0." ' . .{, , ':iI, .,.(.c,,-, 

9wA8r'a well #I ~. ~s ... d<..· • ; is 2."( 'I C 
) 

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

500 ml 1.liter 1/~'~r 

Date: / -J /- '( I 
By: /) I t:..k"f" f -

Total 
SUB­

Sample • 

1./,; .,--------.-.----------~-~ .v.f-
/ J 

NKD.a 
(vihic.) 

Wat. level 7 I, b .~ LSD 

Time In f, ;0 ~ > 

Remart< .St.', ~, Time out II. 'u (j Sample time '1.' J l· 
Temperature (00010) ;t 7 . .l-. c Weather (',.-.'t. "' .. {- well use :It,~ 
Speciftc Conductance (00094) ___ --"umhos/cm OutsIde Temp {.,C <I'~. ()";'" ') ( ...~!-.(~ 
pH (00400) g 7.1 Sempllng point E",./:',· (' I), (.d. r· II4.,t .. (, 

Eh (00090) ---..... my. Time: ~ ·/~'11~·.)J I'1.Jfi I"I:~.I "I Iml. loH 
lInOI AlK (82244) -- mgll loH: It', q~: I L it> I t'I,7 2.1 . II ". 

Total ALK (39086) -- mgll Temo: I J 7. ( I·) 7.11.-1 7. II S/J.·rl 

Carbonate (00452) meqII mgll 81: '-_.-
BIcarbOnate (00453) meqII mgll Cond. l).c·7(..\..i~~f-l.}(·;.~ . 

Total Catlons(+) -&. Total Anions (-) 

Total Hardness (00900) Il 
OIllo.\<ed SoIIda W O 

s/ci l.f.O·' y.u.J 
/. " 7 .~ 
.(.'... .'-J' 

1'1<.) other notes: 
'II 

_~','l' (If [,.1:: I. S"J') .ljl¥ · .. 
q-{ tf, G 'j .... /-- I /.1<..;/'<-"'(." ~. ~ .~ 

/(11 1<"/ , . 
t')UJ.l/1~C ·11""'l e :!/ 7s~l (),./I :: 
~ ~ -

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

Starting pH 

__ mi. of 0.02N to 

ml. 0' Sample 

Ending pH 

mi. IpH mi. IpH 

PI 1st Cu (I{)q \ .-



rnrn 



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

Control by USGS and NOS/NOAA 

TOpOgraphy by photogrammetric methods from aerla I 
photographs taken 1964. F,eld checked 1965 

Polyconlc proJection. 10.000-foot grid based on 
Texas coordinate system. south zone 
100O-meter Universal Transverse Mercator grid ticks. 
zone 14. shown In blue. 1927 North American Datum 
To place on the predicted North American Datum 1983 
move the projection lines 27 meters south and 
32 meters east as shown by dashed COrner ticks 

* 

85'-02-7- 70 't 
UfM GRID AND 1980 MAGNETIC NORTH 

DECLINATION AT CENTER OF' SHEET 
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County: tve.6 I; 
Location: 11? ~~c t ;.;0;;1' i 70.. / 

i P5 '".;...3'" ( 
7!) lsta -

Average Q 

£/~ ... wi--
'I,d. -r ~ P;; DD /',.. e.. !/'~~ 

&:r/B/t 71, ..; 

~''for 

t) .. ~ ;1 3 :wI. 7 I). g,;' 

!5:S"5 ~ .,11. 1 /37,7 /tgt./ 

B'S" 7 C) 

;2/3. 8 / yo. c./ 177 0 

q'o 0 I I ~ 

~/" I 1'13. ~ 

'f,' 0 I /~ /77 

9 '.2 I 3.2.. ,2~I.j., I I~O, 7 

1'3 b 47 .:Ju.,r~ I ~3.1!' /71 

"','?f .3 s'i ~<n.3S I-/('~ 'fS /~b 

q, </9 (PO ~~7. 7). /5<1,J:J. Ib 3 

0'-/ 
! • ') &:>2. 1<1 ":,- 7/,(, 

q.;-J. ~3 1~7 (. 5"'1.).. 

. ~ 3. G4 / / -;- '-11.(' 

- ~</ (p~ /os, 4 35" 
-, .... <;; 
, . 

G.-(.. \,(" IC'I. j 3/. /~ 

- , 57 &3 99. 'i ,(,,~ 

-., 
3 '6 G C; '7:s, i~ "'1.")~ 

- -::. 70 '1&.:0;- ,;. ),"~ ;' > ; 

. ...J ..;:;l 7 ( '7 r-,: 2- ;)., '.l 

10 '" I 7.2- Cj<l3° ;.U, '1 

/ . --' . ,j 3 Ie.;. 7.2.s~ leU ~ 

I~. Q -) 7(P "1!' 33 Ii ."13 

IV"~{ 73 70.1 1(.,,7 

gpm r· 

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

,I)~ec;r/o" 1~"c.J::;;:;;Z;; ~ 
ft ,2 • ""I' .r /. 70 

~.,tJ,c- ""IE 
/6'P OtA. 

S~'tJ(~61 ~ 9:30 
LJt..: J. 7.;1 ';C ·,z080L 1': 

/-Jv~ of-f' 



/ -.).1-" 7 -
County /veb.b 
Location: _~Ih.:.;C:;;:;.:"';...("~y'~Ib;...~rp;...,....;· ;;: __ 7_' __ _ , Observation well no. ___ ~ 

Pumped well no. t:? .r -.;;t ., - 709 

Average Q gpm r a ft r2. 

GI ... rr" v~ Dj) V(~ ~ 
( ~e. ~,....~ 

/0;09,4- ~O ~q..;l) I~$( 

/0 .'f ~ . eb ~"t3 13.<13 

I(J:~ 91 t-~~ I).,f~ 

/0:';' 97 'BY. '$ <.) 
1
0
.' 

10: 30 101 '133.(,,0 10, ;l. 

10:'10 II I 7:;;1,3 0 1. , 

/0 ~ 5'0 I;;" 1 ~/, 13 7,'3 

15'),0 ;;.)./ 70~ J., / t'" 

t HI( S"oe i"', CGL, - 1'= ~5'y -:.. /,o~ &J~."h+ -
v I ./' , 

~o..I«<P II;., er TD=- '-NO , -J 
!.JL-:: ,/ 

, 
Qf (. \1 :;. I, ~3 ~ 10-1 J f+ 3~C; 

3~~ X' I, S-3 ~ 4-~.::;. , t? e; <,--I, ~ 1/4- (I v /" It< (.. 
.,) 

s-(..<i t.x 3 ~ / ~ Cj t./- e. 0.. ( == J £o.A II vc.l IVJ>c.e j 

V0 ... / 11 7:'/ 
.J 

1&1 &C/-JM := 7:;2 It-.. I LA , 

107 V?1!; / /b3 
:/ 
k::/J .... ~ 10,] """... ,v. r 

./ . ' 
cP ~ 

" 

6-/-1 5r. ~ n .t.e 9,"i 0 i"'...... /.J<./ r--PI"~ L/ / ""- ,. ~ 
, , . ...J 

Q... !./ 7 r- r.. 'rJY/11.= 7/7 S- Go!' CI,,- V..2 , 7 "-I:. (/ vu/vr-

0; ~e..rJec. (! by R~ h'r?V~ :>'/ 

/ 
tJc cxf}.f 

~ t-ey -



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 
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Tens Warcr DcYeiopmenc Board 
Well Schedule 

Scau Well No. [M'~ I, 4?i i Prmou. Well No. i I I I I I I I I Councy 4Je"bh I \<17i~: 
River Buin £,Jo ~ .. cle JI.i:.31 Zoae b?J.. Lac. ~13i II ~ lAng. ; Dj ";91 i~"'1 !~ 6 t: ~ 

'--' 

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

Bowls ow... ____ in. 

Yield 

'1/1 k: 4! .5 "- ,- e ~ 
~ e /I '- r Icc ( 
J; c ~ -\ It v'';'" 

1\ ' f.., if'" . ..... 

Seain, 

L-,i 
I' 
C\L 

<'. (t 

\ 

Do •• R_ed Collecood 
or Upda.ed 

( ~ (~ ~ 3iC 

1£ I ( 3 ~ ( 

,I ._~ -- 1,,-
,-, 

i to 

q C' .-
<. ( I 

~ /' 
Ie .I 

, l 
I 

c .. inc or Blank Pipe 10 
WcU Sc_n or Sioaed Zone (5) I 
Open Hole (0) () -.2. <.: f I 

• c.mentedfrom i~ro ..2,.,.-, 1 
Diam. Settlnl (fee,) 

in. (jn~_ From To 

c lie c. ~c 
C D'= C l3 1!(;-

:S c£, '31 'l ~ iJ ~~1 
I 

! I , ; ! 1 

I i 

, 

11 

') J I 

,. i 

,s I 
'6 

(20 max) 
m''''IIncr ~ ~"I1'1n 

!X ;,.. 19 1'7 7, 
I. • l- I.. l'i It (, , 

I IJ-,. loin I >\ r 

In fJ. f- I. c) I 

9 d -Frsr 
I' ~ 



... .;.u ... T .... Jl1tl 

" 

ODt ... : 
~~; 
, 

:' l 
, 

0".·..2 (r.h,i 
0.,. . ;.,..:; 
.. ~~~~tJ.~.·· J ·1 . 
" ",;. ~ 

~. . . 
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"UN 

SCALE h24000 

CONTOUR INTERVAL 10 FEET 
DOTT£D UN£S REPRESENT 5-FOOT CONTOURS 

NAnOfW. GEOOETIC VERTICAl. DATUM OF 1929 

, -
)' 

--~-+~~~.~~~~;= 
'\,'~ )", 

".--- )1\ \ d' 
,~ , ....... 

'. 

>5 , 

" " , , 



County 
L.ocation~ _..::;~~-..;;k;;;;C-=-..;:C==h:::~r .... ;;;:..._a.:.:..~.;;;;;.;....c;;;..--

Ave,ovt Q vpm ,. 

-;:;..~ d.~ 
~ 'FdJ ~ '17~ 

9.'/0 ..2'B.bS 

~L'I<f +..zsO 

t.vl'jI,( 

9.:02 Co -.>t,3.:l 

,''1''3 ~o 

9.:S-S 

/c O;()O ;1..30 

IO:OS" 

10 :11 ;2.30 

/0 1 '/5" 

/O.:.zo 

.'.2.2 .;ug 

~,:.u 

/0.:3 ..2. 75:85 

la:.3~ 7O.s¥-

/0:'; r ".fb 

/o:~o '.3.3 7 

ID:~.3 ~o . .2~ 

~o:~7 S7. .2 C) 

/0:;-0 s--S:"o 

lo.·:r~ S..2..ri-

/I.;.)Q sa. i'S" 

1(:oS- ~t1.~' 
,,;/0 ~7...l~ 

Obse,votion .. 11 no. ___ _ 
Pumped .. II no, ~ .$"'-.x ~- Boc./ 

ft ,2. I 
m/J 1-/.00 . 

~_£J 

/'c./AJP OA 
Ac.J ~~,. ~5~ 
E-L,,- c.J:d ~ 7" 5 
"'_ J,e 7d I 

;, 

c • .,J; .. #04 0 

ZMJ" ...z. 8.' -c.. 

c-Il _ 
'tIOJO 

T_::. .J.. 8· t 
C. - ",,4.:1._ 

or :a .J-' . ., 
~ '" ~Q~O 

II: .;;£ 13 • ., 

S ~ ...... , .... /e. -7/7.. Q 

~¥? I6Fr 
v 

" 

-a 
./ 



SWN: 

Water Quality Field Data 
,I... are J ~ .A-.s ~ 

Sample No. Ii (j- / 3 
County: 

65--,2 'i- ZX.J-I 
Wekf, N.m.: ~ !J4,;.l RJ.s IL'Jt 

Addr ••• : I5'O!;' ..5..J<-.!r ... l",_r t 

h Gel ~_J. "U 7'(.1'OI/S-

Date: /'- . .2 :. - '/7 
Aqulfer(s): .I--0.,. .. d' C> ! 

---- .) '-- c,. .... ,,' r· ~ c. 

Bottle1 Botti. 2 
B A 500, 1. liteY 

/114.1 / 
N,v()~ 

(Nil-I'ic.) 

By: 2,). ~:>Kr., 

owner's well , I --------
Botti. 3 Botti. 4 Bottle 5 Botti. 6 Botti. 7 Total 

C SUB-
1/4-17 .~ 

Sam pl •• -) 

.- .. -
.v07-

F/ /f.c.I' et:i. 

, 
TIme In 9'00 y .-e\ J. _~'_~i.r.""'" Starting pH '-. 

;17.b <;.- LSD ~ Iv II; 15' Water level Remark TIme out Sample lime /(1,' .:L l', - mi. of O.02N 10 

.;l~.9 Ol.' ..... ~"""s-l I " Temperature (00010) c Weather well use . ~&. . ~ - mi. of Sample 

SpecIIIc Conductance (00094) '-ju;J..o umhos/cm OutsIde Temp jt:.Y' 0_". 9,'1'1 Ending pH -
pH (00400) .*, - Sampl~ point EO'S CJ+=' fOG' b/ ..... k. de. .. t.,. p 1'''-

'1: Ys' ~.(;. t"" /,):1/ lil>.'/ i)- .o:Jl 
. 

IpH pH pH Eh (00090) . - my. Time: mi . mi. ml. 

'tenoI AlK (82244) mgll IpH: * '- '- - - -

Total ALK (39086) mgll Temp: ~~ l,. ~tt.~ .1fJ.C"1 ~~. <, -
carbonate (00452) meqll mgll Eh~'dtJ - - )~C> .- J}\: 

BblrbOnate (00453) meqll mgll Cond. '1~o i.JDl (1 'I <.I ;u.:, '1v.~1.. ,"--

Tolal C8tlons(+) fhbd~ 
_1 ;; c., \ f· ( 'j .. 

other notes: I .)( 
If.f~~'· _,'4. ..... .\; L.j.~-Ae. . 

ToI8I Anions (-) ~?t;.f 

ToI8I Hardness (00900) 8 ,.)~ 7 'I 
, ,). 

/f?S- -~ 
OIlloo.red Solids ;177'1 

I 

1/ 



'D 21~ 7236512 IIA :. rRMT PLANT 

~. 

City of !..aredo 
Water UtilIties Oepartment 
Water Treatment Plant 

::AX 1\0, 210-'-791+7496 

0V:2el'97 11: 2, 

·f 
I 

Phy~lcal-Chemiea1 and Baetariolosical Test Resuit$ 

p, 04 

pe2 

Oa te co 11 ec ted: c::t'n -4 ~ :-:::> Da t e t &$ ted: __ q ·-~.l-_q..:..I,.=--__ 

Analysis requested by: ~«?'(\t"cto ~ (flroQ . ________ ..... . 

Phenol phtha I ein Alkal ini ty _...:~::::9....L-__ 
!~Ul Alkal inity ]1.3 
Hardness ~ 
CaL~lum ~ 

i~!!;~:~m :: gk 
Turbidi ty ~.ll 
Conductivity 
Temperature ~Q 

JEFF .1 
RESULTS MeL 

Nt. mlt!L 
NL melL 
NL 
Nt. mg/!.. 
NL mg/1. 

__ . _ mill 
______ mg/!.. 
_" ___ ._ mg/t. 
__ .. _ NTU'S 

UHOM'S 

Total Coliform 
Fecal Coliform 
Heterotrophic: 

!lOOmJ (Y!N) 
1100mi (YIN) 

___________ co 11 lOOlnl 

Colttncn t s: S 
__ . ___ .. Q(!Wl,--hod a.. /A(I~"t "',(Ht 

Q.k.\. ~("':-\ tI. l-2.j d (J a f ~ t lLtp-k\ ttd 

-----~ ... --- --'-~.- .-.,:. .. .----------~---- -'--' -.-
--.'.'- ----------------------------_ .. '.- -'--

REV 01/9~ 

8S- c27- $OY 



- ".:.~V-: 1,.: 

.: TRl1T PLANT 

Cl ty of La.redo 
Water Utjlitie~ Dept. 
CjYision of micrcbioloii~al and 
Chemical A~aly~~caL laboratgries 
Water Treatment Plant 
2519 Jeffer~on St. 
Chain of custody torm 

K -.1.\ \..... L ..... ·~ ::,,'" I c... •• : :.' 

P01 

Analysis requested by:~~~~<~i~~fa~·~~~iP~I·~n~7~o~r~'~ __ ~~~ ______ .,--.-~~ ____ ___ 
Oa.ta and time rfaQues ted: 5te :3=:J-91.o Time : .. ---'"\i .... · . .Liroc.. ___ ~. /P .M. 

. C i t)l 0 f La:,.e 9 _ Co ~ 0 f .J..l616.1uae..JbiJIb"-___ S t a a 0 t Te M S 
Physical &dC1rei· s:-.~? S!:at~+\e±±_ _ __ _ 

Telephone!..:lo,_·~""O _ ~ .: 
Signature; ____ . . 

Col1e~1or or custodian of ~~ple collected:~F~~~\14pe~·~'~l~I·~I~QuO~d~O~--___ _ 
Physical ilddres~:. 1p\C\ U~'DS . ________ -:--____ _ 

City of l~fed~- Coun¥of ~'t:bb State of r1'AAS 
-relephone;_...:J; s-~~~ _. 
Sisnature: 7-~ ~'K 

r:=."Z. ""'" H c;() Pos-totl W~lI 
Physical address of point of collection -.).J\...A.J ~~L WQ.-It(' 
Cl ty of 10($'0£ County of !,,:!JS:OO s~a ~-:t~,Q.< 
Date and time of collection! Oa te: 9-,11 .gle T1D1e:?; :C=..g./P.M. 
Samp I e iden t i fi caHon or log number I "-Ie --

Type of syste~: Public system! Water Source: 
, 

___ Public Distribution Rllr<!r 
lndividl.Jal Raw Lake 

:~S<.:hoo 1 r Check V 'lJe 11 
__ Oair). . Construction IVeLI Depth 
___ Sottled ~ater y Special Cl2 Res. __ -::~ __ 

Source of tra~sfer to {aboratacy 110ir BtoC,· __ -
Penon c1elive~ins sample to laboratory Felipe. ~1.i1"or\{JQ 
Date and time'of delivuy: Date: ~~Time:.0~~ :Q./P.M. 
Person receivins sample at laboratory __ ~~L-~a~a~~~li_t-~_;~_~~~~f~Z~ ________________ _ 

Condltlon of the sample on receipt: , Ot satisfactory condition. 
-------------7--------------------------------------------------------
Unsuitable tOf analysis: 
_____ Form lnc~mplete. (see encircled Item.) 
_____ Sample too old. Sample not received within 30 hrs of collection. 
_____ Excessive chlorine present in sample. 
______ Broken in shipment. 
_____ Oat~ discrepancy. 
_____ Quantity'too sreat to permit agitation. 
____ Quantity insuffIcient for analysis. (100,"1. minimum) 
__ J~ottLe not provided b~· this laboratory. 
____ Onl:-- ene' salllple pet time and point of c;oiJe<;:tion required. 
___ Hea\-y 'lan-coLlform bacteria'-silt present. !)o.'5sible ob~curlns and 

cOlllprom1sinr; te:;t. PLease re&~bmlt. 
Other: _ .. _----._---------- REV 01/95 



T~ Water o-topment Boud 
Well Schedule 

State Well No. 

River Bui .. 

[fJ§cni;i$I¥' I PrC'liouaW.UNo. iBbS1~1113Iol{1 County ~6 iS1i19' 

£~f:> Cire.I('c.~ Zone @ LaL~~ Long. !aif i ?1!02JS+'l'dt: I: 

Owner's WeU No. r;;;t:R.;lt:. 4 ~4ocatio .. __ 1/4._ 1.4. Section __ • Block __ .Survey 

o-cr~,7fl,/1 ~194"1~ 1111II1I1 Orillc i141114,1r'1€lrilc:,~ I 
Addreu.2.' 0 I $. I'It<...Wl kr~, 7$6<13 Tenant/Oper. ..2/cl) 7.2.2 - ..2..,s-oS­

Du.OriUed COCO 1/1,.!S1~1 Ocp: I I k~lol ~guwn'" 8 AJri<udc i ~ ffj ~~r~·.::m 
Aquifer 6 « rcA &' 111.2 h'IM~ol I ;: g User I i I I i 
Well 
Conauucr:iOIl 

Corur. 
Method _--=:.../_ro~~~ __ ~ 

/, r./1 ·Scr.n 0 Completion t:y" 6. 40 =e ~ Material __ --==--__ _ 
Pump M&. Type 5.....6 oW\. 0 No. S..-

<:.sins or Blank ?ipe Ie) 

Wdl Sc,..n or Slone<! Zone (51 
Open Hole (0) 
Cernenre<! from _ro_ 

Diam. 

~ 
j , 

1 , , 
Scmng (feer) I 

(il.) From . '0 
, 

Bowls Diam. ____ In. Setting ____ n:.CoIwnn Diam. ____ in. 
c.. It:: 17 Ie /~ 

it:: 1.7 Ie!: L2 3 10) 
I 

, 
i 

Moror M&. ______ ~::;r ---'C'C"::,.:Iko.:li:e..4=_~ Horsepower 1 I I I· I I I 1 

I I I 
r..w Flow -- GPM Pump -- GPM M ..... Rcpr .• E.r. 

___ Ouc __ 

r 
i ! ; 

--- Produaion --- GPM 

I I 'I I 

I i , 
Swie l<Yd - n:. Pumping level -- n:. Onwdown -n:. Sp.Cap. -- GPM/&. 

Q~jry (Remarks 4-9- lci .54..70 (e.. : 

Wa_ U. Primary 5 -/oc.k.. m Secondary 0 Tertiary 0 . 

, 

I 

1 , 

: } 

~=:a~au ~ .. ~ ~=ry [t1u,p [QIODDDD g:: 00000 · 
Dare ~~ 1!191~1 ~ M .... I I/bil;st-. ~ I. 

;::: DOl. ~ 131011 /1~ICjlzl Mas. I II 1/171 ~ rn I 

Dace CTICTIIIIIIM .... IIIII·OJ---
• I i 

i 
, 

1 
I , 

• 

Ct/r. 0 f t-G.,,.Jc A-S,£ tJ~J 'ed­
£'r 1). CvK..er II­

, 
I 

, 

i 
i 

Rccorde<! By gr~d c/.r'J/'""" ~'{J~nlC411ectcd 1m bllill/191fl71 (20 milt) 
R ""''' 

Ins-'eenC)' [IJ 
Remarks ,f., r I~ V I I..::: I" -J' Ily I", "I", bl~ r~ 1& I~ Is -l3 7 -3 10 I , 

1 

J 
~~A 

• 
1 

Aqwfu ___ _ 

Well No_ ~.J7 ~1 
• 
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o 
o 

Wa ... Quality field Data 
A4I"wJb A--S ~ , 

19 IWtt Sampl. No. II" r; -I </ 

~ 

! 
~ 

... .. ... .. 
N ... ... 
CJ 

... ... ... ... 

... .. 
"­.. 
N 
"­... 
o 

COlI...,: 
A.ulle".): 

..... : II1r, ~ 1"/;' d G:":cf,<j 

AddN .. : d,.6 ':, I L ,/' / '"' m, 

L.cJ' ,7t-' ' 

owner'l WIlt, "rd I J/(J 

~ --- ~"? "'w:~21-cJ-'1z , 
By:_/j'rr4~_ C/'~"~ ~;~fi 

( ,Iy ,,7 ./":11'<:/:::-,-<, 

Bottl.1 Bottle '2 Bottle a 
c 

1/4·/-r 

Bottle 4 Botti_ I Bottle. Bottle 7 Total 
SUB­

Sample. 
B A 

500 ml 1,Itter 

I 
1.7 , _________ ~...,..--.J 
p~ 4f 

flLiklc.L Fl/~.J. 
TIme In /'; L(Y ;''''<'' C',. 

RerIwk :::j TIme out / t .'.;:J 5' SImple time is' ss 
/5,/, 0 w .... ('It'sf ?S will ... ',dfA 
~, 1 3""11111hoe1'om 0IIIIcIe T..., ----, "7,,;' 

, paint S, .:, "'''',1 ~ /" p •. .". >,'j (t.... r· o /"" A. 

w... Lew! II 7; s=t LSD 
T ........... (00010) 

8p I DIIIo Conduc:tance (00094) 1 cs 
pH (00400) +, i . 
a (000l0) my • 

PIIenoI AU< (82244) mgll 

Toll! ALK (31018) mg/l 

ClIboi ... (0CM52) meqII mgll 1=Eh:=-=[J~/ .... " --f--+--~~ 
~ (00453) meqII mgll mJ eoncf~f 2,(,/ ~.&.: 1,'1 

'TGIII c.1Iona(+) .iJ. ,. ~d "),, ~r not.: 
TcIIIIAnIona(-) ~. "''''- ,r /( 'r.-",.',.", 

" / I--.,~..,/.. ,.) I /:'),/ ' l.. C,,"-

TaIII Hulnlll (00800) I (P (P . ", > ' '! F ..... <.. ~ "J''- ,).0 '1 

Dlllal!Md 8aIdI If:l S , {, f'.5 P .(),) P:- "2 '71 

PU;lo,,/,'! ~ 5;;/,.-, 

Starting pH l' ,'" :; 
__ ml, 01 O.02N 10 

_ mi. 01 s....-
EndIng pH --.,.--1 

IPIt I mi. I DH mi. I pH 

t: I)f{-' 

IJ!.5.S 

I,ll 

l.b' 

-/., r"'/' 

jJ',[. 

~.,," 

),150 



TEXAS Mmt 1lOEl0PlDT IIlMD 
lIEl.l SCHEIIUlE 

State 1le11 .... - 85 37 404 Prevfous 1le11 .... - County - IIetJb 419 
Rlva' Bufn - lifo Grande - 23 Zone - 2 Latftude - 27 25 15 Long f tude - 9!1 28 36 Source of Coords - 1 

o.ners 1le11 10. ____ _ Locatfon ___ 1/4, ___ 1/4, Section ___ , Block ___ , Surwy ___ _ 

Owner - JaIIn "Ime Driller - Rene Gutierrez 

~s~ __ ~~ _______ ~~_~ __ ~_ hMM/~.~~ __ ~~~ __________ __ 
Date Drilled - / / Depth - 250 ft. Source of Depth - " Altitude - 465 ft. Source of Alt. - " 
Aquifer - 124LRDD LAR£IlO FIIIMTIOII lie 11 T)pI! - " User -
lIEU Const. 
taISllWCTIOII Method - HYIItAIIlI C ROTARY 

casing 
llaterlal - IIWUIiHT IROII 
Screen 

~letlon - PERFIllATID lit SLOTTID llaterfa 1 - IIWUIiHT IROII 

LIn MTA- ~ Mfr. ______ _ Type - SUl!lERSIBLE PIlIP 10. Stages __ 

I casing 01' Bla'* Pipe (C) 
I lie 11 Screen or S lotted Zone ( 
I Open Hole (0) 
I te.ented fn.. __ to 

I 01... Settlng(feet) 
I (in.) Fn. To 

Setting - ____ ft. Colw.l Oi_. - ______ In. 1-:-_________ _ 
11 C 7 

Bowls Of_. - _____ in. 

IIotar Mfr. - _______ Fuel or POIIer - ELECTRIC MOTIIt 

YIELD Flow- ___ GPII "'-"- ___ GPII 1Ieas.,Rept.,Est- ____ Date- __ _ 

POfIlllWlCE TEST Date- ____ Length of Test- ___ _ Production- ____ GPII 

Static Leve 1- ft. ~ing Level- __ ft. Drawdown- __ ft. Sp.Cap.- __ GPII/ft 

~In (Raans- ______________________ _ 

MATER USE PriEry- llIIESTIC Secondary- STOCJ( 

0TlD. MTA AVAILAIIIlE llater Levels- " Quallty- Y 

WATER LEVElS Date- 12/05/1996 
Date- 12/05/1996 

MeasureEM­
MeaSureEnt-

Tertiary- ____ _ 

Logs- Other Data-

-100.70 
-143.70 I' I.A /"If'''''''Y It!.VL/ 

Recorded By ~. /'100". <... Date Record Collected or Updated- 07/27/1961 

Reporting 1qercy - TEXAS IlATER DEVELOPIIEIT BOARD 
RDWIKS - M.P. f 0.50 

H()/~ ,V'\. 

21 S 7 
31 
41 
51 
61 
71 
81 
91 

101 
llJ 
121 
131 
141 
151 
161 
171 
181 
191 

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

Aquifer - 124LROO 
lie 11 110. - B5 31 404 
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8WN: 
County: 
Aqulf.r(.): 

15"" 37 ¥o'/ 
We].), '171 

Water Quality Field Data 

Name: ..1'0 J, 1"\ n; I) n c 

Addr ••• : S" 70 , S;!C;"rle.U , 
L.rc.c1o '!.~eJ 7'~'11 , 

owne"s wei, , -----------------

Sample No. A 9 ~ 0 3 
Date: I Z - ~ - .., '" 

By: S. MoolVi 

Bottle1 BoHI. 2 BoHle 3 BoHle 4 BoHle 5 BoHle 6 BoHle 7 Total 
SU& A.$6 C 

~~ 1 r ~~I.I l:'lc It.·,..,. ,.". I "., r~ r $amp ... 

c~Kons ~Jt te R jll activity 

2~ li: 2)111 / ... 1. All fln.red 

. t~) 
/v. ',-tI' i c... 

unle .. OCher-~N~rIc) ulfu ) wise stipulated 

TIme In l:SetA"",, /'u.-,;- OM /0 A", Starting pH 

WIder level /"D.70 LSD Remart< TIme out Sample time II: '10 ml. at O.02N to 

T~nature «(N)Dl0) 1. 1. If c We.ther C/o..j.,' CDIII/ well use 0." . Sro~~ ml. at San1*t 
SpecIfIc Conductance (00094) J/f..~ umhoelcm 0utaIde Temp 1ft - ~ Ending pH 

pH (00400) 7,3 s.m~ point 

Eh (00090) my. TIme: /0: If' ID:~ 10: 'If I/:D~ II :1$ /1 :30 ml. PH mi. .~ ml. pH 

JnOI All( (822«) g mgll pH: ~.j7 /.'11 1.25 ~tS 7.30 7·30 

Total AU< (38086) 3;<8 mgll Temp: 21.1 21.2 1.7.2 27.f 1.7.~ t1. 'I 
C.lbonate (00452) meqII 9·G mgll Eh: 

BIcarbOnate (00453) meqII 38a, g mgll Cond. 3·'8 3./1 3.18 3./8 3.18 3.1' 
Total c.Uons(+) n,S/CI'J OCher notes: 

t?:::- '.1.1" .... , Le",Jj,1 
/1. f.)o Total AnIona (-) 11l:,[' 

3>?5 
/u : J 0 I J :3. . IS' 

ToIIII Hardness (00900) .u·,,$ ,,".1" ":",, ."('.0-
Dflloiwd SolIds ~IIO , / ' .• S' ,..,3·;'17 

, /', 3 D I y..] ,70 

, 

i 

I 

I 



01' TEXAS MTOt 1IEVEl0PlUT IIIWID 
IIELL SClEDULE 

Well IIIIIIIer - 85 37 406 Prevtous Well ...... - County - Webb 479 
Bastn - Rto Grande - 23 Zone - 2 Latitude - 27 25 58 . Longitude - 99 28 47 Source of Coards - 1 

lIell 10. _____ _ Location ___ 1/4, ___ 1/4, SectIon ___ , Bloct ___ , SlIney ___ _ 

Owner - R.wmd Whites ide Driller - David De La Cruz 

Tenant/..... 2 Q JDc;\To. ~..,. se.. Se.r" ;c..Il.. 
'iIIec1 - 04/01/1975 Depth - 330 ft. Source of Depth - D Altitude '- 425 ft. Source of Alt. - " 
, - 124lRDD lAREDO FClUlATIOII Me II Type - " User -

Const. Casing 
CTIOII Method - CABLE-TOOL I Casing or Bla,* Pipe (C) 

CaIp letton - PERfIllATED lit SLOTTED 

Materia I - mEl 
Screen 
Material - mEL 

I lie 11 Screen or S lotted Zone ( 
I Open Hole (0) 
I CeIIented f~ __ to __ 

rA - ~Mr. ______ _ Type - SUIlERSIBLE PtJI' 110. Stages __ I Di.-. Setting(feet) 
I (in.) Fro. To 

i_. - _____ in. Setting - ____ ft. CoI~ Di_. - _____ in. 1 _________ _ 

'r. - ________ Fuel or PIMer - ELEmIC IIDTIIt Ho~r -

Jow- ____ "'" "'-"- ___ "'" lleas. ,Rept. ,E5t- ____ Date- __ _ 

lICE TEST Date- ____ Length of Test- ___ _ Production- ____ ,"'" 

evel- __ ft. P!lllping Level- __ ft. Dralldown- __ ft. Sp.Cap.- __ ""'/ft 

;R~s- ______________________ _ 

: Pri_ry- IJ(IESTIC Secondary- ____ _ 

A AVAILAIIIlE llater Levels- C Qua Iity- Y Logs- D 

ELS Date- 04/01/1975 
Date- 12/03/1996 

Measuraent­
MeasllnlEnt-

-79.00 
-116.40 

Tertiary- ____ _ 

Other Data-

I S. MoO,.~ 
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 

'1 
B( 
91 

101 
111 
12( 
13( 
14( 
151 
161 
17( 
IBI 
191 

o 
118 
130 
180 
205 
305 

lIB 
130 
180 
205 
305 
325 

1---------------------------------
Agency - TEXAS IlATOt D£VEL 0Pt£1IT IlQAAI) 

.tion .ell. Measured yield 25 
h 176 feet drawdown In 1915. 
d f~ 0 to 110 feet. 

-f I.Ot:) 

1-1 of L ,. A. 

.s 'rf/. ~ I I) e:( ; .I!.-

Aquifer - 124LROO 
Well 10. - 85 31 406 
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_0. own; 

County: 
Aqulf.r(.): 

8$'3'1- ,D' 
w4.Ab 'I?, 
LDf'"~J.D 

Water Quality Field Data 

Na .... : 1Af/>t:llrA le.,.,.c. .suvi~« 2"" Co 
~ ~ 

Addr ••• : I".~. ~~x /01.7 

2,.~ .r,x.J 
owner'. wei, , "._-,- 7 B" 7-' 

Sample No. A 9 0 'f 
Date: IZ-J-" 

By: .s. flpece. 

Bottle1 Bottle 2 Bottle 3 Bottle 4 Bottle 5 Bottle 6 Bottle 7 Tolal 
SUB­

Sample. 1dt.(, 
R~ctlvlty 

~A ~c;" '18 

2~1 
NIt~ 

2 ml 0.5 ml 
HNO H SO 
(Nltrtc) (Sulfurtc) 

2 ml 
HNO 

(Nltrtc) 

TIme In ,veIPI'V 

I L. i rc.r- I I. ;fTc" 

Wldlrl.evel ~/.?O LSD Aef'nart( 

27.3 c 

TIme out 'f:JtI JA/1 Sample time .3 :SD 1'1'1 
T~nature «(N)D10) Weather C'1.I4.1r · c"p/ well U8e ___ _ 

SpecIIIc ConducIance (00094) 'i 5 '10 umhoalcmlOuteide Temp 

/1&AJ. pH (00400) 7. 18 
Eh (00090) ____ my. 

InOI AU< (82244) 

Toeal ALK (38088) 

Carbonate (00452) __ _ 

BIcaIbOnate (00453) __ _ 

TcQI Catlons(+) 

TcQI Antons (-) -t3-
Total .... rdneas (00900) 

OII'DIII'8d SoIda 

() mg/l 

352- mgll 

meqII () mg/l 

meqII 499: b mg/l 

SZ's 
3f~O 

SamDllna point .,. 0 ,. " ~ I.V./! I ( 

TIme: 12;'012:10 12;,,"11",s-I3: I f IJ:VSlml. 
7.D717. 0 717.1l 177l. 17.z/ 17.11 

Temp: 127. J 117 . .1 IZ 7.) 12~ ~ In.} In.J 

Ell: 

Cond. I"' .. n. I Li. sz-I'I. s) 
1'l.1/CI'\ 

f IA ,,\ fl " >"\ 

1)/'- ]..:10 
2. . ZO 
2.: , .. 
'I.: If s-
3: 0-
,:Y> 

other notes: 

I; SO 
IIQ5 &) 

/11.70 
" '1.(.0 
,,~.s() 
,ts. 'l!.-
/'&. 'I" 

~JYllf.s V 

SOP 

Ml 

J /'11 All filtered 
A I 'r" 'c; 
IV I ' unless other-

wise .tlpulated 

Starting pH 

__ mi. of O.02N to 

_ mI. of Sample 

Ending pH ___ ~ 



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



• • 
BORING # 

CH2MHILL 
PROJECT NAME 1 LOCATION~ I PROJECT # 
City of Laredo ASR Feasibility Study 118069 JO ll. 
McPherson . . TW-l 

WELL CONSTRUCTION ~.U~~~~~SED BY 

DIAGRAM City of Laredo 

2' - f=== 

0' ---+--f.-,""",....,..,.--.-rr--)1>~)') ,.,. >1 

300' --

350' --

400' --

450' --

500' --

884' 

,. ,. ,. ,.. '" ~' """""'.,.'''''''''''-L<--__ S rf I """7 uacesea ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ) ,. ,. ,. ,. ,. ,. ,. ,. ,. 

V//1'i 

~h~o7'I-"-- Grout plug 

~ 
H~'+-t----- Top of fine sand (320 tt) 
r.>i:::h1'-iifji·B··::,'---- Top of 8/16 gravel (325 tt) 

~~~~: 
'Od'\:?:6 

l' .030-slot 304 stainless steel 
shufter screen (6") 

~~ri+----- Top of 2nd grout seal (397.5 tt) 

~ --17''7-77';>1----- Blank steel casing (6") 

~ I:'P'-+"'+t---- Top of fine sand (400 It) 
J::12:;1:o~(·:L~;;:";;· .. :~·~·· .. · t---- Top of 8/16 gravel (434 It) 

~~=~~1 
~~~.~. :~:." 1 .. ~··4----- .030-slot 304 stainless steel 
t--- rifF» D·'- shufter screen (6") 

I ci~~~f 
c::=~~~t·, 

·:·;·-~·;co:·~·:·· I Clll"':'L 
I--- <;;i!\~'<t1: 

E~~·~:·~·~·~~d~:·~~~{t==== ~~~go~ ~!:~~:~C!~:r (495 It) 

~ j,I'-.o<-,Lf4: ........ :..,.<.,t---- Top of native fill (510 It) >)0»»» 
,. )0 )0 ,. 

";-S:-,.",.)o,.:10,.":":)O l' \. 
»»»),," 

Total Depth = 884 H 

DRILLING CONTRACTOR 
Texas Water Development Board 

DEPTH TO WATER DATE 

135.14 It 215/97 

NOTES: 

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

At 357 tt gravel pack bridges. Only 
2 bags gravel added between 357 
and 346 tt: 
likely borehole collapse in this 
interval. 

Well completed 2/3/97 

NOT TO SCALE 



> " 
. \. 

Semi original ~ Ily ""_ ralUm ~ AlqUOSIod mail 10' TIfltcc, Me 177. P.O. 11 .... 13087. Ausd ... n nn1~D81 

AnENTltJIII OWNEA: ';lmliaenfi /IIy 
State of Texas 

Tassa Water Well Dna81'S Adv .... ry c:...dl 
p~ _""",,_,.;{t IIC177 
01 Well OWneI's copy (pink) WELL REPORT P.o. 1kIlI12De7 

Auslin. TX 78711-3DI7 
........ '1:1-239..0&30 • 

1) OWNER Cit:! o~ Laredo' ADOIIE" P, 0 , Box 2950 Laredo Texas 78044 
, (Name) . ISlnoat of RFD) (CllY) (~h.I.) (ZIp) 

2) ADDR1iIlS OF WELL: 
GAID. 4~ - ;:J.q- J eouniy Webb McEbe::scn !.a~es;3Q ~as leOAQ, 

(SI ... t RFD Or olher! (City) . (S18I.) (ZIp) 

3) TYPIi 01' WQAk (Cft ... ,,): &) pROPOSED USE (ClMaIC): () Manilor o ErwimnInemal Soil BorinQ o Domaalic 5) 

~ Nowwell o oaa~1I/IIng o IndusUlal o Itrig_n o I"J-" o Public Supply o D ........ ril\9 il To_ell ~ ~7'J3S,3'" DR_ani"!! o Plugging '. II Public: Supply w.1I. w ... pl ... submiaed 10 lhe 1'NACC~ DVes o No 

II) WELL lOG: DIA..niR OF HOLE 1) DRIWNG METHOO (0!!9\l1l): o Drivan ~ tP9;28. S&li ' 
oa18Drtlllng: '. 

Dia.(ln.) From (Il) To (II.) o AlrRotary :;:) Muel ROIllOY o Bored 
51811 ... 1-1 '~.'i1... 4-3/4 Surf""" 40 OAlrHa ...... o cable Tool o J.Hed 

C:ompleled 2 - 7 . 111li lO-S/S 40 525 DO"'.' N 17-7/B 525 686 

" ...... ( ... ) To (ft.) DM«IptIo" and color of .onn.don rnale,.aI II) Borenole c:_""" .... (Ch""k): o Open Hole D SI1alghl w.n 

0 10 White Caliche D Underr_ ~ Gravel pa~k~2 0 D Othe, :lg5 , 
10 50 Yellow shale IIGravel ...... edgiV1llnlerval ... 1rom 430 I\. to .25 It. 

50 308 Blue Cr Q'ray shale CASING. BUlNK PIPE. AND WELL SCReEN DATA: 
308 469 GrOY Sandston" ~ 

469 473 Hard white roc'le"- Ne .. Stael, Plasdo, alc. S.IHng (h.) Gage 

'-' 01 •. or PerT., s\cned. ole. Casting 
473 493 GraY S8n(!st.one 1 (In.) U$acI Scr_n MIO-. I' commercial I'rem To ScnIan 

493 8136 Blue-orav shale J ,15-~ . IR n ~. -, ~., ,. ,., ~~n 

!,,_t:!. I .. ft .... ~;ft'~"' ... "·Qa' ..... _ ..... /\ ,>an n ... n 
. iG_~. I", n !'I ...... , <",."in ... ..... n 4An 

ilf._t:!. I.. n .10 .... Q+AA' .. ~~ AAn ",an n':ln 

i6:-;,5/ .. 1!. n StSE!;L_ cas1ni 490 4-9"5 
8) CEMI!N11NGDATA tRII/73 8.44~~0 120 

C""",med lrom !~~ 11.10 .~O "- No. ",_lui usod If It.lo 5 S fl. No. of saclo; ueod 

MethadUBod ~e!!l!ll1il :&!~E" 

IU.., "'''lSa sid. of Well OWr!tI('s COPY. If 'II'".OOSOY} 
Camemedby T ,W, O. B, & Halliburton 
Dlotance \0 _Ie 'votem nola lines or ol~a, C<lncantrated contamlM~"" a!lQ. ft_ 

. 19) T'tPEPUMP: M_ or verillcaticn 01 abovo dI"'"n"" X9l~:l.mat!:~ 
o Turl>ina D Jel ~ S\IC(t\e~le o C~ncI., 
o OIlIer '0) SURFACE CO_LEnOIli 

o.p4h 10 pump Dowis, oYIindar. ~ .IG .. ,3Sa fl. lCl SDeclllad Sul1aca Slab Installed [Rul .. 33B.44(2)(AlI 

o Speeined SI"'" SIa."alnstalied [Rula 338.~4(3)(A)] 

14) WELL TESTS: D p~"," Adapl.' Used [Rula 33Il.44(3)(b)) 

TyP.,.ot [JPump o Bailar o Janed o I!stlmalec\ D ArlP- AIIamallve P'ocaduno Used [Rula 338.71) 

Vlolel, 15 gpmWlIll UQ ft. arawdown a11er e hra. 
'1) WATER LEVEL; 

81.""1_ 137 h. below Janel surface Data ~-S-97 
15) WATEAQUAUTY: 

"nuiall fIaIw Date 
Dt<I you knowingly p"ne",'" any 8\rB1a which conlAlned undosifaDl8 

gpm. 

c<lnslItU1!Il1S7 

DYes W No , II V.,. SUDmII'REPORT OF UNDESIRABLE WATER' 
121 PACkEflS: "TYPe DapIII 

TyPa of WIIlar? Depth 01 ot,ala "'~ft_ 

Wa. a chemical ai.arysb mo.1 \0 Yes o No 

I henIby eelllly "'al thl. waft Was d'-eel by rn. (0' unci .. , my oupaNislonl ar>d Ihal aa<:h and all 011 ..... _"men\ll hanoin are IllIa to the bosl 01 my kn<;>loOdlIdge and belial. I 
unde~'and thallailuro 10 compl_ ilarns 1 1111\1 15 wiU result In 11'1. 1"9(0) being ratumod lor compklllon and _mltfal, 2' . 

'wI COWAIIIT NAMti Texa 5 war eft "8":;11 rpmen t Boa r" WtiLL DALLER'S LICENSE NO. €X 5~ .. 
yp" or nt 

ADOIIESS 1700 Hydro Drive fi A\l8t1n '1'exae 78728-7725 

';',>;:." ~.b- n'O'R~A'. (CIty) 

&~~~/J 4~s;:,!.r 
(lip) 

(SI' ..... 1 ". '·~~·;;~~~··i~1;:. ''f' 
(SigliN) 

(lIce- Welll)rilla,) (ff".at' .... ,ed Drina,Tralnaa) 
.. 

.... ... aallGl; "..,lrIc log, chaml"'" ..... pl .. Md· otft .. pan!nenllnl ...... allon, If avalr._ , 
TNRCC,Ol99 (R .... 06-21-l1li) WhitfJ ·1NRCC Yellow,' ORIt.LER .Pink· WELL OWNER· • . 

.. . ; :'. '. .- . ,: .. ... 1;'-
.. _-- . ._--_ .. _, .-.--



• 
PROJECT NUMBER I BORING NUMBER 

llS069.JO.ZZ TW-l SHEET 1 OF 6 
CH2MHILL • SOIL BORING LOG 

PROJECT Laredo ASR LOCATION McPherson Storage Tank 

ELEVATION DRILUNG CONTRACTOR TWDB (Texas Water Development Board) 

DRILUNG METHOD AND EQUIPMENT Failing Mud Rotary 7 7/S' bit (6 liB" 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: wm 0 6'-6'-6' OR CONSISTENCY. SOIL STRUCTURE. TESTS AND INSTRUMENTATION Ii: a: w 0..::< o-w::. f-
~~ wt (N) MINERALOGY 

aU) 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'- S - - 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 SAN DSTONE at 90' -

90 

SHALE, as above from -90.5 ft Sandstone layer at 90 ft (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 SAN DSTONE, 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~ ________________ _ 

ELEVATION DRILUNG CONTRACTOR TWOS (Texas Water Development Board) 

DRILUNG METHOD AND EQUIPMENT Failing Mud Rotary 77/8' bit (61/8" start) 

WATER LEVEL AND DATE S1: AT 1-7-97 1 13-97 A ANISH - LOGGER L McAllister 

~t 
SAMPLE STANDARD 

SOIL DESCRIPTION COMMENTS PENETRATION 

> TEST 
W-

-J Cl a: RESULTS DEPTH OF CASING, DRILLING RATE, .,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 Il.~ (J- 6"-6"-6" 

W::::I ... 
~~ wt;: (N) MINERALOGY 

Clcn 2:; a:_ 
1-150" 

SHALE. dark gray. soft, fissile, fine grained layer of oyster? Hard drilling at 156 ft, ground shell 
- 16 - - shell at 156 ft, very hard, white and gray crushed shelly material, fragments and mica? -

160 shiny fragments from shell interior 
-

SHALE, as above, no oyster shell 
- 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 

'TW-1 

SOIL BORING LOG 

LOCATION McPherson Storage Tank 

SHEET 3 OF 6 

ELEVATION DRILUNG CONTRACTOR 'TWDB (Texas Water Development Board) 

DRILUNG METHOD AND EQUIPMENT Failing Mud Rotary 77/8" 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 C1.::i: u- 6"-6"-6" w:. f-

~iE wt (N) MINERALOGY Om 3!; 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 - -

320 320 ft: 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 -418 ft 

420 

SHALE. as above 
425'- 43 - -

430 
SHALE. as above 

- 44 - - 435 ft: Top of sand pack 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
440 Drilling much rougher at 442-444 ft, -

SHALE. as above, and SANDSTONE, steel blue gray, very fine sandstone 
- 45 - - grained, quartz, harder than shales 445 ft: Top of lower screen -

o· 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 

ELEVATION DRILLING CONTRACTOR TWOS (Texas Water Development Board) 

DRILUNG METHOD AND EQUIPMENT Failing Mud Rotary 77/8" 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 

~ za: w Xif <w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, 
Ii: a: a: w'" 0 6'-6'-6' OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION 
W~ 

w Cl.::! 0- MINERALOGY >-
~~ wt (N) Oel) ~ 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 - - 469 ft: 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' 
500 500 ft: Top of bottom plug -

SHALE. as above 
- 51 - - Stop 1-10-97 -

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 - - -

~O' 
600 



• 
PROJECT NUMBER BORING NUMBER 

118069.JO.ZZ TW-l SHEET 5 OF 6 
CH2MHILL • SOIL BORING LOG 

PROJECT Laredo ASR LOCATION McPherson Storage Tank 

ELEVATION DRILLING CONTRACTOR TWDB (Texas Water Development Board) 

DRILUNG METHOD AND EQUIPMENT Failing Mud Rotary 77/8" bit (61/8" 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 ",w ..J 0 a: RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, (.) ;l: za: w 
H <w > MOISTtJRE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, a: wID 0 6"-6"-6" OR CONSISTENCY, SOIL STRUCTtJRE, TESTS AND INSTRUMENTATION w 11.::; u-w::> I-

~~ wt;: (N) MINERALOGY Ou> ~ 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 

ELEVATION DRILLING CONTRACTOR TWOS (Texas Water Development Soard) 

DRILLING METHOD AND EQUIPMENT Failing Mud Rotary 77/8' bit (6118' start) 

WATER 1-7-97 1 1397 LEVEL AND DATE START FINISH - - LOGGER L McAliisterlS Ch 'stan n I 

~~ SAMPLE STANDARD 
SOIL DESCRIPTION PENETRATION COMMENTS 

w- >- TEST 
IDW -' 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: will 0 6'-6'-6' OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION 

W::> W a,::i: 1ilE Q(I) I-
~~ (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 
-

-

-

~O' 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

'-

-

-

-

-

-

-

-

-

-

-



• • CH2MHILL 

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 

DRILLING CONTRACTOR 

Texas Water Development Board 

DEPTH TO WATER DATE 

117.0ft 3f7197 

2' -

250' --

300' --

350' --

400' --

450' --

800' --

DIAGRAM City of Laredo 

> .. ...,..,.,m-~--- Surface seal 

/,,'n"'l----- Grout plug 

I±f'I7~t---- Top 01 blasting sand (260 It) 
fir<~<ii:ir.t----- Top 01 8/16 gravel 

==l1:Z'1"-'it.Z'i~---- Top 01 0_030 low carbon shutter screen (270 It) 

~~~~~r---- Top 01 0.040 low carbon shutter screen (290 It) 

8/16 gravel pack 

~~~~~+----- Top 010.030 low carbon shutter screen (410 It) 

h-T7~~~---- Top 01 grout (435 It) 

h'7';"71---- Cement I grout plug 

f:-o":~':-+'7"':~t----- Top 01 native IiII (460 It) 

Total Depth = 800 It 

NOTES: 

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

Well completed 3/6/97 

NOT TO SCALE 
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• CH2MHILL •• 
PROJECT Laredo ASR 

PROJECT NUMBER 

11 B069.KO.ZZ I 
BORING NUMBER 

TW-2 

SOIL BORING LOG 

LOCATION Del Mar Storage Tank 

ELEVATION DRILLING CONTRACTOR TWDS (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 2997 - - FINISH - -22097 LOGGER L McAllister 

~E 
SAMPLE STANDARD SOIL DESCRIPTION COMMENTS PENETRATION 

>- TEST 
111-

..J " 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: wID 0 6"-6"-6" OR CONSISTENCY. SOIL STRUCTURE. TESTS AND INSTRUMENTATION w 0..::; u-
111:1 ..... 

~~ wt;: (N) MINERALOGY 
QII) ;l; a:_ 

-0' 
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 / 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 / SANDSTONE, fine grained sand. blue-gray color, 

- 10 - - fissile, 10-15% oyster shell -

100' 100 -
SHALE / 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 

ELEVATION DRILUNG CONTRACTOR TWDB (Texas Water Development Board) 

DRILLING METHOD AND EQUIPMENT...:..F"'ail"'-in"'g.:.:M"'u:::.d.:.:R"'ot"'ary-'---_____________________________ _ 

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 Ii: a: w 0..::; 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 

ELEVATION DRILLING CONTRACTOR TWDB (Texas Water Development Board) 

DRILLING METHOD AND EQUIPMENT--'.;Fa""il"'-in"'g.."M"'u"'-d."R"'ota"'ryL-_____________________________ _ 

WATER EEL AN LV D DA START 2-9-97 FINISH 22097 - - LOGGER L McAllister 

~~ SAMPLE STANDARD 
SOIL DESCRIPTION COMMENTS 9t: PENETRATION 

111- ~ TEST 
mill -' 0 a: RESULTS SOIL NAME. USGS GROUP SYMBOL, COLOR. DEPTH OF CASING. DRILLING RATE. '-' ~ za: w 
~; <w > MOISTURE CONTENT. RELATIVE DENSITY DRILLING FLUID LOSS. a: w'" 0 OR CONSISTENCY. SOIL STRUCTURE. TESTS AND INSTRUMENTATION 
III:::> w "-~ '-'~ 6"-6"-6" 
O(/) I-

~~ 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 textu re -

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/MUOSTONE, as above 
- 44 - - -

440 -

- 45 - - CLAY/MUO/MUDSTONE, as above 
-

L.t50' 450 



CH2MHILL 

PROJECT NUMBER 

118069.KO.ZZ I 

BORING NUMBER 

TW-2 

SOIL BORING LOG 

SHEET 4 OF 6 

PROJECT Laredo ASR LOCATION ~D~el...::M:=:a~r ~St::::.ora::::.gJt:e:....l~an~k~ _________ _ 

ELEVATIONL-_____________ 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 2997 - - ANISH - -22097 LOGGER C IS er LMAlrt 

~f SAMPLE STANDARD 
SOIL DESCRIPTION COMMENTS PENETRATION 

w- >- TEST 
"'w ...J 0 '" RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, u 

~ z'" w 
i=~ <w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, 

'" wID 0 ... '" w 6'-6'-6' OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION 
W:l ... ::; u-
Oil> >-

~~ 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 - - -

Luoo' 600 



• 
PROJECT NUMBER BORING NUMBER 

118069.KO.ZZ TW-2 SHEET 5 OF 6 

CH2MHILL • SOIL BORING LOG 

PROJECT Laredo ASR LOCATION .....=D.:::el..::M",a::..r =-St~o:..::ra,,-ge=-t:..::a::.::nk,,--_________ _ 

ELEVATlONL-_____________ DRILLING CONTRACTOR TWDB (Texas Water Development Board) 

DRILLING METHOD AND EQUIPMENT"-'.F"'ai"'lin!lOg"'M"'u"'d..!.R"'ot"'a,.,ry ________________ ---------------

WATER LEVEL AND DA START 2-997 - FINISH 22097 - - LOGGER L McAllister 

~- SAMPLE STANDARD 
SOIL DESCRIPTION gIL PENETRATION COMMENTS 

w- >- TEST 
"'w ...J 0 a: RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR. DEPTH OF CASING. DRILLING RATE. I.) 

~ Zo: w 
H <cw > MOISTURE CONTENT. RELATIVE DENSITY DRILLING FLUID LOSS. 

0: will 0 6'-6'-6' OR CONSISTENCY. SOIL STRUCTURE. TESTS AND INSTRUMENTATION w Il.:;; ()-W:::! I-
~~ wlL (N) MINERALOGY Co> ~ 0:_ 

f-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.::;el...::M:::a::..r "'St"'°r3=ge:..1:"'an:.::k'---_________ _ 

ELEVATlONL-_____________ 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 2997 - - FINISH 22097 - - LOGGER L McAllister 

~- SAMPLE STANDARD 
SOIL DESCRIPTION COMMENTS 9t:: PENETRATION 

W- >- TEST 
IIIW ..J 0 0:: RESULTS SOIL NAME. USGS GROUP SYMBOL. COLOR. DEPTH OF CASING. DRILUNG RATE. (.) 

~ Zo:: W 
~~ <w > MOISTURE CONTENT. RELATIVE DENSITY DRILLING FLUID LOSS. 
Q.a: 0:: will 0 OR CONSISTENCY. SOIL STRUCTURE. TESTS AND INSTRUMENTATION 
W::I w Q.::E u- 6'-6'-6' 
QU) >-

~~ wt:: (N) MINERALOGY 
~ 0::_ 

r-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 

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 

2' 

0' -

220' -

250' -

300' -

350' --

400' -

DIAGRAM B. Christian 
City of Laredo 

t---- 6" steel protective casing 

~,......&o<-__ Surface seal 

f---- Bentonite slurry 

f---- Top 01 cement grout (220 It) 

t7~".,..,.t---- Top 01 20/40 line sand (240 It) 

oo--F-+~+---- Schedule 80 4" PVC casing 

~==fc>i~~I--- Top 01 screen (260 It) 

Schedule 80 4" PVC 
0.020-slot well screen 

an 6 gravel pack 

r;·,·p~I---- 20/40 gravel pack 

h,...,-~'"ri;.-.Ft---- Top 01 native 1111 (420 It) 

Total Depth = 430 It 

DRILLING CONTRACTOR 

Texas Water Development Board 

DEPTH TO WATER DATE 

121.9411 7/28/97 

NOTES: 

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

Well completed 7/25/97 

NOT TO SCALE 
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• 
PROJECT NUMBER BORING NUMBER 

11S069.JO.ZZ TW-2A SHEET 1 OF 3 
CH2MHILL • SOIL BORING LOG 

PROJECT Laredo ASR LOCATION Del Mar Storage Tank 

ELEVATION DRILLING CONTRACTOR TWDB (Texas Water Development Board) 

DRILUNG METHOD AND EQUIPMENT--'.'Fa""iI",inlLg ",M",ud,-,R-"o""la",ryc..:7...:7-"/S,--' -'-9::..;7",/S,,-'-"Cbi,,-t ------------------_____ _ 

WATER LEVEL AND DATE START 7-9-97 F S INI H 7-15-97 LOGGER P. Van Noor! 

~- SAMPLE STANDARD SOIL DESCRIPTION COMMENTS PENETRATION 9t: >- TEST w-
..J 0 0: RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, OI~ § Zo: w 

:x: if <w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, 
0: w'" 0 6'-6'-6' OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION ~a: w IL:::;: u-

w::> >-
~~ wt: (N) MINERALOGY 

Cu> ~ 0:_ 

r-- 0' 
SILT WITH SAND, 20-40% very fine sand, orange brown Samples obtained via mud logging at 

- selenite gypsum fragments, trace caliche 10ft intervals -

10 -
SILT WITH SAND, same as above, trace shell fragments 

- 7 7/8" 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'- -

SO -
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 
--

lOa' 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 

11S069.JO.ZZ -TW-2A SHEET 2 OF 3 

CH2MHILL • SOIL BORING LOG 

PROJECT Laredo ASR LOCATION Del Mar Storage Tank 

ELEVATION ORllUNG CONTRACTOR TWDB (Texas Water Development Board) 

ORILUNG METHOD AND EQUIPMENT......:Fa"""ili"'ng....,M"'u"'d'-'R"'o""la"-lryc;7-'7"'!8'-·_-:;...9 -'.-'71"-S·...,b"'it ________________________ _ 

WATER LEVEL A D DATE STA 7 9-97 7 15 97 N AT - FlNISH - - LOGGER P Van Noor! 

~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 0..:::; filf W:::l I-
~ii1 (N) MINERALOGY 

OUI ~ a:_ 
1-150' 

SILTSTONE AND CLAYSTONE, same as above 
- -

160 -
CLAYSTONE, clay dominant, trace sandstone 

- -

170 -
SILTSTONE, trace claystone, dark gray 

175'- -

lS0 -
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 
--

25S.50 

- See rock core logs C-1, C-2, C-3 Begin rock coring 7111/97 -

--
270 -

275'- -

2S0 -

--
290 -

--
Lsoo' 300 



• CH2MHILL • 
PROJECT Laredo ASR 

PROJECT NUMBER 

118069.JO.ZZ I 
BORING NUMBER 

TW-2A 

SOIL BORING LOG 

LOCATION Del Mar Storage Tank 

ELEVATION DRILLING CONTRACTOR TWDB (Texas Water Development Board) 

SHEET 3 OF 

DRILUNG METHOD AND EQUIPMENT·_F!.."a",ili""ng"-M=ud~R,-,-,o~ta!!.ryL7 .... 7!..!.I-"!.B"..:c--"-9~7~18 .... " b""it'--_______________________ _ 

W R 7997 71597 ATE LEVEL AND DATE START - - FINISH - - LOGGER P V Noor! . an 

~f SAMPLE STANDARD 
SOIL DESCRIPTION COMMENTS PENETRATION 

"'- >- TEST 

"'~ ..J 0 

'" RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, 

~ z'" '" ~~ <w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, 
wen 0 6"-6"-6" OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION w o.~ hlf "'::I ~ MINERALOGY QU) 2:: ~~ "'-

(N) 

,....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, solt, dark gray 
- -

- -

- SILTSTONE, dark gray, hard -

375' - -
3BO 

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/S', set 4' PVC 

- well, 0.020-slot at 200-300, 315-345, -
390-410 It 

--

--

'--



PROJECT NUMBER BORING NUMBER 

CH2MH I LLt-1_18_06_9_"K_O_---''--TW_-_2_A_-_C_o_re_C_-_1_s_H_EE_T_l_OF_I --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',77/8" pilot hole 

SAMPLE RUN C-l START: 7/10/97 END: 7110197 LOGGER: Peter van Noort 

DEPTH INTERVAL 2585-2755' LENGTH RECOVERY" 1533' PERCENT RECOVERY' 90 2% 

DEPTH COLOR LITHOLOGY and DISCONTINUITIES COMMENTS 

ROCK TYPE. MINERAlOGY, WEATHERING. HARDNESS AND AOCK MASS SIZE AND DEPTH OF CASING, FLUID LOSS, 
CHARACTERISTICS (BEDDING) ; FAULTS, ORIENTATION. 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 01 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). allematiing 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 

@266.2along 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 All. medium Sandstone. very fine, 70.80% qtz, 20-30% 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 DFW1/110869/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 Traatment Plant 

ELEVATION: NA DRILUNG CONTRACTOR: TWDB 

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

SAMPLE RUN C-2 START: 7/12197 END: 7/12197 LOGGER: Peter van Noort 

DEPTH INTERVAL 2755-295' LENGTH RECOVERY' 1895 PERCENT RECOVERY' 97% 

DEPTH COLOR LIT1iOLOGY and DlSCoNTINUmes COMMENTS 
ROCK tyPE. MINERALOGY. WEATHERING, HARDNESS AND ROCK MASS SIZE AND DEPTH OF CASING, FLUID Loss, 

CHARACTERISTICS (BEDOING) : FAULTS. ORIENTATlON. INFIUlNG .... TERIAL. 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 _,og for coring ratas. fracluras. 

light gray minerals? trace rose and smokey qtz. trace pyrite. jasper, selenite. secondaIy fealuras 

Laminated with thin, wavy lams <1 mm of siltstone. Tl8ce shell 
fragments, lracelignite in darker laminations. Hard 

Fractura Summary: 276.5, 277.1.277.6,277.9,279.7.281.1,282.3, 
283.5,284.284.5.286.1,286.7.287.1,287.5,287.9,286.2, 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.x1s DFWI III BQ69lda101coreiogs 



• PROJECT NUMBER BORING NUMBER 

CH2MHILL 118069,KO TW-2A - Core C-3 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',77/8' pilot hole 

SAMPLE RUN C-3 START: 7/12197 END: 7/12197 LOGGER: Peter van Noort 

DEPTH INTERVAL 295-315' LENGTH RECOVERY' 20 5 PERCENT RECOVERY' 100% 

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, INALLING MATERIAL. CORING RATE ANO SMOOTHNESS. CAVING 

THICKNESS. SUA FACE STAINING ROD DROPS, TEST RESULTS, ETC 

295- 300.5 Medium to Sandstone, very fine, well sorted. 80Ofo 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? 

@3oo, 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 0.01-0.05' 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 wI 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,x1s DFW1/l18069!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: TWOB 
ORIWNG METHOD AND EQUIPMENT USED : Failing Mud Rotary - 6· core barrel x 20'. 7718" pilot hole 

SAMPLE RUN C-4 START: 7113197 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. MlNElW.OGY. WEATHERING. HAADNESS .... D ROCK MASS SIZE AHD DEPTH OF CASING. flUID LOSS. 

CHAAACTERISTICS (BEDDING); FAUl.TS. ORIENTATION.INFILUNG MATERIAl. CORING RATE .... D SMOOTHNESS. CAVING 
THICKNESS. SURFACE STAINING ROD DROPS. TEST RESUlTs' ETC 

330-333.6 Medium to Sandstone. very fine. silty. _U sorted. 70-80% quartz. 20% See -..I log lor conng rates. fractu .... 

lig,t gray giauconite? or mafic minerals? Secondary minerals include trace saccndary feabJras. Greater down 

pyrite. selenae. trace greenish black platy mineral. Soft to medium p ........ and worn cora brt may have 

hardness. Friable on edge. contributed to poor recowry. 

Fracturas: 330.95. 331.4. 331.65. 332.25. 332.4. 332.95. 333.2. 
333.35. 333.5 

Corec-4.xlS DFW1/111!069/dcto/coreJogs 



• CH2MHILL 
PROJECT NUMBER IBORING NUMBER 

1180690KO I 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 7/8" pilot hole 

SAMPLE RUN C-S START: 7/13197 END: 7113197 LOGGER: Peter van Noor! 

DEPTH INTERVAL 348-355 LENGTH RECOVERY- 49 PERCENT RECOVERY- 70°;' ° 
DEPTH COLOR LITHOLOGY and DISCONTINUmES COMMENTS 

ROCK TYPE. MINERAlOGY, WEAlHERING, HARDNESS AND ROCK MASS SIZE AND DEPlH OF CASING, FLUID LOSS, 
CHARACTERISTICS (BEDDING) : FAULTS, ORIENTATION, INAWNG MATERIAL. CORING RATE AND SMOOlHNESS, CAVING 

lHlCKNESS, SURFACE STAINING ROO DROPS, TEST RESULTS, ETC 

346 - 351.8 Light to dali< Altemating sandstone and siltstone, interbedded, with minor See Visual log for coring rates, fractures, 

gray claystone laminations; .5 - 1.5° layers of sandstone, lmm - 2" secondary features. 

siltstone lames. Trace boudin structures. similar mineralogy. soft to 
medium hard. 

351.8 - 352.9 Dali< 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, 6o-degree faults at 352,352.3,352.7. Such faults may 
r.nntrihlltA tn nl'ARkRnA >Mthin r:nrA MrrAl 

Corec~5.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 10 Del Mar Treatment Plant 

ELEVATION: NA DRIWNG CONTRACTOR: TWOB 

ORIWNG METHOD AND EQUIPMENT USED: Failing Mud Rotary - 6'" cant barrel x 20', 77/8" pilot hole. 

SAMPLE RUN C-6 START: 7/14197 END: 7/14197 LOGGER: Peter van Ncoll 
DEPTH INTERVAL 380-399 LENGTH RECOVERY" 955 PERCENT RECOVERY" 50% 

DEPlli COLOR LITHOLOGY and DISCONTINUmES COMMENTS 
ROCK TYPE, MINERALOGY. WEATHERING. HARDNESS AHO ROCK MASS SIZE AND DEPTH OF CASING, FLUID LOSS. 

CHARACTERISTICS (BEDDING): FAULTS. ORIENTATION,INFlLUNG .... lERIAL. CORING RAlE AND SMOOTHNESS, CAVING 
THICKNESS, SURFACE STAINING ROD DROPS, leST RESULTS, ETC 

380 - 365 (actua Light to dalle Sandstone, fine 10 very fine. _II sorted. 70-80% qtz, 20% mafics or S .. visual log for COfing rat ... __ 

is 381.55 - sea gray glauconite. Laminated, trace si" laminations, hard to soft (easy secondary features. Con> Ioggad on 

notes) scratch with knife) 7115197. 

385 - 391.3 Daile gray Si"stone, Inlerbedded with fine sandstone, lrace daystone Not .. : OIi!)nalIy racoverad 1.5-100t 

laminations, quartz and glauconite, pyrite, salen"e. Hard to very sample. "Rshed out" additional 7.3 feet 01 

hard. some laminations are limy (read with HCQ. CO<8. Chose 385 feet as top 01 "fished" 
section because top sand is mody zone 

to have washed out. 

Boudin slructures, evidance of minor daystone laminations; .5 - 1.5" 
layers of sandslone, 1 mm - 2" siltstone lamas. 

Evidence of bioturbalion induding vertical burrows infilled with light 
gray, coalSer sill and fine sand, surrounded by black to dalle green 

heavy minerals (secondary glauconite?) Trace shell fragments. 

391.3 - 393.3 Medium gray Sandstone, fine. Well sorted. Similar mineralogy (quartz majortty). 
Massive with lrace laminations. hard. Fragments are 2-4" long and 
fractures show signs of erosion caused during coring (core broke in 

barrel). 

Fracture Summary: Heavily fradured 0 380-361.55 (7 fracturess), 
0385-391.3,9 fractures (.7 fradslft); 0391.3-393,3 fractures (.56 

fradslft) 

Corec-6.xls DFW1/l11lO69/datO/coreiogs 



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 Treatmenl Plant 

ELEVATION: NA DRILLING CONTRACTOR: TWDB 
DRILLING METHOD AND EQUIPMENT USED: Failing Mud Rotary - 6' core barrel x 20', 7718' pilot hole 

SAMPLE RUN C-7 START: 7/14197 END: 7/14197 LOGGER: Peter van Noort 

DEPTH INTERVAL 399 - 419 LENGTH RECOVERY' 188 PERCENT RECOVERY- 94% 

DEPTH COLOR LITHOLOGY and DISCONTINUmeS COMMENTS 

ROCK TYPE. MINERALOGY, WEATHERING, HARDNESS AND ROCK MASS SIZE ANO OEPTH 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. 70-80% qtz, 20% mafics or See visual log for coring rates. fractures. 

gray glauconite. Laminated, trace silt & clay laminations, soft. trace lignite. secondary features. Core logged on 

Abrupt contLct at 404 - very hard sandstone (calcified) - fossiliferous 7/15197. 

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: @399t0404, 11 fracturesl5.35 It. @404.35-418.8, 
6 fracturesl14.45 It 

I 

Corec-7.xls DFW1/l18069/dato/coreiogs 



• ~.' 
CH2MHILL 

PROJECT NAME 1 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' ---+--~.,...,..,....,.....,....,......---
,. ) ,. :I> ,. ,. ,. :J 

420' -

450' --

500' --

)0 ,. ,. ,. ,. ,. :I-,. ,. ,. ,. ,. ,. ,. ,. , ),.,.,.,.-,./ ,.,.,.,. ,,/ ,. ,. ,. ,. ,. 
)0 ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. 

,. ",,:10,,",," 

Surface seal 

,.~ ~~-'f= V /..t . / Grout plug 
f,r:~+-<.,·,,4----- Top of fine 40160 sand (420 tt) 

~:W:9:f:'i: Top of gravel pack (425 tt) 

~~-=l~§t:Jt;t'i~'j~~~t----- Top of screen (430 tt) 

- '0'/)'11/)'-: 

i
DRILLING CONTRACTOR 
Texas Water Development Board 

DEPTH TO WATER DATE 

72.2 It 4/8/97 

l~~~ 
180 tt ,040 low carbon shutter screen (6"10) 

550' --

600' --

l1P';'::o:"," ~~---- 8/16 gravel pack (434 tt) 

~:~:·Cl«· 

.%~t.~ 

.~%::::~~:: 

r~~. 

~I 
~~':!~:~::~. 
·Cl·(l9:d'-~ 

Base of screen (610 tt) 

1;';:0'-.<:>:",::. 
"'VI //'...,.-, ~ / .0""'/'::""~.;ti1~"-;~",*---- Base of casing (620 tt) 
~/J../// Grout plug 

Top of native fill (630 tt) 

NOTES: 

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

Well completed 4/7/97 

NOT TO SCALE 
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Send odgtNiCDPY by ~ relUm r"'. liliiii ta: TNACC,IIC 177, P.O. B ... 1U87. Auedn, TIC 7.11'_7 . 

"TT&tIT!OM OWNER: CDrrtIdemIaIlry 
State ()f Texas 

Te .... W_ Well DltU_ Ad\II8ory CouncIl 
Ptiri/egfJ NotIt:e on Of! ...... __ - MC171 
of w., 0"'-' ""'PY (plt!ll) WELL REPORT 

P.D._l:1017 
Au8lJn, TlI11711~ 

" 
51243'-

1) ~. C:lt~ gf [,a:r::eda ADOAI!SS J>. 0 Ray ~qC;n . ~.,.... 7A044 
( ....... ) • (SI .... or RI'1)) , (City) (S .... , (ZID' 

~) &DORESS OF WELL: 
Caunly Webb 2. Corridor Laredo, TX 78044 GRID. <;l_~ -;;1"'- S 

(St ... I. RFD ... _) (ClIy) (SUI .. , (ZIp) 

3' TYPE M WORIe (Chell): ., PROPOUDUSI(CMcII): DM_ o Enwio ........ _1IaIInQ 00-_ 5) 

XX_Wetl o Dapening o 1- 0 11IIgIl1lon o Inj8C1lan o Public SuIIpIy 0 D_t.ring XI TestWeII ~ :;.17°.3.;2.S~,,' 
OR_inQ O~ ~ PubIc Supply .......... pIIl .. lIIDmIned 10 IN TNACC? oy- DNa . ' 

" WI!l.LLOG: DIA-..rER OF ~ 7) DfUU.JNGlIlEJlfOD (CIIeCI1); OD-
'-~ or:I'1 ;;1.7. J.s., 

O ... Ol1l1ln .. Dta. (In.) From (ft.) To(lL) o Nt Aawy JQ t.Iud Ratto" o Booed 
-.. Jl2C 111~ 114-3/4 -- 20 O ... ItH ......... D CabieToaI o J8\1ed 

Campi ..... 40.5 111::ll... 110-5/8 20 630 o Oilier N 7-7/8 630 1000 
Fr_(fL1 To(fL) _pilon .. a color of ID"".don _,_I ') 

__ ~on(CIteak): D ap.nHoI8 o ShighlWd 

n' 10' Whi .... t" .. ,i,.h .. 
o Underr_ DG ........ Packed o Ot!1.r 

:10' 40' Gr"v. Jlh .. ,. 
" G ....... PIlCIced g;v. InIMv8I ._ Itam II.. 10 II.. 

140 C;5' .. ~¥_s'" CASINCI,ILANIC PIPE, AND WSJ. lCAnN DATA: 
I .... , 4'1'" .. 1 ... _ ......... hal. &:. hS ... rt a .. ? __ lr 

New ~. P1aItIo, etc. SenltlQ(lI.) Gav· 
4.'1<;' 1':'''' r: ........ D •. or Pelf .. SIaI11Id, etc. CU1Ing 

1"""" lanD r: ..... v .h .. , .. '" h ......... , ... .It .. (in.) US ... Sereen Mig., ~ -..melCial From , To Screen 

"'-"i. S .. 111+ .... , ,. ... i ..... n 430 
.. , ... 

"'-" .. ... .n .......... ~ ..... n .:,n .n ... n 
',,-<; A ... 11:+ ... , ,.".~" .. ':1n ':1<; 

I) CEM&NTJNG OAT", (fI\IIe~.U(l)) 

Cement ... ,,,,", 0 I~IO 420 Il Na.ol .. o","u_ 134 
616 11.10 630 IL Na .... _uaed 7 

~Ihad_ TrIUllKli.. ~i~ 
C ....... ledby T.W.D.B. " Ha11ibu~on 

(u •• ,.". ... ~. 01 WwI 0I0n0H'5 ...,.,.. iI_ryl 
DIs_IO'optIc.~ _lIna ... otIIerconcan'IBIed _mlnadon 200 II. 

la) iYP& PUMP: Method .... _tian ... __ nee Estia:C;!lI52 
o TutDlna o J., ID6Jbm._ o CylInder 
o Otnar 10) 8URFACI! COIIII1.ETlClN 

o.prn 10 pump Dowis, c;yHnder,'et. •.• ~g:;a n. 13 So.cIIIed _. 5 ... low1aIl8d (Rule 33I..4A(2]("')J 

o SpedI\ed SleeI SI_lnata_ (_338.oI4(~(.t.lI 

14) WELL TESTS: o PftleU AdIpler Used (Rule 338 ..... (3)(bll 

Type_t ~Pump o BaI_ OJetI ... o Estimated 
o Appro_ AII __ P"",ecIure Ulled (Rule 338.71] -, .-..!ill- gpm "'"'" aa h. dra __ efter II nrs. 

") WATER LaVaL: 
SIalic ...... 73.20 ... _IIond...- on 4-9-97 

15) WATER QUALITY: 
,,""""n!tow 

Did you M~ngIy IMIne1 .... eny sttata WIIlcII CDntallled u~ 
gpm. 0. •• 

conatiluanl.? 

o Yes lD;No II yea, submit "flEPOAT OF UNOESIRABlJ! WATeR" 
12) PACKERS: Type Depth 

~Qfwatllf1 Copthol ..... 1II<,>nlO 

Wu • GIMIInfGIlI a",,1yeIe ,.,. .. 1 0'1' .. ONo 
. 

. 

I h_by eartlly In.I IIIls weM ... _ad by me (or under my """,,"';,ion) lind lIIal e.cIIllnd ~ alth. stalomenta h ..... " ... bu. to tile best 01 my knowledge and beIiaI. I 
understand tha, fallu .. to eomplllle 11_ , IhN 15 wiII..-.1l1n tile Iog(s) being rQlm .. :IIor campl .. 1on end ...... _l. 
COMPANVNAIII! Texas WlIte:o:' Development Board WELL DIILl£R'S UCIIJI .. NO. ,.g:Uil? WJ:-

(Type or prlnIl 

AIXJfIUS 1700 Hydro Drive ~ Au II tin Texas 78728-7725 

"(s.n~~ zrz;z~ 
(CIIy) g;;;;o ~ (ZIp) 

(signed) .. , 
(R~nocI Dill"" Trai'-l . Met) 

"'-_,, __ ..... __ .... Ie. .nd..- ..... -..Infonnadon, 11 ... ..-

TNFICC-<J199 (R .... 05-2'-lMI) White - THRee . Y8/Iaw· ORILLER 
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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 

ELEVATION DRILLING CONTRACTOR TWDB (Texas Water Development Board) 

DRIWNG METHOD AND EQUIPMENT-'.Fa"'il""in:lt.9.::.M""ud".R"'o"'ta".;ryL1,.,,0'-'-7"'/8'--_________ -----------------

WATER LEVEL AND DATE START - -31997 FINISH 4797 -- LOGGER B Ch . r ns Ian 

~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 Il.:::;: u-
W:> .... 

~i! wt:: (N) MINERALOGY 
Oil) ~ a:_ 

-0' 
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 It: Hard sandstone 
70 SHALE, dark gray 

-

8 
80 SHALE, same as above 

-

9 
90 -

10 SHALE, same as above 93-94 It: Hard streak 
100' -

11 SILT, gray 
110 -

12 SANDSTONE, light gray 
120 118-123 It: 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 It: Hard sandstone 
170 -

18 SANDSTONE, dark gray 176-179 It: Hard sandstone 
180 ~ 

19 SHALE, dark gray 
190 -

20 SANDSTONE, gray, gypsum mottling 198-200 It: 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 It: Hard streak 

-

25 SANDSTONE, gray 
250' -

26 SANDSTONE, same as above, darker gray 
260 -

27 SAN DSTONE, 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 

ELEVATION DRILUNG CONTRACTOR lWDB (Texas Water Development Board) 

DRILLING METHOD AND EQUIPMENT·-,-,Fa."il"-,ing"-!!!M,,,ud!.!R~o~ta,,,ry~1.C:!0-,,7/~8 __________________________ _ 

WATER LEVEL NO DATE A START 31997 - - FINISH 4797 - - LOGGER B Ch 'sti n an 

~f 
SAMPLE STANDARD 

SOIL DESCRIPTION PENETRAT10N COMMENTS 

.... - > TEST ...... .... C a: RESULTS SOIL NAME, USGS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE, IDO ~ 
Za: w 

:z:;:: <w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, a: WID 0 Ii: a: w ",::; frlf 
6"-6'-6' OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION 

... ::. >-
~~ (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 SANOSTONE, gray, inbedded shale with some gypsum 390-420' 
390 -

40 SANDSTONE, same as above 
400' 400 ft: TOp of 20/40 sand -

41 SANDSTONE, same as above 
410 -

42 SANDSTONE, same as above 415 ft:'TOp of 8/10 sand 
420 -

43 SANDSTONE, same as above 
430 430 ft: 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 SAN DSTONE, 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 

118069.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::,:or'--__________ _ 

ELEVATION 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 - -31997 FINISH 4797 - - LOGGER B Ch . fan ns I 

~f 
SAMPLE STANDARD 

SOIL DESCRIPTION COMMENTS PENETRATION 
>- TEST 

w- ...J 0 a: RESULTS DEPTH OF CASING. DRILLING RATE, IIIW za: SOIL NAME, USGS GROUP SYMBOl. COLOR, 
e.> :; w 

H 
<w > MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS, 

a: Will 0 6'-6'-6' OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION 
W CL.::i: o-

w:. .... 
~~ wI;: (N) MINERALOGY 

CUI ~ a:_ 
f-600' 

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 

ELEVATION DRILUNG CONTRACTOR TWDB (Texas Water Development Board) 

DRIWNG METHOD AND EQUIPMENT-,-F",ail,",in",g-"M",u"-d,-,Ro",ta",ry~10~7,,,,/8~ ___________________________ _ 

WATER LEVEL AND DATE START - -31997 FINISH 4797 - - LOGGER B Ch" nstlan 

~- 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 11.::; filE 6·-6·-6· OR CONSISTENCV, SOIL STRUCTURE, TESTS AND INSTRUMENTATION 

w:::> >-
i:~ (N) MINERALOGY 

CUI ~ a:_ 
f-g'oo' 

900-1,000 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 
OWNERIPROJECT: City of Laredo / Laredo Aquifer Storage and Recovery Feasibility Investigation 

COUNTY: Webb 

LOCAIION: At City of Laredo, Me Phereson S1. elevated 
water tank site. Approximately 1 mile N from intersection of 
Mc Phereson S1. and Del Mar Blvd. 1.45 miles fom W line and 
2.58 miles from N line of topo map 85-29 (Laredo East) 
Lat.27·35·19N , Long. 099·28·34W 

OTHER LOGS: Natural Gamma Ray, Fluid Resistivity, 
Spinner 

Date 112111997 Fluid Level 10 feet 

RunNo. I 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 1.0. 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':;t:;6gg&fIOifor'iiUffi.Oii.· identification and to determine screen setting'for well co~pl;ti~n. Cased with 6 inchLO. ~teel. S~r€Oen~ " 
stainless steel wire based screen330 - 390 and 440 - 490, TO = 495 feet. Log curve exhibits indications of potential formation invasion b: 
drilling mod and presence of bedded Anhydrite/Gypsum. 

SPONTANEOUS POTENTIAL 5" =100' RESISTIVlTY 16" & 64" ohmslm2 

(+) 5 millvoltsldlvlslon (-) Depth o 10 



~ \)f,VE 
~ 

STATE OF TEXAS .... ~ 
~ 

TEXAS WATER DEVELOPMENT BOARD .--J\J.. 
< .~ 0 

Natural Gamma Ray Log ~ 
~. (:) 

" ". ." .... 
* 

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

OWNERIPROJECT: City of Laredo I Laredo Aquifer Storage and Recovery Feasibility Investigation 

COUNTY: Webb 

LOCATION: At City of Laredo, Mc Phereson St. elevated water OTHER LOGS: Resistivity, Spontaneous Potential, Spinn€ 
tank site. Approximately I mile N from intersection of Mc Phereson Fluid Resistivity 
St. and Del Mar Blvd. !.45 miles from W line and 2.58 miles from N 
line oftopo map 85-29 (Laredo East) 
Lat. 27 -35-19N , Long. 099-28-34W 

Date 1121197 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 secs through Marsh funnel 

Casing-Driller 10 inch 1.0. steel 0-40' 

Casing-Logger 10 inch 1.0. 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. 1.0. 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 /..As., • or::: , -

Re:A'bI "'Go-
50 

I 

, 

I 

50 "-r [§iO. I 

~~----., 
I 

, 
, I 

,. 
-
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STATE OF TEXAS 

TEXAS WATER DEVELOPMENT BOARD 
~ 

~':I. 
~ Spinner (fluid velocity) Log 

V 

WEll..: Me Phereson Street Test Hole (TW·l) SWN = 85·29·103 

OWNERIPROJECT: City of Laredo I Laredo Aquifer Storage and Recovery Feasibility Investigation 

COUNTY: Webb 

LOCATION: At City of Laredo, Mc Phereson St. elevated water OTHER LOGS: Resistivity, Spontaneous Potential, 
tank site. Approximately 1 mile N from intersection of Mc Phereson Temperature and Fluid Resistivity, Natural Gamma 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. 27·3S·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 IpH N/A 

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 fluId velocites. Logged down @20 feel 
per minute, wblle pumping @ 31 gallons per minute. Mud slurry filling borehole 486 to T.D. 

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

Depth 0 scale N/A, log curve re1ects relative differences in borehole fluid velocity 01 

320':--
FIRST 
~t:AbltJG-

330>-
"TOP IU 
Sen-EN 

350;- -

"~" """ 



STATE OF TEXAS 

TEXAS WATER DEVELOPMENT BOARD 

Spinner (fluid velocity) Log 

WELL: Me Phereson Street Test Hole (TW.l) SWN = 85·29·103 

. " • 

OWNERIPROJECT: City of Laredo I Laredo Aquifer Storage and Recovery Feasibility Investigation 

COUNTY: Webb 

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

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 

RunNo. I 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 1.0. steel 0-330' 

Casing-Logger 6 inch 1.0. 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. 1.0. 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 velocites. Logged up @20 fl 
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' fl'r 

I RE-Ab/NG-
, "T e.. 

, -I') 

330,)-
101' I ~t -IY 

SCREE'N 

• 
350~ 



STATE OF TEXAS 

TEXAS WATER DEVELOPMENT BOARD 

Temperature and Fluid Resistivity Log 

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

VNERIPROJECT: City of Laredo I Laredo Aquifer Storage and Recovery Feasibility Investigation 

lUNTY:Webb 

CATION: At City of Laredo. Mc Phereson St. elevated water OTIIER LOGS: Resistivity, Spontaneous Potential, Spinner, 
( site. Approximately 1 mile N from intersection of Mc Phereson Natural Gamma Ray 
and Del Mar Blvd. 1.45 miles from W line and 2.58 miles from N 
'of to po map 85-29 (Laredo East) 
_. 27-35-19N , Long. 099-28-34W 

e 4/16197 Fluid Level 127 feet 

1 No. 1 Type of Fluid in Hole Water 

)th Driller 495 Source of Sample Borehole 

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

;t Reading 140 Density 1 pH N/A 

tReading 495 Viscosity N/A 

ing-Driller 6 inch 1.0. steel 0-330' 

ing-Logger 6 inch 1.0. steel 0-330' 

Sizc 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 (natura1), resuldng in aquifer clogging 

emperature (In degrees C, up to rlghtl 5" =100' Fluid Resisdvity (in Olum, increasing to left) 

2 deg.Cllnch, begin value=26.4 Depth Scale = 1.2 obmIdivision or 5 oluwVinch, End value = 6.6 ohms Begin value = 5.8 ohms 

-
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STATE OF TEXAS ~ TEXAS WATER DEVELOPMENT BOARD I: ~ 
Resistivity Log ,~ 

*Y 

WELL: Del Mar Boulevard Test Hole (TW .2) SWN = 85·29·403 

OWNERIPROJECf: City of Laredo / Laredo Aquifer Storage and Recovery Feasibility Investigation 

COUNTY: Webb 

LOCATION: At City of Laredo, Del Mar Blvd. elevated water tank OTHER LOGS: Natural Gamma Ray, Fluid Resistivity and 
site. Approximalely 3 mile E from intersection of I.H. 35 and Del Mar Temperature 
Blvd. !.94 mileilfom 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 2/20/97 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 IpH 9.4 pounds per gallon 18.6 

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' 

BitSize ··-' .... "'\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 

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

. . 
..~, 

PeteDtIaI 5" =100' Resistivity 16" & 64" in Ohmslm2 :,-, -~ 

. -, ',., .,~. 

(+)~., 00(-) Depth 0 10 2{ 

- . .,., 
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STATE OF TEXAS 

TEXAS WATER DEVELOPMENT BOARD 

Temperature and Fluid Resistivity Log 

WELL: Del Mar Boulevard Test Hole (TW-2) SWN = 85-29-403 

OWNERIPROJECT: 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 

FirstReading 130 Density IpH 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 1 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) 

1 cJea. CJIDclI, begin value = 26.2 Depth Scale = 1.2 ohms/division or 5 ohmslinc:h, Begin value = 5.68 ohms 

...r::. J:J.....1 , 

l/ 150 .. 



~ \)!,vEUl 
STATE OF TEXAS ~ 

TEXAS WATER DEVELOPMENT BOARD 
~~ 

* i 
Natural Gamma Ray Log ~ 

~ ... .. .... 
~ • 

* 

WELL: Del Mar Boulevard Test Hole (TW -2) SWN = 85-29-403 

OWNERIPROJECT: 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 LH. 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. 099·28·5SW 

Date 2120197 Fluid Level 10 feet 

Run No. 1 Type of Fluid in Hole Natural Mud 

Depth Driller 776 Source of Sample Mud Pit 

Depth Logger 775.4 Rm @ Meas. Temp N/A 

First Reading 766 Density IpH N/A 

Last Reading 0 Viscosity N/A 

Casing·Driller 10 inch I.D. steel 0-40' 

Casing-Logger 10 inch LD. steel 0-40' 

Bit Size 7.875 inches 

Recorded By R Williams Elev. above Mean Sen Level GL=500 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. 

S" =100' Natural Gamma Radiation (increasing to right) 

Depth 0 50 

0 ,.. 
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I 
I 

I COHPIWIl 

WELL 
LOCAllOMlFlELD 
COUN'I'll 

S'rA'rE 

SECTION 

OOTE 
DEPI'H DRILLER 

LOG BOTTOH 
, LOG TOP 

CASING DRILLER 
CASING fYPE 
CASING 'l'HICXNESS: 

BIT SIZE 
I1AGNETIC DECL. 
l'U'!'I1tIX bDfSlT'l 

rUnI) DENSIT'i 

NEUTRON MTIUl<: 
REMARXS 

DELMAR TW-2 

TEXitS WATER BOORD 

DELMAR 1101-2 
1.AREDO 

WEBB 
'I); 

TOWNSHIP 

87/26/Y7 PERffANENT DAn,'ff 
429 ELE'J. PERM. Dl1fUf't : 

428.38 LOG HEASVRED FROH: 
-2.20 DRL MFASlmED FROM: 

429 LOGGING UNIT 
Sf EEL nELl!: OFFICE 
.25 RECORDED B'l 

BOREHOLE FLum 

RM 
1m n:'MPERATUR£ 

1.1 MATRIX ll£LTA T 

L UtES TOME FLU J.D. DEL'I~ ... 
~ 

I OTHER SERVICES: ! 

1 

I 
RANGE 

ELEfJATfONS 
k'B 

TOC DF 
roc GI. 

96~5 

lJEGI1S 

D.STEWART 

H2O FILE ORIGINAL 

T¥PE 9041A 
l.OG 2 

PLOT ROGER 27 

'IHRESH: 10000 

ALL SERUICES PROQIDED SUBJECT TO STANDARD TERMS AND CONDITIONS 

o .... __ E... .. .. to.· .+ ~;.i.; .. l ...... f.. ........................... + .............. , ...... ,.~~l~:c:' ..... J:: ...... ::::::f::.:: ... :::::f::::::::: :.:+::::~.?) ....... f ... :;;:::::::::L:::: ::::~:f:::::: ::::::::L· .. · ~ 



CDHPIWY 
WELL 
LOCAllON/FlELD 

C.UUMl't 

'51\\1£ 

~ECnQ~" 

DATE 

DEl' '!'H !lR ILLER 

LOG liOTTOH 

CASIN\; DRILLER 

DELMAR TW-2 TIME DRIUE 

TEXAS J.ml'ER BOORD 

DELMAR TW-2 TIME DRI~E 
LAREDO 

:' OTHER SERI.IICES: ) 

W'EBB 
'IX 

4Z9 

279.98 

249.38 

429 

:. I 

TOWNSHIP 

PERI'fAHENT DATUI'f 
ELElJ. PERn. 1M rUM ; 

LOG MEASVRED FROH: TOC 

ruU. HEASURE.D FRO/'J: roc 

LOGGING UNIT 9605 

RANGE 

ELEVRTfOHS 
KB 
DF 

GL 

rnSIHG fYpE STEEL FIELD OFFICE 

RECORDED li'l 
IJEGAS 

C.4S 1m; TN 1 Ck'NESS : .25 : D.STEUART 

BIT SIZE 
MAGNETIC DECL. 

l'\rrnnX mN'S 11 'l 
FLUID 1>ENSlT'l 

!olEU'H!.GM tl.PoH IK 

REMARKS 

BOREHOLE FLUID H2O fiLE PROCESSED 

RM TVPE 9718A 
1m l'EMJ>£RA1Ult£ . LOG :5 . 

1.1 M1RIK 1>£Ll\\ i PLOT RG(;£R 

LIM£STGKE FLUID D£L!A ! THRESH: 108@8 

fHrs R TIK£ DRH/E, rom:. SmffONARi' AT ABOUT 288 FT, ll£P'YH Of( LOG rs NOT TRUE 

DEPTH. SMnONARY LOG FOR ! NINUI'E UHlLE U:ELL PUMPED AT 68 GPN 

A-l.l. SERII ICES PRall WED -SU1JJECrra -STANDARD TERH-S AND COHD I nONS 

25 

I , 
I: ,., 
'~! 

I 
r 
I 



COM PAN V 
WELL 
LOCA'IION/FlELn 
COUN1'l 
STATE 
SECTION 

DATE 

DEPTH DR ILLER 
LOG BOTTOM 
LOG TOP 

CASING DRILLER 
CAS 1 NG n'PE 

TEXAS WATER 
])ELHAR TW-2 

LAREnO 
WE"B"B 
TX 

87/26/97 

429 
427.16 

4.38 

429 
STEEL 

CASING THICXNESS: .25 

BIT SIZE 

MACHE'Il C DECL. 

MATRIX DENSI'I'l 

FLUID DENSITY 

NEUTRON MATRIX 
REMARKS 

1.1. 

LIMESTONE 

DELMAR 1).1--2 \ 
I 

BOARD 

TOWNSHIP 

Pl:Rl1AHENT OOTUl'f 

ELEV. PERH. D~1UH: 

> 
----.J 

) OTHER 
\ 
i 

\ 

I 

LOG KEASLmE~ FROM; TOC 
DRL MEASURED FROM: TOC 

9685 
: I)EG~S 

SERVICES: ) 
i 
I 

1 

RANGE 

ELEVAT IONS 

KB 
DF 
GL 

I.OGG I NG UN If 
FIEL}) OFFICE 
RECORDED BY D. STEUA..TlT 

Bmn:HOLE FLUID 

RM 
RM TEMPERATURE 
MATRIX DELTA T 
FLUID DEL.TA T 

H20 FILE 
l'iPE 

L~ 

PLOT 
THRESH: 

PROCESSED 

o/lUIA 

0 
ROGER 25 
18880 

Down su.rvey dt 38 ft/Mtn st.,.tic: _tet"" 

ALL SERVICES PRDVIDED SUBJECT 1D SrAN~RD TERMS AND CONDITIONS 

I 
I . , 
) 



COMPANY 
WELL 
LOCATION/FIELD 

COllNT'l 
STATE 
SECTION 

DATE 

DEPTH DR ILLER 
LOG BOTTOH 
LOG TOP 

CASING DRILLER 
CASING TVPE 

TEXAS WATER 
DELMAR 1101-2 

LAREDO 

WE'B'B 
IX 

87/26/97 

429 
427.10 

4.30 

429 
STEEL 

CASING THICKNESS: .25 

BIT SIZE 

MAGNETIC DECL. 
MATlnX DENSH'l 
FLUID DENSITY 

NEUTRON MATRIX 
REMARKS 

1.1 

LIMESTONE 

DELMAR TW-2 

BOARD ) OTHER 
\ 
i 

\ 

TOWNSHIP 

f'ERlfANENT DATUI'f 

ELEV. PERM. DATUM: 
LOG KEASlmr~ FROM: TOC 
DRL MEASURED FROM: TOC 

9685 

: VEGAS 

SERUICES: ) 
, 
J 

\ 

\ 

RANGE 

ELEIJAT IONS 

.KB 
DF 
GL 

LOGGING UHIf 
FJELD OFF1CE 
RECORDED BY D. STI'.WART 

BO"REHOl.I: FLUID 
JIM 

'RM TEtwERA!Uli:E 
MATRIX DELTA T 
FL IJ ID DEL·TA T 

H20 F1LE 
I'tPE 

LOC 
PLOT 
THRESH: 

YROCESSI:D 
<nlt!1A 

0 

ROGER 25 

10088 

~LL SERVICES PROVIDED SUBJECT TO STAH~RD TERMS ~HD CONDITiONS 

I 
I . , 
I 



i , 
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I 
~ 
\ 
I 
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I 
I 
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I 

I 
I 
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COHPAH'I 

WELL 
LOCAllON/FlELD 
COUMn 

S'rA'rE 
SECtION 

DATE 

DEPTH DR ILLER 
LOG BOTrOl'f 

LOG 'fOJ> 

CASING DRILLER 
CASING TYPE 
CASING THICKNESS: 

BIT SIZE 

MAGNETIC DEer.. 

MAnni'. DI:NSll\' 
YLUlD 1)'£NSH~ 

NEUTRON KA'rR n; 
REMARKS 

DELMAR TW-2 
--, 

I 
! 

\ 

TEXAS WATER JWIUW 

DELf1AR TIoI-2 
LAREDO 

DTHER SERVICES: ) 

WEBB 
T)I. 

87/26/97 

429 
427.50 
270,10 

429 
STEEL 

Ll. 

LU1ESTOME 

tOWNSHIP 

PERKANENT DATUM 

ELEQ. PERM. DATUM: 
LOG MEASURED FROH: TOC 
IJJ?L KEASlIRED F"1!1»1: roc 

LOGG ING UN IT 

FIELD OFFICE 

RECORDED Bi' 

BOREHOLE FLU ID 

RM 
p.l't lU\PI:"RA1URE 

MATP.IX DELTA 1: 

FLUID DELiA I 

9605 
~EGAS 

lJ.STEUART 

H20 

I 
R.ANGE 

EL.EtJAT roNS 

KB 
DF 

GL 

FILE PROCESSED 
TYPE 97i0A 
LOG 4 

PLOT RuGER 26 

THRESH: 10000 

ALL SER~fCES PROVIDED SUBJECT TO STANDARD TERMS AN~ CONDITIONS 



, . ~" GR - INDUCTION-ELECTRIC LOG ~ ~ ~ >-
coo I-
]: ,~ 

SIGMA DATA ~ U H I.. 

------------------------------...................... ~ m·N :> e - 00 H III 
C Z ~ & 
u"'" I- ..... V] -Ill III 

FILING t-.O. ~ ::: u ~ 
COMPANY CH2H-Hll..L CO. INC. ~:::::> .~ 

m • ~ 0 = 
WELL TH-2A "0 ~ ~ Z .-:z::"'" & 

-00 0 
FIELD :5 "0 g ::: u 

= m ~~~~1-+-+-~ 
COLMY I£BB STATE TEXAS g "0 ~ ci 

c U 0.: • 
.r::. V] III 

LOCATION: LAREOO-OEL MAR TW-2A Ott&-- Services U E!-=o+1-+-+-~ 
DEL MAR TREA THE.NT PLANT .! .r::. ~ ~ >-

8 ; ~~ l-
V] ~a 6 H 

~c ~ ~ WV]_ 
• ~ I.. 

m H ID 

Elevations: ,~ I- i 
Parl101E!nT Darun G. L. EI av. NlA KB g ~ ~ (I) ~ 
Log Meast.red f'rom G. L.. FT. Above Permanent DarLn OF ..J"O 6 H "5 oz 
OIm.LING MEASIRED FROM G. L. GL I ~ ~ H (I) 

I~ W 
Data HI ..u.y 1997 c w Ik: 
Ru"l No. eN: .i ~ 

IDaDth-Dri 1181"' 440 
I DaDtn-l....oaalr ·439 : ~ g ~ \'- ~ 
BotTom I ............. Interval 438 ~ ~ 
Tep Logged Interval 41 ~I- CPlI- GJ a al- Ii: 
Casi na-Ori II er II II II II III ~ 
Casi~~ 0 

Bit Size '1 'lIB 5 0 

Type Fluid in Hola NATIVE-GEL. -:: II.. U II.. II.. II.. ~ 
II II II II u . U ... g ~ 

DensiTY I Viscosity 9.2 I 29 I I I ~ ~ :: 
pH I FI ui d Lose '1.5 IN/A cc I cc I cc I cc 1..1- 01- a a al- ffi ffi > 
SoI..rca or ~-I a ltD PIT 0 i:i ~.. "" ~ 0.. III 
RIll D Haas. T...,. 2.'1 I BB "F D "F D "F II "F i ~ 9 IL. ii Do: I::; 
RIIf I ..... T~. 2.3 II BB "F II "F • "F • "F i ~ W III ~ "" ~ 
RIle I ...... T~. 2.~, •• , "F • "F • 'F • 'F I, "Ill ci L"O ~II~ IjlG ii~ I~ e = I; ~ 
Salrceor.r I RIle . "~. T ',jl:lli::) l'~'i II 1.11 Ie 1M. z:C 
RII,IIBHT,'y 2.B"-90 'F I 'F II 'F II 'F I c~=U: I:IG ltJ;r~l~ , ' - I~! c 

TI_ Sines Clre. 11« '! 1... .-I~I~I i . ,,_ ~ !i:1!i: .. 1$ :I ~ 
Hex. Rae. T..,. Dea. F. 90 "F "F 'F "F, :I~ 0 0 ~I': 0 1:1 j ~ i IDIID ! 1- 5 
EoJiD. No. I l.oc:aT'ion II PlSN I I I! g 'Qj ~ i .,I~ ~ i ~ • • ~ & ~ 
RBCOIdedBy DREW ~ ~1ia.~ ~:;~·~uD.iil ~ 
Hi tnessed By MR. V~ NOCI!T I MR. PRINCETGl U 0 0 ID 0" I ,9, ~ I A~ I AI! III Do: Do: Do: Do: ~ 



~ 1)ID'EY)~ 
STATE OF TEXAS J;~ ~~ 

TEXAS WATER DEVELOPMENT BOARD ~~* ~ Resistivity Log ~ IJJ. <r (S .. ,. 
",. 
~ 

.,. 
.. 

WElL: East Corridor Test Hole (TW-3) SWN = 85-29-501 

OWNERJPROJECT: City of Laredo I Laredo Aquifer Storage and Recovery Feasibility Investigation 

COUNTY: Webb 

LOCATION: At City of Laredo, East Corridor water tank site, near OTHER LOGS: 
the location of the new airport terminal on East Corridor Rd. 2.97 
miles from W line and 2.90 miles from S line of topo map 85-29 
(Laredo East) 
Lat. 27·32-31N ,Long. 099·27-06W 

Date 3125/97 RuidLevel 5 feet 

Run No. I Type of Ruid 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 1 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 5" =100' Resistivity 16" & 64" in Ohmslm2 
. 

(+) 10 mlHvoltsldivision (-) Depth 0 10 
~ -

IL ~ 
LAS, 
t<r:Ab,NG-

l 

ll. 
h 

...... 

50 \. 
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Attachment 0-2 
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-l 
Test Well TW-l 



Well Efficiency 

TW-1 Well Loss Determination, 
March,1997 

TW1 AQTST.xlsS/S/98 



Drawdown 
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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-Sierschenk Method of Determining Well Losses 

s = SO + C0
2 

where SO is aquifer loss (laminar term). cd is well loss (turbulent term) 
Lp = percentage head loss attributable to laminar flow 
lp= SQ/(SO + C02

) 

0= 
S= 
C= 
Lp = 
C02= 

Q 

30 
40 
50 

2.4 

2.2 

2 

c 1.8 
a 
l 
III 1.6 

1.4 

1.2 

o 

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 

TW2AQTST -fnl.xls5/15/98 
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! 
c: 
~ 
0 
'g 

~ 
I! 
0 

120 

100 

80 

60 

40 

20 

o 
0.01 

TW-2 Step Test Plot 

0.1 1 10 100 1000 

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

TW2AQTST -fnl.xls5/15/98 



120 

100 

80 

I 
c 
~ 60 

~ 
l! 
o 

4 

2 

0.1 

-
---~ 

~/ 
,.. 

-, 
•• • ,.,. 

• • 
)t. 

/ 
1 10 

Time (minutes) 

~ 

.... 

T = 168 ft"21day 
Q =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 Metnod of Determining Well Losses 
5 = BO + C02 where BO is aquifer loss (laminar term). C~ is well loss (turbulent term) 
Lp = percentage head loss attributable to laminar flow 
Lp= BQJ(BO + C02

) 

0= 
B= 
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) 

slQ Calc Qls 
1.311905 0.76225 

11.0159 
s (after 500 

mins) 
55.1 

n 1.375 0.727273 
97 1.426471 0.701031 

B 
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.xls5115/98 



TW-2 Step Test Plot 

90 

80 

70 

f 60 
e 

~ 
Drawdown at t= 500 mlns: 

c Step 1 Q= 42 gpm = 55' 
~ 50 Step 2 Q= 56 gpm = 79' 
i Step 3 Q= 68 gpm = 99' 

I!! 40 o 

30 

20 

10 

o 
0.01 0.1 

It-

1 10 

Time (minutes) 

, 
./ 

~ 

-

100 1000 

TW-2 May, 1997 
Post-Redevelopment Step Test 

2TW2AQTS-fnl.xls5/15/98 



100 

90 

80 

70 

.....-
I 

V_ ....c:: ~. 
_ .... , r • 

- T - ". '""""' ....". 

a ... ''''' >"'": __ - 5 : 9.04E-5 .........:::iii 

l' 60 

C:O.OO44 ~Z 
- Cooper Jacob: ~ 

T : 2640/8 (gpd) L 
Q:61gpm ~:.:: .~ .~::==~t---~~~----t-------------~--------~~~ --- -- 8 :1100-110 ~ ~ __ ..l-~;-_ :e 

c 
~ 
0 
~ 
~ 
I! 
Q 

50 

40 

-"·12-13. 1--17'.. • Actual 

- T : 165 fI"21day •• --Theoretical 
• • 

30 

/ 20 

10 L--+~~L __ _ . ~~ 
o 
0.001 0.01 0.1 1 

Time since pumping began (minutes) 

10 100 

TW-2 May, 1997 
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Attachment E-3 
Test Well TW-3 



TW-3 Well Loss Determination -
Pre-redevelopment 

Hantush-8ierschenk Method of Determining Well Losses 
5 = 80 + C02 where 80 is aquifer loss (laminar term). C02 is well loss (turbulent term) 
Lp = percentage head loss attributable to laminar flow 
Lp= 80/(80 + C02

) 

0= 
8= 
C= 

Lp= 
C02= 

50.0000 
1.3030 
0.0066 

79.90% 
16.3899 

(From graph) 
(From graph) 

Q (gpm) O/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 
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Q (gpm) 

60 
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TW-3 Well Loss Determination -
Post-redevelopment 

Hantush-Bierschenk Method of Determining Well Losses 
5 = BO + C02 where BO is aquifer loss (laminar term), C02 is well loss (turbulent term) 
Lp = percentage head loss attributable to laminar flow 

Lp= Bo/(BO + C02
) 

0= 
B= 
C= 
Lp= 
C02= 

50 
1.2065 
0.0047 

83.68% 
11.n 

(From graph) 
(From graph) 

Q (gpm) 0/5 5 s/Q 
40.5 

B c= 0.004707 

1.5 
1.45 

..... 1.4 
E 1.35 CI.. 
01 1.3 ... 
III 1.25 CI.. 

= 1.2 ....... 

~ 1.15 
1.1 

1.05 
1 

Well Effc Cales 

30 0.74074074 
44 0.7096n42 
54 0.6835443 

62 
79 

1.35 1.208796296 
1.409091 1.201992144 
1.462963 1.208796296 

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

SM 2540 C Total Dissolved Solids 

SM2540H+B pH 

SM2320 B T ota! 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 

EPA 300.0 Magnesium 

EPA 300.0 Bromide 

EPA 300.0 Nitrate 

EPA 300.0 Sulfate 

EPA 300.0 Chloride 

EPA 300.0 Flouride 

EPA 300.0 Nitrite 

EPA 300.0 Ortho-Phosphate 

EPA 300.7 Lithium 

EPA 300.7 Sodium 

EPA 300.7 Potassium 

EPA 300.7 Ammonium 

2,105 

2,065 

7.47 

268 

ND 

ND 

268 

389 

88 

41 

0.924 

0.490 

876 

315 

2.629 

ND 

ND 

0.117 

422 

7.096 

ND 

1 

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.lS/cm 

m~ 

S.U. 

m~ 

mgll 

mg.il 

mgll 

mgll 

mgll 

m~ 

mgll 

mgll 

mgll 

mgll 

mgll 

mgll 

mgll 

mgll 

mgll 

mgll 

AQ-OI 

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/)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 



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

SM2510B 

SM 2540 C 

SAMPLEID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

85-29-7 

12!J4{76 

14:05 

Total Dissolved Solids 

SM 2540 H+B pH 

SM 2320 B T otaIlIJkalinity as CaC03 

LABORATORY TEST RESULTS 

4,m 

5,163 

7.84 

244 

LABID 

DATE RECEIVED 

TIME RECEIVED 

SM 2320 B Phenolphthalein IIJk 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 

EPA 300.0 Magnesium 28 0.02 

EPA 300.0 Bromide 1.74 om 
EPA 300.0 Nitrate ND 0.002 

EPA 300.0 Sulfate 2,830 0.02 

EPA 300.0 J Chloride 743 0.02 

EPA 300.0 Flouride 5.841 0.01 

EPA 300.0 Nitrite ND 0.004 

EPA 300.0 Ortho-Phosphate ND 0.003 

EPA 300.7 Lithium 0.073 0.01 

EPA 300.7 " Sodium 982 0.03 

EPA 300.7 Potassium 39.00 0.01 

EPA 300.7 Ammonium ND 0.03 

2 

pS/cm 

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,(l5{76 

12,(l5{76 

12!J4{76 

12/10{76 

12/10{76 

12/l0{76 

12/l0{76 

12/l0{76 

121J5{76 

121J5{76 

121J5{76 

121J5{76 

121J5{76 

121J5{76 

121J5{76 

12/l0{76 

12/l0{76 

12/l0{76 

12/l0{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 

LASORA TORY TEST RESULTS 

SM 2SI0 B 

SM 2540 C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

8S-37-403 

12..oSfi6 

11:40 

Total Dissolved Solids 

SM2540 H+B pH 

SM 2320 B T ota! 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 

EPA 300.0 Magnesium 

EPA 300.0 Bromide 

EPA 300.0 Nitrate 

EPA 300.0 Sulfate 

EPA 300.0 Chloride 

EPA 300.0 Flouride 

EPA 300.0 Nitrite 

EPA 300.0 Ortho-Phosphate 

EPA 300.7 Lithium 

EPA 300.7 Sodium 

EPA 300.7 Potassium 

EPA 300.7 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 

S.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 

J.lS/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-03 

12..oSfi6 

p.m. 

12..oSfi6 

12..oSfi6 

l2,004fi6 

12/IOfi6 

12/IOfi6 

12/20fi6 

12/20fi6 

12/20fi6 

12..oSfi6 

12..oSfi6 

12..oSfi6 

12,oOSfi6 

12..oSfi6 

12..o5fi6 

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 

SM 2540 C 

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 A1k as CaC03 

SM 2320 B Carbonate as CaC03 

SM 2320 B Bicarbonates as CaC03 

SM 2340 B Hardness as CaC03 

EPA 300.7 Calcium 

EPA 300.0 Magnesium 

EPA 300.0 Bromide 

EPA 300.0 Nitrate 

EPA 300.0 Sulfate 

EPA 300.0 Chloride 

EPA 300.0 Flouride 

EPA 300.0 Nitrite 

EPA 300.0 Ortho-Phosphate 

EPA 300.7 Lithium 

EPA 300.7 Sodium 

EPA 300.7 Potassium 

EPA 300.7 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.6/cm 
mgA. 

S.U. 

mgA. 

mgA. 

mgJI 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

AQ-04 

12104/76 

a.m. 

12,.05/76 

12,.05/76 

12104/76 

12/10/76 

12/10/76 

12/20/76 

12/20/76 

12/20/76 

12,.05/76 

12,.05/76 

121)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 

12f)3f}6 

14:35 

Total Dissolved Solids 

SM2540 H+B pH 

SM2320 B T ota! Alkalinity as CaC03 

SM 2320 B Phenolphthalein Alk as CaC03 

SM 2320 B Carbonate as CaC03 

SM 2320 B Bicarbonates as CaC03 

SM2340 B Hardness as CaC03 

EPA 300.7 Calcium 

EPA 300.0 Magnesium 

EPA 300.0 Bromide 

EPA 300.0 Nitrate 

EPA 300.0 Sulfate 

EPA 300.0 Chloride 

EPA 300.0 Flouride 

EPA 300.0 Nitrite 

EPA 300.0 Ortho-Phosphate 

EPA 300.7 Lithium 

EPA 300.7 Sodium 

EPA 300.7 Potassium 

EPA 300.7 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 

0.0\ 

0.002 

0.02 

0.02 

0.01 

0.004 

0.003 

0.01 

0.03 

0.01 

0.03 

j.1S/cm 

mgIL 

S.U. 

mgIL 

mgIL 

mgA 

mgIL 

mgIL 

mgIL 

mgIL 

mgIL 

mgIL 

mgIL 

mgIL 

mgIL 

mgIL 

mgIL 

mgIL 

mgIL 

mgIL 

AQ-05 

12f)4f}6 

a.m. 

12f)5f}6 

12f)5f}6 

12f)4f}6 

12/10f}6 

12/10f}6 

12!20f}6 

12!20f}6 

12!20f}6 

12f)5f}6 

12f)5f}6 

12f)5f}6 

12f)5f}6 

12f)5f}6 

12f)5f}6 

12f)5f}6 

12/20f}6 

12!20f}6 

12!20f}6 

12!20f}6 

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-Lfi-102 

12..m,96 

16:20 

T ota! Dissolved Solids 

SM 2540 H+B pH 

SM 2320 B T etal 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 

EPA 300.0 Magnesium 

EPA 300.0 Bromide 

EPA 300.0 Nitrate 

EPA 300.0 Sulfate 

EPA 300.0 Chloride 

EPA 300.0 Flouride 

EPA 300.0 Nitrite 

EPA 300.0 Ortho-Phosphate 

EPA 300.7 Lithium 

EPA 300.7 Sodium 

EPA 300.7 Potassium 

EPA 300.7 Ammonium 

LABORATORY RESULTS 

1,890 

1,785 

8.92 

220 

14 

28 

192 

2.20 

3.19 

0.31 

1.11 

ND 

521 

397 

2.35 

ND 

ND 

0.03 

349 

0.90 

ND 

6 

U\BID 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

0.Q2 

0.Q2 

0.01 

0.002 

0.02 

0.Q2 

O.QI 

0.004 

0.003 

O.QI 

0.03 

0.01 

0.03 

!1S/cm 

mgA.. 

S.U. 

mgA.. 

mgA.. 

mg,1 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

mgA.. 

AQ-06 

12,.Q4,96 

a.m. 

12/J5,96 

12/J5,96 

12,.Q4,96 

12/10,96 

12/10,96 

12/20,96 

12/20,96 

12/20,96 

12/J5,96 

12/J5,96 

12/J5,96 

12/J5,96 

12/J5,96 

12/J5,96 

12/J5,96 

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 

LABORA. TORY TEST RESULTS 

SM2510 B 

SM 2540 C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

85-29-401 

12t1)4;96 

10:45 

Total Dissolved Solids 

SM 2540 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 

EPA 300.7 Calcium 

EPA 300.0 Magnesium 

EPA 300.0 Bromide 

EPA 300.0 Nitrate 

EPA 300.0 Sulfate 

EPA 300.0 Chloride 

EPA 300.0 Flouride 

EPA 300.0 Nitrite 

EPA 300.0 Ortho-Phosphate 

EPA 300.7 Lithium 

EPA 300.7 Sodium 

EPA 300.7 Potassium 

EPA 300.7 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 

IlS/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 

12120;96 

12120;96 

12120;96 

12t1)5;96 

12t1)5;96 

12t1)5;96 

12t1)5;96 

12t1)5;96 

12t1)5;96 

12t1)5;96 

12120;96 

12120;96 

12120;96 

12120;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 

SM 2540 C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

85-20-706 

12fJ4fi6 

13:55 

T ota! 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 

EPA 300.7 Calcium 

EPA 300.0 Magnesium 

EPA 300.0 Bromide 

EPA 300.0 Nitrate 

EPA 300.0 Sulfate 

EPA 300.0 Chloride 

EPA 300.0 Rouride 

EPA 300.0 Nitrite 

EPA 300.0 Ortho-Phosphate 

EPA 300.7 Lithium 

EPA 300.7 Sodium 

EPA 300.7 Potassium 

EPA 300.7 Ammonium 

1.546 

1,420 

8.74 

340 

20 

40 

300 

9.23 

2.22 

0.90 

0.74 

ND 

341 

271 

0.87 

ND 

ND 

0.Q2 

512 

1.28 

ND 

8 

lAB ID 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

0.02 

0.02 

O.QI 

0.002 

0.Q2 

0.02 

0.01 

0.004 

0.003 

0.01 

0.Q3 

O.QI 

0.Q3 

¢/Cm 

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,Q5fi6 

12,Q5fi6 

12IJ4fi6 

12/10176 

12/10176 

12/l0fi6 

12/l0fi6 

12/l0fi6 

12,Q5fi6 

12,Q5fi6 

12,Q5fi6 

12,Q5fi6 

12,Q5fi6 

12,Q5fi6 

12,Q5fi6 

12/l0fi6 

12/l0fi6 

12/l0fi6 

12/l0fi6 

hm 

hm 

hm 

hm 

hm 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 



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

LASORA TORY TEST RESULTS 

TEST 

SM2SIOB 

SM2S40C 

SAMPLE 10 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

8S-29-709 

01/21f}7 

09:30 

T ota! Dissolved Solids 

SM2S40 H+B pH 

SM 2320 B T etal Alkalinity as CaC03 

SM 2320 B Phenolphthalein A1k as CaC03 

Carbonate as CaC03 

Bicarbonates as CaC03 

SM 2340 B Hardness as CaC03 

SM 4110B Calcium 

EPA 300.7 Calcium 

EPA 300.0 Magnesium 

EPA 300.0 Bromide 

EPA 300.0 Nitrate 

EPA 300.0 Sulfate 

SM4110 B Chlorides 

EPA 300.0 Chlorides 

EPA 300.0 Flouride 

EPA 300.0 Nitrite 

EPA 300.0 Phosphate 

EPA 300.7 Lithium 

EPA 300.7 Sodium 

EPA 300.7 Potassium 

EPA 300.7 Ammonium 

1366 

1080 

8.48 

32S 

3S 

42 

311 

II 

NA 

2.4 

0.6 

ND 

ND 

472 

NA 

278 

0.7 

ND 

ND 

0.06 

473 

I.S 

ND 

1 

lABlD 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

0.02 

0.Q2 

om 
0.002 

0.02 

0.Q2 

0.01 

0.004 

0.003 

om 
0.03 

0.01 

0.03 

¢/Cm 

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 

01/21f}7 

12:26 

01/23f}7 

01(23f}7 

01(23f}7 

01(23f}7 

01(23f}7 

02t07f}7 

02fJ7f}7 

01/23f}7 

OI(2Sf}7 

OI(2Sf}7 

01(24f}7 

02t07f}7 

02t07f}7 

02fJ7f}7 

02fJ7f}7 

02fJ7f}7 

02fJ7f}7 

OI/2Sf}7 

OI(2Sf}7 

OI(2Sf}7 

OI/2Sf}7 

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 Cacm 

SM 2320 B Phenolphthalein A1k as CaC03 

Carbonate as CaC03 

Bicarbonates as CaC03 

SM 2340 B Hardness as CaC03 

SM4110B Calcium 

EPA 300.7 Calcium 

EPA 300.0 Magnesium 

EPA 300.0 Bromide 

EPA 300.0 Nitrate 

EPA 300.0 Sulfate 

SM 4110 B Chlorides 

EPA 300.0 Chlorides 

EPA 300.0 Flouride 

EPA 300.0 Nitrite 

EPA 300.0 Phosphate 

EPA 300.7 lithium 

EPA 300.7 Sodium 

EPA 300.7 Potassium 

EPA 300.7 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 

ND 

2 

LASID 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

0.02 

0.Q2 

0.01 

0.002 

0.02 

0.02 

0.01 

0.004 

0.003 

0.01 

0.03 

om 
0.03 

pS/cm 

mgtl 

S.U. 

mgtl 

mgtl 

mgA 

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 

02fJ7,97 

01/23,97 

01/25{77 

01/25{77 

01/24{77 

02fJ7{77 

02fJ7,97 

02!J7{77 

02fJ7{77 

02/J7,97 

02fJ7{77 

01/25{77 

01/25,97 

01/25,97 

01/25{77 

pa 

jcm 

pa 

hm 

hm 

am 

am 

am 

hm 

jcm 

jcm 

jcm 

jcm 

jcm 

pa 

jcm 

jcm 

jcm 

jcm 

jcm 

jcm 

jan 

jan 



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 uslcm 1131/97 JCM 

SM 2540C Total Dissolved Solids 1654 mg/L 1130/97 HM 

SM 2540 H+B pH 7.48 S.U. 1/31/97 HM 

SM 2320 B Total Alkalinity 500 mg/L 1131/97 HM 

SM 2320 B Phenolphthalein Alkalinity ND mg/L 1131/97 HM 

SM 2320 B Carbonate 0 mg/L CALC. 

SM 2320 B Bicarbonate 500 mg/L CALC. 

SM 2320 B Hardness 164 mg/L 1131/97 PA 

EPA 300.7 Calcium 36.7 mg/L 211/97 JCM 

EPA 300.0 Magnesium 17.8 mg/L 1131/97 PA 

EPA 300.0 Bromide 5.1 mg/L 1131/97 JCM 

EPA 300.0 Nitrate ND mg/L 1131/97 JCM 

EPA 300.0 Sulfate 540 mg/L 1131/97 JCM 

EPA 300.0 Chloride 280 mg/L 1131/97 JCM 

EPA 300.0 Flouride 1.913 mg/L 1/31/97 JCM 

EPA 300.0 Nitrite ND mg/L 1131/97 JCM 

EPA 300.0 Ortho-Phosphate NA mg/L 1131/97 JCM 

EPA 300.7 Lithium 0.182 mg/L 1131/97 JCM 

EPA 300.7 Potassium 6.257 mg/L 1131/97 JCM 

AM 4500 MH3 Ammonia Nitrogen ND mgfL 1/31/97 JCM 



FQb-12-97 lO:09A 

City of laredo. Water Utilities Department 
Water Pollution Control Laborato?, Services 

LABORATORY TEST RESULTS 

• ~ •• ww ,, ___ ~ MW MW " 

" 
M • _ • M ••• ~_ ~ ... ~:~~: •• M .. ".,., ......... ,'"" 

••••••• M •••• '· 

r' MM __ •• 

• ~~~' __ 'M __ " ___ ........... M •• _ " 

SAMPLEID 

DATE SAMPLED 

TIME SAMPLED 

....... 

AQ-14 

01/30197 

15:45 

... .•• .... MM.·.· ....... , .. 
.... .... M. 

·rID'MnHOO ··.,PMAMETER " .... , . . 'M' .. .. •... 
'''M'O 

SM2Sl0e Conductivity 

SM :1540 C T ota! Dissolved Solids 

SM 2540 H+B pH 

SM 2320 B T ota! .Alkalinity as CaC03 

SM 2320 B Phenolphthalein Alk as CaC03 

Carbonate ion 

Bicarbonate ion 

SM 2340 B Hardness as CaC03 

EPA 300.7 Calc:ium 

EPA 300.0 Magnesium 

EPA 300.0 Bromide 

EPA 300.0 Nitrate 

E'PA300.0 Sulfate 

EPA 300,0 Ollorides 

F.PA300.0 Flouride 

EPA 300.0 Nitrite 

EPA 300.0 o-Pt'Iosphate 

EPA 300.7 Littlium 

EPA 300.7 Sodium 

EPA 300.7 Potassium 

EPA 300.7 Ammonium 

:~RESOlT:~ 
• • •• _ .. ~ M', ,' __ M ......... _ .. _ ... ". 

2.001 

1.654 

7,48 

500 

ND 

0 

610 

165 

37 

18 

5.1 

NO 
541 

280 

1.9 

ND 
ND 
01 

639 

6,3 

NO 

3 

LASlO 

DATE RECEIVED 

TIME RECEIVED 

AQ-'" 

01/30197 

16:30 

. .. _- ,,~ .... .... ' '" ...... • •••• ,MM' MM •• ' 

';:~TING.:UMIT' • .. PNlrs 
._., N' • M •• ' ... ,." • 

., 

~OATE ' 
•• M. " 

j.l$/Cm 01/31197 

rngA. 01/31fi7 

S.U. 01/31197 

mgt\.. 01/31197 

mgA. 01/31197 

Calculated mifl 02tJ7fo7 

CalCUlated m&fi, 02tJ7fo7 

mgA. 01/31fi7 

0.02 m&fi, OYJ2fi7 

0,02 miA- 021J2fo7 

0.01 mgt\.. 01/31197 

0.002 mEft- 01/31f./7 

0.02 mgA. 01/J1f./7 

0.02 mgA. 0lf.3lfo7 

0.01 miA- 01/31197 

0.004 m&fi, 01/31197 

0.003 mgA. 01/31f./7 

0.01 m2Jl O2IJ2f./7 

0.03 m2l'l- OYJ2fi7 

0.01 mgA. O2IJlfo7 

0.03 mgA. 021J2fi7 

P_02 

'.TECH. 

hm 

nm 

hm 

hm 

hm 

am 

am 

nm 

jc:m 

jcm 

jcm 

jcm 

JCm 

jcm 

jcm 

jcm 

jCITI 

jc:m 

jcm 

jcm 

jc:m 



Cft}' of Laredo. Wa~r Utilities Department 
Water Pollution Control Laboratory Services 

SM 25108 

SM 2540 C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

AQ-15 

021J6m 

1230 

T ota! Dissolved Solids 

SM2540 H+B pH 

SM 2320 8 Total Alkalinity as CaC03 

LABOflATORYTEST 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 

EPA 300.0 Magnesium 0.194 0.02 

EPA 300.0 Bromide 1.29 0.01 

EPA 300.0 Nitrate ND 0.002 

EPA 300.0 Sulfate 616 0.02 

SM 4110 B Chlorides 450 

EPA 300.0 Chlorides 469 0.02 

EPA 300.0 Flouride 2.40 0.01 

EPA 300.0 Nitrite ND 0.004 

EPA 300.0 Phosphate ND 0.003 

EPA 300.7 Lithium 0.06 0.01 

EPA 300.7 Sodium 736 0.03 

EPA 300.7 Potassium 2.36 0.01 

EPA 300.7 Ammonium ND 0.03 

1 

J.lS/cm 

mgll 

S.U. 

mgll 

mgll 

mgtl 

mgll 

mgll 

mgll 

mgll 

mgll 

mgll 

mgll 

mgll 

mgll 

mgll 

mgll 

mgll 

mgll 

mgll 

mgll 

mgll 

mgll 

AQ-15 

021J6m 

1250 

02/1 om 

02120m 

021J6f16 

02mm 

02mm 

02120197 

02120m 

02120197 

02mm 

021J7m 

02/13197 

021J7m 

02mm 

021J7m 

02mm 

02mm 

02mm 

021J7m 

02mm 

02/13197 

02/13197 

02/1 3m 

02/1 3m 

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 

SM 2540 C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

AQ-16 

021J6197 

1935 

Total Dissolved Solids 

SM2540 H+B pH 

SM 2320 B Total Alkalinity as CaC03 

LABOAATORYTEST RESULTS 

2880 

1282 

9.0 

184 

LABID 

DATE RECEIVED 

TIME RECEIVED 

SM 2320 B Phenolphthalein A1k 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 

EPA 300.7 Calcium 6.72 0.02 

EPA 300.0 Magnesium 0.308 0.02 

EPA 300.0 Bromide 1.15 0.01 

EPA 300.0 Nitrate ND 0.002 

EPA 300.0 Sulfate 593 0.02 

SM4110 B Chlorides 455 

EPA 300.0 Chlorides 481 0.02 

EPA 300.0 Rouride 2.20 0.01 

EPA 300.0 Nitrite ND 0.004 

EPA 300.0 Phosphate ND 0.003 

EPA 300.7 Lithium ND 0.01 

EPA 300.7 Sodium 739 0.03 

EPA 300.7 Potassium 1.98 0.01 

EPA 300.7 Ammonium ND 0.03 

2 

¢/cm 

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 

021J7197 

0910 

02/t0197 

02(20197 

021J6f}6 

021J7197 

02IJ7197 

02(20197 

02(20197 

02(20197 

02IJ7197 

02IJ7f}7 

02/14f}7 

021J7f}7 

021J7f}7 

021J7f}7 

021J7197 

02IJ7f}7 

021J7f}7 

021J7f}7 

021J7197 

02/14f}7 

02/14f}7 

02/14197 

02/14f}7 

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!J6m 
2359 

T ota! Dissolved Solids 

SM 2540 H+B pH 

SM2320 B T ota! 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 

EPA 300.7 Calcium 6.2 0.02 

EPA 300.0 Magnesium 0.38 0.D2 

EPA 300.0 Bromide 1.17 0.01 

EPA 300.0 Nitrate ND 0.002 

EPA 300.0 Sulfate 609 0.02 

SM 4110 B Chlorides 445 

EPA 300.0 Chlorides 426 0.02 

EPA 300.0 Rouride 2.22 O.QI 

EPA 300.0 Nitrite ND 0.004 

EPA 300.0 Phosphate ND 0.003 

EPA 300.7 Uthium ND O.QI 

EPA 300.7 Sodium 718 0.03 

EPA 300.7 Potassium 1.76 0.01 

EPA 300.7 Ammonium ND 0.03 

3 

pS/cm 

mgA. 

S.U. 

mgA. 

mgA. 

mgil 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

AQ-17 

02mm 
0910 

02JIOm 

02/1 om 
02/10{16 

02mm 

02mm 
02!20m 

02!20m 

02!20m 

02mm 

02/14m 

02/14m 

02mm 

02mm 

02mm 

02!J7m 

02mm 

02mm 

02mm 

02!J7m 

02/14m 

02/14m 

02/14m 

02/14m 

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 

SM 2540 C 

SAMPLE 10 

DATE SAMPLED 

TIME SAMPLED 

ConductNity 

AQ-18 

021)7tn 

0825 

T ota! Dissolved Solids 

SM 2540 H+B pH 

SM 2320 B T ota! Alkalinity as CaC03 

LABOAA TORY TEST RESULTS 

2900 

1204 

8.83 

181 

LASlO 

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 

EPA 300.0 Magnesium 0.47 0.02 

EPA 300.0 Bromide 1.24 0.01 

EPA 300.0 Nitrate NO 0.002 

EPA 300.0 Sulfate 605 0.02 

SM4110B Chlorides 445 

EPA 300.0 Chlorides 413 0.02 

EPA 300.0 Flouride 2.26 0.01 

EPA 300.0 Nitrite NO 0.004 

EPA 300.0 Phosphate NO 0.003 

EPA 300.7 Lithium NO 0.01 

EPA 300.7 Sodium 712 0.03 

EPA 300.7 Potassium 1.65 0.01 

EPA 300.7 Ammonium NO 0.03 

4 

J.1S/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 

02mtn 

0910 

02!IOtn 

02/IOtn 

02/10176 

02mtn 

02mtn 

02/20tn 

02(lOtn 

02f)7tn 

02!12!77 

02!14tn 

02!14tn 

02f)7tn 

021)7177 

02mtn 

02/11177 

02m177 

02mtn 

02f)7tn 

02mtn 

02/14177 

02!14tn 

02/14177 

02/14177 

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 

SM2510B 

SM 2540 C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

AQ-19 

02!J7m 

1145 

T ota! Dissolved Solids 

SM 2540 H+B pH 

SM2320 B T ota! 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 

EPA 300.7 Calcium 

EPA 300.0 Magnesium 

EPA 300.0 Bromide 

EPA 300.0 Nitrate 

EPA 300.0 Sulfate 

SM 4110 B Chlorides 

EPA 300.0 Chlorides 

EPA 300.0 Flouride 

EPA 300.0 Nitrite 

EPA 300.0 Phosphate 

EPA 300.7 Lithium 

EPA 300.7 Sodium 

EPA 300.7 Potassium 

EPA 300.7 Ammonium 

2900 

1240 

8.82 

180 

25 

50 

130 

NA' 

8.02 

5.71 

0.524 

1.13 

NO 

614 

445 

549 

2.2 

NO 

NO 

NO 

715 

1.67 

NO 

Note: Due to loss of sample, hardness as Caco3 was not measured 

5 

LASID 

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-

mg,1 

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

mgA-

AQ-19 

02!J7m 

1443 

02/10177 

02/10177 

02/IOfi6 

02/10177 

02/10177 

02/20177 

02/20177 

02/11177 

02/14/77 

02/14177 

02/11177 

02/11177 

02/11177 

02/11177 

02/11177 

02/11177 

02/11177 

02/11177 

02/14177 

02/14177 

02/14177 

02/14177 

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 

02m{n 

1355 

T ota! Dissolved Solids 

SM 2540 H+B pH 

SM 2320 B Total Alkalinity as CaC03 

LABORATORY TEST RESULTS 

2910 

1300 

8.88 

182 

LASID 

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 

EPA 300.7 Calcium 5.48 0.02 

EPA 300.0 Magnesium 0.871 0.02 

EPA 300.0 Bromide 1.230 0.01 

EPA 300.0 Nitrate ND 0.002 

EPA 300.0 Sulfate 593 0.02 

SM4110 B Chlorides 482 

EPA 300.0 Chlorides 549 0.Q2 

EPA 300.0 Flouride 2.34 0.01 

EPA 300.0 Nitrite ND 0.004 

EPA 300.0 Phosphate ND 0.003 

EPA 300.7 Lithium ND 0.01 

EPA 300.7 Sodium 703 0.03 

EPA 300.7 Potassium 1.7 0.01 

EPA 300.7 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 

02fJ7{n 

1443 

02/10{n 

02/10{n 

02/10/16 

02/10{n 

02/10{n 

02!l0{n 

02/l0{n 

02/11{n 

02/14{n 

02/14{n 

02/11{n 

02/11{n 

02/11{n 

02/11{n 

02/11{n 

02/11{n 

02/11{n 

02/11{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 

SM 2540 C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

AQ-21 

02f)sm 

OSlO 

T ota! Dissolved Solids 

SM 2540 H+B pH 

SM2320 B Total Alkalinity as CaC03 

LABOAATORYTEST RESULTS 

2930 

1764 

S.58 

182 

LABID 

DATE RECEIVED 

TIME RECEIVED 

SM2320 B Phenolphthalein A1k as CaC03 16 

Carbonate as CaC03 32 Calculated 

Bicarbonates as CaC03 150 Calculated 

SM 2340 B Hardness as CaC03 17 

SM4110B Calcium as CaC03 6.4 

EPA 300.7 Calcium 5.1 0.02 

EPA 300.0 Magnesium 0.59 0.02 

EPA 300.0 Bromide 1.27 0.01 

EPA 300.0 Nitrate ND 0.002 

EPA 300.0 Sulfate 631 0.02 

SM4110B Chlorides 445 

EPA 300.0 Chlorides 489 0.02 

EPA 300.0 Flouride 2.3 0.01 

EPA 300.0 Nitrite ND 0.004 

EPA 300.0 Phosphate ND 0.003 

EPA 300.7 Lithium ND 0.01 

EPA 300.7 Sodium 708 0.03 

EPA 300.7 Potassium 1.54 0.01 

EPA 300.7 Ammonium ND 0.03 

7 

pS/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-21 

02/1 om 
1336 

02/1 om 

021l0m 
02/1 1,.96 

02/1 1,.96 

02/11,.96 

021l0m 

021l0m 

02/1 1m 

02/1 1m 

02/14m 

02/14m 

02/1 1m 

02/1 1m 

02/1 1m 

02/1 1m 

02/1 1m 

02/1 1m 

02/1 1m 

02/1 1m 

02/14m 

02/14m 

02/14m 

02/14m 

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 

QUA LIT Y CON T R 0 L RESULTS 
Job Numer: 970m Date: 03/19/97 

QC Lab ID Reagent QC Result QC Result True Value Orig. Value Calc. Result Units Date/Tlme 

cev 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 970609-11 134.8nSl 137.61285 2.0 RPD 03/18/97 1431 
cev M0057 5.18075 5.00 103.6 X REC 03/18/97 1512 
CCV MOOS7 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 
cca ·0.03261 03/18/97 1653 
MD 970m·2 6.n875 7.07161 5.0 RPD 03/18/97 1731 
cev M0057 5.06387 5.00 101.3 X REC 03/18/97 1741 
cev MOOS7 4.95749 5.00 99.1 X REC 03/18/97 1748 
CCB 0.08768 03/18/97 1759 
SB M3520a 2.09682 2.00 104.8 X REC 03/18/97 1834 
sa M3520a 2.12781 2.00 106.4 X REC 03/18/97 1837 
~'" MOOS7 4.80400 5.00 96.1 X REC 03/18/97 1841 

3 0.08842 03/18/97 1844 

QC Lab ID Reagent QC Result QC Result True Value Drill. Value Calc. Result Units Date/Time 

lev M0058 1.04205 1.00 104.2 X REC 03/18/97 1135 
lev M0058 1.02569 1.00 102.6 X REe 03/18/97 1316 
eev MDOS7 4.96994 5.00 99.4 X REe 03/18/97 1345 
eea ·0.02002 03/18/97 1409 
MB 200.7 ·0.01962 03/18/97 1419 
Les 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 
cev M0057 5.24851 5.00 105.0 X REC 03/18/97 1512 
eev Mo057 5.09570 5.00 101.9 X REC 03/18/97 1515 
eCB 0.00945 03/18/97 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 
eev M0057 5.23119 5.00 104.6 X REC 03/18/97 1638 
eCB 0.01797 03/18/97 1653 
MD 970m·2 1.35786 1.38133 1.7 RPD 03/18/97 1731 
MS 970m-2 M3520 2.24087 1.00 1.38133 86.0 X REC 03/18/97 1734 
eev MoOS7 5.16107 5.00 103.2 X REC 03/18/97 1741 
eev MoOS7 5.05152 5.00 101.0 X REC 03/18/97 1748 
eea 0.01257 03/18/97 1759 
SB M3520a 1.95416 2.00 97.7 X REC 03/18/97 1834 
SB M3520a 1.99820 2.00 99.9 X REC 03/18/97 1837 
eev M0057 4.88429 5.00 97.7 X REC 03/18/97 1841 
eCB 0.01051 03/18/97 1844 

Palle 7 



CORE LABORATORIES 

a U A LIT Y CON T R 0 L RES U L T S 
Job NUlber: 970m Date: 03/19/97 

ac Lab ID Reagent ac Result ac Result True Value Orig. Value Calc. Result Units Date/Time 

lev M0054 10.01218 10.00 100.1 " REC 03/18/97 1325 
CtV M0057 4.89646 5.00 97.9 " REt 03/18/97 1345 
CtB -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 
ttV M0057 4.82798 5.00 96.6 " REC 03/18/97 1515 
ttB 0.98623 03/18/97 1537 
MD 970742·1 2.23623 1.68578 0.55045 ABS Diff. 03/18/97 1618 
ttB 0.26376 03/18/97 1653 
MD 970m·2 1.60550 1.84633 0.24083 ABS Diff. 03/18/97 1731 
cev M0057 4.87385 5.00 97.5 " REt 03/18/97 1741 
tev M0057 4.77064 5.00 95.4 " REC 03/18/97 1748 
ttB 0.66513 03/18/97 1759 
MD 970m-2 1.19266 1.84633 0.21789 ABS Diff. 03/18/97 1808 
sa M3520a 2.27064 2.00 113.5 " REt 03/18/97 1834 
sa M3520a 1.97247 2.00 98.6 " REt 03/18/97 1837 

"V M0057 4.82798 5.00 96.6 " REt 03/18/97 1841 
,B 0.94036 03/18/97 1844 

at Lab ID Reagent at Result at Result True Value Orig. Value Calc. Result Units Date/Time 

lev M0054 1.04679 1.00 104.7 " REC 03/18/97 1325 
CCV M0057 4.89359 5.00 97.9 " REC 03/18/97 1345 
tta -0.00269 03/18/97 1409 
Ma 200.7 -0.00636 03/18/97 1419 
LtS M3520 0.88389 1.00 88.4 " REt 03/18/97 1423 
MD 970609·11 1187.96557 1213.57971 2.1 RPD 03/18/97 1431 
tev M0057 5.18924 5.00 103.8 " REt 03/18/97 1512 
tev M0057 5.09991 5.00 102.0 " REt 03/18/97 1515 
tea 0.03030 03/18/97 1537 
tta 0.01745 03/18/97 1653 
MD 970m-2 560.91516 581.17779 3.5 RPD 03/18197 1731 
cev M0057 5.07068 5.00 101.4 " REt 03/18/97 1748 
tta 0.22447 03/18/97 1759 
sa M3520a 2.43716 2.00 121.9 " REt 03/18/97 1834 
sa M3520a 2.54854 2.00 127.4 " REC 03/18/97 1837 
tev M0057 4.87327 5.00 97.5 " REC 03/18/97 1841 
cta 0.30614 03/18/97 1844 
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(1) EPA 600/4-79-020, Methods for Chelical Analysis of Water and 
Wastes, March 1983 

(2) EPA SW-846, Test Methods for Evaluating Solid Waste, Third 
Edition, Noventler 1990 and July 1m 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 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, COIIl, and Coke 

Conments: 
Data in the QA report may di ffer from final resul ts due to 
digestion and/or dilution of sample into analytical ranges. The 
"Time Analyzeda 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. 
ReBul ts for soil and sludge ....,leB 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. 

Quall tv Control acceptance cri teria are _thod depelldent. 

All data reported on sample Aas received· unless noted. 

Sample IDs with a "-00" at the end indicate a blank spike or blank 
spike duplicate associated with the ~red sample. 

BLANK ac SAMPLE IDENTIFICATION 

MB Method Blank 
ICB Initial Calibration Blank 
CCB Contir.ling Cal ibration Blank 

SPIKE QC SAMPLE IDENTIFICATION 

MS Method (Matrix) Blank 
MSO Method (Matrix) Spike Dupl icate 
PDS Post Digestion spike 
SB Spiked Blank 
sao Spi ked Blenk Dupll cate 

REFERENCE STANDARD QC SAMPLE IDENTIFICATION 

lCS 
RS 

Laboratory Control Standard 
Reference Standard 

ICY 
CCY 
ISA/ISB 
ICl 

Initial Calibration Verification Standard 
Contir.ling calibration Verification Standard 
ICP Interface Check Sallple 

DSC 
Initial Calibration/Laboratory Control Sample 
Distilled Standard Check 

Page 9 
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DUPLICATE QC SAMPLE IDENTIFICATION 

MD Method (Matrix) Duplicate 
ED Extraction Duplicate 
DD Digestion Duplicate 
POD Post Digestion Dupl icate 

Analyses performed by a sUxontract 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 Laboratori es Houston (Pet.), TX • hp 
Core Laboratories Indianapolis, 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 instrUllent. 

1 - Used to indicate matrix interference. 
J - Indicates that a value is an estimate. It is used 

when a cDqlDUnd is detel'llli ned 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 estlNting 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 dupl icate recovery 
and spike duplicate is outside the specified quality 
control limits. 

• - Indicates a relative percent difference for a 
duplicate _lysis is outside the specified qual ity 
control l hai ts. 
Used to indicate that a standard is outside 
specified quality control limits. 
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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 

970m-1 

970m-2 

970m·3 

970m-4 

970m·5 

AQ51 

AQ23 

AQ24 

AQ22 

AQ50 

CORE LABORATORIES 

Project Numer ••••••••• : 99999995 
Customer Project 10 •••• : 
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 NlRber: 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 (Mg), Total 

EPA 200.7 Potassium (K), Total 

EPA 200.7 Sodium (Na), Total 

EPA 200.7 Digestion, Total 

lAB 0 RAT 0 R Y 

Metals 

T EST 

Palle 2 

CORE LABORATORIES 

RES U l T S 

1.03 

599 

CDq)lete 

Date: 03/19/97 

laboratory Sample ID: 970m-1 
Date Received ••••••• : 03/13/97 
Time Received ••••••• : 11:00 

0.05 nail 

maIL 

maIL 



Job NUliler: 970m 

. : .... :: :~~ -," . 

CUstomer SlIq)le ID: AQ23 
Date SlIq)led •••••• : 03/10/97 
Time SlIq)led •••••• : 10:03 
Sample Matrix ••••• : Yater 

Magnesium (Mg), Total 

Potassium (K), Total 

Sodium (Na), Total 

lAB 0 RAT 0 R Y 

EPA 200.7 

EPA 200.7 

EPA 200.7 

EPA 200.7 Acid Digestion, Total Metals 

T EST 

Page 3 

CORE LABORATORIES 

RES 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 mall 

mall 

mall 03/18/97 gcc 

03/14/97 dnw 

PPl'nMCI 'IID'....."..,.~ ,UClgmen1 01 eo.. \,.aDOra'onn c~,. UDOtltgne$. ~~ "..._ .... "'1r1F'ty I)< 'eQO' ...... ""on .""' .... or .... 1)Ioed 01..., tyOe. ana eIOI'tIUlydl~1 _ as 10 , .... D<oouct""". P'OI)e' ooer.l\OI>$ Of Of01'rIIO..,.u CIt 



Job Numer: 970m 

Customer Sample ID: AQ24 
Date Sampled •••••• : 03/10/97 
Time Sampled •••••• : 12:45 
Sample M.trix ••••• : Water 

EPA 200.7 

EPA 200.7 Magnesium (Mg), Total 

EPA 200.7 LID (10, Total 

EPA 200.7 

EPA 200.7 Digestion, Total 

LAB 0 RAT 0 R Y 

Metals 

T EST 
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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 nwL 

nwL 

nwL 

a""OO' gas. ~O< __ ... :::°:lOertw _0' _.., ~ __ ~~ ' . .:- -.e0"l"..-a 1:J1 __ lC'" ____ T""_ ...... "'" De'~ "'wnQOeOl"" o.n. _"CI~' :~'''''~''''llIXrc .. c' C; .. u;or':O'_.1 



Job Nunber: 970m 

Customer Sample 10: AQ22 
Date Sampled •••••• : 03/10/97 
Time Sampled •••••• : 22:30 
Sample Matrix ••••• : ~ater 

(Mg), Total 

Potassium (K), Total 

Sodium (Na), Total 

LAB 0 RAT 0 R Y 

EPA 200.7 

EPA 200.7 

EPA 200.7 

EPA 200.7 

EPA 200.7 Acid Digestion, Total Metals 

T EST 

Page 5 

CORE LABORATORIES 

RESULTS 

2.00 

2 

557 

ete 

Date: 03/19/97 

Laboratory Sample 10: 970m-4 
Date Received ••••••• : 03/13/97 
Time Received ••••••• : 11:00 

0.05 ~/L 

~/L 

~/L 



Job NUIiler: 970m 

Customer Sample 10: AQSO 
Date Sampled •••••• : 03/10/97 
Time Sampled •••••• : 1S:00 
Sample Matrix ••••• : Water 

EPA 200.7 Calciun (Ca), Total 

EPA 200.7 iun (Mg), Total 

EPA 200.7 Potassil ... (Ie), Total 

EPA 200.7 Sodiun (Na), Total 

EPA 200.7 id Digestion, Total 

lAB 0 RAT 0 R Y 

Metals 

T EST 
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CORE LABORATORIES 

RES U l T S 

1.00 

2 

S14 

C~lete 

Date: 03/19/97 

laboratory Sample ID: 970m·S 
Date Received ••••••• : 03/13/91 
Time Received ••••••• : 11:00 

O.OS mall 

mall 

mall 



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

LASORA. TORY TEST RE5UL T5 

SM2510B 

SM 2540 C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

AQ-22 

03{J8t97 

22:30 

T ota! 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 

EPA 300.0 Bromide 

EPA 300.0 Nitrate 

EPA 300.0 Sulfate 

EPA 300.0 Chlorides 

EPA 300.0 Flouride 

EPA 300.0 Nitrite 

EPA 300.0 o-Phosphate 

2830 

1660 

8.6 

215 

16 

19 

223 

40 

1.46 

NO 

491 

429 

NO 

NO 

NO 

1 

1000 

20 

10 

10 

LASID 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

20 

0.05 

0.05 

0.08 

0.08 

O.QI 

0.004 

0.003 

!-IS/em 

mg/L 

S.U. 

mg/L 

mg/L 

mgJ1 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

AQ-22 

03/10t97 

11:05 

03/10t97 

03/14t97 

03/10t97 

03/10t97 

03/10t97 

03!24t97 

03!24t97 

03/10/97 

03/14t97 

03/14t97 

03!24t97 

03!24t97 

03/14t97 

03/14t97 

03/14t97 

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 

03109117 

10:03 

Total Dissolved Solids 

SM 2540 H+B pH 

SM 2320 B Total Alkalinity as CaC03 

SM 2320 B Phenolphthalein A1k as CaC03 

Carbonate as CaC03 

Bicarbonates as CaC03 

SM 2340 B Hardness as CaC03 

EPA 300.0 Bromide 

EPA 300.0 Nitrate 

EPA 300.0 Sulfate 

EPA 300.0 Chlorides 

EPA 300.0 Flouride 

EPA 300.0 Nitrite 

EPA 300.0 a-Phosphate 

2800 

1692 

8.6 

220 

15 

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 

pS/crn 

mgft.. 

S.U. 

mgft.. 

mgft.. 

mgA 

mgft.. 

mgft.. 

mgft.. 

mgft.. 

mgft.. 

mgft.. 

mgft.. 

mgft.. 

mgft.. 

AQ-23 

03/10117 

11:05 

03/10117 

03/14117 

03/10117 

03/10117 

03/10117 

03/24117 

03/24117 

03/10117 

03/14117 

03/14117 

03/24117 

03/24117 

03/14117 

03/14117 

03/14117 

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 

SM 2540 C 

SAMPLE 10 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

AQ-24 

03!J9/17 

12:45 

T ota! Dissolved Solids 

SM2540 H+B pH 

SM 2320 B T ota! Alkalinity as CaC03 

LABOAATORY TEST RESULTS 

2800 

1670 

8.8 

219 

1000 

20 

10 

LAB 10 

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 

EPA 300.0 Bromide 1.46 0.05 

EPA 300.0 Nitrate NO 0.05 

EPA 300.0 Sulfate 484 0.08 

EPA 300.0 Chlorides 425 0.08 

EPA 300.0 Flouride NO 0.01 

EPA 300.0 Nitrite NO 0.004 

EPA 300.0 o-Phosphate NO 0.003 

3 

¢/Cm 

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 

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 

03/14/17 

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 

SM 2540 C 

SAMPLE 10 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

AQ-50 

03fJ9fn 

15:00 

T ota! Dissolved Solids 

SM 2540 H+B pH 

SM 2320 B T ota! Alkalinity as CaC03 

SM 2320 B Phenolphthalein Alk as CaC03 

Carbonate as CaC03 

Bicarbonates as CaC03 

SM 2340 B Hardness as CaC03 

EPA 300.0 Bromide 

EPA 300.0 Nitrate 

EPA 300.0 Sulfate 

EPA 300.0 Chlorides 

EPA 300.0 Flouride 

EPA 300.0 Nitrite 

EPA 300.0 a-Phosphate 

2820 

1674 

8.7 

219 

14 

17 

233 

32 

1.48 

NO 

483 

425 

NO 

NO 

NO 

4 

1000 

20 

10 

10 

LAB 10 

DATE RECEIVED 

TIME RECEIVED 

Calculated 

Calculated 

20 

0.05 

0.05 

0.08 

0.08 

0.01 

0.004 

0.003 

/.is/em 

mgA. 

S.U. 

mgA. 

mgA. 

mgA 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

mgA. 

AQ-50 

03/IOfn 

11:05 

03/IOfn 

03/14fn 

03/10,97 

03/IOfn 

03/IOfn 

03/24fn 

03/24fn 

03/10,97 

03/14117 

03/14,97 

03/24,97 

03/24fn 

03/14,97 

03/14fn 

03/14117 

hm 

hm 

hm 

hm 

hm 

am 

am 

hm 

jan 

jan 

jan 

jem 

jan 

jan 

jan 



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

LABORATORY TEST RESULTS 

SM 2510 B 

SM 2540 C 

SAMPLE ID 

DATE SAMPLED 

TIME SAMPLED 

Conductivity 

AQ-51 

03/10,97 

09:45 

T otaJ Dissolved Solids 

5M254O 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 

EPA 300.0 Bromide 

EPA 300.0 Nitrate 

EPA 300.0 Sulfate 

EPA 300.0 Chlorides 

EPA 300.0 Flouride 

EPA 300.0 Nitrite 

EPA 300.0 o-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 

0.01 

0.004 

0.003 

pS/cm 

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 

AQ-51 

03/10/17 

11:05 

03/10,97 

03/14/17 

03/10,97 

03/10/17 

03/10,97 

03/24,97 

03/24,97 

03/10,97 

03/14,97 

03/14/17 

03/24,97 

03/24,97 

03/14,97 

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 

CAL. CHECK Standard. KCL 1413 

DUPLICATE AQ-51 TDS 

BLANK DI water 

DUPLICATE AQ-22 

LCS Standard Chloride 

SPIKE 12-18 

SPIKE-DUP 12-18 

LCS Standard Chloride 

BLANK DI water 

BLANK DI water 

DUPLICATE AQ-22 

LCS Standard Sulfate 

SPIKE 12-18 

SPIKE-DUP 12-18 

LCS Standard Sulfate 

BLANK DI water 

QUALITY CONTROL REPORT 

1412 uS/cm 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 UtilITies Department 
Water Pollution Control Laboratory Services 

BlANK 01 water 

DUPLICATE 12-21 

LCS Standard Bromide 

SPIKE 12-21 

SPIKE-OUP 12-21 

LCS Standard Bromide 

BlANK 01 water 

BlANK 01 water 

DUPLICATE 12-21 

LCS Standard Nitrate 

SPIKE 12-21 

SPIKE-OUP J2-21 

LCS Standard Nitrate 

BlANK 01 water 

BlANK 01 water 

DUPLICATE J2-21 

LCS Standard Nitrite 

SPIKE J2-21 

SPIKE-OUP 12-21 

LCS Standard Nitrite 

BlANK 01 water 

0.175 

0.14 

0.14 

3.52 

2.816 

2.816 

0 

0 

0 

0 0 mgiL 

0.172 mgiL 0.86 

0.837 mgiL 83.7 

0.2 0.311 mgiL 85.5 

0.2 0.291 mgiL 3.3 

5 4.502 mgiL 90 

0 0 mgiL 

0 0 mgiL 

3.543 mgiL 0.32 

I 0.835 mgiL 83.5 

0.2 3.010 mgiL 97.0 

0.2 2.969 mgiL 0.68 

5 4.725 mgiL 94.5 

0 0 mgiL 

0 0 mgiL 

0 mgiL 0 

I 0.829 mgiL 82.9 

0 0 mgiL 0 

0 0 mgiL 0 

5 4.492 mgiL 89.8 

0 0 mgiL 

7 



City of Laredo, Warer Utilities Department 
Warer Pollution Control Laooratory Services 

BlANK DI water 

DUPLICATE 12-21 

LCS Standard Phosphate 

SPIKE 12-21 

SPIKE-DUP 12-21 

LCS Standard Phosphate 

BlANK DI water 

0 0 mgA. 
0 0 mgA. 0 

0.850 mgA. 85 

mgA. 
mgA. 

5 4.753 mgA. 95 

0 0 mgA. 

8 



CITY OF LAREDO, WATER UTILITIES DEPARTMENT 
WATER POLLUTION CONTROL, LABORATORY SERVICES 
REPORT DATE: 4/17/97 

PROJECT: ASR 
ATIENTlON: PETER VAN NOORT 

SamQle Identification AQ-52 Laboratory Identification AQ52 
SamQle Date 4/9/97 Date Received 4/11197 
Sample Time 11:40 Time Received 13:15 
SamQle Location TW-3 Samnle Condition No Color, HN03? 
SamQler CHRISTIAN Chain Of Custody No. 1589 

SAMPLE REPORTING 
TEST METHOD PARAMETER RESULT LIMIT UNITS DATE TECH 
SM 4500 H+B pH 8.70 0.00 SU 4/11197 HM 
SM2320B Total Alkalinity 298.00 10.00 mgIL 4/11/97 HM 
SM 2320 B Phen. Alkalinity 19.00 10.00 mgIL 4/11197 HM 
SM2340C Hardness 40.00 20.00 mgIL 4/11197 HM. 
SM 3500 CaD Calcium, CaC03 9.60 20.00 mgIL 4/11197 HM 
Calculated Magnesium, CaC03 3.89 0.00 mgIL 4/11197 HM 
SM 2510 B Spec. Conductivity 2,390.00 0.00 uS/em 4/11197 HM 
Calculated Carbonate Ion 22.80 
Calculated Bicarbonate Ion 317.00 
SM2130B Turbidity 20.80 0.00 NTU 4/11197 HM 
SM 2540 C Total Dissolved Sol. 1,470.00 20.00 mgIL 4/14/97 PA 
EPA 300.0 Bromides 1.06 0.50 mgIL 4/11/97 JCM 
EPA 300.0 Chlorides 317.00 1.00 mgIL 4/14/97 JCM 
EPA 300.0 Nitrate-Nitrogen 0.00 0.05 mgIL 4/11/97 JCM 
1 300.0 Nitrite-Nitrogen 0.00 0.05 mgIL 4/11197 JCM 
EPA 300.0 o-Phosphate 0.00 0.01 mgIL 4111/97 JCM 
EPA 300.0 Sulfate 438.00 1.00 mgIL 4/14/97 JCM 

Page Rcmmn :t~'* Adrian ntemayor, Supt. 



CITY OF LAREDO, WAlER lITILlTIES DEPARTMENT 
WAlER POLLUTION CONTROL, LABORATORY SERVICES 
REPORT DAlE: 4117/97 

PROJECT: ASR 
ATTENTION: PETER VAN NOORT 

Sam(!le Identification AQ53 Laboratoo: Identification 
SanmleDate 4/11197 Date Received 
Sam(!le Time 10:51 Time Received 
Samme Location TW-3,END Samme Condition 
Sam(!ler CHRISTIAN Chain Of Custody No. 

SAMPLE REPORTING 
TEST METHOD PARAMETER RESULT LIMIT UNITS 
SM4500H+B pH 8.50 0.00 SU 
SM 2320 B Total Alkalinity 302.00 10.00 mgIL 
SM2320B Phen. Alkalinity 20.00 10.00 mgIL 
SM2340C Hardness 18.00 20.00 mgIL 
SM 3500 CaD Calcium, CaC03 4.00 20.00 mgIL 
Calculated Magnesium, CaC03 1.90 0.00 mgIL 
SM2510B Spec. Conductivity 2,060.00 0.00 uS/cm 
Calculated CartJonate Ion 24.00 
Calculated Bicarbonate Ion 319.00 
SM2130B Turbidity 8.68 0.00 N1U 
SM2540C Total Dissolved Sol. 1,266.00 20.00 mgIL 
EPA 300.0 Bromides 0.27 0.50 mgIL 
EPA 300.0 Chlorides 259.00 1.00 mgIL 
EP>\ 300.0 Nitrate-Nitrogen 0.00 0.05 mgIL 
I 300.0 Nitrite-Nitrogen 0.00 0.05 mgIL 
El'A300.0 o-Phosphate 0.00 0.01 mgIL 
EPA 300.0 Sulfate 343.00 1.00 mgIL 

Page 2 

AQ53 
4/ll/97 
1315 
PASS 

DATE TECH 
41ll/97 HM 
4/11197 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 
41ll/97 JCM 
4/11197 JCM 
4/11/97 JCM 
4/14/97 JCM 



Water Pollution Control __ IQC REPORT-- Laboratory ~ 

Tlot-.od P .......... QCTvDo LobI) QCRowft QCRo_ TruoValue • o.taInaI Value %RlcoYlrv %DlYlalion Da 

EPA 300.0 CH..RDE MB 01 0.0000 ERR ERR G4Il<1197 

LCS CAL.l 46.5160 50.00 93.0 G4Il<1197 

DIP A052 31S.2920 316.6150 ERR 0.2094 G4Il<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 112 98.1540 100.00 98.2 04/1<1197 

BLK 01 0.0000 ERR ERR 04/1<1197 

EPA 300.0 Sll.FAlE MB 01 0.0000 ERR ERR G4Il<1197 

LCS CAL.l 89.6360 100.00 89.6 G4Il<1197 

DUP AOS2 43S.473O 438.0670 ERR 0.2970 G4114'97 

MS 970414-J2 206.9700 100.00 108.8770 98.1 100.0000 G4Il<1197 , 

MSD 970414-J2 206.6820 206.9700 ERR 0.0696 G4114'97 

LCS CAL 112 194.3910 200.00 97.2 100.0000 G4114'97 I 

BLK 01 0.0000 ERR ERR G4Il<1197 

EPA 300.0 IIfmITE MB 01 0.0000 ERR ERR G41111117 

LCS CAL 113 9.8330 10.00 98.3 G41111117 

DIP AOS2 0.0000 0.0000 ERR ERR 04/111117 

MS J2-11 2.6370 2.50 0.0000 105.S G41111117 

MSD J2-11 2.4040 2.6370 ERR 4.6221 G41111117 

LCS CAL.2 4.5010 5.00 90.0 G41111117 

BLK 01 0.0000 ERR ERR G41111117 

EPA 300.0 BRot.'IlE MB 01 0.0000 ERR ERR G4111197 

LCS CAL 113 9.5060 10.00 95.1 G41111117 

DIP AOS2 1.0350 1.0570 ERR 1.0S16 G41111117 

MS J2-11 2.4240 2.50 0.2090 68.6 G4111197 

MSO J2-11 2.3930 2.4240 ERR 0.5436 G4111197 

LCS CAL 112 4.5420 S.OO 928 G41111117 

BLK 01 0.0000 ERR ERR G41111117 

EPA 300.0 IIITRAlE MB 01 0.0000 ERR ERR 04/11197 

LCS CAL 113 9.8010 1000 98.0 04/111117 

DIP AOS2 0.0000 0.0000 ERR ERR 04/111117 

MS J2-11 3.7460 2.50 2.7920 38.2 G4111197 

MSO J2-11 3.7380 3.7460 ERR 0.1069 04/111117 

LCS CAL 113 4.6080 5.00 922 04/111117 

BLK DI 0.0000 ERR ERR G41111117 

EPA 300.0 ~SPHAlE MB DI 0.0000 ERR ERR G4111197 

LCS CAL 113 9.9360 10.00 99.4 04/111117 

DIP AQ52 0.0000 0.0000 ERR ERR G41111117 

MS J2-11 2.3720 2.50 0.0000 94.9 04/11197 

MSO J2-11 2.3660 2.3720 ERR 0.2942 04/111117 

LCS CAL 113 4.8130 5.00 96.3 04111197 

BLK DI 0.0000 ERR ERR G41111117 
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Date 
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Job NLIIb!r.: 971134 
Customer •• : City of laredo 
Attn ••••••• : Adri an Mont...,or 

971134·1 ACI 53 

971134'Z AQ 5Z 

CORE LABORATORIES 

Project NLIIb!r ••••••••• : 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 

Palle 1 

08:30 

08:30 



Job IIUllber: 971134 

',,' ::.:. 

Cust_r S~le ID: MI 53 
Dete S~led •••••• : 04/11/97 
TI .. ~led •••••• : 10:51 
Salple Matrix ••••• : Weter 

lAB 0 RAT 0 R Y 

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

.. 

EPA 200.7 Celcl .. (Ce), Totel 

EPA 200.7 (l1li), Tote I 

EPA 200.7 Pot ... I .. (Je), Totel 

EPA 200.7 Sodl .. (Ne), Total 

EPA 200.7 Acid Digestion, Totel Metel. 

T EST 

:: 
'.: 

.:-

Pege 2 

CORE LABORATORIES 

RESULTS 

0.94 

1 

422 

CCIq)lete 

Dete: 04/18/97 

laboretory IMple ID: 971134·1 
Dete Received ••••••• : 04/16/97 
TI .. Received ••••••• : 08:30 

0.05 awl 
qa/l 

II8Il 



Job Niftier: 971134 

:; .. 

CUstomer Sample 10: AQ 52 
Date Sampled •••••• : 04/09/97 
Time SaBpled •••••• : 11:40 
Sample Matrix ••••• : Water 

EPA 200.7 Calcium (Ca), Total 

EPA 200.7 (M9), Total 

EPA 200.7 Potassium (K), Total 

EPA 200.7 Sodiu. (Na), Total 

LAB 0 RAT 0 R Y 

EPA 200.7 Acid Digestion, Total Metals 

T EST 

Page 3 

CORE LABORATORIES 

RES U L T S 

488 

Date: 04/18/97 

Laboratory Sample 10: 971134·2 
Date Received ••••••• : 04/16/97 
Ti.- Received ••••••• : 08:30 

1IIIIIL 04/17/97 gcc 

04{16/97 a,w 



CORE LABORATORIES 

QUA LIT Y CON T R 0 L RES U L T S 
Job NIBbe,.: 971134 Date: 04/18/97 

QC Lab 10 Reagent at Result QC Resul t True Value O,.ill. Value CIIlc. Result Units DateITI. 

lev MOO66 1.03077 1.00 103.1 X REC 04/17/97 0933 
cev M0061 4.97310 5.00 99.5 X REC 04/17/97 1013 
cca 0.01178 04/17/97 1026 
M8 200.7 0.00771 04/17/97 1034 
LCS M3520 1.06894 1.00 106.9 X REC 04/17/97 1036 
cev MOO68 5.06687 5.00 101.3 X REC 04/17/97 1112 
CCB 0.02142 04/17/97 1121 
CCV MOO68 5.01746 5.00 100.3 X REC 04/17/97 1306 
cea 0.00961 04/17/97 1313 
NO 971134-1 2.86969 3.07742 0.20773 ASS Olff. 04/17/97 1318 
NO 970986-13 166.46038 161.36743 3.1 RPD 04/17/97 1331 
NO 970987-13 23.05810 21.52145 6.9 RPO 04/17/97 1343 
cev M0068 5.08363 5.00 101.7 X REC 04/17/97 1401 
cea 0.04517 04/17/97 1409 
MB 3050 0.10846 04/17/97 1412 
LCS M3520 1.17223 1.00 117.2 X REC 04/17/97 1414 .... 971156-1 16.79791 18.82543 11.4 RPD 04/17/97 1420 

3005 -2.38997 04/17/97 1454 
"iO 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 MOO68 5.16801 5.00 103.4 X REC 04/17/97 1525 
cea -0.03497 04/17/97 1531 
MB 3010 -0.06553 04/17/97 1544 
NO 971131-1 3506.08471 3505.87744 0.0 RPD 04/17/97 1557 
cev MOO68 5.04927 5.00 101.0 X REC 04/17/97 1649 
cea 0.21472 04/17/97 1656 
NO 971084-1 162.09387 161.17480 0.6 RPO 04/17/97 1706 
sa M3520a 2.21102 2.00 110.6 X REC 04/17/97 1720 
sao M3520B 2.21515 2.21102 2.00 2.21102 110.8 X REC 04/17/97 1723 

0.2 RPD 
cev MOO68 5.17391 5.00 103.5 X REC 04/17/97 1728 
cea 0.07189 04/17/97 1737 

at Lm ID Reagent QC Result QC Result True Value Drill. Value CIIlc. Result Units DateITI_ 

lev MOO66 1.01932 1.00 101.9 X REC 04/17/97 0929 
lev MOO66 0.99880 1.00 99.9 X REC 04/17/97 0933 
CCV MOO61 4.99527 5.00 99.9 X REC 04/17/97 1013 
cea 0.01162 04/17/97 1026 
MB 200.7 -0.01543 04/17/97 1034 
LCS M3520 1.00570 1.00 100.6 X REC 04/17/97 1036 
CCV MOO68 5.15342 5.00 103.1 X REC 04/17/97 1112 
CCB ·0.00458 04/17/97 1121 
cev MOO68 4.97870 5.00 99.6 X REC 04/17/97 1306 
cca -0.01107 04/17/97 1313 
") 971134-1 0.84073 0.93858 11.0 RPO 04/17/97 1318 
~ 971134-1 M3520 1.78271 1.00 0.93858 84.4 X REC 04/17/97 1321 

-NO 970986-13 36.42530 35.72489 1.9 RPO 04/17/97 1331 

Plllle 4 
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CORE LABORATORIES 

QUA LIT Y COli T R 0 L RESULTS 
Job Nuar: 971134 Date: 04/18/97 

QC Lab 10 Reagent DC Result DC Result True Value Orig. Value Calc. Resul t Units Date/Tilne 

MD 97D987-13 4.09183 3.87103 5.5 RPD 04/17197 1343 
MS 970987·13 M3520 5.04196 1.00 3.87103 117.1 X REC 04/17197 1345 
cev M0068 5.1n45 5.00 103.4 X REC 04/17/97 1358 
cev 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 04/17197 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 12.01m 4.2 RPD 04117197 1510 
POS 9711 01·1 M3520 13.14234 1.00 12.01m 112.5 X REC 04/17/97 1514 
cev M0068 5.10858 5.00 102.2 X REC 04117197 1525 
CCB 0.00589 04117/97 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 04/17197 1557 .... 971131-1 M3520 19.n155 1.00 18.46087 126.1 X REC 04117/97 1600 

3010 -0.04894 04/17/97 1610 
L." M3520 0.89668 1.00 89.7 X REC 04117/97 1613 
cev M0068 5.13560 5.00 102.7 X REC 04/17197 1649 
CCB -0.00064 04/17197 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 
cev M0068 5.10048 5.00 102.0 X REC 04/17197 1n8 
CCB 0.14158 04/17/97 1737 

DC Lab 10 RellQel'lt DC Result DC Result True Value Orig. value Calc. Result Units Date/Tlme 

lev Il0067 10.26239 10.00 102.6 X REC 04117197 0951 
cev M0061 4.82620 5.00 96.5 X REC 04/17/97 1013 
CCB -0.26737 04/17197 1026 
LCS M3520 1.25668 1.00 125.7 X REC 04117/97 1036 
cev M0068 4.37577 5.00 87.5 X REC 04/17/97 1112 
CCB 0.53152 04117/97 1121 
cev MOO68 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 ASS Ditt. 04117/97 1318 
MS 971134-1 M3520 2.52032 1.00 1.40914 111.1 X REC 04/17197 1321 
MD 970986-13 50.16260 48.84823 2.7 RPO 04117/97 1331 
MD 970987-13 8.92953 7.85907 12.8 RPD 04/17197 1343 
cev M0068 5.24390 5.00 104.9 X REC 04117/97 1401 
CCB -0.47425 04117/97 1409 
MB 3050 -0.40650 04117197 1412 , 971156-1 1.05691 0.81300 0.24391 ASS Ditt. 04117/97 1420 

971156·1 M3520 1.76151 1.00 0.81300 94.9 X REC 04/17/97 1422 
-..8 3005 0.05420 04/17/97 1454 

Pllie 5 



CORE LABORATORIES 

QUALITY CO. T R 0 L RESULTS 
Job • ...tIe .. : 971134 Date: 04/18/97 

QC Lab 10 Reagent QC Result QC Result T .. ue Value 0";1. Value Calc. Result Unlta Date/TI_ 

POD 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 " REC 04/17/97 1514 
CCY MOO68 4.60704 5.00 92.1 " REC 04'17/97 1525 
cea ·0.98916 04/17/97 1531 
MB 3010 ·0.44715 04/17/97 1544 
LCS M3520 1.24661 1.00 124.7 " REe 04/17/97 1552 
NO 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 " REe 04/17/97 1613 
CCY MOO68 5.54200 5.00 110.8 " REe 04/17/97 1649 
cea 0.48780 04/17/97 1656 
NO 971084-1 4.60704 4.62059 0.01355 ASS Dlff. 04/17/97 1706 
CCB ·0.62330 04/17/97 1737 

QC Lab 10 Realent QC Result QC Result Tr-ue Value 0 .. 11. Value Calc. Raul t Unit. Date/TI_ 

ICY MOO67 1.00354 1.00 100.4 " REe 04/17/97 0946 
ICY M0067 0.99559 1.00 99.6 " REe 04/17/97 0951 
CCY M0061 4.94064 5.00 98.8 " REe 04/17/97 1013 
cea ·0.00518 04/17/97 1026 .. 200.7 ·0.01395 04/17/97 1034 
LCS M3520 1.16442 1.00 116.4 " REe 04/17/97 1036 
CCY MOO68 5.12579 5.00 102.5 " REe 04/17/97 1112 
CCB 0.02974 04/17/97 1121 
CCY MOO68 4.92070 5.00 98.4 " REe 04'17/97 1306 
CCB 0.01665 04/17/97 1313 
NO 971134-1 420.52700 421.95758 0.3 RPO 04/17/97 1318 
NO 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 " REe 04/17/97 1334 
CCY MOO68 5.10276 5.00 102.1 " REe 04/17/97 1358 
CCY MOO68 5.21717 5.00 104.3 " REe 04/17/97 1401 
CCB 0.30990 04/17/97 1409 
M8 3050 0.44281 04/17/97 1412 
NO 971156-1 0.56244 0.57502 0.01258 ASS Dlff. 04/17/97 1420 
MS 971156-1 M3520 1.45462 1.00 0.57502 88.0 " REe 04/17/97 1422 .. 3005 7049.49658 04/17/97 1454 
CCY MOO68 4.51850 5.00 90.4 " REe 04/17/97 1525 
CC8 -0.31925 04/17/97 1531 
M8 3010 -0.42588 04/17/97 1544 
NO 971131·1 41.37551 41.16996 0.5 RPO 04/17/97 1557 
M8 3010 -0.42285 04/17/97 1610 
CCY MOO68 3.75467 5.00 75.1 " REe 04/17/97 1649 
cea 0.38269 04/17/97 1656 
NO 971084·1 4755.81738 4752.88476 0.1 RPO 04/17/97 1706 
58 M3520B 2.13557 2.00 106.8 " REC 04/17/97 1720 

'0 M35208 1.96238 2.13557 2.00 2.13557 98.1 " REe 04/1 7/97 1723 
8.5 RPO 

cea ·0.33139 04/17/97 1737 
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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 Sol id Waste, Thi rd 
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 Minesoi ls 
(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 s...,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 I~ate Analyzed- Is the actual date of analysis. 
Resul ts for soil and sludge s...,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 depetldent. 

All data reported on s...,le "as received" II'Iless noted. 

5aq)le IDs with a "-00· at the end indicate a blank spike or blank 
spike duplicate associated with the numbered • ...,le. 

BLANK QC SAMPLE IDENTIFICATION 

MB Method Blank 
ICB Initial Calibration Blank 
CCB Continuing calibration Blank 

SPIKE QC SAMPLE IDENTIFICATION 

MS Method (Matrix) Blank 
MSO Method (Matrl x) spi ke Dupl I cate 
PDS Post Digestion Spike 
SB Spiked Blank 
sao Spi ked Blank Dupli cate 

REFERENCE STANDARD QC SAMPLE IDENTIFICATION 

laboratory Control Standard 
Reference Standard 

lCS 
RS 
ICY 
CCY 
I SA/I SB 
ICl 

Initial Calibration Verification Standard 
Continuing Calibration Verification Standard 
ICP Interface Check s...,le 

DSC 
Initial Cal f brat I onIlaboratory Control S...,le 
Di stilled Standard Check 
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DUPLICATE QC SAMPLE IDENTIFICATION 

NO Method (Matrix) Dypllcate 
ED Ext ract i on Dypl I cate 
DD Digestion DypLicate 
PDD Post Digestion Dyplicate 

AnaLyses performed by a subcontract Laboratory are indicated on the 
anaLyticaL lIndIor quality controL reports I.Ilder "tiOChnicianu using 
the following codes: 

SUBCONTRACT LABOIIA TORY CODE 

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 Laboratori es - 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 - TIIIIPII, FL * tp 
Core Laboratories - VaLparaiso, IN • vp 

Dther Subcontract Laboratories * xx 
Pollution Control Srv. - San Antonio, TX * pc 
CL ient Provided data * cp 

EXPLANATION OF DATA FLAGS 

B - This fLag is used to indicate that an anaLyte Is 
present in the _thod bLank .. well as in tha sllq)Le. 
It indicates that the cL ient shouLd consider this 
when _Lueting the resuL ta. 

D - This flag indicates that aurrogates were diluted out 
of caL ibration range and camot be quantified. 

E - Indicates that a sMPLe resuLt ia an estiMte because 
the concentration exceeded the caLibration range of 
the inst~. 

I - Used to indicate Mtrix interference. 
J - Indicates that a wLue ia an esti_te. It ia used 

when a ~ ia det_ined to be present based on 
the ..... apectraL data, but at II concentration Lesa 
than the precticaL ~itation L i.it of the .thod. 
This flag ia aLso used when eati_ting the 
concentration of a tentativeLy identified caapcll.nd. 

X - Indicates that a aurrogatge recovery Is outsida the 
spac:iflad quaL Ity controL li.lta_ 

Y - Used to identify II spike or spike dYPLlcate recovery 
and spike dYPL lcate Ie outaide the spac:ifled quality 
controL li.i tao 

* - Indicates a reLative percent difference for a 
dYPLicate _Lysia ia outaide the specified quality 
control li.i ta. 
Used to indicate that a standard ia outaide 
apecifled quality controL li.ita. 
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CITY OF LAREDO, WATER UTILITIES LAB SERVICES 

PROJECT: ASR DATE: Mar. 11,1998 

Sample 10: TW-2 Lab 10: TW-2 
Date Sampled: 7129197 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 7131/97 AG 

SM 2540 H+B pH 8.8 S.U. 7/31/97 HM 

SM 2320 B Total Alkalinity 228 mg/L 7131/97 HM 

SM 2320 B Phenolphthalein Alkalinity 17 mg/L 7131/97 HM 

SM 2320 B Carbonate 34 mg/L CALC. 

SM2320 B Bicarbonate 225 mg/L CALC. 

SM 2320 B Hardness 15 mg/L 7131/97 HM 

EPA 300.7 Calcium 4 mg/L 7131/97 HM 

EPA 300.0 Magnesium 1 mg/L 7131/97 HM 

EPA 300.0 Bromide NA mg/L 

EPA 300.0 Nitrate NA mg/L 

EPA 300.0 Sulfate ERR mg/L 8125/97 JCM 

EPA 300.0 Chloride 357 mg/L 8125/97 JCM 

EPA 300.0 Flouride NA mg/L 

EPA 300.0 Nitrite NA mg/L 

EPA 300.0 Ortho-Phosphate NA mg/L 

EPA 300.7 Lithium NA mg/L 

EPA 300.7 Potassium NA mg/L 

AM 4500 MH3 Ammonia Nitrogen NA mg/L 



Aug-26-97 03:21P 

City of Laredo. Water Utilities Depcartment 
Laboratory Serviees 

PROJECT: Aq\lifer Storage and Recovery 
PROJECT lD: ASR 
DATE: 8126/97 

["samille ID- TW2 "-- S!!mRlQ Dale 1f21J97 
l&!UJ2 972907-TW SampllTim~ 2045 I Sl!!lllle LocatilUl Pump Test Disch Qat!:! Reccjvgl 7n.9/97 
Chain of Custody 0308 Time Rascjved 1425 

,----. 
CONSTlTI.!Er!!I 
pH 
T.Alkal 
P.Alkal 
Hardness 
Clllcium 
Magnesium 
Conduct 
TDS 
Bromide 
Chloride 
Fluoride 
Nitrate 
Nitrite 
a.Phosphat 
SlIlfale 
Amm. Nitro 
Tt(N 

TOC 
Aillminum 
Iron 
Lithium 
Magrlesium 
Manganese 
POlIISSium 
Si02 Total 
Sodium 

Page S 

JU'..sULT mm:§ 
8.10 S.U. 

221.00 mgIL 

17.00/ mglL 
15.00 mg/L 
4.00 ' mglL 
1.00 mglL 

2,550.00 uS/em 
.-.-1-:440.00 / mg/L 

1.43/, mgIL 
357.10 mg/L 

LOO' Not Detect 
0.05 NotDctect 
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 Detcct 
0.05...........-- Not Detcet 
0.03/ mg/L 
0.49 mgIL 
O.OS~ Not DeteCt 
2.00 mgIL 

.12.50/, 
501.00 

0.00 
0.00 
0.00 

mg/L 
mg/L 

1!ATE CQMPI.cEI! 
7fll197 
7fll197 
7fll197 
7fll/97 
7/31/97 
7fll/91 
7f3l191 
811197 
Bn.2197 
1(25197 
1fll/97 
Bn.2197 
1n.2197 
Bn.2197 
Bn.S/97 
81 5197 
117/97 
1112197 
1112197 
8114197 
1110/91 
1114/97 
1114197 
1114/97 
1/14197 
1114/91 

P.10 

Sampler Be 
Sampl~ ~Millsm Good I 

i 

TECH· 
11M I 
11M 
11M 
liM 
lIM 
HM 
HM 
HM 
JCM 
JCM 
JCM 
JCM 
lCM 
JCM 
rCM 
JCM 
Cor 
Cor 
Cor 
Cor 
Cor 
COT 
Car 
Cor 
Cor 
Cor 
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L • • D • A T D I , 

Cllac_r ,-I. IDI ... n. 
•••• '-.pled ...••• : 07/21/97 
fi_ ' .. tlld ••••.• : 20:" 
S .. I. ~trf •..•.. : V ••• r 

irA lSI.) I't .. , ... Tot., II:J.I$lll1 ... 

.. '11k arg .. '. C.r~, IDtal (TOC) 

ePa zao.7 'IUlI~ (AI), 'Dc.1 

EpII ~.7 Irgn (Fe). Tat.1 

EPa ZOO.1 lit~i~ (li). Ta.al 

E .... ZaD.7 .. _ .. ; .... ("tl, r"'ol 
irA ZOO.? " __ "e ,,,,,), TDtal 

f •• lOa.7 Potacllu. (K). 'at~' 

p'. ZOO.7 Sillc. Di .. ics. (81112,. r .. t.l 

EPII ZOII.7 SOdIu. (N"), Ta •• 1 

ePA ZOO.? .. il Dlga.tlGn, 'otal ~t'l. 

(TD) 

r I! S r 

<'.0 

<0.05 

<O.OS 

D.OJ 

D.~9 

<D.OS 

Z 

12.~ 

501 

CGIIpletO 

Pa,. I 

ot:tt LS-9t-!? 

P.11 

Dare: 081,5/9'7 

........... ,. If_'e 1111 9723&1,' 
D&te ReceiVed ...•••• ; 06/Dl/97 
Ti .... Recel_ ••••••• : D9:00 

1.0 -aIL 08107197 

.. /L 08J12t9? 

a.os IIIIIL DII/14/97 

D.DS ow/L 111/",97 

O.Dl ...,L ./10"7 

o.OS .,./L 08/14/," 

a.D5 18/L 111114/97 

II!IL 111114/91 

D. , ...... 1 oa,,"1T1 
,.gIL 111/14/'91 

1l4IDl.191 

.:loll 

.... 
vee 

ICC -go:c 

ICC 

gcc 

gee 

gee 

dnw 



CITY OF LAREDO, WATER UTILITIES LAB SERVICES 

PROJECT: ASR DATE: Mar. 27,1998 

Sample 10: Unitec Lab 10: 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 7118/97 AG 

SM2540 H+B pH 8 S.U. 7/14/97 HM 

SM2320 B Total Alkalinity 1196 mglL 7/14/97 HM 

SM 2320 B Phenolphthalein Alkalinity NO mg/L 7114/97 HM 

SM 2320 B Carbonate 0 mglL CALC. 

SM2320 B Bicarbonate 1196 mg/L CALC. 

SM 2320 B Hardness 20 mglL 7/14/97 HM 

EPA 300.7 Calcium 6 mg/L 7114/97 HM 

EPA 300.0 Magnesium 1 mg/L 7114/97 HM 

EPA 300.0 Bromide 3.275 mglL 7/16/97 JCM 

EPA 300.0 Nitrate NO mg/L 7116/97 JCM 

EPA 300.0 Sulfate NO mg/L 7114/97 JCM 

EPA 300.0 Chloride 943 mg/L 7114/97 JCM 

EPA 300.0 Fiouride 2.924 mg/L 7116/97 JCM 

EPA 300.0 Nitrite NO mg/L 7116/97 JCM 

EPA 300.0 Ortho-Phosphate NO mg/L 7116/97 JCM 

EPA 300.7 Lithium NA mglL 

EPA 300.7 Potassium NA mg/L 

AM 4500 MH3 Ammonia Nitrogen 1 mg/L 7124/97 JCM 



Aug-26-97 03:21P 

City of Laredo. Water Utilities Department 
Laboratory Services 

PROJEcr: Aquifer Storage and acc:overy 
PROJECT ID: ASS. 
DATE: '&/26/91 

r.;;:-. -_. --
, Sample 10 Unit~ 

1l&!t!!2 971407-UN 

I 
Sample Location Pump Discharge 
Chain of Custody 0304 

.--. 
CONSTIIUENT RESULT 
pH 8.00 
T-Alkal 1,196.00 
P-Alkal 0.00 
Hardn"s~ 20.00,// 
Calcium 6.00 
Magnesium 0.97 
Conduct 4,730,00 
TOS 2,164.00 
Bromide 3.28 
Chloride 942,97 
Fluoride 2.92 
Nitrate 0,05 
Nitrite 0.05 
O-Phosphat 0.01 
Sulfate <:I:]U) 
Amm. Nitro 1.01 V 
TKN 1.20 
TOC 2,00/ 
Aluminum 0.06· 
Tron 0.22/' 
Lithium 0.18· 
Magnesium 10.00~ 
Manganese 1(Q3)~ 
Potassium s.OV 
Si02 Total 23.4 
Sodium 13,900.00 

0.00 
0.00 
0.00 
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--sample Date 
Sample Time 
Date Rc"cived 
Time Rcc:eivesi 

7/13/97 
1315 
7/14197 
1042 

UNITS IMTE COMPLETE 
S,U, 7/14/97 
mg/L 7/14197 
Not Detcc:t 7/14/97 
mg/I 7/14/97 
mglL 7/14197 
mgll 7/14197 
uS/em 7/14/97 
mg/I 7118197 
mgIL 7/16/97 
mtr/L 7114197 
mgIL 7/14197 
Not Detect 7/16/97 
Not Deteet 7/16/97 
Not Deteet 7/16197 
Not Detect 7/14/97 
mg/L 7124197 
mg/L 7/31197 
mgIL 8/8/97 
mgIL 7/21/97 
mgIL 7121/97 
mgIL 7129/97 
mgIL 7/21/97 
Not Detect 7121/97 
mg/I 7121197 
mg/I 7121197 
mgIL 7121197 

p_oa 

Sampler PVN, Bt: 
Sample Conditign Good 

TECH. 
HM 
HM 
HM 
liM 
HM 
!-1M 
!-1M 
HM 
JCM 
SCM 
JCM 
ICM 
JCM 
JCM 
JCM 
JCM 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 
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LA. 0 RAT 0 I , 
Jab NurDer: 9721111 

r:uat_r SlIIIIPle lD: ASI-\IIIITEC 
Date SIllllP1ed_ •.••. : 01/13/97 
Ti~ Sampled •••.•• : 13:15 
&~le Matrix ••••• : Water 

EPA 351.3 Nitrogen, Total Kjeld.hl •• N 

SIll 5310C Orgenlc Carbon, Total nOC) 

EPA ZOO.1 AIYni~ (AI), Total 

EPA 200.7 Iron (F.), Total 

EPA 200.7 lithium (li), Total 

EPA 200.7 Mgnesiun ("9), Tot.l 

I!PA 200.7 "_anese (JIIn), Toul 

EPA ZOO.7 Pot ... IUM (E), Total 

EPA ZOO.7 Silica Dioxide (SI02), Total 

EPA llDO_7 sodium (M." Total 

EPA 200.7 Acid Oigeerion, Tot.l ".tala 

(TO) 

T EST 

PBOB 3 

CORE LABORATORIES 

RESULTS 

1.2 

2 

0.06 

0.22 

0.15 

10 

cO.05 

5 

23.4 

13900 

C ..... l.t. 

Oate: 08" 1/97 

L"'r.tary SMiple 10: 9721111-2 
Date Rec.lved ••••.•• : 01"'/91 
Ti .. Received ••••••• : 09:00 

1.D IIIIIIL 07/31f9'7 

IIIIIIL 0&108191 

0.05 IIIII/L 071Z1/91 

0.05 IIIIl/L 071Z1t97 

0.01 IIIIIIL 011'1.9191 

5 IIIIIIL 07/21/97 

0.05 IIIIl/L 01/21/91 

IIIIJ/l 01121/91 

O. , .. ,L 01/Z1/91 

100 -aiL 07/21197 

07/17,.,1 

_~''''''''4'' ............ , .•• _~ .... , .............. _M .-~, .... __ 1-.. ...... _ ................. , ••• _ .......... "'I'I"",~ ~II-: <T.,. •. ,.-........ ,' ....... _, ••. , .• , ....... v ............. , ...... ""«': ..... ~ .... · .. Joo'"~-:",.--,~ 
_ .... V" .. ~~ ... ,., ....... ,_'II ...... " ....... _ ........................ __ ...... __ • .-. ............................ _ .................... ..,.. _<r. ....... ,om; .. · ..... , .... ••• ~ ........... , ......... .,..1 .............. \& ••• _ •• ~.-..-,-

deft 

deh 

ace 

lice 

..... 
gcc 

ICC 

ICC 

acc 

ICC 

dnIoI 



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/cm 7/14/97 HM 

SM 2540C Total Dissolved Solids 1552 mg/L 7118/97 HM 

SM 2540 H+B pH 8.5 S.U. 7/14/97 HM 

SM 2320 B Total Alkalinity 244 mg/L 7114/97 HM 

SM 2320 B Phenolphthalein Alkalinity 8.5 mg/L 7114/97 HM 

SM 2320 B Carbonate 17 mg/L CALC. 

SM 2320 B Bicarbonate 227 mg/L CALC. 

SM 2320 B Hardness 20 mg/L 7114/97 HM 

EPA 300.7 Calcium 6 mg/L 7114/97 HM 

EPA 300.0 Magnesium 1 mg/L 7114/97 HM 

EPA 300.0 Bromide 1.846 mglL 7/16/97 JCM 

EPA 300.0 Nitrate NO mg/L 7116/97 JCM 

EPA 300.0 Sulfate 590 mg/L 7114/97 JCM 

EPA 300.0 Chloride 495 mg/L 7114/97 JCM 

EPA 300.0 Flouride 1.713 mg/L 7116/97 JCM 

EPA 300.0 Nitrite NO mglL 7/16/97 JCM 

EPA 300.0 Ortho-Phosphate NO mg/L 7116/97 JCM 

EPA 300.7 Lithium NA mg/L 

EPA 300.7 Potassium NA mg/L 

AM 4500 MH3 Ammonia Nitrojlen 0.278 mg/L 7124/97 JCM 
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City of Laredo. Water Utilities Department 
Laboratory Services 

rROJECT: Aquifer Storage and R~very 
FROJECT m: ASR 
DATI!:: 8/26/97 

l~am!!le To 
---_ .. 

S!!ml!lcQ~ 7/13/97 Sampler LeC PVN,BC 
~ 971401-LC S!!mlZiI Time 0955 :iimllzlc ~Q!ldilio!l Good 

, ::iam!!l!; !.Q!;l.tism Pump Discharge Date Rccci!!d 1/14197 I Chai.~ ofCu!..todv 0303 Time Rsivqd 1042 
._.-. -- _. 

• ... I _._--
, COr;jSTITUENT RESULT Ymn DATE COMPLEIE TECH. 

pH 11.50 S.U. 7/14/97 HM 
T-Alkal 244.00 mgll 7114197 HM 
P.Alkal 8.50 mglL 7/14197 JiM 
Hardness 20.00 mgIL 7/14191 HM 
Calcium 6. ()()o-"" mg/\ 7114/97 JiM 
Magnesium 1.00 mg/\ 7/14197 JiM 
Conduct 3,250.00 uSlcm 7114197 JiM 
TOS 1,552.00 mgIl 7118197 JiM 
Bromide 1.85 v mgIL 1/16/97 JCM 
Chloride 494.7V maiL 7/14197 JCM 
Fluoride 1.71-" mg./L 7/14197 JCM 
Nitrate 0.05 Not Detect 7116197 'JCM 
Nitrite 0.05 Not Detect 7116197 JCM 
O·Phosphat 0.01 Not Detect 7/16197 JCM 
Sulfate 5a9.7V maIL 7/14197 JCM 
AmIn. Nitro ...0.28 mw'L 7(24197 JCM 
TKN 1.00 NotDctcct 7131197 Cor 
TOC 1.00 mgIl 81 1/97 Cor 
AluminullI -0.07 mgIL 712\/97 Cor 
Iron .-4.05 Not Detect 7121/97 Cor 
Lithium 0.09 ~ mgIL 7129/97 Cor 
Magnesium !.Sa"""'-- mgIL 7f21197 Cor 
Manganese -0.05 Not Detect 7f21197 Cor 
POlaSsium 1.00--'" mgIL 7f21197 Cor 
Si02 Total -12.50 mw'L 1f21197 Cor 
Sodium 618.00 t.,.../ mglL 7f21197 Cor 

0.00 
0.00 
0.00 

. -_. __ .-. 

Pag" 3 



Aug-26-97 03:21P P.07 

Jab NUllber: 9n1aa 

Custan.r Sa.ple JD: ASR·LCC 
D.te S.-pled •••••• : 07/13197 
TIme Salpled .••.•• : 09:55 
Sample M.tri •.•••• : Wat.r 

LA' 0 I A T 0 I T 

EPA ]51.] Nitrogen, Total KJeldahl a •• (TlI) 

S115310C org .... ic carbon, Total (Tac) 

EPA 200.7 Alu.inum CAL), Total 

EPA ZOO.7 Iran (Fe" Total 

EPA ZOO.7 Lithium (Li), Total 

EPA ZOO.7 Mat"".t ... ("II). Tatal 

EPA ZOO.7 llanganes. (Mn), Total 

EPA ZOO.7 Pot ••• i ... (~). Total 

EPA ZOO.7 Sfllca Oloxide (5102), Total 

EPA ZOO.7 Sodfw. (N.), Tot.1 

EPA ZOO.7 Acid Oiaestion, Total Metal" 

T E 5 T 

Palll! 2 

CORE LABORATORIES 

RE5ULTS 

cl.0 

0.07 

<0.05 

0.D9 

1.511 

<O.OS 

12.5 

618 

c ...... letl! 

Oat.: 08/11/97 

ldmrnary S~le ID .• 9n188·1 
Date R.cl!lved ••••••• : 07/16/97 
Tim- Rec.ived ••••••• : 09,00 

1.0 nail 07/]1/97 

II1II/l 08/08/97 

0.05 II1II/L 07/21197 

0.05 "'III. Q7/21197 

0.01 "'IlL 07129/97 

0.05 II1II/L 071Z1/97 

0.05 IIIII/L 07/21/97 

IIIII/L 07/21197 

O. I IIIII/L 07/Z1/97 

II1II/L 07121/97 

07/17/97 

T ......... "..r .......... ' .... "'.,.". I . .,."' __ ... ' ..... ~ .................. ~'n ..... ,.~~ ••. ~, ......... ", ___ ................... _ ...,., ....... , ........ ~ ...... - .... , .,_ ....... rl .... "_"'''' ... " ....... ~, h .......... ~ ... ~~ , ..... 10'1. ..... , .......... lIlI ' ..... v .... ·". ••• ,.,r . ....., •. 
""""~"",I' · .. ,r"""'~ ' .... \:Iell .",¥.".~.:I e... .. , ... _ .... ""'~. ':L~L r..r ..... .; ... "',.'V-:_I' ..... _* ... _ ..... , .. ~ ",._.,.~", ........ ~ ' ....... ...:;.. '.~ .. ", I",. .. ·,.~· ~.~.,".~ .... "_ ........ , .. ".,,.. ..... ' .. ":I.J3M1y I"' ............. uIo..o r ............ L."·~_.I'I 
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CITY OF LAREDO, WATER UTILITIES LAB SERVICES 

PROJECT: ASR DATE: Mar. 27.1998 

Sample 10: Jefferson Plant Lab 10: 971607 
Date Sampled: 7/16/97 Date Received: 7/16/97 
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 mgll 7/18/97 AG 

SM2540 H+8 pH 8.2 S.U. 7/16/97 HM 

SM 2320 B Total Alkalinity 101 mgll 7/16/97 HM 

SM 2320 8 Phenolphthalein Alkalinity 1 mgll 7/16/97 HM 

SM 23208 Carbonate 2 mg/l CALC. 

SM 2320 B Bicarbonate 99 mgll CALC. 

SM 2320 B Hardness 266 mg/L 7/16/97 HM 

EPA 300.7 Calcium 78 mg/l 7116/97 HM 

EPA 300.0 Magnesium 17 mglL 7/16/97 HM 

EPA 300.0 Bromide 0.128 mg/L 7/18/97 JCM 

EPA 300.0 Nitrate 0.112 mg/l 7118/97 JCM 

EPA 300.0 Sulfate 179 mgll 7121/97 JCM 

EPA 300.0 Chloride 141 mg/L 7121/97 JCM 

EPA 300.0 Flouride 0.724 mg/l 7118/97 JCM 

EPA 300.0 Nitrite NO mgll 7/18/97 JCM 

EPA 300.0 Ortha-Phosphate NO mgll 7/18/97 JCM 

EPA 300.7 Lithium NA mglL 

EPA 300.7 Potassium NA mgll 

AM 4500 MH3 Ammonia Nitrogen 0.989 mgll 35635 JCM 



Aug-26-97 03:20P 

City of Laredo. Water Utilities Department 
Laboratory Services 

PROJECT: AAqs~ifer Storage lind Recovery ~ \:t 
PROJF.CT TD: ... ./' 
DATE: 8126t<n vJ it r ...}-? a-. 

iSaniPlelD --"Jefferson ~+rt'~W~PI"Dltc 7/16/97 
Lab 10 971607 -J W Samnle Time 1130 

,Sample Location Spicket Dilte Becejyed 7/16/97 I Chain O~Ogy 030~:-=-:..:. . . __ . Time Received 1202 

I 
CONSTITUENT RESULT UNITS PATE COMPLEU 
pH 1.20 S.U. 7/16/97 
'l"-Alkal 101.00 mglL 7/16/97 

I P-Alkal 1.00 mg/L 7/16/97 
Hardness 266.00 mgIL 7/16197 

I 
Calcium ·78.00 'mgIL 7/16/97 
Magnesium 17.00 mgIL 7/16197 
Conduct 'l.~3.~ uS/cm 7116/97 

I 
TOS 6.00. mgIL 7/16197 
Bromide :g mgIL 7/18197 
Chloride 141.03 mglL 7/21/97 , 
Fluoride • o. n mglL 7/18197 

I 
Nitrate 0.11 mglL 7n. I 197 
Nitrite O.OS Not Delect 7n.1197 
O-Phosphat 0.01 Not Detect 7121197 

'

Sulfate \18.98 mmgILgIL 7118197 
Amm. Nitro 0.99 7124/97 

I-TKN '3.40 mglL 7/31197 
-TOe 5.00 mgIL 8/12197 

.--.Aluminum .0.35 mgIL 8/12197 
- Iron 0.05 Not Detect 8/12197 
- Lithium 0.02 . Not Detect 7129197 

i-Magnesium 211.90 mglL 8112197 
. Manganese 0.05 Not Detect 8/12197 

Potassium 4.00· mgIL 8/12197 
Si02 TolBl 9.50 mgll 81\2197 
Sodium 121.00 mWL 8/12197 

0.00 
0.00 
0.00 

P_04 

Sampler DC 
Swple Condition Good 

I -::-:-::=-==-=-. ______ J 

TECH. 
HM 
liM 
HM 
HM 
HM 
HM 
AM 
AM 
JCM 
JCM 
JCM 
JCM 
JCM 
JCM 
JCM 
JCM 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 
Cor 

I 
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CORE LABORATORIES 
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CITY OF LAREDO, WATER UTILITIES LAB SERVICES 

PROJECT: ASR DATE: Mar. 11,1998 

SamplelD: DELMAR LablD: 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 2510B Conductivity NA us/cm 

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 7116/97 HM 

EPA 300.7 Calcium NA mg/L 

EPA 300.0 Magnesium NA mg/L 

EPA 300.0 Bromide NA mg/L 

EPA 300.0 Nitrate NA mg/L 

EPA 300.0 Sulfate 1990 mg/L 8125/97 JCM 

EPA 300.0 Chloride 137 mg/L 8125/97 JCM 

EPA 300.0 Flouride NA mg/L 

EPA 300.0 Nitrite NA mg/L 

EPA 300.0 Ortho-Phosphate NA mg/L 

EPA 300.7 Lithium NA mg/L 

EPA 300.7 Potassium NA mg/L 

AM 4500 MH3 Ammonia Nitrogen NA mg/L 



Aug-26-9 7 03:20P 

City of Laredo. Water Utilities Department 
Laboratory Servicc:5 

PROJECT: 
PROJECTID: 

- PATE: 

I 
S8IDDlelb--­

-1Al!.IQ 

Aquifer Stora&c ~ Recovery 
ASK 
8/26/97 

; lL,amn Ie Localiun 

Sample Date 7/15197 
Swpl .. Time 1555 

Sampler PVN. BC 
SamDle CI'_n.slJlion Good 

! Chain of Custody 
I 

Date Received 7/16/97 
Thne Received 1202 

.-.===~~~:=::;;;=== 

0 .. 1 Mar 
971607-DM 
Plant Spicket 
0305 

CONSTlTIlElfi RESULT UNITS DATE COMPLETE TECH. 
pH 0.00 NOlAnalyz 
T.Aq.a1 0.00 Not Ana.lyz 
P·Alkal 0.00 No! Analyz 
Hardness 262.00 mgIL 7/16/91 HM 
Calcium O.CXV Not Analyz 
Magnesium 0.00 Not Analyz 
Conduct 0.00 Not Analyz 
TDS 0.00 Not Analyz 
'Bromide 1.37 mgIL 8122191 JCM 
Chluride 136.91 mgIL 8122197 JCM 
Fluoride 1.00.-- Not Detect 8122)97 JCM 
NiU"&tc O.OS Not Detect 8123/91 JCM 
Nitrile 0.05 Not Detect 8123/91 JCM 
().. Phosphat 0.01 Not Detect 
Sulfale 1.999.16..........- ElTor 

8123197 JCM 
8123197 JCM 

Amm.Nitro 0.44-./' mJ!IL 7124197 JCM 
TKN 1.00 Not Detect 7131191 Cor 

'-ITOC 2.00 ..,/ mJ!IL 
Aluminum 0.18 mglL 

8112191 Car 
8/12197 Cor 

Iron _ 0.05 ..,/ Not Detect 1112/97 Cor 
~ithium _0.02 Not Detect 

Magnesium 21.10 . mJ!IL 

X/I2/97 Cor 
8/12197 Cor 

MangElllese .O.OS~ Not Detect 8/12197 Cor 
Potassium 4.00 mgIL 8/12)97 Cor 
Si02 Total 1.301/' mgIL 8/12)97 Cor 
Sodium 119.00 mgIL 8/12/97 Cor 

0.00 
0.00 
0.00 

--- .. -.-----~. 

l'a8e 

P.02 
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CORE LABORATORIES 
--- ------- --- --- --- ------
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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. DlRECTO 

ADRIAN MONTEMAYOR, LAB SUPT. 1J~ 
ASR, COMPATIBILITY TEST RESULTS· . -- I 
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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 IDS Condo Sulfate ~H HCm Mg Sodium Turbidi!}' 
SO.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 

SO.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 

SO.R.Ol 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 

SO.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 

SO.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.I.Ol 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.I.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.Ol 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 

CY1.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 

CY1.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 

OLY.CY1.01 120.00 0.00 298.00 134.00 1,089.00 190.00 7.60 146.00 0.07 

OLY.CY1.02 121.00 0.00 300.00 133.00 1,094.00 189.00 7.60 147.00 0.07 

OLY.CY1.03 120.00 0.00 279.00 132.00 1,107.00 187.00 7.60 146.00 :2rtJ.tJ6 0.24 

OLY.CY1.04 119.00 0.00 274.00 128.00 1,095.00 181.00 7.60 145.00 

~ 
0.68 

OLY.CYI.05 118.00 0.00 300.00 132.00 1,099.00 186.00 7.60 144.00 0.21 

OLY.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: 2125198 

OVERVIEW REPORT 

Sample 10 ............... Iron (Fe) Mn Calcium Alk.- T Alk.-P Hard. Chloride TDS Condo Sulfate pH HC03 _~_ Sodi!!..I1!_Iurbi~!}' __ 
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.CYl.09 122.00 0.00 284.00 136.00 1,120.00 194.00 7.60 149.00 0.91 

DLY.CYl.lO 147.00 0.00 148.00 136.00 1,206.00 191.00 8.00 179.00 0.28 

DLY.CYl.ll 160.00 5.00 88.00 188.00 1,491.00 245.00 8.40 183.00 0.16 

DLY.CY1.l2 186.00 8.00 70.00 202.00 1,630.00 260.00 8.50 207.00 0.16 

CYl.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 1,Q96.00 1,809.00 279.00 8.60 231.00 5.30 260.00 0.10 

DLY.CY1.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 0.07 

DLY.CY 1.1 4 211.00 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 1,350.00 2,230.00 351.00 8.60 239.00 4.38 380.00 0.07 

I 
DLY.CY1.l5 217.00 11.00 59.00 300.00 2,230.00 352.00 8.60 238.00 0.07 

CY\.R.08 0.05 0.05 15.60 213.00 1 \.00 58.00 324.00 1,410.00 2,370.00 359.00 8.60 233.00 4.62 410.00 0.07 

DLY.CY1.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 

Saml!le !D .... SD.LO 1 Saml!le Date ..... .1/14/98 Date Received ..... 1114/98 Saml!le Location ..... Del Mar Plant Custody .... .1702 
Lab !D .......... LAB-A SamDle Time .... .1430 Time Received .... .1500 Saml!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 1115/98 
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 
IDS 682.00 mg/L JCM 1116/98 
Conductivity 1,057.00 uS/cm 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) 



Gity of-Laredo, Water Utilities Laboratory Services 
---- -- =---== 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

Smnllie 1D .... SD.1.02 Samllie Date ..... .1/14/98 Date Received ..... 1115/98 Sample Location ..... Del Mar Plant Custody .... .1703 
Lab ID .......... LAB-A Samllie Time .... .1615 Time Received .... 1005 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 mgIL Core Lab 
Calcium 89.80 mgIL CC 1115/98 
Alkalinity - Total 113.00 mg/L CC 1115/98 
Alkalinity - Phen 0.00 mg/L CC 1115/98 
Total Hardness 282.00 mg/L CC 1115/98 
Sulfate 191.00 mgIL CC 1119/98 
Chloride 135.00 mg/L CC 1/19/98 
TDS 680.00 mg/L ICM 1/16/98 
Conductivity 1,075.00 uS/cm 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) 



Gity of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

Sample IO"'ISD.R.OI Sample vale ...... 11 J'I/~iI vale Kecelvea ..... l1 J :J/~iI Sample Location ..... Del Mar Plant Custody .... .l704 
Lab ID .......... LAB-A Sample Time .... .l700 Time Received .... .1005 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 1115/98 
Total Hardness 236.00 mg/L CC 1115/98 
Sulfate 198.00 mg/L CC 1119/98 
Chloride 141.00 mg/L CC 1/19/98 
IDS 708.00 mg/L JCM 1116/98 
Conductivity 1,156.00 uS/cm CC 1115/98 
pH 8.10 S.U. CC 1115/98 
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: 2/25/98 

Sample ID .... SD.R.02 Sample Date ...... 1114/98 Date Received ..... 1/15/98 - ----Sarriple Location ..... Del Mar Plant Custodv .... .1705 
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 .... .1730 

DETECTION 

Non-Det 

Time Received .... .1005 Sampler .................. .P. VanNoort 

REPORTING LIMIT 
0.05 
0.05 

5.00 

UNITS 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
uS/cm 
S.U. 
mgIL 
mgIL 
mgIL 
NTU 

TECH DATE COMPLETED 
Core Lab 
Core Lab 
CC 1115/98 
CC 1115/98 
CC 1115/98 
CC 1115/98 
CC 1119/98 
CC 1/19198 
JCM 1116/98 
CC 1115/98 
CC 1115/98 
Cal 
CC 1115/98 
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 

SamRle ID .... SD.R.03 Sample Date ...... 1/14/98 Date Received ..... 1/15/98 Sample Location ..... Del Mar Plant Custody .... .1706 
Lab ID .......... LAB-A Samole Time .... .l830 Time Received .... J005 Sampler .................. P. VanNoort 

LAB - A ANALYSES 
PARAMETER RESULT DETECTION REPORTING LIMIT UNITS TECH DATE COMPLETED 
Iron (Fe) 0.16 0.05 mgIL Core Lab 
Manganese (Mn) 0.05 Non-Det 0.05 mgIL Core Lab 
Calcium 24.80 mgIL CC 1/15/98 
Alkalinity - Total 240.00 mgIL CC 1/15/98 
Alkalinity - Phen 20.00 mgIL CC 1/15/98 
Total Hardness 86.00 mgIL CC 1/15/98 
Sulfate 440.00 mgIL CC 1/19/98 
Chloride 370.00 mgIL CC 1/19/98 
IDS 1,466.00 mgIL JCM 1116/98 
Conductivity 2,410.00 uS/cm CC 1/15/98 
pH 8.80 S.U. CC 1/15/98 
Bicarbonate 244.00 mgIL Cal 
Magnesium 5.80 mgIL CC 1/15/98 
Sodium(Na) 500.00 10.00 mgIL Core Lab 
Turbidity 0.60 NTU CC 1/15/98 

Page 5 Form (Lab A) 
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C.ity of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 212S/98 

- ~- -.--."~---~-----~---

Sample ID .... CYI.1.01 Sample Date ...... IIIS/98 Date Receiyed ..... 1116/98 Sample Location ..... Del Mar Plant 
Lab ID .......... LAB-A 

Page 

LAB - A ANALYSES 
PARAMETER RESULT 
Iron (Fe) O.OS 
Manganese (Mn) O.OS 
Calcium 93.00 
Alkalinity - Total 120.00 
Alkalinity - Phen 0.00 
Total Hardness 292.00 
Sulfate 196.00 
Chloride 
IDS 
Conductivity 
pH 
Bicarbonate 
Magnesium 
Sodium (Na) 
Turbidity 

6 

139.00 
642.00 

1.106.00 
7.60 

146.00 
12.20 

lOS.00 
0.30 

Sample Time ..... 134S Time Received .... .1120 Sampler .................. P. VanNoort 

DETECTION 
Non-Det 
Non-Det 

REPORTING LIMIT 
O.OS 
O.OS 

1.00 

UNITS 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mgIL 
mgIL 
uSlcm 
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 1116198 
CC 1119/98 
CC 1/19/98 
JCM 1122198 
HM 1116/98 
HM 1116/98 
Cal 
HM 1116/98 
Core Lab 
HM 1116/98 

Custody .... ,1708 

Fonn (Lab A) 



City of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2125/98 

Saml1le ID .... CY 1.1..02 Saml1le Date ..... .l/17/98 Date Received ..... 1119/98 Sample Location ..... Del Mar Plant Custody .... .l71'O 
Lab ID .......... LAB-A Saml1le Time .... .l'045 Time Received .... 0925 Saml1ler. ................. 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 8.0.96 mg/L JCM 1119/98 
Alkalinity - Total 121..0.0 mg/L JCM 1119/98 
Alkalinity - Phen .0 . .0.0 mg/L JCM 1119/98 
Total Hardness 286 . .0.0 mg/L JCM 1119/98 
Sulfate 187 . .0.0 mg/L CC 1119/98 
Chloride 132 . .0.0 mg/L CC 1/19/98 
TDS 658 . .0.0 mg/L JCM 1122198 
Conductivity 1,1.05 . .0.0 uS/cm JCM 1119/98 
pH 7.9.0 S.U. JCM 1119/98 
Bicarbonate 148 . .0.0 mg/L Cal 
Magnesium 2.0.4.0 mg/L JCM 1/19/98 
Sodium(Na) 1.06 . .0.0 1..0.0 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: 2125198 

Sample Date ...... 1119/98 Date Received ..... 1119/98 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 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
uS/cm 
S.U. 
mgIL 
mgIL 
mg/L 
NTU 

TECH DATE COMPLETED 
Core Lab 
Core Lab 
JCM 1/19/98 
JCM 1/19/98 
JCM 1119198 
JCM 1119/98 
CC 1/19/98 
CC 1/19/98 
JCM 1122198 
JCM 1119/98 
JCM 1/19/98 
Cal 
JCM 1119198 
Core Lab 
JCM 1119/98 

Custody .... .1710 

Form (Lab A) 



C.ity of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2125/98 

Sample lD .... CY1.R.OI Sample Date ..... .l123/98 Date Received ..... 1126/98 
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 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
uS/em 
S.U. 
mgIL 
mgIL 
mgIL 
NTU 

Sample Location ..... Del Mar Plant Custody .... .l714 
Sampler .................. Porter/Salas 

TECH DATE COMPLETED 
Core Lab 
Core Lab 
CC 1127/98 
CC 1127/98 
CC 1127/98 
CC 1127/98 
CC 1126/98 
CC 1126/98 

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 1D .... CY1.R.02 Sample Date ...... 1123/9-8-- ~DateRecciveL~1i26/98 -- Sample LocatiOJL.:-.Del Mar~P1ant 
Lab ID .......... LAB-A 

LAB - A ANALYSES 
PARAMETER RESULT 
Iron (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 IO 

Sample Time .... .l620 Time Received .... .l031 Sampler.. ................ Porter/Salas 

DETECTION 

Non-Det 

REPORTING LIMIT 
0.05 
0.05 

1.00 

UNITS 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
uS/cm 
S.U. 
mgIL 
mgIL 
mgIL 
NTU 

TECH DATE COMPLETED 
Core Lab 
Core Lab 
CC 1/27/98 
CC 1/27/98 
CC 1/27/98 
CC 1/27/98 
CC 1126/98 
CC 1126/98 

1/23/98 
CC 1/27/98 
CC 1127/98 
Cal 
CC 1127/98 
Core Lab 
CC 1/27/98 

Custody .... .l 714 

Form (Lab A) 



C~ty of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2125/98 

rsa;;:;pie ID .... CY1.R.03 Sample Date ...... 1125/98 Date Receiyed ..... 1126/98 Sample Location ..... Del Mar Plant Custody .... .l714 
Lab ID .......... LAB-A Sample Time .... .l305 Time Received .... l 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 
IDS 890.00 
Conductivity 1,514.00 
pH 8.40 
Bicarbonate 183.00 
Magnesium 
Sodium(Na) 
Turbidity 

II 

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 

1/27/98 
1127/98 
1/27/98 
1/27/98 
1126/98 
1126/98 
1123/98 
1127/98 
1/27/98 

1127/98 

1127/98 

Form (Lab A) 



City of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2125198 

----- --~~------ - '----- -------------~ 

_____ •• _______ , ________ , •• --_00 

Sample 1D .... CYI.R.04 Sample Date ..... .1126/98 Date Received ..... 1127/98 Sample Location ..... Del Mar Plant Custody ..... 1716 
Lab ID .......... LAB-A Sample Time ..... 1628 Time Received .... .1 027 Sampler .................. PorterISalas 

LAB - A ANALYSES 
PARAMETER RESULT DETECTION REPORTING LIMIT UNITS TECH DATE COMPLETED 
Iron (Fe) 0.18 0.05 mgIL Core Lab 
Manganese (Mn) 0.05 Non-Det 0.05 mgIL Core Lab 
Calcium 20.00 mgIL CC 1127/98 
Alkalinity - Total 191.00 mgIL CC 1127/98 
Alkalinity - Phen 7.00 mgIL CC 1127/98 
Total Hardness 65.00 mgIL CC 1127/98 
Sulfate 264.00 mgIL CC 2/2/98 
Chloride 211.00 mgIL CC 2/2/98 
TDS 1,010.00 mgIL 1/27/98 
Conductivity 1,677.00 uSlcm CC 1127/98 
pH 8.60 S.U. CC 1127/98 
Bicarbonate 216.00 mgIL Cal 
Magnesium 3.60 mgIL CC 1127/98 
Sodium(Na) 250.00 10.00 mg/L Core Lab 
Turbidity 0.10 NTU CC 1127/98 

Page 12 Form (Lab A) 



CitY of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2125/98 

Sample ID .... CYl.I.04 Sample uale ...... lI.;;lIy~ uale l<.ecelveo ..... l/.;;lIY~ Sample Location ..... Del Mar Plant Custody ..... 1712 
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 mgIL Core Labs 
Manganese (Mn) 0.05 Non-Detect 0.05 mgIL Core Labs 
Calcium 85.80 mgIL Hm 1121198 
Alkalinity - Total 126.00 mgIL HM 1121/98 
Alkalinity - Phen 0.00 mgIL HM 1121198 
Total Hardness 290.00 mgIL HM 1121/98 
Sulfate 190.00 mgIL CC 1126/98 
Chloride 136.00 mgIL CC 1126/98 
TDS 666.00 mgIL JCM 1122/98 
Conductivity 1,105.00 uS/em HM 1121198 
pH 7.60 S.U. HM 1121198 
Bicarbonate 154.00 mgIL Cal 
Magnesium 18.50 mgIL Hm 1121198 
Sodium(Na) 107.00 1.00 mgIL Core Labs 
Turbidity 0.19 NTU HM 1121198 

Page 13 Form (Lab A) 



CitY dfLaredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25198 

SamplejD.:~.CYT:R])T----- SamPieDate:.~.~.i127/98 ---Date Received ..... 1127/98 ----Sample LOclltion.-.-... DeTMar plant- Custody .... .1716 
Lab ID .......... LAB-A Sample Time ..... 0950 Time Received .... .1027 Sampler .................. PorterISalas 

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 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
uS/cm 
S.U. 
mgIL 
mgIL 
mgIL 
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 cit-Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25/98 

'Sa/Upfe-ID .... CYl.R.06 Sample Date ..... .l/28/98 nate Received.~:.: 1/28/98 Sample Location ..... Del Mar Plant Custody .... .!717 
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 
IDS 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 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
mgIL 
uS/cm 
S.U. 
mgIL 
mgIL 
mgIL 
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 
1130/98 
1130/98 

1130/98 

1130/98 

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 ...... 1129/98 Date Received ..... 1129/98 
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 .... .1 000 

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/cm 
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 1130/98 
HM 1130/98 
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: 2/25/98 

Sample ID .... CYl.R.08 Sample Date ..... .l/30/98 Date Received ..... 1130/98 
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 
IDS 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 .... .1 024 

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/cm 
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 1/30/98 
HM 1130/98 
HM 1130/98 
CC 2/2/98 
CC 212/98 

1/28/98 
HM 1130/98 
HM 1130/98 
Cal 
HM 1130/98 
Core Labs 
HM 1130/98 

Form (Lab A) 



C.ity of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2/25198 

Sample ID .... DLY.CYl.OI 
Lab ID .......... LAB-B 

LAB - B ANALYSES 
PARAMETER RESULT 
Chloride \34.00 
Conductivity 1,089.00 
pH 7.60 
Alkalinity - Total 120.00 
Alkalinity - Phen 0.00 
Total Hardness 298.00 
Turbidity 0.07 

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.CYl.03 
Lab ID .......... LAB-B 

LAB - B ANALYSES 
PARAMETER RESULT 
Chloride 132.00 
Conductivity 1,107.00 
pH 7.60 
Alkalinity - Total 120.00 
Alkalinity - Phen 0.00 
Total Hardness 279.00 

Sample Date ..... .!/15198 
Sample Time .... .l345 

UNITS 
mgIL 
uS/cm 
S.U. 
mgIL 
mgIL 
mgIL 
NTU 

TECH 
CC 
HM 
HM 
HM 
HM 
HM 
HM 

Sample Date ..... .!/16/98 
Sample Time .... .ll 05 

UNITS 
mgIL 
uS/cm 
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 .... .! 120 

DATE COMPLETED 
1119/98 
10116/98 
1116/98 
1116/98 
1116/98 
1116/98 
1116/98 

Date Received ..... 1116/98 
Time Received .... .! 120 

DATE COMPLETED 
1119/98 
1116/98 
1116/98 
1116/98 
1116/98 
1116/98 
1116/98 

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 .... .! 708 
Sampler. ................. P. VanNoort 

Sample Location ..... Del Mar Plant CUstody .... .!708 
Sampler .................. P. VanNoort 

Sample Location ..... Del Mar Plant Custody .... .! 71 0 
Sampler .................. P. VanNoort 

Turbidity 0.24 
----------------------------------------------------------------~ 

UNITS 
mgIL 
uS/cm 
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: 2/25198 

Sample 1D .... DLY.CYI.04 
.-------... ~-.- .-.-----.---~~------- -----·-------Sample Location ..... Del Mar Plant 

Sample Date ..... .1/18/98 Date Received ..... 1/19/08 
Lab ID .......... LAB-B 

LAB - B ANALYSES 
PARAMETER RESULT 
Chloride 128.00 
Conductivity 1,095.00 
pH 7.60 
Alkalinity - Total 119.00 
Alkalinity - Phen 0.00 
Total Hardness 274.00 
Turbidity 0.68 

Sample Time .... .I010 

UNITS 
mg/L 
uSlcm 
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 
1119198 
1/19/98 
1119198 
1119/98 

Sampler .................. P. VanNoort 
Cuslody .... .l710 

, Sample ID .... DL Y.CYI.05 Sample Date ..... .1/19/98 Date Received ..... 1119/98 Sample Location ..... Del Mar Plant Custody ..... 1710 
Lab ID .......... LAB-B 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-B 

LAB - B ANALYSES 
PARAMETER RESULT 
Chloride 137.00 
Conductivity 1,102.00 
pH 7.60 
Alkalinity - Total 118.00 
Alkalinity - Phen 0.00 
Total Hardness 284.00 
Turbidity 0.26 

Page 2 

UNITS 
mg/L 
uSlcm 
S.U. 
mg/L 
mg/L 
mg/L 
NTU 

TECH 
CC 
JCM 
JCM 
JCM 
JCM 
JCM 
JCM 

Sample Date ..... .1120/98 
Sample Time ..... 0950 

UNITS 
mg/L 
uSlcm 
S.U. 
mg/L 
mgIL 
mgIL 
NTU 

TECH 
CC 
CC 
CC 
CC 
CC 
CC 
CC 

DATE COMPLETED 
1/19/98 
1/19/98 
1119198 
1/19/98 
1119198 
1119/98 
1119/98 

Date Received ..... 1120/98 
Time Received .... .lOI8 

DATE COMPLETED 
1126/98 
1120/98 
1120/98 
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: 2/25198 

I SamPle ID .... DLY.CY1.07 Sample Date .. , .. .1/21198 Date Received ..... 1121198 Sample Location ... ,.Del Mar Plant Custody .... .1712 
Lab ID., ........ LAB-B Sample Time ..... 0900 Time Received .... 0925 Sampler .................. .PorterISalas 

LAB - BANAL YSES 
PARAMETER RESULT UNITS TECH DATE COMPLETED 
Chloride 137.00 mgIL CC 1126/98 
Conductivity 1,114.00 uS/cm HM 1121/98 
pH 7.60 S.U. HM 1121198 
Alkalinity - Total 124.00 mgIL HM 1121/98 
Alkalinity - Phen 0.00 mgIL HM 1121198 
Total Hardness 290.00 mgIL HM 1121198 
Turbidity 0.16 NTU HM 1121198 

Sample ID .... DLY.CYI.08 Sample Date ..... .1122/98 Date Received .... , 1122/98 Sample Location ... ,.DeI Mar Plant Custody .... 1713 
Lab ID.=LAB-B Sample Time ..... 0900 Time Received .... 0920 Sampler .... ,,"~ .... .PorterISalas 

LAB - B ANALYSES 
PARAMETER RESULT UNITS TECH DATE COMPLETED 
Chloride 137.00 mgIL CC 1126/98 
Conductivity 1,112.00 uS/cm CC 1122/98 
pH 7.60 S.U. CC 1122/98 
Alkalinity - Total 117.00 mgIL CC 1122/98 
Alkalinity - Phen 0.00 mgIL CC 1122198 
Total Hardness 290,00 mgIL CC 1122/98 
Turbidity 0.17 NTU CC 1122/98 

Sample ID .... DLY.CY1.09 Sample Date ..... .1123/98 Date Received ..... 1126/98 Sample Location ..... DeI Mar Plant Custody .... .1714 
Lab ID.=LAB-B Sample Time .... .l620 Time Received .... I 03 1 Sampler .................. .PorterISalas 

LAB - B ANALYSES 
PARAMETER RESULT UNITS TECH DATE COMPLETED 
Chloride 136.00 mgIL CC 1/26/98 
Conductivity 1,120.00 uS/cm CC 1127/98 
pH 7.60 S.U. CC 1127/98 
Alkalinity - Total 122.00 mgIL CC 1121198 
Alkalinity - Phen 0.00 mgIL CC 1121198 
Total Hardness 284.00 mgIL 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: 2125/98 

Sample 1D .... DLY.CYl.lO 
Lab ID .......... LAB-B 

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.CYl.l1 
Lab ID .......... LAB-B 

LAB - B ANALYSES 
PARAMETER RESULT 
Chloride 188.00 
Conductivity 1,491.00 
pH 8.40 
Alkalinity - Total 160.00 
Alkalinity - Phen 5.00 
Total Hardness 88.00 
Turbidity 0.16 

Sample Date ..... .1/24/98 
Sample Time .... .\ 225 

UNITS TECH 
mg/L CC 
uS/cm CC 
S.U. CC 
mg/L CC 
mg/L CC 
mg/L CC 
NTU CC 

Sample Date ...... 1125/98 
Sample Time ..... 1 305 

UNITS 
mg/L 
uS/cm 
S.U. 
mg/L 
mg/L 
mg/L 
NTU 

TECH 
CC 
CC 
CC 
CC 
CC 
CC 
CC 

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

Sample 1D .... DLY.CY1.l2 Sample Date ...... 1/26/98 
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 mglL CC 
Turbidity 0.16 NTU CC 

Page 4 

-----~. 

Date Received ..... 1126/98 
Time Received .... \031 

DATE COMPLETED 
1126/98 
1127/98 
1127/98 
1127/98 
1127/98 
1127/98 
1127/98 

Date Received ..... 1126/98 
Time Received .... \031 

DATE COMPLETED 
1126/98 
1127/98 
1127/98 
1127/98 
1127/98 
1127/98 
1127/98 

Date Received ..... 1126/98 
Time Received .... 1031 

DATE COMPLETED 
1126/98 
1127/98 
1127/98 
1127/98 
1127/98 
1127/98 
1127/98 

------

Sample Location ..... Del Mar Plant Custody .... .1714 
Sampler .................. Porter/Salas 

Sample Location ..... Del Mar Plant Custody ..... 1714 
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: 2125/98 

'Saffii)ieID-:-::.DLY.CY1.l3 Sample Date ..... .l127/98 Date Received ..... 1127/98 Sample Location ..... Del Mar Plant Custody .... .l716 
Lab ID .......... LAB-B Sample Time ..... 0950 Time Received .... .l027 Sampler .................. Porter/Salas 

LAB - B ANALYSES 
PARAMETER RESULT 
Chloride 230.00 
Conductivity 1,807.00 
pH 8.60 
Alkalinity - Total 205.00 
Alkalinity - Phen 10.00 
Total Hardness 67.00 
Turbidity 0.18 

Sample ID .... DLY.CY1.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 0.1 0 

Sample ID .... DLY.CYI.J5 
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 
mgIL 
uS/cm 
S.U. 
mgIL 
mgIL 
mgIL 
NTU 

TECH 
CC 
CC 
CC 
CC 
CC 
CC 
CC 

Sample Date ..... .l128/98 
Sample Time .... .J405 

UNITS 
mgIL 
uS/cm 
S.U. 
mgIL 
mgIL 
mgIL 
NTU 

TECH 
CC 
HM 
HM 
HM 
HM 
HM 
HM 

Sample Date ..... .l129/98 
Sample Time .... .lOOO 

UNITS 
mgIL 
uS/cm 
S.U. 
mgIL 
mgIL 
mgIL 
NTU 

TECH 
CC 
HM 
CC 
HM 
HM 
HM 
CC 

DATE COMPLETED 
2/2/98 
1/27/98 
1127/98 
1127/98 
1/27/98 
1/27/98 
1127/98 

Date Received ..... 1128/98 
Time Received .... .l424 

DATE COMPLETED 
2/2/98 
1130/98 
1130/98 
1/30/98 
1/30/98 
1/30/98 
1/30/98 

Date Received ..... 1129/98 
Time Received .... .l 040 

DATE COMPLETED 
2/2/98 
1/30/98 
1/30/98 
1/30/98 
1/30/98 
1/30/98 
1/30/98 

Sample Location ..... Del Mar Plant 
Sampler .................. Porter/Salas 

Sample Location ..... Del Mar Plant 
Sampler .................. Porter/Salas 

Custody .... .l717 

Custody .... .l718 

Form (Lab B) 



G.itY of Laredo, Water Utilities Laboratory Services 

Project: Aquifer Storage and Recovery (ASR) Report Date: 2125198 

Sample ID .... DLY.CY1.l6 Sample Date ..... .l/30/98 ijite-Received ..... 1/30/98 Sample Location ..... Del Mar Plant Custody .... .1719 
Lab ID .......... LAB-B Sample Time ..... 0930 Time Received .... .! 024 Sampler. ................. PorterISalas 

LAB - B ANALYSES 
PARAMETER RESULT UNITS TECH DATE COMPLETED 
Chloride 326.00 mgIL CC 2/2/98 
Condueti vity 2,370.00 uSlem HM 1130/98 
pH 8.60 S.U. HM 1130198 
Alkalinity - Total 215.00 mgIL HM 1/30/98 
Alkalinity - Phen 12.00 mgIL HM 1/30/98 
Total Hardness 55.00 mgIL 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 
Custamer •• : City of Laredo 
Attn ••••••• : Adrian Montemayor 

CORE LABORATORIES 

Project Nunber ••••••••• : 99999995 
CUstamer Project 10 •••• : LAREDO ASR DEL MAR 
Project Description •••• : Walk in Projects 

••••••••• : '/"',·l1li_ .... ','.··.::11.'.'.·,:.·,· •. ' •.. ··' .• ···,,·,· B·:·'·'" _1lIMl'·'>i 
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 

CYI.R.06 

CYI.R.07 

CYI.R.08 

Water 01/23/98 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Palle 1 

.. - '" : -:"&. ! ' :: ~:::. ".' .. "" 

01/23/98 

01/25/98 

01126/98 

01l27{98 

01128/98 

01129/98 

01/30/98 

13:40 

16:20 

13:08 

16:25 

09:50 

14:05 

10:00 

09:30 

02106/98 

02/06/98 

02106/98 

02/06/98 

02/06/98 

02106/98 

02106/98 

02/06/98 

08:00 

08:00 

08:00 

08:00 

08:00 

08:00 

08:00 

08:00 



Job Number: 980484 

Customer Sample 10: CYI.R.01 
Date Sampled ••.••• : 01/23/98 
Time Sampled •••••• : 13:40 
Sample Matrix ••••• : Water 

'i"'"'''''i}''''''' 
SW·846 60108 Iron (Fe), Total 

SW-846 60108 Manganese (Mn), Total 

SW-846 60108 Sodium (Na), Total 

LAB 0 RAT 0 R Y 

SW-846 3015 IAcid Digestion, Total Metals 

T EST 

Page 2 

, •...... '".-

CORE LABORATORIES 

RESULTS 

0.17 

<0.05 

97 

C~lete 

Date: 02/18/98 

Laboratory Sample 10: 980484·1 
Date Received ••••••• : 02/06/98 
Time Received •..•••• : 08:00 

0.05 

0.05 

1 

mg/L 

mg/L 

mg/L 

02/17/98 gcc 

02/17/98 gee 

02/17/98 gec 

02/06/98 ah 



CORE LABORATORIES 

lAB 0 RAT 0 R Y T EST RES U l T S 
Job NUJtIer: 980484 Date: 02118/98 

Customer Sample 10: CYI.R.02 
Date Sampled •••••• : 01/23/98 
Time Sampled •••••• : 16:20 
Sample Matrix ••••• : Water 

SW-846 6010B lron (Fe), Total 

SW·846 6010B Manganese (Mn), Total 

SW·846 6010B 

sw·846 3015 

un (Na), Total 

Metals 

96 

C~lete 

Palle 3 

laboratory Sample 10: 980484·2 
Date Received ••••••• : 02/06/98 
Time Received ••••••• : 08:00 

mall 02117/98 ge, 

02106/98 an 

_ ..• ~ ... ~ •. ~. ,. "L"fll;- -:: .::. ;- •• ', t.lA ... -) .''''.I.S. Jf··" ... • .... -~ .. -: -. c·:~.·· 



Job Number: 980484 

Customer Sample 10: CY1.R.03 
Date Sampled ••..•• : 01/25/98 
Time Sampled •••.•• : 13:08 
Sample Matrix •.••. : Water 

SW·846 6010B Iron (Fe), Total 

SW-846 6010B na,,~a"_~~ (Mn), Total 

SW-846 6010B Sodium (Na), Total 

LAB 0 RAT 0 R Y 

sw-846 3015 Acid Digestion, Total Metals 

- • l"~ 

T EST 

Page 4 

CORE LABORATORIES 

RES U L T S 

<0.05 

<0.05 

21 

Complete 

Oate: 02/18/98 

Laboratory Sample 10: 980484·3 
Date Received ••••••• : 02/06/98 
Time Received ••••••• : 08:00 

0.05 

0.05 

""""",.,' ~1.~, 
mg/L 102/17/98 gcc 

mg/L 102117198 gec 

mg/L 02/17/98 gee 

02/06/98 ah 



Job Nunber: 980484 

Customer Sample 10: CYl.R.04 
Date Sampled_ ••••• : 01/26/98 
Time Sampled •••••• : 16:25 
Sample M.trix ••••• : Water 

SW-846 6010B Iron (Fe), Total 

SW-846 6010B Manganese (Mn), Total 

SW-8466010B Sodium (Na), Total 

LAB 0 RAT 0 R Y 

SW-846 3015 Aeid Digestion, Total Metals 

T EST 

Page 5 

CORE LABORATORIES 

RESULTS 

0.18 

<0.05 

250 

C~lete 

D.te: 02118/98 

Laboratory Sample 10: 980484-4 
D.te Received ••••••• : 02/06/98 
Time Received ••••••• : 08:00 

0_05 

0_05 

10 

IIIII/L 

IIIIIIL 

IIIII/L 

02117/98 gee 

02117/98 gee 

02/17/98 gee 

02106/98 ah 



LAB 0 RAT 0 R Y 
Job NUJiler: 980484 

Customer Sample 10: CYI.R.Os 
Date Sampled •••••• : 01/27/98 
Time Sampled •••••• : 09:50 
Sample Matrix ••••• : Water 

.. \ ......•......... 
SW·846 6010B 

sw·846 6010B 

sw·846 6010B 

SW·846 3015 

·.;-t'";:.t~~.'., .. 
Iron (Fe), Total 

Manganese (Mn), Total 

Sodium (Na), Total 

Acid Digestion, Total Metals 

~.I!~ •••••• · ••• 

T EST 

Page 6 

CORE LABORATORIES 

RES U l T S 

. ................. 
<0.05 

<0.05 

260 

C~lete 

Date: 02118/98 

laboratory Sample ID: 980484·5 
Date Received ••••••• : 02/06/98 
Time Received ••••••• : 08:00 

:1 {ti~ll. i 
0.05 mg/l 02117/98 

0.05 mg/l 02117/98 

10 mg/l 102117198 

02/06/98 

ilECH. 

gcc 

gcc 

gcc 

ah 



Job Nurt>er: 980484 

Custaner S~le 10: CYl.R.06 
Date S~led •••••• : 01/28/98 
Time Sampled •••••• : 14:05 
Sample Matrix ••••• : Water 

SW-B46 60108 Iron (Fe), Total 

SW-B46 6010B Manganese (Mn), Total 

SW-B46 60108 Sodium (Na), Total 

L A 8 a RAT a R Y 

SW-B46 3015 id Digestion, Total Metals 

T EST 

Page 7 

CORE LABORATORIES 

RES U L T S 
Date: 02/18/98 

Laboratory S~le 10: 9B0484-6 
Date Received ••••••• : 02/06/98 
Time Received ••••••• : 08:00 

. :~~ ::;. ";": 

0.06 

<0.05 

350 

C~lete 

0.05 

0.05 

10 

02106/98 ah 



I",'", 

Job Number: 980484 

Customer Sample [0: CY[.R.07 
Date Sampled •••••• : 01/29/98 
Time Sampled ...... : 10:00 
Sample Matrix .••.• : Water 

SW-846 60108 [ron (Fe), Total 

SW-846 60108 ,g""g,,~~' (Mn) , Total 

SW-84660108 Sodium (Na), Total 

L A 8 0 RAT 0 R Y 

SW-846 3015 Acid Digestion, Total Metals 

T EST 

Page 8 

CORE LABORATORIES 

RESULTS 

<0.05 

<0.05 

380 

Complete 

Date: 02118/98 

Laboratory Sample [0: 980484-7 
Date Received •• _ •••• : 02/06/98 
Time Received ••••••• : 08:00 

0.05 mg/L 02/17/98 gcc 

0.05 

10 

mg/L 02/17/98 gcc 

me/L 02/17/98 gcc 

02/06198 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 (Na), Total 

l A 8 0 RAT 0 R Y 

SI/-846 60108 

~-846 3015 Acid Digestion, Total Metals 

T EST 

Page 9 

CORE LABORATORIES 

RES U l T S 

410 

Cemplete 

Date: 02118/98 

laboratory Sample ID: 9804B4·8 
Date Received ••••••• : 02/06/98 
Time Received ••••••• : 08:00 

0.05 maiL 

20 I119/L 

-,-c :~.'" -•• '.,,~~ '-]' -.. -. ".-- -. -



Job Number: 980696 

Cus~omer Sillllple ID: CY1.1.04 
D8t~ Sampled •••••• : 01/21/98 
Time Sampled •.•••• : 09,00 
Sample Matrix ••••• : ~.ter 

SW·846 6010B Iron (Fa), To~al 

SW'846 6010B Mangan"" (lin). Total 

SW·846 6010B Sodl .... (Na), Total 

LABORATORY T EST 

.l!IO~ECT'i::.:: -.' ',. '" . 

SW·846 301S Acid DigestIon, Total Metals 

RESULTS 

<0.05 

cO.os 
107 

C ..... lete 

Date: 02i25M 

Laboratory S~l" 10: 980696·1 
Dote Received ••••••• : 02121/9a 
Time R.ceiYed ••••••• : 11:10 

o.os 
0.05 

IIIII/L 

III9IL 

III/L 

02t24/98 ICC 

02/Z4/'11 gee 

02/24/98 ICC 

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 NUllber.: 980220 Project Number ••••••••• : 99999995 
Customer •• : City of Laredo CUstomer Project 10 •••• : LAREDO ASR DEL MAR 
Attn ••••••• : Adrian Montemayor Project Description •••• : Walk in Projects 

:; ;:. 
:: .. 

::. :: 

980220·1 SO.I.01-A Water 01114/98 14:30 01120/98 08:00 

980220-2 SO.I.02-A Water 01/14/98 16:15 01/20/98 08:00 

980220-3 SD.R.01·A Water 01/14/98 17:00 01/20/98 08:00 

980220-4 SD.R.02-A Water 01114/98 17:30 01120/98 08:00 

980220-5 SD.R.03-A Water 01/14/98 18:30 01120/98 08:00 

980220-6 CY1.1.01-A Watar 01115/98 13:45 01/20/98 08:00 

980220-7 CY1.1.02-A Weter 01117/98 10:45 01/20/98 08:00 

980220-8 CY1.1.03-A Water 01119/98 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 RAT 0 R Y T EST RES U L T S 

".>. '. '., ... ',." ... ,' .••... < ... "., < .•.••.. ' .•... ,' ..•..••• "',',," •. ".U .... ' .•. '. ". . ......... , . ... ... .... ... . .... , .. '..' .. ,. , .. , .. , .. ,., .... '.':~"''';<.. .. .. 
... ' ... , .. , ... ', ........... ii.:> ,"'" .,', .. ",., ... ,.... 'I~?!C'"C;- '~r,/,~i,,/ .:-'7':7;- , •.. ' .. ,) 

SW-846 60108 Iron (Fe), Total <0.05 

SW-846 60108 Manganese (Mn), 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 

,( .. i,. 
l .i 

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 

Igcc 

ah 



Job N~r: 980220 

Customer SlIq)le ID: SD.I.02·A 
Date Sampled •••••• : 01/14/98 
Time SlIq)led •••••• : 16:15 
SlIq)le Matrix ••••• : Water 

SW·846 6010B Iron (Fe), Total 

SW·846 6010B Manganese (Mn), Total 

SW·846 6010B Sodium (Na), Total 

lAB 0 RAT 0 R Y 

SW·846 3015 d Digestion, Total Metals 

T EST 

Page 3 

CORE LABORATORIES 

RES U l T S 

<0.05 

103 

Date: 01128/98 

laboratory Sample 10: 980220·2 
Date Received ••••••• : 01/20/98 
Time Received ••••••• : 08:00 

0.05 Jllg/l 

mall 

~ ~ .. _._ '.~" ," . '-':'_.~\' ," ." ..... '1:' -:-1'0 ~. J'" ,.~. ,-g •• ~ ... u. ",~.".-."""'.':::-" ~=-; .", ~·=t .. · ~:~I' .-. -. ~" 



Job Number: 980220 

Customer Sample 10: SO.R.01-A 
Date Sampled •.•.•• : 01/14/98 
Time Sampled ••.•.• : 17:00 
Sample Matrix ••••• : ~ater 

LAB 0 RAT 0 R Y 

'. ,< ..... ~'"/~~!>':". 
s~-846 6010B Iron (Fe), Total 

s~-846 60108 

s~-846 6010B Sodium (Na), Total 

~-846 3015 !Acid Digestion, Total Metals 

T EST 

./ 
".?i 
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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 

DATi;' ., 
2 '.'" 

0.05 mg/L 01/27/98 

0.05 mg/L 01/27/98 

1 mg/L 01/27/98 

01/21/98 

If::" 
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 

SW-846 6010B Manganese (Mn), Total 

SW-846 6D10B Sodium (Na), Total 

LAB 0 RAT 0 R Y 

SW-846 3015 Acid Digestion, Total Metals 

T EST 

Page 5 

CORE LABORATORIES 

RES U L T S 

<0.05 

255 

Complete 

Date: 01128/98 

Laboratory Sample ID: 980220-4 
Date Received ••••••• : 01/20/98 
Time Received •• _ •••• : 08:00 

0.05 

5 

mall 

mall 



Job Number: 980220 

Customer Sample ID: SD.R.03-A 
Date Sampled •••••• : 01/14/98 
Time Sampled •••••• : 18:30 
Sample Matrix ••••• : Water 

•••••••••••••••••••• •••• 

SW-B46 6010B Iron (Fe), Total 

SW-B46 6010B Manganese (Mn), Total 

SW·B46 60108 Sodium (Na), Total 

lAB 0 RAT 0 R Y 

IPH""·········· ..:. : ..... . 

SW-B46 3015 Acid Digestion, Total Metals 

T EST 

CORE LABORATORIES 

RES U l T S 
Date: 01/28/98 

laboratory Sample ID: 980220·5 
Date Received ••••••• : 01/20/98 
Time Received •••.••• : 08:00 

,. 1& ..• •....... ..\ .......•.......••...•. · ••• ~t6tti &;..... . ..... . 

Page 6 

0.16 0.05 mall 

<0.05 

500 

C~lete 

0.05 

10 

mall 

mall 

01/27/981gCC 

01/27/981gCC 

01/27/98 gcc 

01/21198 ah 



CORE LABORATORIES 

L A 8 0 RAT 0 R Y T EST RES U L T S 
Job Number: 980220 Date: 01128/98 

.... c:usi~~:9~~yOf Laredo ... ilL .. .............. ) ......... ... .. PROJECT:LAREOO.ASROEl·MAR,> < •..• .. ...... ···~T!~:).clri~l1~on1:einayor:..<· 

Customer Sample [0: CY1.[.01-A 
Date Sampled •..••. : 01/15/98 
Time Sampled ..•... : 13:45 
Sample Matrix ..••• : Water 

SW-846 60108 [ron (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 [0: 980220-6 
Date Received ••••..• : 01/20/98 
Time Received •• _ ••• _: 08:00 

0.05 

0.05 

mg/L 

mg/L 

mg/L 

01/27/98 gcc 

01127/98 gcc 

01/27198 ge, 

01/21/98 ah 



Job Number: 980220 

Customer Sample 10: CY'.I.D2-A 
Date Sampled •••••• : 0'/'7/98 
Time Sampled .•.••• : '0:45 
Sample Matrix ••.•. : Water 

SW-846 60'08 Iron (Fe), Total 

SW-846 60'08 Manganese (Mn), Total 

SW-846 60'08 Sodium (Na), Total 

L A 8 0 RAT 0 R Y 

SW-846 30'5 Acid Digestion, Total Metals 

T EST 

Page 8 

CORE LABORATORIES 

RESULTS 

<0.05 

<0.05 

'06 

Complete 

Date: 01/28/98 

Laboratory Sample 10: 980220-7 
Date Received •••••.• : 0'/20/98 
Time Received ••••••• : 08:00 

0.05 

0.05 

mg/L 

mg/L 

mg/L 

01/27/98 gee 

0'/27/98 gee 

0'/27/98 gec 

0'/21/98 ah 



CORE LABORATORIES 

lAB 0 RAT 0 R Y T EST RES 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 6010B Iron (Fe), Total 

SW·846 6010B Manganese (Mn), Total 

SW·846 6010B 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 

mall 

mg/l 

01/27/98 ge: 

01/27198 ge; 

mall 01/27/98 ge 

01/21198 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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MINERALOGY 
INCORPORATED 

---- 3228 East 15th Street /Tulsa, Oklahoma 74104-5252/(918) 744-8284/ 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 ifwe can be offurther 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. 



~-.. ' 

r- ~ 

; .. 
,.,' 

:- : 

SUMMARY 

The three cores analyzed from the TW-2A well display striking similarities with one another with respect 
to mineralogy, te>..'1Ure 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 posSlbility of limited 
amounts of bioturbation. Helium porosity values range between 30.2 - 32.10/0, 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 mechanjcal 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 mjnjmal. 
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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"10) and feldspar (plagioclase [1-2%] and k-fe1dspar [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 illiteImica (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. 

TABLEIL 
ROUTINE CORE ANALYSIS 

(Helium Porosity, Air Permeobility & Grain Density) 

The results of the routine core analysis test suite are provided on Table IT. One inch diameter core plugs 
drilled from the core intervals displayed comparable values ofhelium porosity (30.2 - 32.1%), horizoDtal 
permeability (631 - 809 00) and grain density (2.63 glee). 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 horizoDtal 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 00). Vertical 
permeability values for core C-2 (292.5 ft.; 729 md.) and core C-7 (401.3 ft.; 749 00) were only sligbtly 
lower than the measured values for horizontal flow within these sandstone intervals, reflecting excellent 
inter~nnectivity of the pore network oriented perpendicular to the bedding planes. 

TABLEm. 
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 meqJlOOg 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/l00g), 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 W AND 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 glee; see Table ll). 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 IDOnOCIystalline 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 wealdy 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% of the 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 7). 

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 of pseudo matrix (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 
/ 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 fiIce" 
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 114 - 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. 



Table I-XRD 

TABLE I. 
X-RAY DIFFRACTION MINERALOGICAL ANALYSIS 

· ~ 
f-"I CH2M Hill, Inc. 
· , 

Laredo ASR; 7W-2A ~ i 

~----; Project No.: 118069 
-\-. .; 

Mineralogy, Inc. Job No.: 97-288 

" :; ~ 

U Core No. C-2 C-3 C-7 
Depth (ft.) . 292.5 330.65 401.3 

f:a; 
'. : 

;,,- ~ MINERAL CONSTITUENTS RELA TIVE ABUNDANCE fOAl 

H 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 w 

,.-; Kaolinite trc trc trc 
: : · . 
":.,.i 

Chlorite 2 2 2 

U ~ , 
Illite/Mica trc trc 1 ,:.-. 

n Mixed-Layer Illite/Smectite 7 7 6 

u 
% II/ite Layers in M.LlllitelSmectite 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 # / DEPTH (ttl (md) (md) (%) (alec) 

C-2 I 292.5 761 729 30.2 2.63 

C-3 I 330.65 631 207 32.1 2.63 

C-7/401.3 809 749 30.4 2.63 
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Table 111- CEC 

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 # / DEPTH (ft.) (meq/100q) (meg/100q) (meq/100q) (meqltOOq) (meql100q) (meg/100W (meg/100q) 

C-2 I 292.5 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 0.01 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., Soli Science Society of America, Inc., page 160. 

" PQL = Practical Quant/tatlon Limit 

PQL" 
(meq/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 # / DEPTH (ft.) (glee) 

C-21 292.5 2.53 

C-3 I 330.65 2.49 

C-7 I 401.3 2.51 



TableV-AR 

TABLE V. 
ACID INSOLUBLE RESIDUE ANALYSIS 

CH2M Hi/If 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'lON PETROGRAPHY, 

SCANNING ELECTRON MICROSCOPY 
and 

LASER PARTICLE SIZE ANALYSIS RESULTS 
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cn2M lIill. Inc. 
Laredo ASR; TW-2A 

Project # If 8fJ69 Core C-2 

MACROSCOPIC CORE DESCRIPTION 

CH2M mu, 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 smaIl volumes of intergranular clay and cement constituents. 



PETROGRAPmC ANALYSIS 
CLIENT: CH2M Hill, Inc. 
PROJECI' IDENTIF1CATION I WELL: Laredo ASR -lW-2A; #118069 
CORE NO.1 DEPTH (ft.): #C-2 / 292.5 ft. 
MINERALOGY, INC. JOB NO: 97-288-01 

UTHOLOGY: Porous, G1oMconitit; SublitJuzrenitic Sandstone 

CLASTIC TEXTURE (DUD): Mean = 0.11 Max = 0.68 

PORE DIAMETER (DUD): Mean = 0.035 

HELIUM POROSITY: 30.2" AIR PERMEABILITY (Horlt.): 761 nul. 
FABRIC I TEXTURE: This core sample is comprised of very finc-grained, very well sorted, slightly 
calcareous and glauconite-rich, sublitharcDitic sandstone.. The depositional fabric is mildly compacted 
and displays common poinl-to-point and e10ngatM intergranular contacts. Pseudomatrix is locally present 
due to the comp~on 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:: 

QIUl1't%; Monocrystalline quartz and minor po1ycrystalline 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-feJ.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 gr01!ndmass 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 netwOIk as 
patehes 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 =em 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 iUite/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 intergranular =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 RFs. Secondary void space is visually estimatc:d to 3CCOUDt 
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 pseudomaO'ix. 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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FlgUre 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 l.25"=2.0mm 

CHlM 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 intragranular dissolution porosity and the grain-coating chlorite in the extreme lower-right of this 
field of view. 100X crossed nicols 1"=O.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 bigh magnification SEM views illustratiDg a CODCeDtnIIion of pseudomatrix derived from a 
squashed glauconite pcllct (c:cntcr; Flg1IIe A &: Figure B). Note the patch ofpore-filling carboDatc cement 
(upper left; Figure A) and the mic:roaystallin CIUSt of matrix coating several of the grain SUIfaces 
throughout Figure A (c.g., center and upper-right). Figure B provides a detailed view of the deformed 
glauconite pcllct, revealing a camp..man dominated by matted laths of mixed-layer illitclsmectite The 
inttagranular void at the center of Figure B contains a few te1atively large, pscudo-hexagooal clay 
platclcts which are tentatively identified as kaolinite. 

C&D 

This sand samplc is cb.aractcrized by an abundance of intergranuIar 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 visiblc on tile detrital grain in the lower right quadmnt of Figure D. Note the 
unattached clusters off matrix (illite?) occupying the pore in the bottom-cemer ofFigwe D. Unlike the 
grain-coating chlorite which is firmly attached to the grain S!11'fitc:e, these pore-fiJling clay clustc:rs 
(probably derived from a mc:c:banica1ly deformed lithic grain) are relatively mobilc and are prone to 
"bmsh-pilc" within the intergranular pore throats. thus redncing the pcnncability. 
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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 0.1nO 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.BO 
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.BO 
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 3040 
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 O.BO 
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 

1 Clay Content 
% Clay 

0.00 
2.50 

34.70 
47.70 
84.90 

9.10 
1.40 
1.00 
1.00 

12.50 

2.601 
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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 :"330,95jt -

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 I WELL: LarcdoASR- TW-2A; #118069 
CORE NO.1 DEPTH (ft.): #C-3 I 330. 65ft. 

MINERALOGY, INC. JOB NO: 97-288-02 

LITHOLOGY: Porous, Glauconitk, 81lblitluzrenitic Sandstone 

CLASTIC TEXTURE (mm): Mean = 0.09 Max = 0.34 

PORE DIAMETER (mm): Mean = 0.025 

HELIUM POROSITY: 321% AIR PERMEABILITY (Hom): 631 md. 
FABRIC I TEXTURE: This core sample is comprised ofvery:fine..graiDed, very Well sorted, slightly 
calcaIeous and glauconite-rich, sublitharenitic sandstone The 13bric: oontains a few leoscs and lamina of 
detrital-clay-rich sand, oriented panlle1 to the bedding plaDe of the sandstone. The lamina lack continuity 
across the thin section, and tdlect episodes of depositional quiescence which were chaIac:terized by the 
patchy amnnnlatiODlinfiltration of suspended serljrnent within the sandstone fabriC. The detrital clay-rich 
leoscs have contributed to a sharp drop in the vertical permeability (207 mci), re1ative to the horizontal 
permeability (631 mci) 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 due to TTIl':C:hanjcal compaction. Pseudomatrix is locally present due to the compression 
and injection of clay derived from glauconite pellets and matrix-rich SRF' 5 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: 

QlIartr. Monoc:rysta1line quartz and minor polycrysta1line quartz varieties. 
Glmu:onite; Locally ddormed due to compaction - c:omprised oflight 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, 
ilmenitellcucoxene and epidote arc present as accessory constituents. 
MATRIX I CEMENTS: Traces of carbonate =em 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 =em 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 mLxed­
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 partia1 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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FlgUre 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. 100X uncrossed nicols 1"=O.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 wdl sorted, subljtbarenitic 
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 mattix-rich lithic 
fragment (possibly multiple glauconite pellets and/or mudstone clasts). Figure B provides a detailed view 
of the mattix 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 ofvermicnlar (authigenic) kaolinite (top­
center, Figure B). 

C&D 

The cluster of pore-filling mattix at the center of Figure C represents pseudomattix derived from a 
quashed glauconite pellet Note the lamjnated, clay-rich lithic fragment (shale) in the upper-right 
quadrant of Figure C and the aggressively leached feldspar (1) grain in the lower-right comer of this 
photomicrograph. Figure D provides a delailed view of the microc:rystalline clay within the glauconitic 
pscudomattix visible at the center of Figure C. The clay is comprised of mixed-layer illitclsmectite and 
chlorite. Note the abundance of intcraystalline microporosity associated with this cluster of matrix 
material. 
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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 

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 
0.1nO 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 88.70 
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 (mm) 
Mean (First Moment) 0.0684 
Std. Oev.(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 
SO.9O 
71.80 

18.00 
2.60 
2.00 
1.80 

24.40 

3.aol 



C-3; 330.65 ft.; 97-288-02 
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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. 



PETROGRAPmC ANALYSIS 
CLIENT I PROJECT IDENTIFlCATION: CH2M Hill, Inc-I Laredo ASR -TW-~ #118069 
CORE NO.1 DEPTH (ft.): #C-7 / 401.3 ft 
MINERALOGY, INC. JOB NO: 97-288-03 

LITHOLOGY: Porous, Glauconitic, SIIblitIuIrmiti Sandstone 

CLASTIC TEXTURE (mm): Mean = 0.105 Max = 0.47 

PORE DIAMETER (mm): Mean = 0.030 

HELIUM POROSITY: 30.4% AIR PERMEABD..ITY (Horlr..): 809 nuL 
FABRIC I TEXTURE: This core sample is comprised of very fiDe..gIaiDed. very well sorted, slightly 
dolomitic and glaucoDite-rich, sublithaIenitic sandstone The 1IIbdc contains a few scattered lobes aDd 
lenses of organic-matter and detrital clay-rich sand, suggestiw 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 pole 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: 

Quart:; MooocIystaIline quartz and minor polycrysta11ine quartZ varieties. 
Glmu:oniU; Locally deformed due to compaction - comprised of light to dark greeIl-allored, 
microc:rystalline clay matrix mineIals (chiefly mixed-layer il1ite/smectite, illite and chlorite). 
Sdimentary Rock Fragments (SRI'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 RocJc 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), metamorphic 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 mL"(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' 5. 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 FUl, Inc. 
Laredo ASR; TW-2A; Project No.: 118069 

Core No.: C-7; 401.3 ft. 

MiDeraiogy, 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 detrital 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-ceIlter), a pore-tilling concentration of dolomite cement (upper-left) and weakly 
developed rims of quartz overgrowth cement (e.g., lower-right and right-center). Figure D 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.'( visible on the grain SUIface 
adjoining this pore (e.g., left-ccnter). 



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 Jrzll. 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 nieols 
1"=O.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; lW-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. Oev. (Second Moment 0.6119 

Sand Contents 
% Coarse 0.00 
% Medium 1.80 
% Fine 32.70 
% Very Fine 47.20 
% Total Sand 81.70 

Silt Contents 
% 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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Attachment H-l 
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 TIMEITOTAL 
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) (seelL) 
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 mgIL 

TSS= 0.74 mg/L 

Page 1 

150 

14' 

~130 
~ 
.2 12' 
~ 
.. 11 a 
1100 

1= 

98 

97 

98 

95 

94 

93 

92 

91 

90 

B' 

o 

-~ 
o 

0.1 Mar 
TSST •• t 

.. !.--' 

•• 
• 

!--

............-
2 

2 3 

4 8 8 

Toiol Vol ..... (LI 

4 

• Series1 

-Linear (Series1) 

,. 

• 

10 



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 

TIMEITOTAL 
VOLUME VOLUME 
(L) (seeIL) 

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 fllters lost 0.0053g. 
If downstream fllter gained wt, then add that wt gain to the top fllter. 
Calculate total volume only up to pOint where fllter breaks (If applicable) 

TSS = (ending wt· (starting wt • 0.0053»/Vol (L) x 1000 mgIL 

TSS= 0.6 mglL 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 FILTERSTARTWT: 
DEL MAR SITE FILTER END WT: 
TEST 2 
FILTER j# 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 TIMEITOTAL 
VOLUME VOLUME 
(L) (seeIL) 

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 fllters 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 mglL 

TSS= 0.72 mglL 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 
DEL MAR SITE 
TEST 3 
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 TIMEITOTAL 
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· (sterting wt· 0.0053))/Vol (L) x 1000 mglL 

TSS= 0.7 mgIL 
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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 TIMEITOTAL 
CUMULATIVE ELAPSED TIME INTERVAL 
VOULME(ml) 

500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 
5500 

MFI= 
TSS Correction 
Temp Correctiol 
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 mglL 

TSS= 1.42 mglL 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 FILTER START WT: 
EAST CORRIDOR SITE FILTER END WT: 
TEST 1 
FILTER 1145, WT 0.0771 TEMPERATURE: 
Noles: Filler 10m during lesl 

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 

TIMEITOTAL 
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 calculalion assumplions: Based on Del Mar lesl. assume all dawnslream fillers lasl 0.0053g. 
II downslream filler ~ wi, Ihen add Ihal wi gain 10 Ihe lop filter. 
Calculale lalal volume only up 10 poinl where filler breaks (if applicable) 

TSS = (ending wi - (slarting wI- 0.0053»)/vol (L) x 1000 mglL 

TSSz 1.3 mglL 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 FILTER STARTWT: 
EAST CORRIDOR SITE FILTER END WT: 
TEST 2 
FILTER #44, WT 0.0815 TEMPERATURE: 
Notes: Fmer 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 
Temp 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 

TIMEITOTAL 
VOLUME VOLUME 
(L) (seelL) 

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 Imers 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 mgIL 

TSS= 1.12 mgIL 

Page 1 

.~ 

EaBt Corridor MFI Test 2 

90 

!85 
po 
3 
~ 75 

~ 70 
E 
1= 65 

60 

0 2 3 4 5 6 7 

TOIII Volume (LI 



MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11197 FILTER START WT: 
EAST CORRIDOR SITE FILTER END WT: 
TEST 3 
FILTER # 42, WT 0.On3 TEMPERATURE: 
Notes: Filter tom during whole test 

FLOW 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE 
VQULME(ml) TIME (sec) ( •• c) (pal) (mV.ec) 

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 

0.on3 
0.0780 

32C 

TOTAL 

EC3 

TIMEITOTAL 
VOLUME VOLUME 
(L) (aeeIL) 

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: Based on Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream fllter {I!!!!§g wt, then add that wt gain to the top fllter. 
Calcutate total volume only up to point where filter breaks (if applicable) 

TSS = (ending wt· (starting wt • 0.0053))/Vol (L) x 1000 mgIL 

TSS= 0.92 mglL 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 FILTER START WT: 
EAST CORRIDOR SITE FILTER END WT: 
TEST 4 
FilTER # 38. WT o.onl TEMPERATURE: 
Notes: Filter tom towards end of test 

FLOW 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE 
VOULME (ml) TIME (sec) (sec) (psi) (mllsec) 

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 
Temp Correctlor 1.28 
actual MFI = 2.56 

17 
17 
16 
16 
16 
15 
15 
14 
14 
13 
12 
12 
12 

o.oni 
0.0784 

32 C 

TOTAL 

Laredo ASR 

TIMEfTOTAL 
VOLUME VOLUME 
(l) (seell) 

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 mgiL 

TSS= 1.2 mg/L 
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Attachment H-3 
MFI Data-NW Storage Tank 



NW1 

MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 FILTER START WT: 0.07n 
NW STORAGE TANK FILTER END WT: 0.0809 
TEST 1 
FILTER 1/30, WT 0.on7 TEMPERATURE: 30C 
Notes: Filter tom near end of test 

FLOW TIMEITOTAL 
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 calculation assumptions: Based on Del Mar test, assume all downstream IIHers lost 0.0053g. 
II downstream IlIter!lBlD!l! wt, then add that wt gain to the top filter. 
Calculate total volume only up to point where Iilter breaks (ij applicable) 

TSS = (ending wt· (starting wt· 0.0053»1V01 (L) x 1000 mg/L 

TSS= 0.94 mgIL 

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 

7111/97 
NW STORAGE TANK 
TEST 2 
FILTER 1136, WT 0.0816 
Notes: Filter tom near end of 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) (mllsec) 

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 TIMEfTOTAL 
VOLUME VOLUME 
(L) (seeIL) 

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 lesl, assume all downstream fillers lost 0.0053g. 
If downstream filter lIIi!m!! wt, then add that wt gain to the top filter. 
Calculate total volume only up to poinl where filter breaks (if applicable) 

TSS = (ending wt· (starting wt· O.oo53»)/vol (L) x 1000 mglL 

TSS= 1.03 mgIL 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 FILTER START WT: 
NW STORAGE TANK FILTER END WT: 
TEST 3 
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) (mUsec) 

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 TIMEITOTAL 
VOLUME VOLUME 
(L) (seelL) 

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 wi, then add that WI gain to the top fitter. 

NW3 

Calculate total volume only up to point where filter breaks (if applicable) 

TSS a (ending WI - (starting WI - 0.0053»)lvol (L) x 1000 mgIL 

TSS= 1.01 mgIL 

Page 1 

95 

~90 
w 65 
::Ii 
:> 
6 80 
> 

i :: 
:Ii 
1= 65 

60 
o 

-
• 

6g 

6g 
sg 

69 
sg 

sa 
66 

sa 

2 

NW STORAGE TANK 
TEST 3 

• 
• -

.. 

• 

--

3 4 6 6 7 

TOTAL VOLUME (1.) 

2 3 

• Serie.' 

-Unear 
(Sorto.l) 

.' 

! 

• I 

I 

! 

I 

I 

I 
6 9 

Nwmfi.xls 



NWTSS 

TOTAl SUSPENDED SOLIDS AND MODIFIED FOULING INDEX SPREADSHEET 
LAREDO ASR (OS) FILTER END WT: o.om 

7/11/97 (US) FILTER END WT: 0.0790 
NW STORAGE TANK 
TEST 1 TEMPERATURE: 30 C 
FILTER' 32 (US) AND 25 (OS), STARTING WT 0.0771; 
Notes: Filter tom near end of test 

FLOW TOTAL TlMEITOTAL 
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 Correctiol 
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 Del Mar test, assume all downstream filters lost 0.0053g. 
If downstream filter 9!!!!!!1 WI, then add that WI gain to the top filter. 
Calculate total volume only up to point where filter breaks (il applicable) 

TSS = (ending WI· (starting WI· 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 *40 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 TIMEITOTAL 
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 

MFla 5.12 
TSS correction x 0.741 
Temp Correctiol 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 wi, then add that WI gain to the upstream Iilter ending WI 
Calculate total volume only up to point where filter breaks (il applicable) 

TSS = (ending wi - (starting WI - O.oo53»)lvol (L) x 1000 mgiL 

TSS. 1.36 mglL 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 
JEFFERSON WATER TREATMENT PLANT (JWTP) 
TEST 1 
FILTER /I 50, WT 0.0650 

FILTER START WT: 
FILTER END WT: 

TEMPERATURE: 30C 

Noles: fiHer nol prope~y seated In O-~ng, flow bypassing filter at some point In time 

0.085 
0.0853 

FLOW TOTAL TlMEITOTAL 
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) (oeelL) 

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 
Temp 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 liHers 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 - (starling wi - 0.0053»/Vol (L) x 1000 mgIL 

TSS; 1.4 mgIL 

Page 1 

85 

~ 80 

! 75 

~ 70 ... 
i! 65 

La 
! 55 

50 

<>~ <>"i> <>" 

Jefferson Water Treatment Plant 
MFI T •• t 1 

<>' " ,,~ ,,' ",'" ",' 
TOTAL VOLUMe ILl 

'l> 
'l>' 

~ 



MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7/11/97 
JEFFERSON WATER TREATMENT PLANT (JWTP) 
TEST 2 
FILTER # 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 TIMEITOTAL 
CUMULATIVE ELAPSED INTERVAL PRESSURE RATE VOLUME VOLUME 
VOULME (ml) TIME (sec) (sec) (psI) (mllsec) (L) (seeIL) 

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 fllter 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.OO53»/Yol (L) x 1000 mg/L 

TSS= 2.2 mglL 
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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) 
TEST 3 TEMPERATURE: 30 C 
FILTER II 46, WT 0.0772 
Noles: 

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= 
Temp Correction 
aclual MFI = 

1.57 
1.25 
1.96 
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TSS calculation assumptions: Based on Del Mar test, assume all downstream filters lost 0.00539. 
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.OO53))/Vol (L) x 1000 mglL 

TSS= 0.76 
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MODIFIED FOULING INDEX SPREADSHEET 
LAREDOASR 

7111/97 
JEFFERSON WATER TREATMENT PLANT (JWTP) 
TEST 3 
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 
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TIMEITOTAL 
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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 mgt In mgIL 

TSS= 1.01 mgIL 

Page 1 

~ 
• E 
~ 

0 
> 
ii 
0 

1 
t= 

81 

81 

80 

80 

79 

79 

78 

78 

n 
n 
78 

Jefferson Water Treatment Plant 
MFI Test 3 
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