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 INTRODUCTION 1.0

This Geophysical and Downhole Camera Investigation Report for the Melrose Air Force Range 

(AFR) was prepared by Trinity Analysis & Development Corp. (Trinity) on behalf of the Cannon 

Air Force Base (AFB) 27th Special Operations Wing (SOW) and Air Force Special Operations 

Command (AFSOC).  Trinity performed this work under contract to the United States (US) 

Army Corps of Engineers (USACE), Albuquerque District, Contract W912PP-13-C-0033, Task 

Order 001.   

The purpose of the investigation is to verify construction details of monitoring wells utilized in 

the range’s long-term groundwater monitoring network, particularly those details related to 

screen intervals and targeted strata.  The investigation was conducted at the request of the New 

Mexico Environmental Department (NMED) as it seeks assurance that the monitoring program 

tests groundwater from appropriate aquifers or aquifer zones.  This report, intended for 

submission to NMED, describes investigative activities and present findings from the 

investigative effort.  

 Background 1.1

The long-term groundwater monitoring network at Melrose AFR (the Range) consists of 

seventeen wells (Figure 1 and Figure 2).  Nine wells are installed around three solid waste 

management units, one well is at the explosive ordnance disposal pit, and seven wells are 

scattered about the range.  Four other identified solid waste management units do not have 

dedicated monitoring wells.  The target aquifer for monitoring purposes at the Range is the 

Southern High Plains Aquifer, informally referred to as the Ogallala Aquifer.  The aquifer 

extends from land surface to as much as 175 feet below land surface (bls) at the Range.  It is 

unconfined and characteristically thinly saturated.  In portions of the Range, particularly to the 

southwest, the aquifer is dry or nearly so, having as little as a few feet of water remaining only in 

isolated channels.  Because of the unavailability of drilling records (boring logs and construction 

details) for many of the wells, there was uncertainty as to whether the wells targeted the 

Southern High Plains Aquifer or locally ‘productive’ sediment within the underlying Chinle 

Formation, which provides regional confinement at the base of the Southern High Plains 

Aquifer.  Additionally, without these well records, NMED could not validate the use of proper 
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sampling SOPs, i.e., that groundwater samples were being collected from pumps set in the 

screened intervals. 

Trinity addressed these data gaps by running a downhole video camera and geophysical logs  

(natural gamma and induction resistivity) on the wells, an effort timed to coincide with the 

Range’s recurring fall semiannual sampling event (Fall 2013).  This field data was used in 

concert with section descriptions from other drilling efforts done at the Range to demonstrate the 

position of each well’s screen in relation to the contact between the Southern High Plains 

Aquifer and the Chinle Formation. 

 Geologic / Hydrogeologic Setting 1.2

The ensuing discussion is not intended as a comprehensive presentation of 

geologic/hydrogeologic conditions at Melrose AFB and vicinity.  Rather, it is a brief orientation 

intended to relate this unique setting to the task at hand. 

The section of interest beneath the Range extends to some 200 feet bls and includes, in 

descending order, the Blackwater Draw, Ogallala, and Chinle formations.  The Blackwater Draw 

and Ogallala formations are entirely within this upper 200 feet of section.  The Chinle Formation 

continues to greater depths; only its uppermost sediments are relevant to the current 

investigation.  These units and their hydrogeologic equivalents to these units are shown below.  

Lithostratigraphic Unit Hydrostratigraphic Unit 

Blackwater Draw Formation  
Southern High Plains Aquifer 

(a.k.a., Ogallala Aquifer) Ogallala Formation 

Chinle Formation Regional confining unit  
(a.k.a., red beds) 

 Regional Notes 1.2.1

The Blackwater Draw Formation is the principal surface deposit in the Southern High Plains of 

eastern New Mexico and northwestern Texas (Holliday, 1989).  It is a relatively thin (typically 

less than 30 feet thick) eolian deposit of sand, silt, and clay that fines from southwest to northeast 

across the region, presumably as a result of downwind sorting.   
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The Ogallala Formation in eastern New Mexico ranges from 30 to 400 feet thick and is largely a 

fluvial and lacustrine deposit (Langman, 2006).  Its sediments were deposited in paleochannels 

incised into the surface of the underlying Chinle Formation, a massive shale unit with 

interbedded sandstone.  Coarser sediments (sand and gravel) were deposited in the channel areas.  

As infilling progressed, sediment-laden streams became less energized, carrying and depositing 

finer sediments.  Infilling of the eroded and uneven contact with the underlying Chinle 

Formation resulted in varying thickness of Ogallala Formation sediments over relatively short 

distances  (Dugan, 1992) while the variable deposition of sediments (coarser materials in 

channels, finer materials in interchannel areas) created discontinuous zones of horizontal 

lithology with highly variable spatial porosity and permeability (Langman, 2004).  The middle 

sections of the Ogallala are characterized by unconsolidated fluvial sands, silts, and clays in a 

fining-upwards sequence, with the upper portion consisting of eolian sands and silts deposited 

over the fluvial sediments and upland areas separating the paleovalleys (Hart, 1985).  Caliche 

(calcium carbonate cemented rock) is a major feature of the Ogallala Formation, occurring in 

discontinuous to nearly continuous layers throughout.  The uppermost caliche, termed the 

“climax caliche” or “caprock,” outcrops around playas and the bounding escarpments of the 

Ogallala Formation. 

The Chinle Formation is roughly contemporaneous with the Dockum Group.  Its red shales and 

interbedded sands give rise to the colloquial reference as “red beds.”  Its low-permeability 

sediments were deposited by low-energy streams in floodplains and deltas.  As alluded above, 

the top of the Chinle Formation is marked by an erosional unconformity with up to several 

hundred feet of relief (Lee Wan and Associates, Inc., 1990).   

The hydrogeologic equivalent to the Blackwater Draw and Ogallala formations is the Southern 

High Plains Aquifer, commonly referred to as the Ogallala Aquifer.  It is eastern New Mexico’s 

primary source of groundwater.  Regional groundwater flow direction of the Southern High 

Plains Aquifer is generally to the east/southeast across eastern New Mexico (Langman, 2006; 

Hart, 1985).  Locally, groundwater flow is influenced by the presence of paleochannels 

containing relatively higher transmissive sediments and the occurrence of springs (Blanford, et 

al., 2003). 
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The occurrence and distribution of groundwater is highly dependent on the geologic structure 

and physiography of the region.  The Southern High Plains Aquifer is recharged primarily 

through precipitation, although recharge rates are very low, estimated at less than one inch per 

year (Langman, 2006) due to the region’s semiarid climate, low annual rainfall (16-18 

inches/year), and high evaporation rate (pan rates are approximately 86 inches/year).  The low 

recharge rate is far exceeded by extraction of groundwater for potable and agricultural purposes, 

resulting in the aquifer being mined.  The phenomenon of groundwater mining has been 

occurring on the Southern High Plains for decades, with wells located near the fringe of the 

aquifer, or at points of relatively higher elevation currently realizing thinning to nonexistent 

saturated thicknesses.  As saturated thickness decreases, the structure of the Ogallala/Chinle 

contact becomes increasingly important with respect to the occurrence and movement of 

groundwater. 

Hydrogeologically, the Chinle Formation provides regional confinement to the Southern High 

Plains Aquifer at its base, generally forming an impermeable aquitard (Fallin, 1989).  

Recoverable water is locally present within more permeable seams, however, production 

potential is very low and the water is typically of lower quality than in the Southern High Plains 

Aquifer above.   

 Conditions at Melrose AFR 1.2.2

The 111-square mile Melrose AFR coincides with gently sloping terrain (1% grade to the 

northeast) that declines in altitude from 4,700 feet msl near its southwest corner (the ‘Mesa’) to 

4,200 feet msl in its extreme northern reaches (Portales Valley).  The 7,775-acre Mesa dominates 

the landscape, rising approximately 200 feet above the surrounding terrain.  It divides the Pecos 

River Basin to the west from the Portales Valley to the east and defines the western boundary of 

the Southern High Plains Aquifer.  Between the Mesa and the Portales Valley, the terrain is 

described as a dry, open plain with the major features being arroyos that drain northeasterly 

toward the valley.  

The USGS (Langman 2004) indicates the Blackwater Draw Formation at the Range to occur 

primarily as sand beds and dunes in the northern part of the range at lower altitudes associated 

with the Portales Valley.  Where present, the unit is indicated to be thin, less than 30 feet thick. 
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The Ogallala Formation outcrops across most of the Range, with exceptions in the far north 

where the Blackwater Draw Formation covers it and in the extreme southwest where Langman 

(2004) depicts the Ogallala to be eroded, thus exposing the Chinle Formation.  The thickness of 

the Ogallala Formation is indicated by Langman to vary from approximately 90 to 165 feet thick. 

The top of the Chinle Formation is generally mapped (50-foot contours) at the Range by the 

USGS as declining uniformly from greater than 4,400 feet msl in the southwestern part of the 

Range to approximately 4,100 feet msl in the northern part beneath the Portales Valley 

(Langman, 2004).  Local structure is not identified in the mapping effort. 

Using data from 1978, Hart (1985) estimated the depth to groundwater to be about 100 feet bls 

throughout the Range.  In 1987 and 1992, the USGS measured depth to water ranging from about 

40 to 125 feet bls across the Range.  In 2000, water levels measured in the center of the Range by 

a private contractor ranged from 50 to 150 feet bls (Langman, 2004).  In 2013, Trinity measured 

water levels in wells across the Range, finding groundwater at depths of 40 to 150 feet bls.   

The USGS (Langman, 2004) developed a generalized groundwater flow map for the Range by 

contouring (50-foot intervals) the median altitude of the water table in 2002-03.  The flow map 

indicates groundwater movement from southwest to northeast across the Range before turning 

southeasterly in the Portales Valley to follow the Southern High Plain’s regionally mapped flow 

direction.  It would appear that a number of the wells (MWL-10, -11, & -12; MWQ-12, -13, -14, 

-15, -16, & -17) used to prepare the flow map in the USGS study actually targeted Chinle 

sediments, penetrating that unit anywhere from 25 to 100 feet. 

Extrapolating from the USGS’s top of the Chinle Formation map (Langman, 2004), saturated 

aquifer thickness varies from as little as about five feet in the southwestern part of the Range to 

65 feet in the northern part.  From Trinity’s current investigation, as will be discussed later, only 

three wells (MWQ-18, -21, & -24) are indicated to target the Southern High Plains Aquifer.  

Water levels from these wells suggest saturated aquifer thicknesses of 36, 63, and 28 feet, 

respectively.  As would be anticipated, greater saturated thickness is indicated closer to the 

valley.  In his mapping of the Southern High Plains Aquifer, Hart (1985) concluded that the 

southern and western portions of the Range were unsaturated, or saturated only in isolated 

channels and that the only the northern portions of the Range were aerially saturated. 
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 INVESTIGATIVE ACTIVITIES 2.0

Trinity examined well screen targets and intervals by conducting the following activities: 

• Records and databases were searched for information relevant to the nature of the 

Ogallala/Chinle contact at the Range; 

• Geophysical logs (natural gamma ray and induction resistivity) were run through wells to 

profile their sections and help identify the Ogallala/Chinle contact; 

• Downhole video camera runs were made on the wells to identify screened intervals. 

 Records Search 2.1

Four documents were located that contain information related to the contact between the 

Ogallala and Chinle formations at the Melrose AFR.  Information was gleaned from these reports 

and utilized in conjunction with the geophysical logging and downhole camera work to identify 

screen targets and intervals.  The reports are listed below.  For convenient reference, electronic 

copies are provided in Appendix A.  

• Phase I RCRA Facility Investigation for Melrose Air Force Range, Cannon Air Force 

Base, Clovis, New Mexico (Foster Wheeler, 1996); 

• Ground-water hydrology and water quality of the Southern High Plains aquifer, Melrose 

Air Force Range, Cannon Air Force Base, Curry and Roosevelt Counties, New Mexico, 

2002-03: U.S. Geological Survey Scientific Investigations Report 2004-5158 (Langman, 

2004); 

• Exploratory Well Development, Design Recommendations, and Water Resources 

Availability Report for the Melrose Bombing Range Supply Well, December 28, 2012 

(Maverick Drilling, Inc., 2012); 

• Background Well MWQ-24 Installation Report, Melrose Air Force Range, Roosevelt and 

Curry Counties, New Mexico (Trinity Analysis & Development Corp., 2013) 

 Geophysical Logging 2.2

Natural gamma ray and induction resistivity logs were selected for use because of their ability to 

provide ‘through-casing’ measurements of various physical properties of the sediments 

penetrated by the wells.  
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 Natural Gamma Ray 2.2.1

The natural gamma ray log is the most widely used nuclear log in groundwater applications.  The 

log provides a vertical profile or record of gamma radiation emitted by unstable elements in the 

formation.  In most sedimentary environments, the radiation measured by the probe comes 

primarily from potassium-40 and daughter products of the uranium and thorium decay series.  Of 

these three nuclides, potassium-40 originating from clay minerals such as illite (mica) and 

montmorillonite, is usually the major contributor of gamma radiation.  As the logging probe is 

cycled in or out of the well, its scintillation detector receives gamma radiation emanating from 

the formation opposite the probe.  Approximately 90% of the radiation measured by the probe 

originates within the first 6-12 inches of the formation being investigated.  The scintillation 

detector uses a crystal that emits light when struck by gamma rays, which is then amplified and 

converted to an electrical signal by a photomultiplying tube.  The electrical signal is then 

processed into a numerical value (counts per second) that is recorded versus depth. 

The gamma log has many uses in hydrogeology.  The most common uses are lithologic 

identification and stratigraphic correlation, which are particularly relevant to mapping 

groundwater flow regimes and migration of contaminants.  Other uses include qualitative 

identification of relative grain size trends in vertical profile and interpretation of depositional 

environment.  The gamma log is also used for collecting data of a confirming or validating 

nature regarding well construction.  Its ability to read though well casing makes it useful for 

auditing physical descriptions of sediments recorded in boring logs and verifying well screen 

targets.  While the gamma log can be used to calculate clay content in some cases, particularly 

where enough laboratory data has been collected to support an empirical relationship, it is most 

commonly used as a qualitative indicator of sand and clay.   

Various rock types and sediments can be characterized by their gamma intensity, but the ranges 

of intensities are variable and often common to several materials, hence some background 

knowledge of local geology is needed to correctly interpret the gamma log.  Extraneous effects 

that can complicate gamma log interpretation also need to be considered when viewing the logs.  
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Some examples include:  tool position in the well (centralized versus eccentralized1), particularly 

in larger diameter wells (>8-inch diameter); borehole diameter has an effect on measured 

radiation, as do washouts and oversized filter-packs (the farther the formation is from the probe, 

the fewer counts/second received at the detector); a logging speed that outpaces the tool’s 

sampling capability will skew the log’s output; well construction materials can affect the gamma 

intensity measured by the probe, either increasing the counts/second because of radioactive 

minerals used in well construction materials (e.g., bentonite in some instances) or dampening of 

tool response with the use of steel casing versus PVC casing.  The most accurate interpretation of 

the gamma log is made when these details are considered and the log is supplemented with other 

geophysical logs and drilling reports.  Field conditions encountered during this investigation, 

such as  small diameter wells, presumed small borehole diameter (based on well diameter), 

appropriate filter packs (based on available data), slow logging speed, and PVC casing for all 

wells allowed for reliable and accurate interpretation of the gamma log. 

 Induction Resistivity 2.2.2

Electromagnetic induction resistivity logs are commonly used in PVC-cased boreholes since 

their operation does not require contact with the formation or the presence of a conductive fluid 

in the borehole, such as bentonite drilling mud.  The tool measures the electrical conductivity of 

the formation. 

The induction probe relies on two coils, one to transmit alternating current into the surrounding 

formation and a second to receive the return signal.  As the probe passes through the well, the 

transmitted alternating current induces eddy currents in the formation that form a secondary 

magnetic field that in turn induces a voltage in the receiving coil.  The received signal is 

amplified, converted to direct current, and transmitted up the cable to the logger, where it is 

manipulated to provide a record of conductivity (or its inverse, resistivity, if desired). 

The electrical conductivity of a porous formation is a function of the combined electrical 

conductivity of the matrix material and the pore fluid.  The conductivity plotted on the log is the 

                                                 

 

1 Eccentralize: To push a logging tool from the center of the borehole to the borehole wall. 
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average conductivity of a constantly varying volume of material surrounding the probe.  The 

volume of investigation depends partly on the nature of the formation material being 

investigated, but mostly on coil spacing, which varies between different manufacturers.  Most 

induction probes investigate a sphere less than about 60 inches in diameter and are designed to 

be relatively insensitive to materials within a few inches of the sonde or probe axis. 

Induction logging provides hydrogeologists with a mechanism for making resistivity 

measurements in wells where this information was not collected during drilling.  Since formation 

resistivity is affected by the porosity, permeability, and clay content of the formation and by the 

dissolved solids concentration of the water within the formation, its potential applications in 

studies of freshwater aquifers such as the Southern High Plains Aquifer would be expected to be 

numerous.  In practice, however, its application is limited because the tool is most responsive to 

small changes in resistivity in low-resistivity environments.  Best results are achieved in 

formations with resistivities less than about 200 ohm-m.  Bulk resistivity in most freshwater 

aquifers is routinely higher than that.  Despite this limitation, the tool can still produce important 

subsurface information, particularly when paired with the natural gamma log.  Some of the more 

common uses of the induction resistivity include locating freshwater/saltwater interfaces, 

saltwater intrusion monitoring, delineation of bed boundaries, water quality mapping 

(quantitative delineation is possible using empirical relationships established with sufficient 

laboratory data), and tracking of both conductive and non-conductive contaminant plumes. 

The general concept for interpretation of the induction resistivity log in unconsolidated, granular 

freshwater aquifers is that lower conductivities are usually associated with clean quartz sands 

and gravels saturated with low-TDS water, while higher conductivities occur in finer-grained, 

clayey sediment.  The conductivity recorded on the log is an apparent conductivity measurement 

or bulk measurement that includes the effect of all materials in the electrical path between 

transmitter and receiver.  Accurate interpretation of the conductivity log requires that extraneous 

effects be considered.  Anything that affects water chemistry around the well can have effect on 

the conductivity measurement.  Introduction of foreign fluids to the formation such as invasion 

of drilling fluids during well drilling and impacted groundwater from contaminated sites can 

have effect.  Other common influences include the degree of saturation in the formation’s pore 
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space, bed thickness, and presence of conductive objects used in well construction (such as well 

centralizers).   

 Logging Equipment, Procedure, and Quality Control 2.2.3

Geophysical logging was performed by Trinity staff experienced with the equipment and probes 

utilized during the investigation.  Logging was accomplished with digital wire-line equipment 

manufactured by Mount Sopris Instrument Co., Inc. of Golden, Colorado.  The logging probes 

(2PGA-1000 natural gamma and 2PIA-1000 induction resistivity) were connected to a Mini 

Winch 200 with ⅛-inch single-conductor cable used to transmit log data to a 5MXA-1000 log 

acquisition console for processing (MS-Log log acquisition software).  The logger was operated 

with a Windows©-based PC and the entire system was powered with a truck battery. 

Details on the 2PGA-1000 gamma probe are summarized in the accompanying table.  

 

Details on the 2PIA-1000 induction probe are summarized in the accompanying table.  The coil 

array on the induction probe is designed to be insensitive to materials at a radial distance of less 

than about four inches from the sonde.  Vertical resolution of the tool is approximately two feet.  

The volume of investigation is similar to that of a 16-inch normal resistivity probe. 

Length 79.5 cm (31.3")
Diameter 41 mm (1.63")
Weight 3.2 kg (7 lbs)
Pressure Rating 13,790 kPa (2000 psi)
Operating Temperature 10 - 70°C (14 - 120°F)
Sensor (Detector) Na(tl) scintillation 22.2 mm dia. x 76.2 mm long (0.875 x 3")

0 - 100,000 CPS gamma
± 1,500 mV SP
1 - 500 Ohms SPR

Accuracy ± 1% of full scale
Resolution 0.02% of full scale
cm: centimeter
mm: millimeter
kg: kilogram
kPA: kilopascal
°C: Celsius
°F: Fahrenheit  

Measurement Range

2PGA-1000 (Natural Gamma, SP, Single Point Resistance)
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Logging proceeded as generally outlined below. 

• Upon arrival at each well site, basic well details were measured and documented: 

- Visible well features were recorded or verified (stickup or flush mount was noted; 

top of casing was measured with respect to ground level; well diameter and casing 

material was noted). 

- Static water level and total depth of the well were measured with an electronic 

water level indicator, which was cleaned on the trip out of well. 

• The gamma probe was connected to the logging unit, centered over the well, and 

referenced to ground surface.  The probe was cycled to the bottom of the well and logger 

total depth (TD) was compared to the physical TD measurement previously recorded.  

The probe was then retrieved from the hole and ‘logged up’ (geophysical data collected 

only while logging up the hole).  Logging speed was 10-15 feet/minute.  The wire-line 

was cleaned as the probe was retrieved from the hole.  After logging, the probe was 

disconnected and similarly cleaned.  

• The induction logging run was similarly conducted, except that a 10-15 minute 

temperature stabilization period was allowed for the tool while at the bottom of the well. 

• Upon completion of logging activities, the well site was cleaned and left secured as 

found. 

Length 158 cm (62.2")
Diameter 39 mm (1.5")
Weight 2.7 kg (6 lbs)
Pressure Rating 10500 kPa (1500 psi, higher pressure housing avail)
Operating Temperature -20 to 50°C (6 - 122°F)
Sensor (Detector) Magnetic-induced electric field coils @ 25 & 50 cm
Measurement Range 0 -10,000 mS/meter
Accuracy 5% of full scale
Resolution 0.02% of full scale
cm: centimeter
mm: millimeter
kg: kilogram
kPA: kilopascal
°C: Celsius
°F: Fahrenheit  
mS/meter: microsiemen per meter

2PIA-1000 Electromagnetic Induction
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Quality control was achieved primarily by following a uniform logging procedure from well to 

well.  Key practices included the use of the same logging equipment and tools throughout the 

logging project, maintaining consistent logging speed (10-15 feet/minute), and maintaining 

consistent logging direction (all wells were logged ‘up’).  Other relevant practices included 

careful positioning of the probes to a consistent reference point (top of ground surface) and 

removing slack from the wire-line cable to measure true TD.  The induction resistivity tool was 

also calibrated at the start of each day of logging (the gamma tool does not require this). 

Depth accuracy was checked using two methods.  Well depths, manually measured using an 

electronic water level indicator, were compared to the well depths recorded by the geophysical 

logger.  Good agreement between the two measurements was generally observed.  However, on 

deep wells, such as MWQ-2 (236 ft), and MWQ-20 (298 ft) it is very difficult to accurately 

determine the total depth of the wells utilizing an electronic water level indicator.  An internal 

check was also made by comparing the logger’s depth display to a mark on the wire-line that was 

referenced to starting and finishing points.  Depth error was routinely less than 0.2 feet. 

As additional quality assurance, two logging runs were made on the same well (MWQ-2).  The 

first run was made at the beginning of the logging project.  The second run was made after all 

other wells had been logged.  The purpose of this duplication was to demonstrate repeatable tool 

performance throughout the entire logging project.  The duplicate quality assurance log traces 

depicted on Figure 3 demonstrate good repeatability.    

Raw logging data (“.las” and “.tfd” data files) generated by the MS-Log acquisition software was 

imported into WellCAD, a Windows-based well management software package, to create the log 

traces.  The .las, and .tfd files have been electronically transferred to the compact disk included 

in Appendix B. 

 Downhole Video Camera 2.3

The monitoring well network was investigated using a Laval Underground R-Cam 1000 XS 

Color Video Water Well Inspection System to determine the screen interval and sump length for 

each monitoring well.  The portable borehole camera was equipped with two cameras in a single 

housing, each with a wide-angle lens for viewing downhole and side view images in the 
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monitoring well simultaneously. The technical specifications for the camera are described in the 

table below. 

R-Cam 1000 XS 

 
OD: outer diameter       LED: light-emitting diode 
lbs: pounds       LCD: liquid-crystal display 
TVL: television line      VDC: volts direct current 
DVR: digital video recorder 

Prior to logging each well, the camera and cable were decontaminated with Liqui-Nox detergent 

and deionized water.  Following decontamination, the camera was centered above the well, 

lowered to ground surface and referenced to ground surface.  As the camera advanced down the 

well, the LCD screen displayed the depth of the camera in feet to a 0.1 foot.  The view was 

toggled from down-view to side-view, depending on visibility.  In some wells, organic material 

was stirred up by the camera, creating some visibility issues.  In these wells with high turbidity, 

the side-view was often used to achieve better visibility. 

The camera was cycled to the bottom of the well and TD was compared to the physical TD 

measurement previously recorded and that of the geophysical tools.  Once the monitoring well 

screen appeared on the display, advancement was paused to assure that the tops and bottoms of 

the screen were documented.  Screen length, sump length and other relative notes were recorded 

in the field book.  Each recording includes the trip down the well and the trip out of the well.  

Logs were recorded onto a digital versatile disk recordable (DVD-R) using a battery powered 

DVR.  Copies of all video logs are included electronically in Appendix C. 

Diameter 2 inches OD
Overall Length: 20 inches
Housing: Stainless Steel
Cable: 1,000 feet Kevlar-reinforced, small diameter coaxial cable. Single conductor electronic technology.
Lens: BK-7 glass
Total Camera Weight: 18 lbs
Pressure Rating: Pressure tested and waterproof up to 500 psi
Scanning System: Downhole greater than or equal to 330 TVL, side view greater than or equal to 460 TVL
Operating Temperature: 32° to 122° F
Recorder: Records onto a battery powered DVR
LED Lighting: High intensity, long life, shock proof LED lighting, side view and forward view
Depth Counter: On-screen depth display measured in feet and tenths, or meters
Monitor: 7-inch LCD color monitor with sunscreen viewing hood

Winch, Reel, Motor, and Cart: 12 VDC electric powered, variable speed reel for raising and lowering camera in well. All parts are mounted 
on a small, two-wheeled cart with extendable 36-inch boom.
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 INVESTIGATION FINDINGS 3.0

 Records Search 3.1

A brief summary of relevant findings for each report is presented below. 

• Phase I RCRA Facility Investigation for Melrose Air Force Range, Cannon Air Force 

Base, Clovis, New Mexico (Foster Wheeler, 1996) 

Melrose AFR Melrose AFR was issued a Resource Conservation and Recovery Act 

(RCRA) Permit (NM5572124456-1) effective December 30, 1994 in conjunction with a 

Hazardous and Solid Waste Amendments (HSWA) Permit effective December 15, 1994.  

Both permits were allowed to expire on December 30, 2004 and December 15, 2004, 

respectively. 

In accordance with the RCRA permit issued to Melrose AFR, an investigation of 

potential impacts to soil and groundwater from seven Solid Waste Management Units 

(SWMUs) was conducted.  As part of the 1996 RCRA investigation, eight of the 

monitoring wells currently monitored at the Range were installed, they include 

M114MW001, M114MW002, M114MW003, M114MW004, MAO1MW001, 

MAO1MW002, MAO1MW003, MAO1MW004, and MAO2MW001D.  Records for 

these wells were located in an updated version of the Cannon AFB Administrative 

Record.  The boring logs do not specifically identify the Ogallala/Chinle contact, but the 

sediment descriptions help to corroborate the contacts picked from the geophysical logs.  

Details on the screened intervals matched the camera data. 

• Ground-water hydrology and water quality of the Southern High Plains aquifer, Melrose 

Air Force Range, Cannon Air Force Base, Curry and Roosevelt Counties, New Mexico, 

2002-03: U.S. Geological Survey Scientific Investigations Report 2004-5158 (Langman, 

2004) 

In cooperation with the US Air Force, the United States Geological Survey (USGS) 

characterized hydrogeology and groundwater quality at Melrose AFR.  The purpose of 

the study was to provide baseline data to Cannon AFB resource managers to make 

informed decisions concerning actions that may affect the groundwater system.   
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During the study, the USGS installed nested monitoring wells MWQ-1 and MWQ-2 in 

June 2002 in an area of the Range devoid of wells.  MWQ-1 was installed in the Ogallala 

Formation near the base of the Southern High Plains Aquifer.  Its depth is reported as 134 

feet bls (The well is dry and is not included in the current groundwater monitoring 

program).  MWQ-2 was completed in the Chinle Formation at a reported depth of 240 

feet bls to monitor a thin, confined layer of more permeable sediment in the unit.  The 

drilling done by Langman is particularly important to the current investigation as the 

section is described, the Ogallala/Chinle contact is noted, the Chinle Formation is 

substantially penetrated (thus allowing more geophysical log profile that aids correlation 

between wells), and both the Southern High Plains Aquifer and Chinle Formation are 

targeted.   

• Exploratory Well Development, Design Recommendations, and Water Resources 

Availability Report for the Melrose Bombing Range Supply Well, December 28, 2012 

(Maverick Drilling, Inc., 2012) 

In November 2012, Maverick Drilling, Inc. drilled three boreholes in the northwestern 

part of the Range to assess potable water supply potential from the Southern High Plains 

Aquifer.  The drilling was done in connection with proposed military construction 

(MILCON) at Melrose AFR.  Drilling locations POD 1, POD 2, and POD 3 are shown on 

Figure 2.  Each boring penetrated the Chinle Formation and the Ogallala/Chinle contact 

is indicated by description (108, 109, and 134 feet bls, respectively).   

• Background Well MWQ-24 Installation Report, Melrose Air Force Range, Roosevelt and 

Curry Counties, New Mexico (Trinity Analysis & Development Corp., 2013) 

In August 2013, Trinity installed background well MWQ-24 to a depth of 63.12 feet bls 

(Figure 2).  The borehole for MWQ-24 was drilled to a depth of 105 feet bls.  The 

Ogallala/Chinle contact was encountered at approximately 75 feet bls.  Trinity’s report 

contains a section description.    
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 Geophysical Profile and Expression of the Ogallala/Chinle Contact 3.2

One would anticipate the gamma-resistivity profile across the Ogallala and Chinle formations to 

vary depending on whether or not a well coincides with a paleochannel or an interchannel area.  

In channel areas, sediments near the base of the Ogallala are typically coarser and cleaner and 

contrast sharply with the fine grained sediments in the underlying Chinle.  These channel 

deposits of the Ogallala would be reflected in the logs by a lower gamma count and lower 

conductivity compared to the underlying Chinle.  The break would typically be expected to be 

sharp.  Mid-section above the channel, an increasing gamma count would be anticipated with the 

fining up sequence described by Hart (1985).  Wells MWQ-2, -14, -22 and MA02MW001D are 

believed to represent this case.  Profiles for wells coinciding with interchannel areas would be 

expected to lack the distinction offered in channel areas, appearing more as a fining up 

continuum from the Chinle through the Ogallala (MA01MW004 and M114MW001).   

Certainly, log interpretation is enhanced by accurate physical descriptions of the section.  As 

mentioned above, well MWQ-2 contains a section description with the Ogallala/Chinle contact 

noted.  The contact fits well with the geophysical log (Figure 4).  On Figure 4 and all other 

applicable geophysical logs the Chinle Formation is shaded red on the geophysical log.  This log 

proved useful in correlating strata across the Range. 

 Well Evaluations 3.3

The interpreted Ogallala/Chinle contact for each well, aquifer target, and screen interval (from 

the camera work) is provided below.  Discussion is limited as a figure has been prepared for each 

well showing the geophysical log, Ogallala/Chinle pick, and screened interval.  Table 1 

summarizes well construction details. 

 MWQ-2 3.3.1

The geophysical log for MWQ-2, screen captures from the camera log, and well construction 

details are depicted on Figure 5.  According to Langman (2004), during installation of MWQ-2, 

drill cuttings indicated a thin soil layer underlain by a thin caliche layer followed by various 

layers of sand and silt.  A saturated gravel layer was encountered between 125 and 130 ft bls and 

is underlain by a thin layer of sand, likely the base of the Ogallala Formation.  Underlying the 

gravel and thin sand layer is a clay layer approximately 50 ft thick, which was interpreted by 
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Langman (2004) as the Chinle Formation.  This is in agreement with the depth of 131 feet bls 

based on the geophysical log of MWQ-2.  The total depth of the well based on the gamma log is 

235.54 feet bls and the camera investigation places the screened interval from 220.64 to 230.64 

feet bls.  MWQ-2 appears to be entirely screened within the Chinle Formation.   

 MWQ-14 3.3.2

The geophysical log for MWQ-14, screen captures from the camera log, and well construction 

details are depicted on Figure 6.  The geophysical log for MWQ-14 indicates the base of the 

Ogallala Formation to occur at 47.5 feet bls.  The total depth of the well based on the gamma log 

is 119.93 feet bls and the camera investigation places the screened interval from 90.70 to 110.70 

feet bls.  MWQ-14 appears to be entirely screened within the Chinle Formation.   

 MWQ-18, MWQ-19, & MWQ-20 3.3.3

Monitoring wells MWQ-18 and MWQ-19 are nested wells.  MWQ-20 is approximately ten feet 

from the pair.  Only the deepest of the three monitoring wells, MWQ-20 was geophysically 

logged.  The camera was run in all three wells to determine the screened interval and sump 

length.  The base of the Ogallala Formation is indicated to be at approximately 137.5 feet bls.  

The geophysical log for MWQ-20, screen captures from the camera logs on each well, and well 

construction details are depicted on Figure 7, Figure 8, and Figure 9, respectively.  MWQ-18 

appears to be entirely screened within the Ogallala Formation while MWQ-19 and MWQ-20 

appear to be entirely screened within the Chinle Formation.  Total depths and screened intervals 

are summarized below. 

 
Top of Screen 

(Feet bls) 
Bottom of Screen 

(Feet bls) 
Total Well Depth 

(Feet bls) 
MWQ-18 119.00 139.00 152.00 
MWQ-19 200.70 221.07 226.00 
MWQ-20 256.00 296.00 297.82 
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 MWQ-21 & MWQ-22 3.3.4

Monitoring wells MWQ-21 and MWQ-22 are nested.  Only the deeper of the two monitoring 

wells (MWQ-22) was geophysically logged.  The camera was run in both wells to determine the 

screened interval and sump length.  The base of the Ogallala Aquifer appears to be at 

approximately 107 feet bls.  The geophysical log for MWQ-21 and MWQ-22, screen captures 

from the camera log, and well construction details are depicted on Figure 10 and Figure 11, 

respectively.  Based on the geophysical log, MWQ-21 appears to be entirely screened within the 

Ogallala Formation while MWQ-22 appears to straddle the contact between the Ogallala and 

Chinle Formations.  Total depths and screened intervals are summarized below. 

 
Top of Screen 

(Feet bls) 
Bottom of Screen 

(Feet bls) 
Total Well Depth 

(Feet bls) 
MWQ-21 40.70 60.70 64.40 
MWQ-22 90.70 150.70 153.65 

 SWMU-114 3.3.5

Four wells are located at SWMU-114; they include M114MW001, M114MW002, 

M114MW003, and M114MW004.  The geophysical logs for M114MW001, M114MW002, 

M114MW003, and M114MW004, screen captures from the camera log, and well construction 

details are depicted on Figure 12, Figure 13, Figure 14, and Figure 15, respectively. 

In all four monitoring wells Foster Wheeler (1996) describes a change in lithology from 

sandstone to a mudstone or siltstone at similar depths determined from the geophysical logs.  The 

depth of the contact as determined from evaluation of the geophysical logs and from review of 

the boring logs for each of the four monitoring wells is summarized below. 

  
Geophysics 
(Feet bls) 

Foster Wheeler 
(Feet bls) 

M114MW001 111 106 sandstone/mudstone contact 
M114MW002 117 119 sandstone/siltstone 
M114MW003 100 106 sandstone/siltstone 
M114MW004 111.5 110 sandstone/siltstone 

Based on the geophysical logs and boring logs, all four monitoring wells at SWMU-114 appear 

to be entirely screened within the Chinle Formation.  While the wells appear to be monitoring 

water quality from the Chinle Formation they are monitoring first available groundwater.  
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Groundwater appears to be absent from the Southern High Plains Aquifer at SWMU-114.  Total 

depths and screened intervals are summarized below. 

 
Top of Screen 

(Feet bls) 
Bottom of Screen 

(Feet bls) 
Total Well Depth 

(Feet bls) 
M114MW001 159.39 179.39 179.72 
M114MW002 162.11 182.11 182.44 
M114MW003 159.62 179.62 179.95 
M114MW004 161.42 181.42 181.75 

 SWMU-130 3.3.6

Four wells are located at SWMU-130; they include MAO1MW001, MAO1MW002, 

MAO1MW003, and MAO1MW004.  The geophysical logs for MAO1MW001, MAO1MW002, 

MAO1MW003, and MAO1MW004, screen captures from the camera log, and well construction 

details are depicted on Figure 16, Figure 17, Figure 18, and Figure 19, respectively. 

In three of the four monitoring wells, Foster Wheeler (1996) describes a change in lithology from 

sandstone to a siltstone at similar depths determined from the geophysical logs.  The depth of the 

contact as determined from evaluation of the geophysical logs and from review of the boring 

logs for each of the four monitoring wells is summarized below.   

  
Geophysics 
(Feet bls) 

Foster Wheeler 
(Feet bls) 

MAO1MW001 115 115.5 sandstone/siltstone contact 
MAO1MW002 110 112 sandstone/siltstone contact 
MAO1MW003 114 116 sandstone/siltstone contact 
MAO1MW004 92.5 146 sandstone/siltstone contact 

Based on the geophysical logs, all four monitoring wells at SWMU-130 appear to be entirely 

screened within the Chinle Formation.  While the wells appear to be monitoring water quality 

from the Chinle Formation they are monitoring first available groundwater.  Groundwater 

appears to be absent from the Southern High Plains Aquifer at SWMU-130.  Total depths and 

screened intervals are summarized below. 

 
Top of Screen 

(Feet bls) 
Bottom of Screen 

(Feet bls) 
Total Well Depth 

(Feet bls) 
MAO1MW001 141.56 161.56 161.89 
MAO1MW002 145.31 155.31 155.64 
MAO1MW003 139.36 159.36 159.69 
MAO1MW004 140.08 160.08 160.41 
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 SWMU-131 3.3.7

The only well at SWMU-131 is MAO2MW001D.  The base of the Ogallala Formation at 

MAO2MW001D appears to be at approximately 120 feet bls.  Foster Wheeler (1996) describes a 

change in lithology from sandstone to siltstone at a slightly lower depth of 134 feet bls.  The 

geophysical log for MAO2MW001D, screen captures from the camera log, and well construction 

details are depicted on Figure 20.  The total depth of the well based on the gamma log is 182.28 

feet bls and the camera investigation places the screened interval from 161.95 to 181.95 feet bls.   

Based on the geophysical log, MAO2MW001D appears to be entirely screened within the Chinle 

Formation.  While the well appears to monitor water quality from the Chinle Formation, it is 

monitoring first available groundwater.  Groundwater appears to be absent from the Southern 

High Plains Aquifer at SWMU-131.   

 MWQ-24 3.3.8

In August 2013, Trinity installed background well MWQ-24 to a depth of 63.12 feet bls.  The 

borehole for MWQ-24 was drilled to a depth of 105 feet bls.  The boring logs describe the base 

of the Ogallala Formation as gravelly sand, similar to what was observed in previous 

investigations by Langman (2004) and Maverick Drilling, Inc. (2012).  Trinity encountered the 

Chinle Formation at approximately 75 feet bls.  The camera was not utilized at MWQ-24 as 

construction details were already known.  However, the geophysical suite was run through the 

cased hole.  The geophysical logs for MWQ-24 and well construction details are depicted on 

Figure 21.   
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 CONCLUSION 4.0

Aquifer targets and screened intervals are believed to have been successfully identified by the 

investigative effort.  Monitoring wells MWQ-18, MWQ-21, and MWQ-24 are the only wells 

indicated to target the Ogallala Formation (Southern High Plains Aquifer).  MWQ-22 is 

indicated to straddle the Ogallala/Chinle contact.  The majority of monitoring wells are indicated 

to target the Chinle Formation.  Some wells (MWQ-2, -19, -20 and MA02MW001D) are set 

quite deep into the Chinle (50-120 feet).  Water levels in these wells are measured at 15 to 55 

feet above the Ogallala/Chinle contact and some measure of confinement is likely.  Monitoring 

wells around SWMU’s 114 and 130 target Chinle sediments at depths of approximately 25 to 45 

feet below its contact with the Ogallala.  Water levels in these wells are measured at altitudes 

below the contact and may represent ‘first available water’ at those locales.  
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TABLE 1
MELROSE AIR FORCE RANGE

ROOSEVELT AND CURRY COUNTIES, NEW MEXICO

T:\PROJECTS\A012-001 - Melrose AFR LTM FY 2014\GEOPHYSICS & CAMERA INVESTIGATION\Final Report\Table\Summary Tables

TABLE 1
SUMMARY OF WELL CONSTRUCTION DETAILS

Trinity Analysis & Development Corp.

Top of 
Casing1

Ground 
Surface

Stickup from 
ground 
surface

Top of 
Screen

Bottom 
of 

Screen

Total 
Well 

Depth

Screen
Length

Sump 
Length Well I.D.

Easting (ft) Northing (ft) ft NAVD ft NAVD ft ft bls ft bls ft bls ft ft inches
M114MW001 706827.67 1203539.67 4327.21 4324.38 MW 2.83 159.39 179.39 179.72 20.00 0.33 4.0 PVC DBP 176.7 Chinle
M114MW002 706680.51 1203596.93 4328.11 4325.36 MW 2.75 162.11 182.11 182.44 20.00 0.33 4.0 PVC DBP 179.4 Chinle
M114MW003 706662.3 1203400.5 4329.62 4326.87 MW 2.75 159.62 179.62 179.95 20.00 0.33 4.0 PVC DBP 177.0 Chinle
M114MW004 706963.35 1203578.69 4324.99 4322.74 MW 2.25 161.42 181.42 181.75 20.00 0.33 4.0 PVC DBP 178.8 Chinle
MAO1MW001 702193.7 1205363.35 4344.68 4342.68 MW 2.00 141.56 161.56 161.89 20.00 0.33 4.0 PVC DBP 158.9 Chinle
MAO1MW002 702321.76 1205536.48 4343.58 4341.28 MW 2.30 145.31 155.31 155.64 10.00 0.33 4.0 PVC DBP 152.6 Chinle
MAO1MW003 702047.46 1205516.57 4345.33 4342.58 MW 2.75 139.36 159.36 159.69 20.00 0.33 4.0 PVC DBP 156.7 Chinle
MAO1MW004 702257.89 1205963.87 4342.91 4340.31 MW 2.60 140.08 160.08 160.41 20.00 0.33 4.0 PVC DBP 157.4 Chinle

MAO2MW001D 706656.33 1199306.69 4355.90 4353.19 MW 2.71 161.95 181.95 182.28 20.00 0.33 4.0 PVC DBP 179.3 Chinle
MWQ-24 689675.49 1180704.95 4644.95 4643.32 MW 1.63 42.80 62.80 63.12 20.00 0.32 4.0 PVC DBP 60.1 Ogallala
MWQ-2 720370.93 1196505.43 4293.72 4290.43 MW 3.29 220.64 230.64 235.54 10.00 4.90 2.0 PVC none --- Chinle

MWQ-14 706871.58 1193064.56 4382.11 4380.77 MW 1.34 90.70 110.70 119.93 20.00 9.23 2.0 PVC none --- Chinle
MWQ-18 694417.52 1215441.23 4290.17 4288.32 MW 1.85 119.00 139.00 152.00 20.00 13.00 2.0 PVC none --- Ogallala
MWQ-19 694417.52 1215441 4290.13 4288.32 MW 1.81 200.70 221.07 226.00 20.00 4.30 2.0 PVC none --- Chinle
MWQ-20 694399.63 1215417.04 4290.26 4288.01 MW 2.25 256.00 296.00 297.82 40.00 1.82 2.0 PVC none --- Chinle
MWQ-21 720195.67 1217791.91 4209.26 4207.40 MW 1.86 40.70 60.70 64.40 20.00 3.70 2.0 PVC none --- Ogallala
MWQ-22 720195.9 1217791.8 4209.1 4207.4 MW 1.70 90.70 150.70 153.65 60.00 2.95 2.0 PVC none --- Ogallala/Chinle

1 With the exception of MWQ-24 which was surveyed on September 16, 2013 all wells were surveyed or resurveyed by Lydick, Inc. between December 4, 2012 and January 2, 2013.  Land surveying was completed using the New 
Mexico East State Plane North American Datum (NAD) 83 and North American Vertical Datum (NAVD) 88 (adjusted) in decimal feet. All horizontal coordinates were measured to the nearest fiftieth of a foot. All vertical coordinates 
were measured to the nearest tenth of a foot.  DBP = dedicated bladder pump; MW = monitoring well; NA = not applicable; UNK=unknown

A
nn

ua
l

G
W

 Q
ua

lit
y 

W
el

l 
N

et
w

or
k

Se
m

ia
nn

ua
l-S

W
M

U
G

W
 Q

ua
lit

y 
W

el
l N

et
w

or
k

Well 
Material Pump Formation 

Monitored

Pump 
Intake 
Depth 
(ft. bls)

Well No.
Location (State Plane)1 Well 

Type



MELROSE AIR FORCE RANGE 
ROOSEVELT & CURRY COUNTIES, NEW MEXICO 

GEOPHYSICAL & DOWNHOLE CAMERA INVESTIGATION REPORT 
APRIL 2014 

 

Trinity Analysis & Development Corp.   

This page intentionally left blank. 

 



GEOPHYSICAL & DOWNHOLE CAMERA INVESTIGATION REPORT 
APRIL 2014 

MELROSE AIR FORCE RANGE 
ROOSEVELT & CURRY COUNTIES, NEW MEXICO 

 

   Trinity Analysis & Development Corp. 

FIGURES 

  



MELROSE AIR FORCE RANGE 
ROOSEVELT & CURRY COUNTIES, NEW MEXICO 

GEOPHYSICAL & DOWNHOLE CAMERA INVESTIGATION REPORT 
APRIL 2014 

 

Trinity Analysis & Development Corp.   

This page intentionally left blank.  



Miles

0

Source files: New Mexico Resource Geographic
Information System Program

FIGURE 1
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Roosevelt and Curry Counties, New Mexico

SITE LOCATION MAP

Texas

A
riz

on
a

Clovis
Cannon

AFB

Ogallala
(High Plains)

Aquifer



Feet

0

FIGURE 2
TOPOGRAPHIC MAP OF SITE

&
WELL LOCATIONS
Melrose Air Force Range

Roosevelt and Curry Counties, New Mexico

Source: Cannon AFB GIS Database;
Topography data derived from 2005 LIDAR survey;
Vertical Accuracy: < 1 foot
Vertical Datum: NAVD88
Horizontal Accuracy: 0.37 feet
Horizontal Datum: UTM Zone 13N, WGS84
Contour Interval: 10 Feet
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FIGURE 3
QUALITY ASSURANCE/

QUALITY CONTROL
GEOPHYSICAL LOGS (MWQ-2)

Melrose Air Force Range
Roosevelt and Curry Counties, New Mexico



FIGURE 4
GEOPHYSICAL CONTROL

REFERENCE POINT (MWQ-2)
Melrose Air Force Range

Roosevelt and Curry Counties, New Mexico

Lithology/Hydrogeolic Descriptions by Langman, 2004Depth
(ft bls)



38.956312783554, 2161.6792502571
829.66654448229, 202.92898024354

FIGURE 5
GEOPHYSICAL LOGGING AND

 DOWNHOLE CAMERA INVESTIGATION
 MWQ-2

Melrose Air Force Range
Roosevelt and Curry Counties, New Mexico

Top of Screen

Bottom of Screen

Bottom of Well

Total Depth                 
(ft bls)

Top of Screen 
(ft bls)

Bottom of 
Screen (ft bls)

235.54 220.64 230.64

Depth to 
Water (ft btoc) 

Screen 
Length (ft )

Sump Length 
(ft)

118.44 10 4.90

Interference from
protective steel case

Trinity Analysis & Development Corp.

Depth
(ft bls)



38.956312783554, 2161.6792502571
829.66654448229, 202.92898024354

Interference from
Centralizer

Total Depth                 
(ft bls)

Top of Screen 
(ft bls)

Bottom of 
Screen (ft bls)

119.93 90.70 110.70

Depth to 
Water (ft btoc) 

Screen 
Length (ft )

Sump Length 
(ft)

63.94 20 9.23

Top of Screen

Bottom of Screen

Bottom of Well

FIGURE 6
GEOPHYSICAL LOGGING AND

 DOWNHOLE CAMERA INVESTIGATION
 MWQ-14

Melrose Air Force Range
Roosevelt and Curry Counties, New Mexico
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Depth
(ft bls)

Interference from
protective steel case



Total Depth    
(ft bls)

Top of Screen 
(ft bls)

Bottom of 
Screen (ft bls)

152.00 119.00 139.00

Depth to 
Water (ft btoc) 

Screen 
Length (ft )

Sump Length 
(ft)

101.06 20 13.00

Top of Screen

Bottom of Screen

Note: The geophysical log shown above is that of the deeper
adjacent well MWQ-20.

Depth
(ft bls)



Top of Screen

Bottom of Screen

Bottom of Well

Total Depth    
(ft bls)

Top of Screen 
(ft bls)

Bottom of 
Screen (ft bls)

226.00 200.70 221.70

Depth to 
Water (ft btoc) 

Screen 
Length (ft )

Sump Length 
(ft)

108.84 20 4.30

Note: The geophysical log shown above is that of the deeper
adjacent well MWQ-20.

Depth
(ft bls)



Total Depth    
(ft bls)

Top of Screen 
(ft bls)

Bottom of 
Screen (ft bls)

297.82 256.00 296.00

Depth to 
Water (ft btoc) 

Screen 
Length (ft )

Sump Length 
(ft)

81.24 40 1.82

Top of Screen

Bottom of Well

Bottom of Screen

Depth
(ft bls)



Top of Screen

Bottom of Screen

Bottom of Well

Total Depth    
(ft bls)

Top of Screen 
(ft bls)

Bottom of 
Screen (ft bls)

64.40 40.70 60.70

Depth to 
Water (ft btoc) 

Screen 
Length (ft )

Sump Length 
(ft)

43.94 20 3.70

Note: The geophysical log shown above is that of the deeper
nested well MWQ-22.  Contact with the Chinle Formation at 107 feet bls.

Depth
(ft bls)



Total Depth    
(ft bls)

Top of Screen 
(ft bls)

Bottom of 
Screen (ft bls)

153.65 90.70 150.70

Depth to 
Water (ft btoc) 

Screen 
Length (ft )

Sump Length 
(ft)

40.61 60 2.95

Top of Screen

Bottom of Screen

Bottom of Well

Depth
(ft bls)
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Total Depth                 
(ft bls)

Top of Screen 
(ft bls)

Bottom of 
Screen (ft bls)

179.72 159.39 179.39

Depth to 
Water (ft btoc) 

Screen 
Length (ft )

Sump Length 
(ft)

147.93 20 0.33

FIGURE 12
GEOPHYSICAL LOGGING AND

 DOWNHOLE CAMERA INVESTIGATION
 M114MW001

Melrose Air Force Range
Roosevelt and Curry Counties, New Mexico

Top of Screen

Bottom of Screen

Dedicated PVC Bladder Pump
Pump Intake: 178.17 ft bls

Dedicated double bonded 
3/8" OD & 1/4" OD polyethylene tubing

Depth
(ft bls)

Interference from
protective steel case

Interference from
Centralizer

Interference from
Centralizer

Interference from
Centralizer
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Total Depth                 
(ft bls)

Top of Screen 
(ft bls)

Bottom of 
Screen (ft bls)

182.44 162.11 182.11

Depth to 
Water (ft btoc) 

Screen 
Length (ft )

Sump Length 
(ft)

148.73 20 0.33

Top of Screen

Bottom of Screen

FIGURE 13
GEOPHYSICAL LOGGING AND

 DOWNHOLE CAMERA INVESTIGATION
 M114MW002

Melrose Air Force Range
Roosevelt and Curry Counties, New Mexico

Dedicated double bonded 
3/8" OD & 1/4" OD polyethylene tubing

Dedicated PVC Bladder Pump
Pump Intake: 177.30 ft bls

Depth
(ft bls)

Interference from
protective steel case

Interference from
Centralizer

Interference from
Centralizer
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Total Depth                 
(ft bls)

Top of Screen 
(ft bls)

Bottom of 
Screen (ft bls)

179.95 159.62 179.62

Depth to 
Water (ft btoc) 

Screen 
Length (ft )

Sump Length 
(ft)

149.06 20 0.33

FIGURE 14
GEOPHYSICAL LOGGING AND

 DOWNHOLE CAMERA INVESTIGATION
 M114MW003

Melrose Air Force Range
Roosevelt and Curry Counties, New Mexico

Top of Screen

Bottom of Screen

Dedicated PVC Bladder Pump
Pump Intake: 178.25 ft bls

Dedicated double bonded 
3/8" OD & 1/4" OD polyethylene tubing

Depth
(ft bls)

Interference from
protective steel case

Interference from
Centralizer

Interference from
Centralizer

Interference from
Centralizer



FIGURE 15
GEOPHYSICAL LOGGING AND

 DOWNHOLE CAMERA INVESTIGATION
 M114MW004

Melrose Air Force Range
Roosevelt and Curry Counties, New Mexico
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Total Depth                 
(ft bls)

Top of Screen 
(ft bls)

Bottom of 
Screen (ft bls)

181.75 161.42 181.42

Depth to 
Water (ft btoc) 

Screen 
Length (ft )

Sump Length 
(ft)

147.23 20 0.33

Bottom of Screen

Top of Screen

Dedicated PVC Bladder Pump
Pump Intake: 178.75 ft bls

Dedicated double bonded 
3/8" OD & 1/4" OD polyethylene tubing

Depth
(ft bls)

Interference from
protective steel case

Interference from
Centralizer

Interference from
Centralizer
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Total Depth                 
(ft bls)

Top of Screen 
(ft bls)

Bottom of 
Screen (ft bls)

161.89 141.56 161.56

Depth to 
Water (ft btoc) 

Screen 
Length (ft )

Sump Length 
(ft)

140.85 20 0.33

Top of Screen

Bottom of Screen

Dedicated double bonded 
3/8" OD & 1/4" OD polyethylene tubing

Dedicated PVC Bladder Pump
Pump Intake: 157.00 ft bls

FIGURE 16
GEOPHYSICAL LOGGING AND

 DOWNHOLE CAMERA INVESTIGATION
 MAO1MW001

Melrose Air Force Range
Roosevelt and Curry Counties, New Mexico

Depth
(ft bls)

Interference from
Centralizer

Interference from
Centralizer

Interference from
Centralizer
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Total Depth                 
(ft bls)

Top of Screen 
(ft bls)

Bottom of 
Screen (ft bls)

155.64 145.31 155.31

Depth to 
Water (ft btoc) 

Screen 
Length (ft )

Sump Length 
(ft)

140.49 10 0.33

Top of Screen

Bottom of Screen

Dedicated double bonded 
3/8" OD & 1/4" OD polyethylene tubing

Dedicated PVC Bladder Pump
Pump Intake: 151.70 ft bls

FIGURE 17
GEOPHYSICAL LOGGING AND

 DOWNHOLE CAMERA INVESTIGATION
 MAO1MW002

Melrose Air Force Range
Roosevelt and Curry Counties, New Mexico

Interference from
Centralizer

Interference from
Centralizer

Interference from
Centralizer
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Total Depth                 
(ft bls)

Top of Screen 
(ft bls)

Bottom of 
Screen (ft bls)

159.69 139.36 159.36

Depth to 
Water (ft btoc) 

Screen 
Length (ft )

Sump Length 
(ft)

141.06 20 0.33

Dedicated double bonded 
3/8" OD & 1/4" OD polyethylene tubing

Dedicated PVC Bladder Pump
Pump Intake: 155.75 ft bls

Top of Screen

Bottom of Screen

FIGURE 18
GEOPHYSICAL LOGGING AND

 DOWNHOLE CAMERA INVESTIGATION
 MAO1MW003

Melrose Air Force Range
Roosevelt and Curry Counties, New Mexico

Depth
(ft bls)

Interference from
Centralizer

Interference from
protective steel case

Interference from
Centralizer
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Total Depth                 
(ft bls)

Top of Screen 
(ft bls)

Bottom of 
Screen (ft bls)

160.41 140.08 160.08

Depth to 
Water (ft btoc) 

Screen 
Length (ft )

Sump Length 
(ft)

141.22 20 0.33

Dedicated PVC Bladder Pump
Pump Intake: 156.40 ft bls

Dedicated double bonded 
3/8" OD & 1/4" OD polyethylene tubing

Top of Screen

Bottom of Screen

FIGURE 19
GEOPHYSICAL LOGGING AND

 DOWNHOLE CAMERA INVESTIGATION
 MAO1MW004

Melrose Air Force Range
Roosevelt and Curry Counties, New Mexico

Depth
(ft bls)

Interference from
Centralizer

Interference from
protective steel case

Interference from
Centralizer



FIGURE 20
GEOPHYSICAL LOGGING AND

 DOWNHOLE CAMERA INVESTIGATION
 MAO2MW001D

Melrose Air Force Range
Roosevelt and Curry Counties, New Mexico

Trinity Analysis & Development Corp.

Total Depth                 
(ft bls)

Top of Screen 
(ft bls)

Bottom of 
Screen (ft bls)

182.28 161.95 181.95

Depth to 
Water (ft btoc) 

Screen 
Length (ft )

Sump Length 
(ft)

102.58 20 0.33

Top of Screen

Bottom of Screen

Dedicated PVC Bladder Pump
Pump Intake: 178.79 ft bls

Dedicated double bonded 
3/8" OD & 1/4" OD polyethylene tubing

Depth
(ft bls)

Interference from
Centralizer

Interference from
protective steel case

Interference from
Centralizer

Interference from
Centralizer
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FIGURE 21
GEOPHYSICAL LOGGING AND

 DOWNHOLE CAMERA INVESTIGATION
 MWQ-24

Melrose Air Force Range
Roosevelt and Curry Counties, New Mexico

Dedicated PVC Bladder Pump
Pump Intake: 59.50 ft bls

Dedicated double bonded 
3/8" OD & 1/4" OD polyethylene tubing

Total Depth                 
(ft bls)

Top of Screen 
(ft bls)

Bottom of 
Screen (ft bls)

63.12 42.80 62.80

Depth to 
Water (ft btoc) 

Screen 
Length (ft )

Sump Length 
(ft)

47.64 20 0.32

Note: Trinity installed MWQ-24 during August 2013, therefore well construction 
details are known and down hole camera was not necessary at this well.  The Chinle 
Formation was encountered at approximately 75 feet bls during drilling.

Depth
(ft bls)

Interference from
Centralizer

Interference from
Stainless Steel End Cap
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Geophysical Logging Data 

  



MELROSE AIR FORCE RANGE 
ROOSEVELT & CURRY COUNTIES, NEW MEXICO 

GEOPHYSICAL & DOWNHOLE CAMERA INVESTIGATION REPORT 
APRIL 2014 

 

Trinity Analysis & Development Corp.   

This page intentionally left blank. 

  



GEOPHYSICAL & DOWNHOLE CAMERA INVESTIGATION REPORT 
APRIL 2014 

MELROSE AIR FORCE RANGE 
ROOSEVELT & CURRY COUNTIES, NEW MEXICO 

 

   Trinity Analysis & Development Corp. 

APPENDIX C 
Video Data 
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1.0   INTRODUCTION  

This Background Well MWQ-24 Installation Report for the Melrose Air Force Range (AFR) has 

been prepared by Trinity Analysis & Development Corp. (TRINITY) on behalf of the Cannon 

Air Force Base (AFB) 27th Special Operations Wing (SOW) and Air Force Special Operations 

Command (AFSOC).  TRINITY performed this work under contract to the United States (US) 

Army Corps of Engineers (USACE), Omaha District, Contract W9128F-10-D-0091, Task Order 

006.  The document was prepared for submission to the New Mexico Environment Department 

(NMED).   

A new background monitoring well was initially requested on October 27, 2009 when NMED 

provided a review of the Final Report Initial Baseline Groundwater Monitoring, Melrose Air 

Force Range, New Mexico, June 2009 (URS, 2009).  At the time, MWQ-10 was regarded as the 

background monitoring well.  In that response NMED stated: 

“NMED discourages including stock wells with steel casings in the Groundwater Quality 

Well Network, e.g., MWL-6, MWQ-4, MWQ-5, MWQ-6, MWQ-7, and MWQ-8, with the 

exception of MWQ-10.  Although MWQ-10 has a steel casing, it is currently the only 

productive well located up-gradient of the impact area. 

The Permittee must install a replacement monitoring well up-gradient of the impact area, 

then discontinue sampling and analysis of MWQ-10…” 

The subsequent contractor, Tidewater, Inc. was not under contract to install a background 

monitoring well as discussed in the Response to Comments contained in the February 11, 2010 

Notice of Disapproval to the Draft Work Plan, Groundwater Monitoring, Melrose Air Force 

Range, New Mexico, October 2009 (Tidewater, Inc., 2009). 

An abbreviated Drilling Work Plan for the new background monitoring well (MWQ-24) at 

Melrose Air Force Range (Trinity Analysis & Development Corp., 2013) was approved by 

NMED on June 18, 2013.  A copy of the abbreviated Work Plan and NMED Approval of the 

Abbreviated Work Plan are included in Appendix A.  The new background well (MWQ-24) was 

installed the week of August 12, 2013 and sampled the week of August 19, 2013.  The well was 

installed in general accordance with the approved Work Plan.  This report summarizes the 

investigation activities and their findings.  
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2.0   MONITORING WELL INSTALLATION 

TRINITY mobilized to the site (Figure 1) on August 12, 2013 to install the new background 

monitoring well, MWQ-24.  Monitoring well MWQ-24 was installed approximately 275 feet 

northwest of MWQ-10 (Figure 2).  A copy of the Base Civil Engineering Work Clearance 

Request (Dig Permit) is included in Appendix B. 

Drilling and monitoring well installations were completed by a New Mexico Office of the State 

Engineer (NM-OSE) licensed water well driller (Yellow Jacket Drilling, License No. WD-1458) 

under the supervision of a professional geologist with TRINITY.   

The well was installed using a Speedstar CH 50K drill rig utilizing Air Rotary Casing Hammer.  

The casing was 9 ⅝” and the drill bit was 8 ½”.  All equipment was delivered to the site clean.  

However, all casing and drill rods were steam cleaned onsite prior to use.  A cyclone separator 

was utilized for air containment/dust-suppression and all cuttings were temporarily stored on 

plastic sheeting and covered.  Lithological samples were collected as chips from the cyclone 

discharge on the drilling rig on five-foot centers.  Chip samples were archived for future 

reference.  The boring log and photographic log are included in Appendix B. 

Well screens and case were installed through the 9 ⅝” casing and artificial filter pack, seals, and 

grout were placed in the wells’ annular spaces as casing was retrieved.  The boring was advanced 

to a total depth of 105 feet below land surface (bls).  The borehole was backfilled to 69 feet bls 

with 3/8” hole plug and allowed to hydrate.  The well was constructed of four-inch inner diameter 

Schedule 80 polyvinyl chloride casing and screen with threaded joints and centralizers.  Well 

MWQ-24 was constructed with 20 feet of 0.010-inch slotted screen with approximately five feet 

of screen above the water table and 15 feet below the water table.  The screen was set from 

approximately 42.8 feet bls to 62.8 feet bls.  A filter material consisting of clean quartz sand 

graded at 10/20 was emplaced around well screens to approximately four feet above the top of 

well screens.  Prior to installation of the seal material the well was swabbed/surge blocked 

resulting in the filter pack settling approximately two feet.  The filter pack was brought to a final 

depth of approximately 38 feet bls.  Seal material consisting of approximately 20 feet of 

bentonite pellets was placed immediately above the filter pack and hydrated.  The remainder of 

annular space was grouted to land surface with neat cement.  Wells were completed with a 

concrete pad, and steel protective case with lock and four protective bollards. Copies of NM-



MELROSE AIR FORCE RANGE 
ROOSEVELT & CURRY COUNTIES, NEW MEXICO 

 BACKGROUND WELL MWQ-24 INSTALLATION REPORT 
SEPTEMBER  2013  

 

 3 Trinity Analysis & Development Corp. 

 

OSE well construction permits and completion reports, the daily drill report, well construction 

diagrams, and geologist drilling reports are provided in Appendix C.  

A Professional Land Surveyor (PLS) survey of the well was conducted on September 18, 2013.  

A copy of the survey is included in Appendix C.   

3.0   MONITORING WELL DEVELOPMENT 

The monitoring well was developed on August 12, 2013 by bailing and surging with a ten foot 

stainless steel bailer.  Approximately 50 gallons of development water were bailed from the well 

before going dry.  Additional development was conducted by TRINITY on August 19, 2013.  A 

total of approximately 202 gallons of water were developed from the well.  A copy of the well 

development log is included in Appendix B. 

4.0   GROUNDWATER SAMPLING 

Prior to sampling, the well was purged using low-flow sampling techniques using a stainless 

steel bladder pump.  Field parameters were monitored with an YSI 556-MPS multi-parameter 

water quality meter with attached flow through cell.  The YSI multi-parameter water quality 

meter monitored dissolved oxygen (DO), temperature, pH, specific conductance, and oxidation 

reduction potential (ORP).  Turbidity was monitored with a Hanna HI-98703 Turbidity Meter.  

Groundwater levels were measured prior to and during pumping to monitor drawdown.  Water 

levels were measured with a Geotech Water Level Meter (500 foot).  The water quality meter 

and turbidity meter were calibrated before use. 

Pumping continued until field parameters had stabilized (less than 0.2 pH units or a 10 percent 

change for the other parameters between four consecutive readings) and the water was clear and 

below 5 Nephelometric Turbidity Units (NTU).  Final field parameters are summarized below in 

Table 4-1 and the groundwater sampling form is provided in Appendix B. 

Table 4-1 Field Parameters – MWQ-24 

pH 
(SU) 

Temp 
(℃) 

Spec. 
Cond. 

(mS/cm) 

Dissolved 
Oxygen 
(mg/L) 

Salinity 
(o/oo) 

ORP 
(mv) Color/Odor Turbidity 

(NTUs) 

7.51 21.87 0.495 8.43 0.24 179.7 clear/none 3.80 

SU = standard Units, ℃ = degrees Celsius, mS/cm = millisiemens per centimeter, o/oo = parts per thousand, mg/L milligrams per liter,  

mv = millivolt, NTU = Nephelometric Turbidity Units 
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In accordance with the NMED approved Work Plan, the new background monitoring well was 

sampled for volatile organic compounds (VOCs), explosives, metals, chloride, sulfate, nitrate, 

nitrite, total dissolved solids, alkalinity, cyanide, perchlorate, and hexavalent chromium.  Total 

petroleum hydrocarbons – diesel range organics (TPH DRO) was also included for this initial 

sampling event. 

Gulf Coast Analytical Laboratories, Inc. (GCAL), Baton Rouge, LA was used for sample 

analysis during this investigation.  GCAL is accredited in accordance with the National 

Environmental Laboratory Accreditation Conference (NELAC) (Certificate Number 01955), and 

the DoD Environmental Laboratory Accreditation Program (ELAP) (Certificate Number 1482).  

The laboratory provided coolers, sample containers (including preservatives where applicable), 

custody seals, and chain-of-custody (COC) documents.   

Samples intended for chemical analyses were packed on wet ice in sealed coolers for transport to 

the laboratory.  Placing the samples on wet ice ensures a temperature of 4º ±2° Celsius (°C) upon 

receipt by the contract laboratory.  Samples were shipped by overnight commercial courier to the 

designated laboratory.  Proper shipping and handling protocol included: filling of containers with 

an appropriate amount of sample medium, ensuring that container lids were tight, ensuring that 

labels were completed, wrapping containers in bubble wrap for protection, double bagging of ice, 

and inclusion of appropriate quality assurance/quality control (QA/QC) blanks.  COCs 

accompanied samples in a waterproof plastic bag taped to the inside of the cooler lid.  Copies of 

the COCs are provided in Appendix B.   

Decontamination procedures were in general accordance with the Ground Water Monitoring 

Project Work Plan (Trinity Analysis & Development Corp., 2011).  Sufficient quantity of clean 

equipment was transported to the field to last the entire day.  Disposable equipment was used when 

possible to minimize the possibility of cross contamination.  Additionally, new sample containers 

for laboratory analyses were provided by the laboratory for each sample collected. 

The chemical analytical reports (laboratory analytical data) are included in Appendix D.  Only 

detected compounds are summarized below in Table 4-2.  The only reported exceedance of the 

groundwater screening criteria was arsenic at a reported concentration of 2.28 micrograms per liter 

(µg/L). 
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Table 4-2 Groundwater Quality Summary – MWQ-24 

Parameter Unit Screening 
Levels 

Total 
  

Dissolved 
Result Q MDL Result Q MDL 

Chloride mg/L NC 16.2   0.1 

  

NT 
Cyanide mg/L 21.9 0.0033 J 0.0005 NT 
Nitrate mg/L-N 58.4 3.33   0.082 NT 
Nitrite mg/L-N 3.65 0.02   0.006 NT 
Sulfate mg/L NC 36.4   0.2 NT 

Perchlorate mg/L 25.6 0.214 J 0.100 NT 
Total 

Alkalinity 
mg/L 

CaCO3 NC 224   0.26 NT 

TDS mg/L NC 294   4.39 NT 
Aluminum µg/L 36500 168 J 60 60 U 60 

Arsenic µg/L 0.448 2.28   0.25 2.01   0.25 
Barium µg/L 7300 74.4   2.5 73.6   2.5 
Calcium µg/L NC 41500   50 42500   50 

Chromium 
(VI) µg/L 0.431 0.076   0.010 NT 

Copper µg/L 1460 7.87 J 5 8.73 J 5 
Magnesium µg/L NC 25900   50 26000   50 
Manganese µg/L 876 262   2 267   2 

Molybdenum µg/L 183 15.2 J 3.75 13 J 3.75 
Potassium µg/L NC 4510   100 4900   100 

Sodium µg/L NC 36500   200 40500   200 
Vanadium µg/L 183 35.1   3.75 36.3   3.75 

Zinc µg/L 11000 52.8   5 57.9   5 
Blank cells in the qualifier column indicate that no qualifier was reported 
CaCO3 = calcium carbonate, MDL = method detection limit, mg/L = milligram per liter, mg/L-N = milligram per liter of nitrogen,  
NC = no criteria, NT = not tested, J = estimated concentration between the method detection limit and the reporting limit, Q = qualifier  
U = not detected, µg/L = micrograms per liter, VI = hexavalent 
 

5.0   INVESTIGATION DERIVED WASTE 

The primary type of investigative derived waste (IDW) generated during drilling activities at 

Melrose AFR were drill cuttings and development/purge water.  Drill cuttings were stockpiled on 

plastic sheeting, and covered pending analytical results.  Aqueous IDW from well development 

and purging was contained in 55-gallon drums pending laboratory analysis.  Used personal 

protective equipment (PPE) and disposable sampling materials were treated as solid waste and 

disposed of at the installation in a trash receptacle. 

The groundwater and soil screening guidelines are included on all appropriate tables.  The 

chemical analytical reports (laboratory analytical data) are included in Appendix D.  
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Groundwater quality is summarized above in Table 4-2 and analytical data associated with the 

cuttings (SC-1) is summarized below in Table 5-1.  Only detected compounds are summarized. 

Table 5-1 Soil Cutting Summary – SC-1 

Parameter Unit Industrial Screening 
Level Result Q MDL 

Chloride mg/kg NC 146   1.65 
Cyanide mg/kg 681 0.43 J 0.038 

DRO µg/Kg NC 4490 J 2040 
Nitrate mg/kg-N 1,820,000 0.634 J 0.204 
Nitrite mg/kg-N 114,000 1.4 J 0.259 
Sulfate mg/kg NC 337   6.2 
Arsenic µg/Kg 17,700 2180   157 

Aluminum mg/kg 1,130,000 11300   3.11 
Barium mg/kg 223,000 133   0.16 

Beryllium mg/kg 2,260 0.81   0.062 
Calcium mg/kg NC 19200   12.5 

Chromium mg/kg 1,700,000 15.3   0.16 
Cobalt mg/kg NC 7.35   0.16 
Copper mg/kg 45,400 15.9   0.31 

Iron mg/kg 795,000 16100   3.11 
Lead mg/kg 800 14.1   0.23 

Magnesium mg/kg NC 5540   3.11 
Manganese mg/kg 26,700 409   0.23 

Nickel mg/kg 22,500 17.9   0.62 
Potassium mg/kg NC 2670   7.78 

Silver mg/kg 5,680 0.2 J 0.16 
Sodium mg/kg NC 1050   15.6 

Titanium mg/kg NC 54.1   0.16 
Vanadium mg/kg 5,680 21.2   0.31 

Zinc mg/kg 341,000 45.4   0.31 
Benzene µg/Kg 84,700 2.95 J 0.1 
Toluene µg/Kg 57,700,000 2.2 J 0.211 

DRO = diesel range organics, J = estimated concentration between the method detection limit and the reporting limit, mg/kg = milligrams per 
kilogram, µg/kg = micrograms per kilogram 
 

Based on the analytical results, NMED gave approval to Cannon AFB for final disposition to the 

ground surface.  The groundwater was disposed of adjacent to the well and the soil cuttings were 

thinly spread approximately 50 feet southeast of the well (Figure 3).   
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Drilling Work Plan for the New Background Monitoring Well (MWQ-24) at 
Melrose Air Force Range 

Primary Purpose A new background monitoring well was initially requested on October 27, 2009 when 
NMED provided a review of the Final Report, Initial Baseline Groundwater Monitoring, 
Melrose Air Force Range, New Mexico, June 2009 (URS, 2009).  At the time, MWQ-10 
was regarded as the background monitoring well.  In that response NMED stated 

“NMED discourages including stock wells with steel casings in the Groundwater Quality 
Well Network, e.g., MWL-6, MWQ-4, MWQ-5, MWQ-6, MWQ-7, and MWQ-8, with the 
exception of MWQ-10.  Although MWQ- 10 has a steel casing, it is currently the only 
productive well located up-gradient of the impact area. 

The Permittee must install a replacement monitoring well up-gradient of the impact area, 
then discontinue sampling and analysis of MWQ-10…” 

The subsequent contractor, Tidewater, Inc. was not under contract to install a background 
monitoring well as discussed in the Response to Comments contained in the February 11, 
2010 Notice of Disapproval to the Draft Work Plan, Groundwater Monitoring, Melrose 
Air Force Range, New Mexico, October 2009 (Tidewater, Inc., 2009). 

TRINITY proposed utilization of and subsequently sampled well MWQ-23 to determine if 
this location was a viable option as a background well.  However, based on review of the 
collected groundwater quality information from MWQ-23, it did not appear to represent 
an ideal background groundwater quality sampling location.  In addition, no well 
construction details were known about this well. 

Personnel from Cannon AFB (Mr. Matt Higginbotham) and TRINITY (Mr. Jonathan 
Kramer, and Mr. Richard Burdine) met with personnel from NMED (Mr. Dave Cobrain, 
Ms. Leona Tsinnajinnie, Mr. Dan Comeau, and Ms. Neelam Dhawan) on January 10, 
2013 at their office in Santa Fe, New Mexico.  Based on comments and discussions 
occurring during the meeting, NMED requested that a new background well be installed 
adjacent to MWQ-10. 

The approximate location of the proposed background well (MWQ-24) is 34°14'37.73"N, 
103°50'30.43"W.  It is estimated that the total depth of the well will not exceed 
approximately 100 feet, which will coincide with the base of the Ogallala Formation 
(Frm)/Southern High Plains Aquifer and the top of the Chinle Frm/Redbeds. 

The location of existing monitoring wells and the propsed location of the new background 
monitoring well are depicted on Figure 1. 

Conceptual Model The Melrose Air Force Range (AFR) is a bombing and air-to-ground gunnery range under 
management of Cannon AFB within AFSOC.  The Melrose AFR is situated 
approximately eight miles southwest of the village of Melrose, and located predominately 
in Roosevelt County with a small parcel in Curry County, New Mexico (Figures 1 and 2).  
Access to the range is achieved by traveling south from Melrose on New Mexico State 
Road (SR) 267 for approximately 9.3 miles, then west on Sundale Valley Road for 
approximately seven miles to the security gate.   

Background monitoring well MWQ-24 will be located upgradient of the Solid Waste 
Management Units (SWMUs).  For a more detailed discussion of the SWMUs and site 
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history please see Phase I RCRA Facility Investigation for Melrose Air Force Range, 
Cannon Air Force Base, Clovis, New Mexico (Foster Wheeler, 1996), or the RCRA 
Facility Investigation Report Addendum for Melrose Bombing Range, Cannon Air Force 
Base, New Mexico (Foster Wheeler, 2003) both of which are part of NMED’s 
administrative record. 

Melrose AFR is located near the western margin of the Southern High Plains Aquifer of 
which the Ogallala Formation is the primary water bearing unit.  The Southern High 
Plains Aquifer forms the primary aquifer for potable, livestock, and irrigation water in the 
vicinity of Melrose AFR and throughout the eastern New Mexico region.  In addition, 
there are several localized shallow water-bearing zones across the region used for 
irrigation purposes.  No deeper aquifers are known to be in use in the vicinity of Melrose 
AFR.  However, groundwater of poorer quality does occur in the Chinle Formation, which 
underlies the Ogallala Formation. 

Sediments expected to be encountered in the Ogallala/Southern High Plains Aquifer 
during drilling at Melrose AFR are predominately silts and very fine sand.  Gravel, 
cobble, and boulder deposits normally associated with the base of the Ogallala formation 
and a fining up sequence above are not commonly identified during drilling activities at 
Melrose AFR.  The Chinle Formation (Triassic age) is the base of the Ogallala/Southern 
High Plains Aquifer and is composed of red shales with interbedded sands (redbeds) 
deposited by low-energy streams in floodplains and deltas.  The top of the Chinle 
Formation is marked by an erosional unconformity with up to several hundred feet of 
relief (Lee Wan and Associates, Inc., 1990). 

Based on the water level from an adjacent livestock supply well (MWQ-10) the depth to 
water groundwater at MWQ-24 is anticipated between approximately 39 and 45 feet 
below land surface (TRINITY, 2012; Table 2).  Based on regional geology (Langman, 
2004) the depth to the base of the aquifer/top of the Chinle Formation is not expected to 
exceed 100 to 150 feet. 

Drilling Approach Drilling will be conducted with methods selected to optimize the potential of completing 
the well without the use of drilling additives and within the target zone of saturation, given 
the low hydraulic conductivities and groundwater production anticipated.  Air rotary 
casing advance (ARCA) or reverse circulation casing advance (RCCA) techniques are 
anticipated to be utilized. 

Air Rotary Drilling 

The air rotary method consists of a drill pipe or drill stem coupled to a drill bit that 
mobilizes (i.e. either rotation or hammering) when compressed air is forced down the 
casing to the bit.  Cuttings generated at the drill bit and are lifted to the surface by 
compressed air through the annular space (between the drill pipe and the borehole wall).  
The circulation of the compressed air not only removes the cuttings from the borehole but 
also helps to cool the drill bit. 

When using air as a drilling fluid supplied by an air compressor during any drilling 
technique, the air compressor shall have an in-line filter system to filter the air coming 
from the compressor and prevent potential introduction of contaminants such as residual 
oils into the borehole.  The filter system shall be inspected regularly and be subjected to 
routine maintenance, to ensure that the system is functioning properly. 

A cyclone separator or similar air containment/dust-suppression system shall be used to 
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funnel the cuttings to one location instead of allowing the cuttings to discharge 
uncontrolled from the borehole.  Particular attention will be paid to the management of 
cuttings and dust generated during air rotary drilling. 

Air Rotary Casing Advance (ARCA) 

ARCA with respect to the borehole and cuttings recovery operates technically in much 
the same was as traditional air rotary drilling as described above, though casing is 
advanced simultaneously as drilling is progressed to secure the borehole wall in 
unstable formations.  Typically casing lengths will be telescoped as the boring is 
advanced to total depth. 

Hydrogeologic 
and 
Geochemical 
Objectives 

The primary objective for the proposed well is to monitor background water quality 
upgradient of the Solid Waste Management Units (SWMUs) at Melrose Air Force 
Range.  The propsed background monitoring well is upgradient of SWMUs: 
 

 SWMU 114 – Expended Ordnance and Industrial Waste Burial Site (Motor Pool 
Trenches); 

 SWMU 115 – Explosives-Contaminated Burial Site (Arroyo Burial Site); 
 SWMU 117 – Domestic Waste Burial Site (Southeast of Main Building); 
 SWMU 130 – World War II Cantonment Disposal Site (formerly Area of 

Concern (AOC) 1); 
 SWMU 131 – Domestic Waste Burial Site (East of Fire Station; formerly AOC 

2); 
 SWMU 132 – Disposal/Burn Site (North Helicopter Pad; formerly AOC 3); and 
 SWMU 133 – Northwest Munitions Disposal Site (Northwest Corner of Impact 

Area; formerly AOC 4). 

Additional objectives are as follows: 
 Monitor water levels in the regional aquifer in this area; and 
 Further define the hydrostratigraphy and structure of the site. 

 
These additional objectives will be addressed to the best extent possible, but drilling 
methods will be optimized to accomplish the primary objective. 

Potential  
Groundwater  
Occurrence and 
Detection 

Based on the water level from an adjacent livestock supply well (MWQ-10) the depth 
to water groundwater at MWQ-24 is anticipated between approximately 39 and 45 feet 
below land surface (TRINITY, 2012; Table 2).   

Lithological 
Sampling 

Lithological samples will be collected as chips from the cyclone discharge on the 
drilling rig on 10-foot centers.  Chip samples will be archived in chip trays for future 
reference. 

Groundwater 
Screening and 
Characterization 
Sampling 

No groundwater screening or characterization sampling is currently planned or 
anticipated. 

 

Geophysical 
Logging 

In a dry, cased borehole, natural gamma is the only effective wireline geophysical 
logging method available to measure formation properties through the drive casing. 
This method yields information on the potential clay content of the formation, though 
the gamma response would be muted by the steel casing through which the 
measurement must be conducted.  Geophysical logging is not currently planned; 
however, if equipment is available during drilling activities the open hole will be 
logged. 



Melrose Air Force Range 

Drilling Work Plan for the New Background Monitoring Well (MWQ-24) at Melrose Air Force Range 
 

4 

 

Well Completion A well construction diagram for the proposed background monitoring well is provided 
on Figure 2. 

The adjacent supply well (MWQ-10) will be utilized to determine the approximate 
depth to groundwater in the borehole.  Based on historic data it is anticipated that the 
depth to water below land surface will be between approximately 39 and 45 feet 
(TRINITY, 2012; Table 2).  Based on regional geology (Langman, 2004) the depth to 
the base of the aquifer/top of the Chinle Frm is not expected to exceed 100 feet.  Based 
on the limited saturated thickness of the aquifer TRINITY proposes screen length of 
sufficient length to extend from the base of the aquifer to five feet above the water 
table.  Total screen length will not exceed 60 feet.  The monitoring well will be 
constructed as follows: 

 Four-inch, flush-threaded Schedule 80 PVC casing; 
 Screen will consist of 0.01-inch Schedule 80 slotted screen; 
 No sump will be used at the bottom of the well; 
 Centralizers will be installed at 40-foot intervals and at the top and bottom of the 

screened interval.  Additional centralizers may be required based on the length of 
the screen/depth of the well; 

 Before the well screen and casings are placed at the bottom of the borehole, at 
least six-inches of filter material will be placed using a tremie pipe at the bottom 
to serve as a firm footing; 

 Using a tremie pipe, the annular space will be filled from the bottom of the 
borehole to a minimum of two-feet above the well screen with an appropriate 
filter pack (i.e. 10/20 silica sand); 

 The filter pack will be placed using a tremie pipe to avoid bridging and ensure a 
continuous filter pack throughout the screened interval of the well; 

 A bentonite chip or pellet seal will be installed to a thickness of 10 to 20 feet 
above the filter pack and hydrated every one-foot per manufacturer instructions 
to ensure a competent seal.  The seal will be placed using a tremie pipe; 

 After allowing a minimum of four-hours for the bentonite seal to hydrate, a 20 
percent high solids bentonite grout slurry will be tremied above the bentonite seal 
to within 10 feet of the ground surface; 

 After waiting at minimum of 24-hours for the bentonite grout to cure, a neat 
cement grout will be tremied into the annular space to the ground surface.  The 
mixture will consist of 94 pounds of Portland cement to seven-gallons of water 
and 3 percent by weight of sodium bentonite powder; 

 PVC well casing will extend approximately 2.5 feet above the ground surface 
and will be protected by installing a lockable 8-inch diameter by 5-foot long 
protective steel casing to a height 6-inches above the well casing; 

 A 4-foot by 4-foot by 4-inch concrete pad will then be poured and sloped in such 
a way as to direct surface runoff from the casing.  A weep hole will be drilled in 
the outer protective casing above the concrete surface; and 

 The steel outer casing and well pad will be protected by installing four 4-inch 
diameter by 5-foot long steel bollards around the well on the outside of the 
concrete pad.   

 The well will be tagged with a corrosion resistant identification stamp on the 
protective casing which identifies the well number, depth, date of installation, 
and the adjusted top of casing elevation.  The well number will also be inscribed 
into the concrete pad.  The well will also be clearly designated as a monitoring 
well. 

Well Development Monitoring well development will be performed within one week after installation but 
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no sooner than 48 hours after grout installation.  The following procedure will be 
followed for the development of the new background well: 

 Initial development will consist of swabbing, bailing, and/or pumping until little 
or no sediment enters the well; 

 Following initial development, the well will be continuously pumped using an 
electric submersible or pneumatic drive positive displacement or bladder pump; 

 Water level, temperature, pH, specific conductance (SC), turbidity, dissolved 
oxygen (DO), and oxidation-reduction potential (ORP) will be monitored during 
pumping, and readings will be taken, at minimum, after every well volume is 
purged.  Pumping will continue until these parameters have stabilized (less than 
0.2 pH units or a 10 percent change for the other parameters between four 
consecutive readings) and the water is clear and free of fines.  The main goal of 
well development is to reduce the turbidity to less than 10 Nephelometric 
Turbidity Units (NTUs) (however, under 100 NTUs is acceptable); 

 If these parameters have not stabilized after four hours of continuous pumping, 
the well will be allowed to sit overnight and development will continue the 
following day for a maximum of two hours.  If the turbidity still does not fall 
below 100 NTUs, the project manager will be contacted and further direction will 
be sought; and 

 If the well goes dry during development a minimum of three well volumes will 
be removed before development is terminated. 

 
Hydraulic Testing 
and Groundwater 
Sampling 

No hydraulic testing is currently planned or anticipated. 

Sampling will be conducted in general accordance with the data quality objectives 
(DQOs) presented in the approved Final Work Plan for Annual Groundwater 
Monitoring, Melrose Air Force Range, New Mexico (Tidewater, Inc., 2010) and the 
Ground Water Monitoring Project Work Plan (TRINITY 2011). 

In accordance with the approved Work Plan, the new background monitoring well will 
be sampled for VOCs, explosives, metals, chloride, sulfate, nitrate, nitrite, total 
dissolved solids, alkalinity, cyanide, perchlorate, and hexavalent chromium.  TPH 
DRO will also be included for the initial sampling event. 

Investigation 
Derived Waste 
and Waste 
Characterization 

All IDW will be properly managed and disposed of in accordance with state and 
federal regulations. 

The types of potential IDW anticipated during drilling and installation of the multi- 
level monitoring wells include: 

 Cuttings – unsaturated and saturated soil or rock generated during the drilling 
and sampling process (cuttings or cores); 

 Groundwater produced during well development; 
 Contact waste including used sampling equipment, PPE, plastic sheeting, and 

other debris that has contacted soil or fluids; and 
 Decontamination fluids: i.e. water and soap solutions used to wash and 

decontaminate equipment. 
 

At the time that IDW is generated (i.e. removed from the ground, comes in contact, 
etc.), it will be managed in general accordance with 40 CFR Part 264.34. The 
accumulation start date for all IDW will be the date that the waste is generated. One or 
more less than 90-day waste management units will be established in the field within 
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the perimeter of the groundwater monitoring wells to manage IDW. 

To perform a “no longer contained-in” determination for listed hazardous wastes, the 
analytical data generated from borehole composite grab sampling may be compared to 
the applicable 40 CFR Part 268.40 Treatment Standards and the New Mexico 
Environment Department (NMED) Soil Screening Levels (SSLs) to determine whether 
the material poses an unacceptable risk. If contaminant concentrations are found to not 
pose an unacceptable risk, then NMED may determine that the wastes can be managed 
as no-longer containing listed wastes. A separate letter from NMED would be required 
to document such a determination. 

To evaluate the toxicity characteristic, the total concentration of each reported 
constituent may be divided by 20 to determine the maximum theoretical leachate 
concentration that could result from performing the Toxicity Characteristic Leaching 
Procedure (TCLP – EPA Method 1311). These concentrations will be compared to the 
values listed in 40 CFR Part 261.24 Subpart C (Table 1) to determine if the waste 
exhibits the characteristic of toxicity. 

The primary type of IDW generated during drilling activities at Melrose AFR will be 
drill cuttings and development/purge water.  Drill cuttings will be stockpiled on plastic 
sheeting, bermed, and covered pending analytical results.  Aqueous IDW from well 
purging will be contained in 55-gallon drums pending laboratory analysis.  Aqueous 
IDW from decontamination activities will be segregated from other aqueous IDW and 
contained in separate drums.  Used personal protective equipment (PPE) and 
disposable sampling materials will be treated as solid waste and disposed of at the 
installation in a trash receptacle. 

Any IDW soil or groundwater that does not meet the definition of a hazardous waste, 
and does not contain hazardous constituents at concentrations above industrial soil 
screening levels will be spread on the ground near the well installation.  IDW debris 
that is determined to be non-hazardous waste will be disposed of as solid waste.  Soil 
and groundwater samples sent to the analytical laboratories will be disposed of by the 
laboratories as environmental samples in accordance with each individual laboratory’s 
procedure. 

Schedule Task Start Date Duration 
Field Mobilization/Drilling 
 Drilling equipment mobilization 
 Well installation 
 4 hour hydration time for bentonite seal 
 24-hour hydration time for grout slurry 
 48 hour standby before development 

July 22, 2013 3-4 days 

Well Development & Surface Completion July 25, 2013 1 day 
Field Demobilization July 26, 2013 1 day 
Submission of Completion Report October 24, 2013 --- 

References Foster Wheeler. (1996). Phase I RCRA Facility Investigation for Melrose Air Force 
Range, Cannon Air Force Base, Clovis, New Mexico. 

Foster Wheeler. (2003). RCRA Facility Investigation Report Addendum For Melrose 
Bombing Range, Cannon Air Force Base, New Mexico. 

Langman, J. G. (2004). Ground-water hydrology and water quality of the Southern 
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and Roosevelt Counties, New Mexico, 2002-03: U.S. Geological Survey 
Scientific Investigations Report 2004-5158. United States Geological Survey. 

Tidewater, Inc. (2009). Response to Comments contained in the February 11, 2010 
Notice of Disapproval to the Draft Work Plan, Groundwater Monitoring, 
Melrose Air Force Range, New Mexico, October 2009 

Tidewater, Inc. (2010). Final Work Plan for Annual Groundwater Monitoring, Melrose 
Air Force Range, New Mexico.  
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Trinity Analysis & Development Corp. (2012). December 2011, Annual Groundwater 
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BACKGROUND WELL MWQ-24 INSTALLATION REPORT 
SEPTEMBER  2013 

MELROSE AIR FORCE RANGE 
ROOSEVELT & CURRY COUNTIES, NEW MEXICO 

 

Trinity Analysis & Development Corp.  . 

 

This page intentionally left blank   





















BACKGROUND WELL MWQ-24 INSTALLATION REPORT 
SEPTEMBER  2013 

MELROSE AIR FORCE RANGE 
ROOSEVELT & CURRY COUNTIES, NEW MEXICO 

 

Trinity Analysis & Development Corp.  . 

 

This page intentionally left blank   



MELROSE AIR FORCE RANGE 
ROOSEVELT & CURRY COUNTIES, NEW MEXICO 

 BACKGROUND WELL MWQ-24 INSTALLATION REPORT 
SEPTEMBER  2013  

 

  Trinity Analysis & Development Corp. 
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Boring Log 
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4633.3

4618.3

4611.3

4603.3

4593.3
4592.3
4591.8

4588.3

4583.3

POORLY GRADED SAND WITH SILT SILTY SAND,
(SP-SM), pink  (7.5YR 7/4), poorly graded, subrounded,
dry, mostly fine sand, some silt

SANDY CALICHE, white  (10YR 8/1)

POORLY GRADED SAND WITH SILT SILTY SAND,
(SP-SM), pink  (7.5YR 8/3), poorly graded,
subangular-subrounded, dry, little coarse sand, mostly fine
sand, some silt, pink, little coarse quartz (2.5YR 7/4)

POORLY GRADED SAND SILTY SAND, (SP), reddish
yellow  (5YR 6/6), poorly graded, subangular-subrounded,
dry, little coarse sand, mostly fine sand, trace silt, reddish
yellow

POORLY GRADED SAND WITH GRAVEL GRAVELLY
SAND, (SP), reddish yellow  (5YR 6/6), poorly graded,
angular-subrounded, dry, some gravel, mostly fine sand,
trace silt, reddish yellow

POORLY GRADED SAND (SP), very pale brown /
grayish orange (10YR 7/4), poorly graded,
subangular-subrounded, dry, trace gravel, mostly fine
sand, trace silt, quartz rich
POORLY GRADED SAND (SP), yellowish brown  (10YR
5/6), poorly graded, angular-subrounded, moist, mostly
fine sand, trace mica, yellowish brown, some quartz
sandstone
SANDSTONE, brownish yellow / dark yellowish orange

GROUND ELEVATION 4643.32 ft bls

LOGGED BY Ben Stewart

DRILLING METHOD Air Rotary Casing Hammer

DRILLING CONTRACTOR Yellow Jacket Drilling GROUND WATER LEVELS:

CHECKED BY J. Kramer

DATE STARTED 8/13/13 COMPLETED 8/14/13

AT TIME OF DRILLING ---

AT END OF DRILLING 48.82 ft / Elev 4594.50 ft

AFTER DRILLING ---

HOLE SIZE 9.625 inches

NORTHING 3789867.191 EASTING 606590.509
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PROJECT NAME Melrose AFR, Background Well

PROJECT LOCATION Melrose AFR, New Mexico



70.0

75.0

90.0

105.0

4573.3

4568.3

4553.3

4538.3

(10YR 6/6)
POORLY GRADED SAND SILTY SAND, (SP), brownish
yellow / dark yellowish orange (10YR 6/6), poorly graded,
subrounded, dry, mostly fine sand, little silt, trace mica,
brownish yellow
POORLY GRADED SAND SILTY SAND, (SP), brownish
yellow / dark yellowish orange (10YR 6/6), poorly graded,
subrounded, moist, mostly fine sand, little silt, little mica,
brownish yellow, at 65' moderately cemented
POORLY GRADED SAND SILTY SAND, (SP), reddish
yellow  (5YR 6/6), poorly graded, subrounded, saturated,
mostly fine sand, little silt, trace clay, reddish yellow, trace
gravel

POORLY GRADED SAND SILTY SAND, (SC), brownish
yellow / dark yellowish orange (10YR 6/6), poorly graded,
subangular-subrounded, saturated, low plasticity, mostly
fine sand, little silt, little clay, reddish yellow, trace medium
sand, clay increases with depth

POORLY GRADED SAND WITH CLAY CLAYEY SAND,
(SP-SC), reddish yellow  (5YR 6/6), poorly graded,
saturated, low plasticity, mostly fine sand, some clay, trace
medium sand, reddish yellow

Bottom of borehole at 105.0 feet bls.
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Photograph 1.  Speedstar CH 50K drill rig utilizing 
Air Rotary Casing Hammer.

Photograph 2.  All equipment was delivered to the site clean.
However, all casing and drill rods were steam cleaned onsite prior to use.

Background Well MWQ-24 Installation
Melrose Air Force Range

Roosevelt County, New Mexico Trinity Analysis & Development Corp.Page 1 of 3

Photograph 3.  Support truck and equipment. Photograph 4.
A cyclone separator was utilized for air containment/dust-suppression.

Photograph 5.  The boring was advanced to a total depth of 105 feet bls. Photograph 6.  The well was constructed of four-inch I.D.
Schedule 80 PVC casing.



Photograph 7.  Stainless steel centralizers and stainless steel sump/end cap.
Photograph 8.  MWQ-24 was constructed with 20 ft of 0.010-in. slotted
screen with approx. five ft of screen above water table and 15 ft below

water table.  The screen was set from approximately 42.8 ft bls to 62.8 ft bls.

Background Well MWQ-24 Installation
Melrose Air Force Range

Roosevelt County, New Mexico Trinity Analysis & Development Corp.Page 2 of 3

Photograph 9.  A filter material consisting of clean quartz sand
graded at 10/20 was emplaced around well screens to approximately four 

feet above the top of well screens.

Photograph 10.  Prior to installation of the seal material the well was
swabbed/surge blocked resulting in the filter pack settling approximately two
feet.  The filter pack was brought to a final depth of approximately 38 feet bls.

Photograph 11.  Seal material consisting of approximately 20 feet of bentonite 
pellets was placed immediately above the filter pack.  The remainder of annular 

space was grouted to land surface with neat cement.

Photograph 12.  Development on 8-12-2013 by bailing and surging with a ten
 foot stainless steel bailer. Additional development was conducted on 8-19-2013.

A total of approximately 202 gallons of water was developed from the well.



Photograph 13.  Wells were completed with a concrete pad, and steel
protective case with lock and four protective bollards.

Photograph 14.  Drill cuttings were stockpiled on plastic sheeting, and
covered pending analytical results.

Background Well MWQ-24 Installation
Melrose Air Force Range

Roosevelt County, New Mexico Trinity Analysis & Development Corp.Page 3 of 3
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Well Construction Diagram 
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Project/Phase: Melrose LTM Well/Boring No.: MWQ-24
Location: Melrose Air Force Range, New Mexico Drilling Method: Air Rotary Casing Hammer
Client: USACE Omaha Date(s): August 12-15, 2013
Drilling Contractor: Yellow Jacket Drilling Services Northing (UTM NAD 83):
Driller: John Chaves Easting (UTM NAD 83):
Geologist: Benjamin Stewart, Jonathan Kramer Project #: A003-006

NOT TO SCALE Protective Casing
Type: Steel Stovepipe

Top of Casing Elevation: Dimensions: 6"
Top of Casing Stickup (ft): Length: 5'
Surface Elevation: Guard Posts: Steel (4) 4"

Surface Pad
Dimensions: 3 feet by 3 feet by 6 inches

Top of Annular Fill: Type:

Well Casing (riser)
Borehole Diameter (in):

Type/Material:
Diameter (in):
Connection:

Annular Fill
Type:

Depth to Water (ft) Installation: Gravity Tremie Pressure

Pre Development: Bentonite/Fine Sand Seal
Date Manufacturer:

Post Development: Type: Pellets Slurry
Date Installation: 6-in Lifts Gravity

Tremie Pressure
Volume:

Top of Bentonite Seal:

Filter Pack Material
Manufacturer:

Top of Filter Pack: Product Name:
Size:

Top of Screen: Volume (ft3):
Installation: Tremie Gravity

Well Screen
Manufacturer:
Type/Material:
Slot Size (in):
Slot Type: Continuous Factory Slot
Connection:

Bottom of Screen: Sump/End Cap
Bottom of Well: Type:

Length:
Bottom of Filter Pack:

Backfill Material
Borehole Depth: Type:

Volume:
Comments:
Additional development on 8/18/2013 was conducted with a submersible pump.  The post development water level was 59.21 btoc

4
threaded joint

WELL CONSTRUCTION DIAGRAM (Above Grade)

3789867.191
606590.509

4644.95

4643.32
1.63

17.5 bls

38 bls

concrete

105 bls

69 bls

9 5/8
sch 80 PVC

Premier Silica
Colorado Silica Sand

10X20
2.79

Sch. 80 PVC

Grout

Haliburton

1.85 ft3

threaded joint

0.32 feet
Stainless Steel
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During development on 8/15/2013 the well was bailed dry with a 10-foot stainless steel bailer.
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Lydick REGISTERED 

ROBERT CHAD LYDICK ENGINEERS AND SURVEYORS, INC. New Mexico 
PROFESSIONAL ENGINEER AND 205 E. SECOND STREET - P.O. BOX 728 Texas· Oklahoma 
LAND SURVEYOR 575762·3771 - FAX 505 762·9093 Colorado 

Mr. Jonathan Kramer, Geologist 
TRINITY Analysis & Development Corp. 
1002 N. Eglin Parkway 
Shalimar, Florida 32579 
jkramer@trinityadc.com 

Re: Monitor Well Locations at Melrose Bombing Range MWQ-24 
Date: September 18,2013 
Survey Date: September 16, 2013 

Horizontal Projection: New Mexico (East Zone) 
Horizontal Datum: NAD 83 (2011) - US Survey Feet 
Vertical Datum: NAVD 88 Feet 

WELL 
DESIGNATION NORTHING EASTING 

SURVEY 
LOCATION 

SURVEY 
ELEVATION 

MWQ-24 1180704.95 689675.49 TOP OF PLATE 4644.95 

MWQ-24 1180704.72 689676.13 TOP OF CONe. 4643.32 

Note: Well coordinates were established by "side-shot" surveying of actual well locations based on a 4 point 
localization on control points established by Lydick Engineers. Control point data was obtained by "long 
set" static occupation (over 2 hours) of each point. The resulting static data was uploaded to OPUS for 
solutions. 

PLAT NO. 23820 


mailto:jkramer@trinityadc.com
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ANALYTICAL RESULTS
PERFORMED BY

GULF COAST ANALYTICAL LABORATORIES, INC.

7979 GSRI Avenue

Baton Rouge, LA 70820

Report Date 09/12/2013

GCAL Report 213082102

*213082102*

Deliver To Trinity A&D
1002 N Eglin Pkwy
Shalimar, FL 32579
850-613-6800

Attn Jonathan Kramer

Project A006-003 Melrose LTM

NELAP CERTIFICATE NUMBER 01955
DOD ELAP CERTIFICATE NUMBER ADE - 1482

http://www.gcal.com/
http://www.gcal.com/
http://www.gcal.com/
http://www.gcal.com/
http://www.gcal.com/
http://www.deq.state.la.us/laboratory/apps.asp
http://www.deq.state.la.us/laboratory/apps.asp
http://www.deq.state.la.us/laboratory/apps.asp
http://www.deq.state.la.us/laboratory/apps.asp


CASE NARRATIVE

Client: TRINITY Analysis & Development Corp.        Report: 213082102

Gulf Coast Analytical Laboratories received and analyzed the sample(s) listed
on the sample cross-reference page of this report. Receipt of the sample(s) is documented
by the attached chain of custody. This applies only to the sample(s) listed in this report.
No sample integrity or quality control exceptions were identified unless noted below.

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

In the SW-846 8330A analysis for prep batch 514460, the LCS/LCSD RPDs are above the control limit for 
4-Nitrotoluene and Nitroglycerin.  No target analytes were detected in the associated sample. 

METALS 

In the SW-846 6020A analysis, a chemical or physical interference necessitated a dilution for sample 
21308210202 (SC-1). This is reflected in the elevated reporting limits.

In the SW-846 6020A analysis for prep batch 514307, the MS and/or MSD recovery is outside the control 
limits for Arsenic. The LCS recovery is within control limits. This indicates the analysis is in control and the 
sample is affected by matrix interference. 

CONVENTIONALS

In the Hexavalent Chromium analysis for prep batch 514444, the MS recovery is below the lower control 
limit. The LCS recovery is acceptable. A post-digestion spike was performed with a recovery of 92%. 

In the EPA 300.0 analysis, sample 21308210201 (MWQ-24) had to be diluted in order to bracket the 
concentration of target analytes within the calibration range of the instrument.

In the EPA 353.2 analysis, sample 21308210202 (SC-1) had to be diluted in order to bracket the 
concentration within the calibration range of the instrument.

In the SW-846 9056A analysis, sample 21308210202 (SC-1) had to be diluted in order to bracket the 
concentration of target analtyes within the calibration range of the instrument.

In the SW-846 9012B analysis, a chemical or physical interference necessitated a dilution for sample 
21308210202 (SC-1). This is reflected in the elevated reporting limit.

MISCELLANEOUS

See Subcontract reports for any case narrative.



Sample analysis was performed in accordance with approved methodologies provided by the
Environmental Protection Agency or other recognized agencies. The samples and their corresponding
extracts will be maintained for a period of 30 days unless otherwise arranged. Following this retention
period the samples will be disposed in accordance with GCAL's Standard Operating Procedures.

Common Abbreviations Utilized in this Report

ND Indicates the result was Not Detected at the specified RDL
DO Indicates the result was Diluted Out
MI Indicates the result was subject to Matrix Interference
TNTC Indicates the result was Too Numerous To Count
SUBC Indicates the analysis was Sub-Contracted
FLD Indicates the analysis was performed in the Field
PQL Practical Quantitation Limit
MDL Method Detection Limit
RDL Reporting Detection Limit
00:00 Reported as a time equivalent to 12:00 AM

Reporting Flags Utilized in this Report

J Indicates the result is between the MDL and RDL
U Indicates the compound was analyzed for but not detected
B Indicates the analyte was detected in the associated Method Blank

Sample receipt at GCAL is documented through the attached chain of custody. In accordance with
NELAC, this report shall be reproduced only in full and with the written permission of GCAL. The results
contained within this report relate only to the samples reported. The documented results are presented
within this report.

This report pertains only to the samples listed in the Report Sample Summary and should be retained as
a permanent record thereof. The results contained within this report are intended for the use of the client.
Any unauthorized use of the information contained in this report is prohibited.

I certify that this data package is in compliance with the NELAC standard and terms and conditions of the
contract and Statement of Work both technically and for completeness, for other than the conditions in the
case narrative. Release of the data contained in this hardcopy data package and in the
computer-readable data submitted has been authorized by the Quality Assurance Manager or his/her
designee, as verified by the following signature.

Estimated uncertainty of measurement is available upon request. This report is in compliance with the
DOD QSM as specified in the contract if applicable.

Authorized Signature
GCAL REPORT 213082102

THIS REPORT CONTAINS _______ PAGES.

Laboratory Endorsement

http://www.epa.gov/ttn/nelac/


GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210201 MWQ-24 Water 08/20/2013 11:01 08/21/2013 09:55
21308210202 SC-1 Solid 08/20/2013 11:05 08/21/2013 09:55
21308210203 TB-1 Water 08/20/2013 11:01 08/21/2013 09:55

Report Sample Summary

GCAL Report 213082102



GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210201 MWQ-24 Water 08/20/2013 11:01 08/21/2013 09:55

EPA 9012B
CAS# Parameter Result RDL MDL Units

57-12-5 Cyanide 0.0033J 0.0050 0.00050 mg/L

EPA 6010C Dissolved
CAS# Parameter Result RDL MDL Units

7440-39-3 Barium 73.6 10.0 2.50 ug/L
7440-70-2 Calcium 42500 800 50.0 ug/L
7440-50-8 Copper 8.73J 20.0 5.00 ug/L
7439-95-4 Magnesium 26000 200 50.0 ug/L
7439-96-5 Manganese 267 15.0 2.00 ug/L
7439-98-7 Molybdenum 13.0J 30.0 3.75 ug/L
7440-09-7 Potassium 4900 500 100 ug/L
7440-23-5 Sodium 40500 1000 200 ug/L
7440-62-2 Vanadium 36.3 20.0 3.75 ug/L
7440-66-6 Zinc 57.9 20.0 5.00 ug/L

EPA 6010C
CAS# Parameter Result RDL MDL Units

7429-90-5 Aluminum 168J 200 60.0 ug/L
7440-39-3 Barium 74.4 10.0 2.50 ug/L
7440-70-2 Calcium 41500 800 50.0 ug/L
7440-50-8 Copper 7.87J 20.0 5.00 ug/L
7439-95-4 Magnesium 25900 200 50.0 ug/L
7439-96-5 Manganese 262 15.0 2.00 ug/L
7439-98-7 Molybdenum 15.2J 30.0 3.75 ug/L
7440-09-7 Potassium 4510 500 100 ug/L
7440-62-2 Vanadium 35.1 20.0 3.75 ug/L
7440-66-6 Zinc 52.8 20.0 5.00 ug/L

EPA 6010C
CAS# Parameter Result RDL MDL Units

7440-23-5 Sodium 36500 1000 200 ug/L

EPA 6020A
CAS# Parameter Result RDL MDL Units

7440-38-2 Arsenic 2.28 1.00 0.25 ug/L

EPA 6020A Dissolved
CAS# Parameter Result RDL MDL Units

7440-38-2 Arsenic 2.01 1.00 0.25 ug/L

Summary of Compounds Detected

GCAL Report 213082102



GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210201 MWQ-24 Water 08/20/2013 11:01 08/21/2013 09:55

EPA 300.0
CAS# Parameter Result RDL MDL Units

16887-00-6 Chloride 16.2 2.00 0.100 mg/L
14808-79-8 Sulfate 36.4 2.00 0.200 mg/L

SM 2540 C-2011
CAS# Parameter Result RDL MDL Units

WET-035 Total Dissolved Solids(TDS) 294 10.0 4.39 mg/L

EPA 353.2 Rev. 2
CAS# Parameter Result RDL MDL Units

14797-55-8 Nitrate 3.33 0.100 0.082 mg/L-N

SM 2320 B-2011
CAS# Parameter Result RDL MDL Units

000000-00-5 Total Alkalinity 224 1.0 0.26 mg/L CaCO3

SM 4500-H+ B-2011/EPA 9040C
CAS# Parameter Result RDL MDL Units

pH pH 7.68 1.00 1.00 pH unit

EPA 353.2 Rev. 2
CAS# Parameter Result RDL MDL Units

14797-65-0 Nitrite 0.020 0.010 0.006 mg/L-N

GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210202 SC-1 Solid 08/20/2013 11:05 08/21/2013 09:55

EPA 8015C
CAS# Parameter Result RDL MDL Units

GCSV-00-4 Diesel Range Organics 4490J 6260 2040 ug/Kg

Summary of Compounds Detected (con't)

GCAL Report 213082102



GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210202 SC-1 Solid 08/20/2013 11:05 08/21/2013 09:55

EPA 6020A
CAS# Parameter Result RDL MDL Units

7440-38-2 Arsenic 2180 628 157 ug/Kg

EPA 353.2 Rev. 2
CAS# Parameter Result RDL MDL Units

14797-65-0 Nitrite 1.40J 3.92 0.259 mg/kg-N

EPA 9012B
CAS# Parameter Result RDL MDL Units

57-12-5 Cyanide 0.43J 2.0 0.038 mg/kg

EPA 353.2 Rev. 2
CAS# Parameter Result RDL MDL Units

14797-55-8 Nitrate 0.634J 3.92 0.204 mg/kg-N

EPA 9056A
CAS# Parameter Result RDL MDL Units

16887-00-6 Chloride 146 7.85 1.65 mg/kg
14808-79-8 Sulfate 337 15.7 6.20 mg/kg

EPA 6010C
CAS# Parameter Result RDL MDL Units

7429-90-5 Aluminum 11300 12.5 3.11 mg/kg
7440-39-3 Barium 133 0.62 0.16 mg/kg
7440-41-7 Beryllium 0.81 0.25 0.062 mg/kg
7440-70-2 Calcium 19200 49.8 12.5 mg/kg
7440-47-3 Chromium 15.3 0.62 0.16 mg/kg
7440-48-4 Cobalt 7.35 0.62 0.16 mg/kg
7440-50-8 Copper 15.9 1.25 0.31 mg/kg
7439-89-6 Iron 16100 12.5 3.11 mg/kg
7439-92-1 Lead 14.1 0.93 0.23 mg/kg
7439-95-4 Magnesium 5540 12.5 3.11 mg/kg
7439-96-5 Manganese 409 0.93 0.23 mg/kg
7440-02-0 Nickel 17.9 2.49 0.62 mg/kg
7440-09-7 Potassium 2670 31.1 7.78 mg/kg
7440-22-4 Silver 0.20J 0.62 0.16 mg/kg
7440-23-5 Sodium 1050 62.3 15.6 mg/kg
7440-32-6 Titanium 54.1 0.62 0.16 mg/kg
7440-62-2 Vanadium 21.2 1.25 0.31 mg/kg
7440-66-6 Zinc 45.4 1.25 0.31 mg/kg

Summary of Compounds Detected (con't)

GCAL Report 213082102



GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210202 SC-1 Solid 08/20/2013 11:05 08/21/2013 09:55

EPA 8260B
CAS# Parameter Result RDL MDL Units

71-43-2 Benzene 2.95J 9.86 0.100 ug/Kg
108-88-3 Toluene 2.20J 9.86 0.211 ug/Kg

EPA 9045D
CAS# Parameter Result RDL MDL Units

pH pH 8.83 1.00 1.00 pH unit

GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210203 TB-1 Water 08/20/2013 11:01 08/21/2013 09:55

EPA 8260B
CAS# Parameter Result RDL MDL Units

67-64-1 Acetone 3.35J 5.00 0.193 ug/L
74-87-3 Chloromethane 1.84 1.00 0.144 ug/L
75-09-2 Methylene chloride 1.29J 5.00 0.149 ug/L

Summary of Compounds Detected (con't)

GCAL Report 213082102



Subcontract Data
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch

1 09/09/2013 08:08 SMH2

CAS# Parameter Result RDL MDL Units

SHIP-000 Ship Result * mg/L

EPA 8260B
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch

1 08/25/2013 18:02 JCK 514466

CAS# Parameter Result RDL MDL Units

630-20-6 1,1,1,2-Tetrachloroethane 0.120U 1.00 0.120 ug/L
71-55-6 1,1,1-Trichloroethane 0.123U 1.00 0.123 ug/L
79-34-5 1,1,2,2-Tetrachloroethane 0.109U 1.00 0.109 ug/L
79-00-5 1,1,2-Trichloroethane 0.159U 1.00 0.159 ug/L
75-34-3 1,1-Dichloroethane 0.171U 1.00 0.171 ug/L
75-35-4 1,1-Dichloroethene 0.200U 1.00 0.200 ug/L
563-58-6 1,1-Dichloropropene 0.052U 1.00 0.052 ug/L
87-61-6 1,2,3-Trichlorobenzene 0.079U 1.00 0.079 ug/L
96-18-4 1,2,3-Trichloropropane 0.065U 1.00 0.065 ug/L
120-82-1 1,2,4-Trichlorobenzene 0.105U 1.00 0.105 ug/L
95-63-6 1,2,4-Trimethylbenzene 0.084U 1.00 0.084 ug/L
96-12-8 1,2-Dibromo-3-chloropropane 0.194U 1.00 0.194 ug/L
106-93-4 1,2-Dibromoethane 0.102U 1.00 0.102 ug/L
95-50-1 1,2-Dichlorobenzene 0.135U 1.00 0.135 ug/L
107-06-2 1,2-Dichloroethane 0.116U 1.00 0.116 ug/L
78-87-5 1,2-Dichloropropane 0.150U 1.00 0.150 ug/L
108-67-8 1,3,5-Trimethylbenzene 0.066U 1.00 0.066 ug/L
541-73-1 1,3-Dichlorobenzene 0.138U 1.00 0.138 ug/L
142-28-9 1,3-Dichloropropane 0.059U 1.00 0.059 ug/L
106-46-7 1,4-Dichlorobenzene 0.083U 1.00 0.083 ug/L
594-20-7 2,2-Dichloropropane 0.170U 1.00 0.170 ug/L
78-93-3 2-Butanone 0.142U 5.00 0.142 ug/L
95-49-8 2-Chlorotoluene 0.080U 1.00 0.080 ug/L
591-78-6 2-Hexanone 0.122U 5.00 0.122 ug/L
106-43-4 4-Chlorotoluene 0.124U 1.00 0.124 ug/L
99-87-6 4-Isopropyltoluene 0.070U 1.00 0.070 ug/L
108-10-1 4-Methyl-2-pentanone 0.120U 5.00 0.120 ug/L
67-64-1 Acetone 0.193U 5.00 0.193 ug/L
71-43-2 Benzene 0.111U 1.00 0.111 ug/L
108-86-1 Bromobenzene 0.145U 1.00 0.145 ug/L
74-97-5 Bromochloromethane 0.127U 1.00 0.127 ug/L
75-27-4 Bromodichloromethane 0.083U 1.00 0.083 ug/L
75-25-2 Bromoform 0.215U 1.00 0.215 ug/L
74-83-9 Bromomethane 0.427U 1.00 0.427 ug/L
75-15-0 Carbon disulfide 0.190U 1.00 0.190 ug/L
56-23-5 Carbon tetrachloride 0.248U 1.00 0.248 ug/L
108-90-7 Chlorobenzene 0.083U 1.00 0.083 ug/L
75-00-3 Chloroethane 0.235U 1.00 0.235 ug/L
67-66-3 Chloroform 0.155U 1.00 0.155 ug/L
74-87-3 Chloromethane 0.144U 1.00 0.144 ug/L
74-95-3 Dibromomethane 0.211U 1.00 0.211 ug/L

GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210201 MWQ-24 Water 08/20/2013 11:01 08/21/2013 09:55

GCAL Report 213082102



EPA 8260B
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch

1 08/25/2013 18:02 JCK 514466

CAS# Parameter Result RDL MDL Units

75-71-8 Dichlorodifluoromethane 0.145U 1.00 0.145 ug/L
100-41-4 Ethylbenzene 0.109U 1.00 0.109 ug/L
87-68-3 Hexachlorobutadiene 0.265U 1.00 0.265 ug/L
98-82-8 Isopropylbenzene (Cumene) 0.130U 1.00 0.130 ug/L
75-09-2 Methylene chloride 0.149U 5.00 0.149 ug/L
91-20-3 Naphthalene 0.176U 1.00 0.176 ug/L
100-42-5 Styrene 0.089U 1.00 0.089 ug/L
127-18-4 Tetrachloroethene 0.193U 1.00 0.193 ug/L
108-88-3 Toluene 0.122U 1.00 0.122 ug/L
79-01-6 Trichloroethene 0.161U 1.00 0.161 ug/L
75-69-4 Trichlorofluoromethane 0.157U 1.00 0.157 ug/L
75-01-4 Vinyl chloride 0.127U 1.00 0.127 ug/L
156-59-2 cis-1,2-Dichloroethene 0.103U 1.00 0.103 ug/L
10061-01-5 cis-1,3-Dichloropropene 0.124U 1.00 0.124 ug/L
136777-61-2 m,p-Xylene 0.123U 2.00 0.123 ug/L
104-51-8 n-Butylbenzene 0.123U 1.00 0.123 ug/L
103-65-1 n-Propylbenzene 0.727U 1.00 0.727 ug/L
95-47-6 o-Xylene 0.055U 1.00 0.055 ug/L
135-98-8 sec-Butylbenzene 0.107U 1.00 0.107 ug/L
1634-04-4 tert-Butyl methyl ether (MTBE) 0.078U 5.00 0.078 ug/L
98-06-6 tert-Butylbenzene 0.087U 1.00 0.087 ug/L
156-60-5 trans-1,2-Dichloroethene 0.077U 1.00 0.077 ug/L
10061-02-6 trans-1,3-Dichloropropene 0.128U 1.00 0.128 ug/L

CAS# Surrogate Conc. Spiked Conc. Rec Units % Recovery Rec Limits

460-00-4 4-Bromofluorobenzene 50 51.9 ug/L 104 75 - 120
1868-53-7 Dibromofluoromethane 50 49.5 ug/L 99 85 - 115
2037-26-5 Toluene d8 50 52.7 ug/L 105 85 - 120
17060-07-0 1,2-Dichloroethane-d4 50 48.6 ug/L 97 70 - 120

EPA 8015C
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/25/2013 15:30 514439 SW-846 3510C 1 08/26/2013 19:39 PMM 514643

CAS# Parameter Result RDL MDL Units

GCSV-00-4 Diesel Range Organics 44.9U 125 44.9 ug/L

CAS# Surrogate Conc. Spiked Conc. Rec Units % Recovery Rec Limits

84-15-1 o-Terphenyl 50 39 ug/L 78 59 - 120

TX1005 Hydrocarbons by Range
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/23/2013 09:50 514265 TX 1005 1 08/26/2013 11:59 SMH 514592

CAS# Parameter Result RDL MDL Units

GCSV-05-02 >C12-C28 120U 2300 120 ug/L

GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210201 MWQ-24 Water 08/20/2013 11:01 08/21/2013 09:55
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TX1005 Hydrocarbons by Range
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/23/2013 09:50 514265 TX 1005 1 08/26/2013 11:59 SMH 514592

CAS# Parameter Result RDL MDL Units

GCSV-05-03 >C28-C35 120U 2300 120 ug/L
GCSV-05-01 C6-C12 104U 1380 104 ug/L
GCSV-05-04 Total TPH (C6-C35) 104U 2300 104 ug/L

CAS# Surrogate Conc. Spiked Conc. Rec Units % Recovery Rec Limits

84-15-1 o-Terphenyl 15300 15300 ug/L 100 58 - 148

EPA 8330A
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/26/2013 05:00 514460 SW-846 8330A 1 08/26/2013 13:05 DLB 514586

CAS# Parameter Result RDL MDL Units

99-35-4 1,3,5-Trinitrobenzene 0.240U 1.00 0.240 ug/L
99-65-0 1,3-Dinitrobenzene 0.167U 1.00 0.167 ug/L
118-96-7 2,4,6-Trinitrotoluene 0.483U 1.00 0.483 ug/L
121-14-2 2,4-Dinitrotoluene 0.501U 1.00 0.501 ug/L
606-20-2 2,6-Dinitrotoluene 0.283U 1.00 0.283 ug/L
355-72-78-2 2-Amino-4,6-dinitrotoluene 0.576U 1.00 0.576 ug/L
88-72-2 2-Nitrotoluene 0.120U 1.00 0.120 ug/L
99-08-1 3-Nitrotoluene 0.369U 1.00 0.369 ug/L
1946-51-0 4-Amino-2,6-dinitrotoluene 0.489U 1.00 0.489 ug/L
99-99-0 4-Nitrotoluene 0.417U 1.00 0.417 ug/L
2691-41-0 HMX 0.212U 1.00 0.212 ug/L
98-95-3 Nitrobenzene 0.267U 1.00 0.267 ug/L
55-63-0 Nitroglycerin 0.369U 1.00 0.369 ug/L
78-11-5 Pentaerythritol Tetranitrate 0.502U 1.00 0.502 ug/L
121-82-4 RDX 0.189U 1.00 0.189 ug/L
479-45-8 Tetryl 0.241U 1.00 0.241 ug/L

CAS# Surrogate Conc. Spiked Conc. Rec Units % Recovery Rec Limits

528-29-0 1,2-Dinitrobenzene 1 1.11 ug/L 111 60 - 140

EPA 6020A
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/24/2013 07:30 514289 SW-846 3010A 1 09/03/2013 16:02 BAM 515002

CAS# Parameter Result RDL MDL Units

7440-38-2 Arsenic 2.28 1.00 0.25 ug/L
7440-28-0 Thallium 0.25U 1.00 0.25 ug/L

GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210201 MWQ-24 Water 08/20/2013 11:01 08/21/2013 09:55

GCAL Report 213082102



EPA 7470A Dissolved
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/22/2013 13:45 514304 SW-846 7470A Dissolved 1 08/23/2013 12:10 CMB 514375

CAS# Parameter Result RDL MDL Units

7439-97-6 Mercury 0.068U 0.20 0.068 ug/L

EPA 7470A
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/22/2013 13:45 514304 SW-846 7470A 1 08/23/2013 12:08 CMB 514375

CAS# Parameter Result RDL MDL Units

7439-97-6 Mercury 0.068U 0.20 0.068 ug/L

EPA 6020A Dissolved
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/24/2013 10:05 514349 SW-846 3005 Dissolved 1 09/03/2013 15:18 BAM 515002

CAS# Parameter Result RDL MDL Units

7440-38-2 Arsenic 2.01 1.00 0.25 ug/L
7440-28-0 Thallium 0.25U 1.00 0.25 ug/L

EPA 6010C
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/22/2013 10:40 514236 SW-846 3010A 1 08/22/2013 16:17 PJS 514318

CAS# Parameter Result RDL MDL Units

7440-23-5 Sodium 36500 1000 200 ug/L

EPA 6010C
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/22/2013 10:40 514236 SW-846 3010A 1 08/22/2013 16:59 PJS 514314

CAS# Parameter Result RDL MDL Units

7429-90-5 Aluminum 168J 200 60.0 ug/L
7440-36-0 Antimony 15.0U 60.0 15.0 ug/L
7440-39-3 Barium 74.4 10.0 2.50 ug/L
7440-41-7 Beryllium 1.00U 4.00 1.00 ug/L
7440-43-9 Cadmium 0.20U 5.00 0.20 ug/L
7440-70-2 Calcium 41500 800 50.0 ug/L
7440-47-3 Chromium 1.00U 10.0 1.00 ug/L
7440-48-4 Cobalt 1.00U 10.0 1.00 ug/L
7440-50-8 Copper 7.87J 20.0 5.00 ug/L
7439-89-6 Iron 40.0U 200 40.0 ug/L
7439-92-1 Lead 3.75U 15.0 3.75 ug/L
7439-95-4 Magnesium 25900 200 50.0 ug/L

GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210201 MWQ-24 Water 08/20/2013 11:01 08/21/2013 09:55

GCAL Report 213082102



EPA 6010C
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/22/2013 10:40 514236 SW-846 3010A 1 08/22/2013 16:59 PJS 514314

CAS# Parameter Result RDL MDL Units

7439-96-5 Manganese 262 15.0 2.00 ug/L
7439-98-7 Molybdenum 15.2J 30.0 3.75 ug/L
7440-02-0 Nickel 10.0U 40.0 10.0 ug/L
7440-09-7 Potassium 4510 500 100 ug/L
7782-49-2 Selenium 10.0U 40.0 10.0 ug/L
7440-22-4 Silver 2.50U 10.0 2.50 ug/L
7440-32-6 Titanium 1.20U 10.0 1.20 ug/L
7440-62-2 Vanadium 35.1 20.0 3.75 ug/L
7440-66-6 Zinc 52.8 20.0 5.00 ug/L

EPA 6010C Dissolved
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/22/2013 10:40 514138 SW-846 3005 Dissolved 1 08/23/2013 21:07 PJS 514391

CAS# Parameter Result RDL MDL Units

7429-90-5 Aluminum 60.0U 200 60.0 ug/L
7440-36-0 Antimony 15.0U 60.0 15.0 ug/L
7440-39-3 Barium 73.6 10.0 2.50 ug/L
7440-41-7 Beryllium 1.00U 4.00 1.00 ug/L
7440-43-9 Cadmium 0.20U 5.00 0.20 ug/L
7440-70-2 Calcium 42500 800 50.0 ug/L
7440-47-3 Chromium 1.00U 10.0 1.00 ug/L
7440-48-4 Cobalt 1.00U 10.0 1.00 ug/L
7440-50-8 Copper 8.73J 20.0 5.00 ug/L
7439-89-6 Iron 40.0U 200 40.0 ug/L
7439-92-1 Lead 3.75U 15.0 3.75 ug/L
7439-95-4 Magnesium 26000 200 50.0 ug/L
7439-96-5 Manganese 267 15.0 2.00 ug/L
7439-98-7 Molybdenum 13.0J 30.0 3.75 ug/L
7440-02-0 Nickel 10.0U 40.0 10.0 ug/L
7440-09-7 Potassium 4900 500 100 ug/L
7782-49-2 Selenium 10.0U 40.0 10.0 ug/L
7440-22-4 Silver 2.50U 10.0 2.50 ug/L
7440-23-5 Sodium 40500 1000 200 ug/L
7440-32-6 Titanium 1.20U 10.0 1.20 ug/L
7440-62-2 Vanadium 36.3 20.0 3.75 ug/L
7440-66-6 Zinc 57.9 20.0 5.00 ug/L

SM 2540 C-2011
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch

1 08/21/2013 12:07 BNW 514198

CAS# Parameter Result RDL MDL Units

WET-035 Total Dissolved Solids(TDS) 294 10.0 4.39 mg/L

GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210201 MWQ-24 Water 08/20/2013 11:01 08/21/2013 09:55

GCAL Report 213082102



EPA 353.2 Rev. 2
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch

1 08/21/2013 16:01 AEL 514229

CAS# Parameter Result RDL MDL Units

14797-65-0 Nitrite 0.020 0.010 0.006 mg/L-N

EPA 353.2 Rev. 2
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch

10 08/21/2013 17:33 AEL 514228

CAS# Parameter Result RDL MDL Units

14797-55-8 Nitrate 3.33 0.100 0.082 mg/L-N

EPA 300.0
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch

10 08/25/2013 11:06 AEL 514381

CAS# Parameter Result RDL MDL Units

16887-00-6 Chloride 16.2 2.00 0.100 mg/L
14808-79-8 Sulfate 36.4 2.00 0.200 mg/L

SM 2320 B-2011
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch

1 08/22/2013 14:42 DJH 514337

CAS# Parameter Result RDL MDL Units

000000-00-5 Total Alkalinity 224 1.0 0.26 mg/L CaCO3

EPA 1010A
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch

1 08/29/2013 10:00 AEL 514776

CAS# Parameter Result RDL MDL Units

000000-01-3 FlashPoint >170 50 50 Deg F

EPA 9012B
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/22/2013 09:30 514245 SW-846 9012B 1 08/22/2013 14:39 AEL 514329

CAS# Parameter Result RDL MDL Units

57-12-5 Cyanide 0.0033J 0.0050 0.00050 mg/L

GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210201 MWQ-24 Water 08/20/2013 11:01 08/21/2013 09:55

GCAL Report 213082102



SM 4500-H+ B-2011/EPA 9040C
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch

1 08/21/2013 16:30 DNM 514253

CAS# Parameter Result RDL MDL Units

pH pH 7.68 1.00 1.00 pH unit

GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210201 MWQ-24 Water 08/20/2013 11:01 08/21/2013 09:55

GCAL Report 213082102



Subcontract Data
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch

1 09/09/2013 08:08 SMH2

CAS# Parameter Result RDL MDL Units

SHIP-000 Ship Result * mg/L

EPA 8260B
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch

1 08/25/2013 19:04 JCK 514469

CAS# Parameter Result RDL MDL Units

630-20-6 1,1,1,2-Tetrachloroethane 0.351U 9.86 0.351 ug/Kg
71-55-6 1,1,1-Trichloroethane 0.319U 9.86 0.319 ug/Kg
79-34-5 1,1,2,2-Tetrachloroethane 0.344U 9.86 0.344 ug/Kg
79-00-5 1,1,2-Trichloroethane 0.126U 9.86 0.126 ug/Kg
75-34-3 1,1-Dichloroethane 0.190U 9.86 0.190 ug/Kg
75-35-4 1,1-Dichloroethene 0.447U 9.86 0.447 ug/Kg
563-58-6 1,1-Dichloropropene 0.374U 9.86 0.374 ug/Kg
87-61-6 1,2,3-Trichlorobenzene 0.710U 9.86 0.710 ug/Kg
96-18-4 1,2,3-Trichloropropane 0.574U 9.86 0.574 ug/Kg
120-82-1 1,2,4-Trichlorobenzene 0.601U 9.86 0.601 ug/Kg
95-63-6 1,2,4-Trimethylbenzene 0.285U 9.86 0.285 ug/Kg
96-12-8 1,2-Dibromo-3-chloropropane 0.562U 9.86 0.562 ug/Kg
106-93-4 1,2-Dibromoethane 0.406U 9.86 0.406 ug/Kg
95-50-1 1,2-Dichlorobenzene 0.328U 9.86 0.328 ug/Kg
107-06-2 1,2-Dichloroethane 0.390U 9.86 0.390 ug/Kg
78-87-5 1,2-Dichloropropane 0.150U 9.86 0.150 ug/Kg
108-67-8 1,3,5-Trimethylbenzene 0.260U 9.86 0.260 ug/Kg
541-73-1 1,3-Dichlorobenzene 0.387U 9.86 0.387 ug/Kg
142-28-9 1,3-Dichloropropane 0.230U 9.86 0.230 ug/Kg
106-46-7 1,4-Dichlorobenzene 0.395U 9.86 0.395 ug/Kg
594-20-7 2,2-Dichloropropane 0.491U 9.86 0.491 ug/Kg
78-93-3 2-Butanone 0.637U 9.86 0.637 ug/Kg
95-49-8 2-Chlorotoluene 0.291U 9.86 0.291 ug/Kg
591-78-6 2-Hexanone 0.582U 9.86 0.582 ug/Kg
106-43-4 4-Chlorotoluene 0.304U 9.86 0.304 ug/Kg
99-87-6 4-Isopropyltoluene 0.235U 9.86 0.235 ug/Kg
108-10-1 4-Methyl-2-pentanone 0.304U 9.86 0.304 ug/Kg
67-64-1 Acetone 0.584U 49.3 0.584 ug/Kg
71-43-2 Benzene 2.95J 9.86 0.100 ug/Kg
108-86-1 Bromobenzene 0.299U 9.86 0.299 ug/Kg
74-97-5 Bromochloromethane 0.654U 9.86 0.654 ug/Kg
75-27-4 Bromodichloromethane 0.204U 9.86 0.204 ug/Kg
75-25-2 Bromoform 0.861U 9.86 0.861 ug/Kg
74-83-9 Bromomethane 0.958U 9.86 0.958 ug/Kg
75-15-0 Carbon disulfide 0.369U 9.86 0.369 ug/Kg
56-23-5 Carbon tetrachloride 0.372U 9.86 0.372 ug/Kg
108-90-7 Chlorobenzene 0.255U 9.86 0.255 ug/Kg
75-00-3 Chloroethane 0.397U 9.86 0.397 ug/Kg
67-66-3 Chloroform 0.340U 9.86 0.340 ug/Kg
74-87-3 Chloromethane 0.380U 9.86 0.380 ug/Kg
74-95-3 Dibromomethane 0.359U 9.86 0.359 ug/Kg

GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210202 SC-1 Solid 08/20/2013 11:05 08/21/2013 09:55

GCAL Report 213082102



EPA 8260B
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch

1 08/25/2013 19:04 JCK 514469

CAS# Parameter Result RDL MDL Units

75-71-8 Dichlorodifluoromethane 0.442U 9.86 0.442 ug/Kg
100-41-4 Ethylbenzene 0.361U 9.86 0.361 ug/Kg
87-68-3 Hexachlorobutadiene 0.723U 9.86 0.723 ug/Kg
98-82-8 Isopropylbenzene (Cumene) 0.206U 9.86 0.206 ug/Kg
75-09-2 Methylene chloride 1.01U 19.7 1.01 ug/Kg
91-20-3 Naphthalene 0.765U 9.86 0.765 ug/Kg
100-42-5 Styrene 0.164U 9.86 0.164 ug/Kg
127-18-4 Tetrachloroethene 0.584U 9.86 0.584 ug/Kg
108-88-3 Toluene 2.20J 9.86 0.211 ug/Kg
79-01-6 Trichloroethene 0.251U 9.86 0.251 ug/Kg
75-69-4 Trichlorofluoromethane 0.255U 9.86 0.255 ug/Kg
75-01-4 Vinyl chloride 0.382U 9.86 0.382 ug/Kg
156-59-2 cis-1,2-Dichloroethene 0.225U 9.86 0.225 ug/Kg
10061-01-5 cis-1,3-Dichloropropene 0.255U 9.86 0.255 ug/Kg
136777-61-2 m,p-Xylene 0.329U 19.7 0.329 ug/Kg
104-51-8 n-Butylbenzene 0.342U 9.86 0.342 ug/Kg
103-65-1 n-Propylbenzene 0.234U 9.86 0.234 ug/Kg
95-47-6 o-Xylene 0.158U 9.86 0.158 ug/Kg
135-98-8 sec-Butylbenzene 0.322U 9.86 0.322 ug/Kg
1634-04-4 tert-Butyl methyl ether (MTBE) 0.120U 9.86 0.120 ug/Kg
98-06-6 tert-Butylbenzene 0.681U 9.86 0.681 ug/Kg
156-60-5 trans-1,2-Dichloroethene 0.235U 9.86 0.235 ug/Kg
10061-02-6 trans-1,3-Dichloropropene 0.162U 9.86 0.162 ug/Kg

CAS# Surrogate Conc. Spiked Conc. Rec Units % Recovery Rec Limits

460-00-4 4-Bromofluorobenzene 62.8 66.5 ug/Kg 106 85 - 120
1868-53-7 Dibromofluoromethane 62.8 65.9 ug/Kg 105 65 - 130
2037-26-5 Toluene d8 62.8 63.4 ug/Kg 101 85 - 115
17060-07-0 1,2-Dichloroethane-d4 62.8 65.9 ug/Kg 105 62 - 125

EPA 8015C
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/22/2013 13:00 514232 SW-846 3550C 1 08/23/2013 13:06 PMM 514524

CAS# Parameter Result RDL MDL Units

GCSV-00-4 Diesel Range Organics 4490J 6260 2040 ug/Kg

CAS# Surrogate Conc. Spiked Conc. Rec Units % Recovery Rec Limits

84-15-1 o-Terphenyl 1660 1300 ug/Kg 78 63 - 120

TX1005 Hydrocarbons by Range
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/23/2013 12:10 514264 TX 1005 1 08/26/2013 14:05 SMH 514592

CAS# Parameter Result RDL MDL Units

GCSV-05-02 >C12-C28 6630U 76200 6630 ug/Kg

GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210202 SC-1 Solid 08/20/2013 11:05 08/21/2013 09:55

GCAL Report 213082102



TX1005 Hydrocarbons by Range
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/23/2013 12:10 514264 TX 1005 1 08/26/2013 14:05 SMH 514592

CAS# Parameter Result RDL MDL Units

GCSV-05-03 >C28-C35 6630U 76200 6630 ug/Kg
GCSV-05-01 C6-C12 6780U 76200 6780 ug/Kg
GCSV-05-04 Total TPH (C6-C35) 6630U 76200 6630 ug/Kg

CAS# Surrogate Conc. Spiked Conc. Rec Units % Recovery Rec Limits

84-15-1 o-Terphenyl 48500 62600 ug/Kg 129 58 - 148

EPA 8330A
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/27/2013 11:00 514470 SW-846 8330A 1 09/08/2013 01:57 DLB 515352

CAS# Parameter Result RDL MDL Units

99-35-4 1,3,5-Trinitrobenzene 66.5U 314 66.5 ug/Kg
99-65-0 1,3-Dinitrobenzene 38.6U 314 38.6 ug/Kg
118-96-7 2,4,6-Trinitrotoluene 114U 314 114 ug/Kg
121-14-2 2,4-Dinitrotoluene 71.4U 314 71.4 ug/Kg
606-20-2 2,6-Dinitrotoluene 131U 314 131 ug/Kg
355-72-78-2 2-Amino-4,6-dinitrotoluene 102U 314 102 ug/Kg
88-72-2 2-Nitrotoluene 38.9U 314 38.9 ug/Kg
99-08-1 3-Nitrotoluene 130U 314 130 ug/Kg
1946-51-0 4-Amino-2,6-dinitrotoluene 71.7U 314 71.7 ug/Kg
99-99-0 4-Nitrotoluene 78.9U 314 78.9 ug/Kg
2691-41-0 HMX 56.5U 314 56.5 ug/Kg
98-95-3 Nitrobenzene 38.6U 314 38.6 ug/Kg
121-82-4 RDX 60.0U 314 60.0 ug/Kg
479-45-8 Tetryl 176U 314 176 ug/Kg

CAS# Surrogate Conc. Spiked Conc. Rec Units % Recovery Rec Limits

528-29-0 1,2-Dinitrobenzene 400 371 ug/Kg 93 50 - 150

EPA 6020A
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
09/04/2013 12:30 514307 SW-846 3050B 10 09/09/2013 14:28 BAM 515375

CAS# Parameter Result RDL MDL Units

7440-38-2 Arsenic 2180 628 157 ug/Kg
7440-28-0 Thallium 157U 628 157 ug/Kg

GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210202 SC-1 Solid 08/20/2013 11:05 08/21/2013 09:55

GCAL Report 213082102



EPA 7471B
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/23/2013 11:30 514309 SW-846 7471B 1 08/26/2013 17:35 CMB 514406

CAS# Parameter Result RDL MDL Units

7439-97-6 Mercury 0.0062U 0.019 0.0062 mg/kg

EPA 6010C
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/22/2013 15:30 514237 SW-846 3050B 1 08/23/2013 23:10 PJS 514391

CAS# Parameter Result RDL MDL Units

7429-90-5 Aluminum 11300 12.5 3.11 mg/kg
7440-36-0 Antimony 0.93U 3.74 0.93 mg/kg
7440-39-3 Barium 133 0.62 0.16 mg/kg
7440-41-7 Beryllium 0.81 0.25 0.062 mg/kg
7440-43-9 Cadmium 0.078U 0.31 0.078 mg/kg
7440-70-2 Calcium 19200 49.8 12.5 mg/kg
7440-47-3 Chromium 15.3 0.62 0.16 mg/kg
7440-48-4 Cobalt 7.35 0.62 0.16 mg/kg
7440-50-8 Copper 15.9 1.25 0.31 mg/kg
7439-89-6 Iron 16100 12.5 3.11 mg/kg
7439-92-1 Lead 14.1 0.93 0.23 mg/kg
7439-95-4 Magnesium 5540 12.5 3.11 mg/kg
7439-96-5 Manganese 409 0.93 0.23 mg/kg
7439-98-7 Molybdenum 0.47U 1.87 0.47 mg/kg
7440-02-0 Nickel 17.9 2.49 0.62 mg/kg
7440-09-7 Potassium 2670 31.1 7.78 mg/kg
7782-49-2 Selenium 0.62U 2.49 0.62 mg/kg
7440-22-4 Silver 0.20J 0.62 0.16 mg/kg
7440-23-5 Sodium 1050 62.3 15.6 mg/kg
7440-32-6 Titanium 54.1 0.62 0.16 mg/kg
7440-62-2 Vanadium 21.2 1.25 0.31 mg/kg
7440-66-6 Zinc 45.4 1.25 0.31 mg/kg

EPA 353.2 Rev. 2
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/27/2013 15:00 514649 EPA 353.2 5 08/28/2013 09:42 AEL 514650

CAS# Parameter Result RDL MDL Units

14797-55-8 Nitrate 0.634J 3.92 0.204 mg/kg-N

GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210202 SC-1 Solid 08/20/2013 11:05 08/21/2013 09:55

GCAL Report 213082102



EPA 353.2 Rev. 2
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/27/2013 15:00 514651 EPA 353.2 5 08/28/2013 10:11 AEL 514652

CAS# Parameter Result RDL MDL Units

14797-65-0 Nitrite 1.40J 3.92 0.259 mg/kg-N

EPA 9045D
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch

1 08/25/2013 12:30 DNM 514449

CAS# Parameter Result RDL MDL Units

pH pH 8.83 1.00 1.00 pH unit

EPA 9056A
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/28/2013 13:00 514740 SW-846 5050 5 08/30/2013 19:34 AEL 514741

CAS# Parameter Result RDL MDL Units

16887-00-6 Chloride 146 7.85 1.65 mg/kg
14808-79-8 Sulfate 337 15.7 6.20 mg/kg

EPA 7196A
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/26/2013 10:50 514444 SW-846 3060A 1 08/26/2013 15:16 DMT 514542

CAS# Parameter Result RDL MDL Units

18540-29-9 Chromium VI 0.487U 0.785 0.487 mg/kg

EPA 9012B
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch
08/22/2013 09:30 514234 SW-846 9012B 5 08/22/2013 15:03 AEL 514330

CAS# Parameter Result RDL MDL Units

57-12-5 Cyanide 0.43J 2.0 0.038 mg/kg

GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210202 SC-1 Solid 08/20/2013 11:05 08/21/2013 09:55

GCAL Report 213082102



EPA 1030
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch

1 08/22/2013 16:00 AEL 514373

CAS# Parameter Result RDL MDL Units

000000-01-7 Ignitable NO

RESULTS REPORTED ON A DRY WEIGHT BASIS

GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210202 SC-1 Solid 08/20/2013 11:05 08/21/2013 09:55

GCAL Report 213082102



EPA 8260B
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch

1 08/25/2013 18:23 JCK 514466

CAS# Parameter Result RDL MDL Units

630-20-6 1,1,1,2-Tetrachloroethane 0.120U 1.00 0.120 ug/L
71-55-6 1,1,1-Trichloroethane 0.123U 1.00 0.123 ug/L
79-34-5 1,1,2,2-Tetrachloroethane 0.109U 1.00 0.109 ug/L
79-00-5 1,1,2-Trichloroethane 0.159U 1.00 0.159 ug/L
75-34-3 1,1-Dichloroethane 0.171U 1.00 0.171 ug/L
75-35-4 1,1-Dichloroethene 0.200U 1.00 0.200 ug/L
563-58-6 1,1-Dichloropropene 0.052U 1.00 0.052 ug/L
87-61-6 1,2,3-Trichlorobenzene 0.079U 1.00 0.079 ug/L
96-18-4 1,2,3-Trichloropropane 0.065U 1.00 0.065 ug/L
120-82-1 1,2,4-Trichlorobenzene 0.105U 1.00 0.105 ug/L
95-63-6 1,2,4-Trimethylbenzene 0.084U 1.00 0.084 ug/L
96-12-8 1,2-Dibromo-3-chloropropane 0.194U 1.00 0.194 ug/L
106-93-4 1,2-Dibromoethane 0.102U 1.00 0.102 ug/L
95-50-1 1,2-Dichlorobenzene 0.135U 1.00 0.135 ug/L
107-06-2 1,2-Dichloroethane 0.116U 1.00 0.116 ug/L
78-87-5 1,2-Dichloropropane 0.150U 1.00 0.150 ug/L
108-67-8 1,3,5-Trimethylbenzene 0.066U 1.00 0.066 ug/L
541-73-1 1,3-Dichlorobenzene 0.138U 1.00 0.138 ug/L
142-28-9 1,3-Dichloropropane 0.059U 1.00 0.059 ug/L
106-46-7 1,4-Dichlorobenzene 0.083U 1.00 0.083 ug/L
594-20-7 2,2-Dichloropropane 0.170U 1.00 0.170 ug/L
78-93-3 2-Butanone 0.142U 5.00 0.142 ug/L
95-49-8 2-Chlorotoluene 0.080U 1.00 0.080 ug/L
591-78-6 2-Hexanone 0.122U 5.00 0.122 ug/L
106-43-4 4-Chlorotoluene 0.124U 1.00 0.124 ug/L
99-87-6 4-Isopropyltoluene 0.070U 1.00 0.070 ug/L
108-10-1 4-Methyl-2-pentanone 0.120U 5.00 0.120 ug/L
67-64-1 Acetone 3.35J 5.00 0.193 ug/L
71-43-2 Benzene 0.111U 1.00 0.111 ug/L
108-86-1 Bromobenzene 0.145U 1.00 0.145 ug/L
74-97-5 Bromochloromethane 0.127U 1.00 0.127 ug/L
75-27-4 Bromodichloromethane 0.083U 1.00 0.083 ug/L
75-25-2 Bromoform 0.215U 1.00 0.215 ug/L
74-83-9 Bromomethane 0.427U 1.00 0.427 ug/L
75-15-0 Carbon disulfide 0.190U 1.00 0.190 ug/L
56-23-5 Carbon tetrachloride 0.248U 1.00 0.248 ug/L
108-90-7 Chlorobenzene 0.083U 1.00 0.083 ug/L
75-00-3 Chloroethane 0.235U 1.00 0.235 ug/L
67-66-3 Chloroform 0.155U 1.00 0.155 ug/L
74-87-3 Chloromethane 1.84 1.00 0.144 ug/L
74-95-3 Dibromomethane 0.211U 1.00 0.211 ug/L
75-71-8 Dichlorodifluoromethane 0.145U 1.00 0.145 ug/L
100-41-4 Ethylbenzene 0.109U 1.00 0.109 ug/L
87-68-3 Hexachlorobutadiene 0.265U 1.00 0.265 ug/L
98-82-8 Isopropylbenzene (Cumene) 0.130U 1.00 0.130 ug/L
75-09-2 Methylene chloride 1.29J 5.00 0.149 ug/L
91-20-3 Naphthalene 0.176U 1.00 0.176 ug/L
100-42-5 Styrene 0.089U 1.00 0.089 ug/L
127-18-4 Tetrachloroethene 0.193U 1.00 0.193 ug/L
108-88-3 Toluene 0.122U 1.00 0.122 ug/L

GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210203 TB-1 Water 08/20/2013 11:01 08/21/2013 09:55
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EPA 8260B
Prep Date Prep Batch Prep Method Dilution Analyzed By Analytical Batch

1 08/25/2013 18:23 JCK 514466

CAS# Parameter Result RDL MDL Units

79-01-6 Trichloroethene 0.161U 1.00 0.161 ug/L
75-69-4 Trichlorofluoromethane 0.157U 1.00 0.157 ug/L
75-01-4 Vinyl chloride 0.127U 1.00 0.127 ug/L
156-59-2 cis-1,2-Dichloroethene 0.103U 1.00 0.103 ug/L
10061-01-5 cis-1,3-Dichloropropene 0.124U 1.00 0.124 ug/L
136777-61-2 m,p-Xylene 0.123U 2.00 0.123 ug/L
104-51-8 n-Butylbenzene 0.123U 1.00 0.123 ug/L
103-65-1 n-Propylbenzene 0.727U 1.00 0.727 ug/L
95-47-6 o-Xylene 0.055U 1.00 0.055 ug/L
135-98-8 sec-Butylbenzene 0.107U 1.00 0.107 ug/L
1634-04-4 tert-Butyl methyl ether (MTBE) 0.078U 5.00 0.078 ug/L
98-06-6 tert-Butylbenzene 0.087U 1.00 0.087 ug/L
156-60-5 trans-1,2-Dichloroethene 0.077U 1.00 0.077 ug/L
10061-02-6 trans-1,3-Dichloropropene 0.128U 1.00 0.128 ug/L

CAS# Surrogate Conc. Spiked Conc. Rec Units % Recovery Rec Limits

460-00-4 4-Bromofluorobenzene 50 51.6 ug/L 103 75 - 120
1868-53-7 Dibromofluoromethane 50 50.1 ug/L 100 85 - 115
2037-26-5 Toluene d8 50 52.2 ug/L 104 85 - 120
17060-07-0 1,2-Dichloroethane-d4 50 48.5 ug/L 97 70 - 120

GCAL ID Client ID Matrix Collect Date/Time Receive Date/Time
21308210203 TB-1 Water 08/20/2013 11:01 08/21/2013 09:55

GCAL Report 213082102



Analytical Batch 514466 Client ID MB514466 LCS514466 LCSD514466
Prep Batch N/A GCAL ID 1227233 1227234 1227235

Sample Type Method Blank LCS LCSD
Analytical Date 08/25/2013 12:36 08/25/2013 10:48 08/25/2013 11:10

Matrix Water Water Water

EPA 8260B Units ug/L Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

67-64-1 Acetone 0.193U 0.193 50.0 52.3 105 40 - 140 53.8 108 3 30
74-97-5 Bromochloromethane 0.127U 0.127 50.0 57.9 116 65 - 130 55.7 111 4 30
75-27-4 Bromodichloromethane 0.083U 0.083 50.0 57.6 115 75 - 120 55.8 112 3 30
75-25-2 Bromoform 0.215U 0.215 50.0 59.2 118 70 - 130 57.7 115 3 30
74-83-9 Bromomethane 0.427U 0.427 50.0 43.6 87 30 - 145 54.8 110 23 30
75-15-0 Carbon disulfide 0.190U 0.190 50.0 47.6 95 35 - 160 47.1 94 1 30
56-23-5 Carbon tetrachloride 0.248U 0.248 50.0 57.0 114 65 - 140 54.0 108 5 30
75-00-3 Chloroethane 0.235U 0.235 50.0 56.0 112 60 - 135 55.0 110 2 30
136777-61-2 m,p-Xylene 0.123U 0.123 100 114 114 75 - 130 108 108 5 30
67-66-3 Chloroform 0.155U 0.155 50.0 53.1 106 65 - 135 51.0 102 4 30
74-87-3 Chloromethane 0.144U 0.144 50.0 48.3 97 40 - 125 47.8 96 1 30
74-95-3 Dibromomethane 0.211U 0.211 50.0 56.9 114 75 - 125 55.1 110 3 30
75-71-8 Dichlorodifluoromethane 0.145U 0.145 50.0 47.2 94 30 - 155 45.2 90 4 30
75-34-3 1,1-Dichloroethane 0.171U 0.171 50.0 52.8 106 70 - 135 51.2 102 3 30
107-06-2 1,2-Dichloroethane 0.116U 0.116 50.0 53.0 106 70 - 130 51.7 103 2 30
156-59-2 cis-1,2-Dichloroethene 0.103U 0.103 50.0 52.5 105 70 - 125 51.2 102 3 30
156-60-5 trans-1,2-Dichloroethene 0.077U 0.077 50.0 51.6 103 60 - 140 49.8 100 4 30
75-09-2 Methylene chloride 0.149U 0.149 50.0 50.0 100 55 - 140 48.5 97 3 30
78-87-5 1,2-Dichloropropane 0.150U 0.150 50.0 54.3 109 75 - 125 52.8 106 3 30
10061-01-5 cis-1,3-Dichloropropene 0.124U 0.124 50.0 57.5 115 70 - 130 55.0 110 4 30
10061-02-6 trans-1,3-Dichloropropene 0.128U 0.128 50.0 58.4 117 55 - 140 56.2 112 4 30
100-41-4 Ethylbenzene 0.109U 0.109 50.0 56.9 114 75 - 125 53.8 108 6 30
591-78-6 2-Hexanone 0.122U 0.122 50.0 54.8 110 55 - 130 54.1 108 1 30
98-82-8 Isopropylbenzene (Cumene) 0.130U 0.130 50.0 58.2 116 75 - 125 55.1 110 5 30
78-93-3 2-Butanone 0.142U 0.142 50.0 53.6 107 30 - 150 53.3 107 1 30
108-10-1 4-Methyl-2-pentanone 0.120U 0.120 50.0 50.9 102 60 - 135 50.4 101 1 30
103-65-1 n-Propylbenzene 0.727U 0.727 50.0 55.7 111 70 - 130 51.6 103 8 30
100-42-5 Styrene 0.089U 0.089 50.0 58.0 116 65 - 135 55.5 111 4 30
127-18-4 Tetrachloroethene 0.193U 0.193 50.0 57.9 116 45 - 150 54.9 110 5 30
630-20-6 1,1,1,2-Tetrachloroethane 0.120U 0.120 50.0 60.2 120 80 - 130 58.1 116 4 30
79-34-5 1,1,2,2-Tetrachloroethane 0.109U 0.109 50.0 57.8 116 65 - 130 54.3 109 6 30
120-82-1 1,2,4-Trichlorobenzene 0.105U 0.105 50.0 57.6 115 65 - 135 54.4 109 6 30
71-55-6 1,1,1-Trichloroethane 0.123U 0.123 50.0 54.8 110 65 - 130 52.6 105 4 30

GC/MS Volatiles Quality Control Summary
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Analytical Batch 514466 Client ID MB514466 LCS514466 LCSD514466
Prep Batch N/A GCAL ID 1227233 1227234 1227235

Sample Type Method Blank LCS LCSD
Analytical Date 08/25/2013 12:36 08/25/2013 10:48 08/25/2013 11:10

Matrix Water Water Water

EPA 8260B Units ug/L Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

79-00-5 1,1,2-Trichloroethane 0.159U 0.159 50.0 56.4 113 75 - 125 55.3 111 2 30
75-69-4 Trichlorofluoromethane 0.157U 0.157 50.0 48.5 97 60 - 145 48.7 97 0 30
96-18-4 1,2,3-Trichloropropane 0.065U 0.065 50.0 52.8 106 75 - 125 53.5 107 1 30
95-63-6 1,2,4-Trimethylbenzene 0.084U 0.084 50.0 56.0 112 75 - 130 52.3 105 7 30
108-67-8 1,3,5-Trimethylbenzene 0.066U 0.066 50.0 56.3 113 75 - 130 52.8 106 6 30
75-01-4 Vinyl chloride 0.127U 0.127 50.0 55.0 110 50 - 145 53.0 106 4 30
95-47-6 o-Xylene 0.055U 0.055 50.0 57.7 115 80 - 120 54.9 110 5 30
96-12-8 1,2-Dibromo-3-chloropropane 0.194U 0.194 50.0 56.5 113 50 - 130 55.1 110 3 30
106-93-4 1,2-Dibromoethane 0.102U 0.102 50.0 57.2 114 80 - 120 55.5 111 3 30
1634-04-4 tert-Butyl methyl ether (MTBE) 0.078U 0.078 50.0 50.8 102 65 - 125 50.0 100 2 30
99-87-6 4-Isopropyltoluene 0.070U 0.070 50.0 57.8 116 75 - 130 53.0 106 9 30
594-20-7 2,2-Dichloropropane 0.170U 0.170 50.0 57.3 115 70 - 135 54.0 108 6 30
563-58-6 1,1-Dichloropropene 0.052U 0.052 50.0 52.1 104 75 - 130 49.5 99 5 30
142-28-9 1,3-Dichloropropane 0.059U 0.059 50.0 55.2 110 75 - 125 53.4 107 3 30
108-86-1 Bromobenzene 0.145U 0.145 50.0 54.3 109 75 - 125 50.5 101 7 30
95-49-8 2-Chlorotoluene 0.080U 0.080 50.0 55.6 111 75 - 125 51.9 104 7 30
106-43-4 4-Chlorotoluene 0.124U 0.124 50.0 55.7 111 75 - 130 52.0 104 7 30
98-06-6 tert-Butylbenzene 0.087U 0.087 50.0 55.4 111 70 - 130 51.2 102 8 30
135-98-8 sec-Butylbenzene 0.107U 0.107 50.0 56.9 114 70 - 125 52.0 104 9 30
541-73-1 1,3-Dichlorobenzene 0.138U 0.138 50.0 58.3 117 75 - 125 54.8 110 6 30
106-46-7 1,4-Dichlorobenzene 0.083U 0.083 50.0 57.2 114 75 - 125 52.8 106 8 30
104-51-8 n-Butylbenzene 0.123U 0.123 50.0 56.3 113 70 - 135 51.4 103 9 30
95-50-1 1,2-Dichlorobenzene 0.135U 0.135 50.0 57.6 115 70 - 120 54.4 109 6 30
87-68-3 Hexachlorobutadiene 0.265U 0.265 50.0 58.3 117 50 - 140 55.2 110 5 30
91-20-3 Naphthalene 0.176U 0.176 50.0 54.4 109 55 - 140 53.9 108 1 30
87-61-6 1,2,3-Trichlorobenzene 0.079U 0.079 50.0 56.8 114 55 - 140 54.4 109 4 30
75-35-4 1,1-Dichloroethene 0.200U 0.200 50.0 49.4 99 70 - 130 48.7 97 1 30
71-43-2 Benzene 0.111U 0.111 50.0 52.7 105 80 - 120 50.5 101 4 30
79-01-6 Trichloroethene 0.161U 0.161 50.0 54.6 109 70 - 125 52.8 106 3 30
108-88-3 Toluene 0.122U 0.122 50.0 53.9 108 75 - 120 52.1 104 3 30
108-90-7 Chlorobenzene 0.083U 0.083 50.0 56.5 113 80 - 120 54.0 108 5 30
Surrogate
460-00-4 4-Bromofluorobenzene 50.3 101 50 51.9 104 75 - 120 53.1 106

GC/MS Volatiles Quality Control Summary
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Analytical Batch 514466 Client ID MB514466 LCS514466 LCSD514466
Prep Batch N/A GCAL ID 1227233 1227234 1227235

Sample Type Method Blank LCS LCSD
Analytical Date 08/25/2013 12:36 08/25/2013 10:48 08/25/2013 11:10

Matrix Water Water Water

EPA 8260B Units ug/L Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

1868-53-7 Dibromofluoromethane 49.4 99 50 50.6 101 85 - 115 50.9 102
2037-26-5 Toluene d8 52.3 105 50 49.8 100 85 - 120 48.9 98
17060-07-0 1,2-Dichloroethane-d4 50.2 100 50 49.4 99 70 - 120 49.7 99

Analytical Batch 514469 Client ID MB514469 LCS514469 LCSD514469
Prep Batch N/A GCAL ID 1227245 1227246 1227247

Sample Type Method Blank LCS LCSD
Analytical Date 08/25/2013 16:12 08/25/2013 14:30 08/25/2013 17:03

Matrix Solid Solid Solid

EPA 8260B Units ug/Kg Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

67-64-1 Acetone 0.296U 0.296 50.0 50.8 102 20 - 160 51.4 103 1 30
74-97-5 Bromochloromethane 0.332U 0.332 50.0 54.3 109 70 - 125 54.1 108 0 30
75-27-4 Bromodichloromethane 0.104U 0.104 50.0 52.5 105 70 - 130 51.3 103 2 30
75-25-2 Bromoform 0.437U 0.437 50.0 49.8 100 55 - 135 46.1 92 8 30
74-83-9 Bromomethane 0.486U 0.486 50.0 53.0 106 30 - 160 54.7 109 3 30
75-15-0 Carbon disulfide 0.187U 0.187 50.0 50.8 102 45 - 160 54.1 108 6 30
56-23-5 Carbon tetrachloride 0.189U 0.189 50.0 54.2 108 65 - 135 54.1 108 0 30
75-00-3 Chloroethane 0.202U 0.202 50.0 51.0 102 40 - 155 53.7 107 5 30
136777-61-2 m,p-Xylene 0.167U 0.167 100 104 104 80 - 125 97.0 97 7 30
67-66-3 Chloroform 0.172U 0.172 50.0 48.8 98 70 - 125 49.9 100 2 30
74-87-3 Chloromethane 0.193U 0.193 50.0 47.1 94 50 - 130 49.7 99 5 30
74-95-3 Dibromomethane 0.182U 0.182 50.0 51.0 102 75 - 130 49.4 99 3 30
75-71-8 Dichlorodifluoromethane 0.224U 0.224 50.0 50.7 101 35 - 135 55.1 110 8 30
75-34-3 1,1-Dichloroethane 0.096U 0.096 50.0 50.8 102 75 - 125 49.8 100 2 30
107-06-2 1,2-Dichloroethane 0.198U 0.198 50.0 49.2 98 70 - 135 48.2 96 2 30
156-59-2 cis-1,2-Dichloroethene 0.114U 0.114 50.0 53.9 108 65 - 125 51.5 103 5 30
156-60-5 trans-1,2-Dichloroethene 0.119U 0.119 50.0 53.0 106 65 - 135 52.6 105 1 30
75-09-2 Methylene chloride 2.75J 0.512 50.0 51.8 104 55 - 140 50.2 100 3 30
78-87-5 1,2-Dichloropropane 0.076U 0.076 50.0 54.8 110 70 - 120 52.3 105 5 30
10061-01-5 cis-1,3-Dichloropropene 0.129U 0.129 50.0 58.3 117 70 - 125 55.7 111 5 30
10061-02-6 trans-1,3-Dichloropropene 0.082U 0.082 50.0 57.0 114 65 - 125 54.9 110 4 30

GC/MS Volatiles Quality Control Summary
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Analytical Batch 514469 Client ID MB514469 LCS514469 LCSD514469
Prep Batch N/A GCAL ID 1227245 1227246 1227247

Sample Type Method Blank LCS LCSD
Analytical Date 08/25/2013 16:12 08/25/2013 14:30 08/25/2013 17:03

Matrix Solid Solid Solid

EPA 8260B Units ug/Kg Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

100-41-4 Ethylbenzene 0.183U 0.183 50.0 55.0 110 75 - 125 51.1 102 7 30
591-78-6 2-Hexanone 0.295U 0.295 50.0 51.8 104 45 - 145 46.1 92 12 30
98-82-8 Isopropylbenzene (Cumene) 0.105U 0.105 50.0 49.9 100 75 - 130 48.0 96 4 30
78-93-3 2-Butanone 0.323U 0.323 50.0 49.5 99 30 - 160 47.2 94 5 30
108-10-1 4-Methyl-2-pentanone 0.154U 0.154 50.0 50.1 100 45 - 145 45.8 92 9 30
103-65-1 n-Propylbenzene 0.119U 0.119 50.0 46.2 92 65 - 135 45.4 91 2 30
100-42-5 Styrene 0.083U 0.083 50.0 49.6 99 75 - 125 46.1 92 7 30
127-18-4 Tetrachloroethene 0.296U 0.296 50.0 51.7 103 65 - 140 49.8 100 4 30
630-20-6 1,1,1,2-Tetrachloroethane 0.178U 0.178 50.0 51.4 103 75 - 125 47.4 95 8 30
79-34-5 1,1,2,2-Tetrachloroethane 0.175U 0.175 50.0 46.4 93 55 - 130 45.2 90 3 30
120-82-1 1,2,4-Trichlorobenzene 0.305U 0.305 50.0 53.9 108 65 - 130 51.8 104 4 30
71-55-6 1,1,1-Trichloroethane 0.162U 0.162 50.0 53.8 108 70 - 135 52.8 106 2 30
79-00-5 1,1,2-Trichloroethane 0.064U 0.064 50.0 49.4 99 60 - 125 47.2 94 5 30
75-69-4 Trichlorofluoromethane 0.129U 0.129 50.0 52.2 104 25 - 185 55.8 112 7 30
96-18-4 1,2,3-Trichloropropane 0.291U 0.291 50.0 47.6 95 63 - 130 45.1 90 5 30
95-63-6 1,2,4-Trimethylbenzene 0.144U 0.144 50.0 47.3 95 65 - 135 45.2 90 5 30
108-67-8 1,3,5-Trimethylbenzene 0.132U 0.132 50.0 46.4 93 65 - 135 45.3 91 2 30
75-01-4 Vinyl chloride 0.194U 0.194 50.0 49.4 99 60 - 125 54.7 109 10 30
95-47-6 o-Xylene 0.080U 0.080 50.0 51.3 103 75 - 125 47.0 94 9 30
96-12-8 1,2-Dibromo-3-chloropropane 0.285U 0.285 50.0 52.9 106 40 - 135 49.4 99 7 30
106-93-4 1,2-Dibromoethane 0.206U 0.206 50.0 51.0 102 70 - 125 46.5 93 9 30
1634-04-4 tert-Butyl methyl ether (MTBE) 0.061U 0.061 50.0 56.1 112 50 - 135 50.9 102 10 30
99-87-6 4-Isopropyltoluene 0.119U 0.119 50.0 46.0 92 75 - 135 45.9 92 0 30
594-20-7 2,2-Dichloropropane 0.249U 0.249 50.0 56.9 114 65 - 135 55.3 111 3 30
563-58-6 1,1-Dichloropropene 0.190U 0.190 50.0 58.2 116 70 - 135 58.1 116 0 30
142-28-9 1,3-Dichloropropane 0.117U 0.117 50.0 50.8 102 75 - 125 46.8 94 8 30
108-86-1 Bromobenzene 0.152U 0.152 50.0 47.4 95 65 - 120 45.8 92 3 30
95-49-8 2-Chlorotoluene 0.147U 0.147 50.0 50.0 100 70 - 130 48.8 98 2 30
106-43-4 4-Chlorotoluene 0.154U 0.154 50.0 51.7 103 75 - 125 50.2 100 3 30
98-06-6 tert-Butylbenzene 0.345U 0.345 50.0 45.4 91 65 - 130 44.1 88 3 30
135-98-8 sec-Butylbenzene 0.163U 0.163 50.0 46.2 92 65 - 130 46.1 92 0 30
541-73-1 1,3-Dichlorobenzene 0.196U 0.196 50.0 48.1 96 70 - 125 47.2 94 2 30
106-46-7 1,4-Dichlorobenzene 0.200U 0.200 50.0 47.8 96 70 - 125 46.7 93 2 30

GC/MS Volatiles Quality Control Summary
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Analytical Batch 514469 Client ID MB514469 LCS514469 LCSD514469
Prep Batch N/A GCAL ID 1227245 1227246 1227247

Sample Type Method Blank LCS LCSD
Analytical Date 08/25/2013 16:12 08/25/2013 14:30 08/25/2013 17:03

Matrix Solid Solid Solid

EPA 8260B Units ug/Kg Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

104-51-8 n-Butylbenzene 0.173U 0.173 50.0 45.1 90 65 - 140 45.7 91 1 30
95-50-1 1,2-Dichlorobenzene 0.166U 0.166 50.0 48.6 97 75 - 120 46.3 93 5 30
87-68-3 Hexachlorobutadiene 0.367U 0.367 50.0 50.9 102 55 - 140 50.2 100 1 30
91-20-3 Naphthalene 0.388U 0.388 50.0 50.1 100 40 - 125 45.0 90 11 30
87-61-6 1,2,3-Trichlorobenzene 0.360U 0.360 50.0 52.4 105 60 - 135 49.4 99 6 30
75-35-4 1,1-Dichloroethene 0.227U 0.227 50.0 52.5 105 65 - 135 56.5 113 7 30
71-43-2 Benzene 0.051U 0.051 50.0 53.2 106 75 - 125 52.0 104 2 30
79-01-6 Trichloroethene 0.127U 0.127 50.0 54.6 109 75 - 125 52.5 105 4 30
108-88-3 Toluene 0.107U 0.107 50.0 50.4 101 70 - 125 47.4 95 6 30
108-90-7 Chlorobenzene 0.129U 0.129 50.0 51.6 103 75 - 125 47.8 96 8 30
Surrogate
460-00-4 4-Bromofluorobenzene 54.2 108 50 55.5 111 85 - 120 53.2 106
1868-53-7 Dibromofluoromethane 51.1 102 50 48.7 97 65 - 130 50.2 100
2037-26-5 Toluene d8 51.6 103 50 49.2 98 85 - 115 48.1 96
17060-07-0 1,2-Dichloroethane-d4 49.9 100 50 47.1 94 62 - 125 47.1 94

GC/MS Volatiles Quality Control Summary
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Analytical Batch 514524 Client ID MB514232 LCS514232 LCSD514232
Prep Batch 514232 GCAL ID 1226026 1226027 1226028

Prep Method SW-846
3550C

Sample Type Method Blank LCS LCSD
Prep Date 08/22/2013 13:00 08/22/2013 13:00 08/22/2013 13:00

Analytical Date 08/23/2013 11:50 08/23/2013 12:05 08/23/2013 12:20
Matrix Solid Solid Solid

EPA 8015C Units ug/Kg Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

GCSV-00-4 Diesel Range Organics 1310U 1310 33300 26200 78 50 - 124 26500 80 1 40
Surrogate
84-15-1 o-Terphenyl 1320 79 1670 1350 81 63 - 120 1370 82

Analytical Batch 514643 Client ID MB514439 LCS514439 LCSD514439
Prep Batch 514439 GCAL ID 1227084 1227085 1227086

Prep Method SW-846
3510C

Sample Type Method Blank LCS LCSD
Prep Date 08/25/2013 15:30 08/25/2013 15:30 08/25/2013 15:30

Analytical Date 08/26/2013 18:23 08/26/2013 18:38 08/26/2013 18:53
Matrix Water Water Water

EPA 8015C Units ug/L Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

GCSV-00-4 Diesel Range Organics 44.9U 44.9 1000 870 87 47 - 120 745 74 16 40
Surrogate
84-15-1 o-Terphenyl 32.1 64 50 43.6 87 59 - 120 38.6 77

General Chromatography Quality Control Summary

GCAL Report 213082102



Analytical Batch 514592 Client ID MB514264 LCS514264 LCSD514264
Prep Batch 514264 GCAL ID 1226241 1226242 1226243

Prep Method TX 1005 Sample Type Method Blank LCS LCSD
Prep Date 08/23/2013 12:10 08/23/2013 12:10 08/23/2013 12:10

Analytical Date 08/26/2013 12:30 08/26/2013 13:02 08/26/2013 13:35
Matrix Solid Solid Solid

TX1005 Hydrocarbons by Range Units ug/Kg Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

GCSV-05-01 C6-C12 4450U 4450 98600 113000 14
GCSV-05-02 >C12-C28 4350U 4350 139000 126000 10
GCSV-05-03 >C28-C35 4350U 4350
GCSV-05-04 Total TPH (C6-C35) 4350U 4350 200000 238000 119 75 - 125 239000 120 1 20
Surrogate
84-15-1 o-Terphenyl 54500 109 50000 61100 122 58 - 148 57200 114

Analytical Batch 514592 Client ID MB514265 LCS514265 LCSD514265
Prep Batch 514265 GCAL ID 1226246 1226247 1226248

Prep Method TX 1005 Sample Type Method Blank LCS LCSD
Prep Date 08/23/2013 09:50 08/23/2013 09:50 08/23/2013 09:50

Analytical Date 08/26/2013 10:06 08/26/2013 10:57 08/26/2013 11:27
Matrix Water Water Water

TX1005 Hydrocarbons by Range Units ug/L Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

GCSV-05-01 C6-C12 104U 104 31900 32400 1
GCSV-05-02 >C12-C28 121U 121 46100 45700 1
GCSV-05-03 >C28-C35 121U 121 0.00 0.00 0
GCSV-05-04 Total TPH (C6-C35) 104U 104 63100 78000 124 75 - 125 78100 125 0 20
Surrogate
84-15-1 o-Terphenyl 18200 118 15800 18200 115 58 - 148 18800 121

General Chromatography Quality Control Summary

GCAL Report 213082102



Analytical Batch 514592 Client ID SC-1 1225911MS 1225911MSD
Prep Batch 514264 GCAL ID 21308210202 1226244 1226245

Prep Method TX 1005 Sample Type SAMPLE MS MSD
Prep Date 08/23/2013 12:10 08/23/2013 12:10 08/23/2013 12:10

Analytical Date 08/26/2013 14:05 08/26/2013 14:36 08/26/2013 15:06
Matrix Solid Solid Solid

TX1005 Hydrocarbons by Range Units ug/Kg Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

GCSV-05-04 Total TPH (C6-C35) 0.00 4220 198000 245000 124 75 - 125 230000 121 6 20
Surrogate
84-15-1 o-Terphenyl 62600 129 49500 66200 134 58 - 148 51300 108

General Chromatography Quality Control Summary

GCAL Report 213082102



Analytical Batch 514586 Client ID MB514460 LCS514460 LCSD514460
Prep Batch 514460 GCAL ID 1227215 1227216 1227217

Prep Method SW-846
8330A

Sample Type Method Blank LCS LCSD
Prep Date 08/26/2013 05:00 08/26/2013 05:00 08/26/2013 05:00

Analytical Date 08/26/2013 11:27 08/26/2013 12:00 08/26/2013 12:33
Matrix Water Water Water

EPA 8330A Units ug/L Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

2691-41-0 HMX 0.212U 0.212 2.00 1.78 89 80 - 115 1.86 93 4 30
121-82-4 RDX 0.189U 0.189 2.00 1.21 61 50 - 160 1.29 65 6 30
99-35-4 1,3,5-Trinitrobenzene 0.240U 0.240 2.00 1.33 67 65 - 140 1.54 77 15 30
99-65-0 1,3-Dinitrobenzene 0.167U 0.167 2.00 0.915 46 45 - 160 0.922 46 1 30
479-45-8 Tetryl 0.241U 0.241 2.00 0.678 34 20 - 175 0.773 39 13 30
98-95-3 Nitrobenzene 0.267U 0.267 2.00 1.05 53 50 - 140 1.11 56 6 30
118-96-7 2,4,6-Trinitrotoluene 0.483U 0.483 2.00 1.05 53 50 - 145 1.15 58 9 30
1946-51-0 4-Amino-2,6-dinitrotoluene 0.489U 0.489 2.00 1.53 77 55 - 155 1.38 69 10 30
355-72-78-2 2-Amino-4,6-dinitrotoluene 0.576U 0.576 2.00 1.95 98 50 - 155 1.65 83 17 30
121-14-2 2,4-Dinitrotoluene 0.501U 0.501 2.00 1.50 75 60 - 135 1.71 86 13 30
606-20-2 2,6-Dinitrotoluene 0.283U 0.283 2.00 1.72 86 60 - 135 1.52 76 12 30
88-72-2 2-Nitrotoluene 0.120U 0.120 2.00 1.13 57 45 - 135 1.12 56 1 30
99-08-1 3-Nitrotoluene 0.369U 0.369 2.00 1.39 70 50 - 130 1.54 77 10 30
99-99-0 4-Nitrotoluene 0.417U 0.417 2.00 1.64 82 50 - 130 1.20 60 31* 30
55-63-0 Nitroglycerin 0.369U 0.369 2.00 1.32 66 40 - 140 1.88 94 35* 30
78-11-5 Pentaerythritol Tetranitrate 0.502U 0.502 2.00 1.34 67 40 - 140 1.24 62 8 30
Surrogate
528-29-0 1,2-Dinitrobenzene .942 94 1 .885 89 60 - 140 .963 96

Analytical Batch 515352 Client ID MB514470 LCS514470 LCSD514470
Prep Batch 514470 GCAL ID 1227248 1227249 1227250

Prep Method SW-846
8330A

Sample Type Method Blank LCS LCSD
Prep Date 08/27/2013 11:00 08/27/2013 11:00 08/27/2013 11:00

Analytical Date 09/07/2013 22:36 09/07/2013 23:43 09/08/2013 00:50
Matrix Solid Solid Solid

EPA 8330A Units ug/Kg Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

2691-41-0 HMX 36.0U 36.0 400 389 97 75 - 125 383 96 2 30
121-82-4 RDX 38.2U 38.2 400 398 100 70 - 135 403 101 1 30
99-35-4 1,3,5-Trinitrobenzene 42.4U 42.4 400 311 78 75 - 125 360 90 15 30
99-65-0 1,3-Dinitrobenzene 24.6U 24.6 400 450 113 80 - 125 421 105 7 30

General Chromatography Quality Control Summary

GCAL Report 213082102



Analytical Batch 515352 Client ID MB514470 LCS514470 LCSD514470
Prep Batch 514470 GCAL ID 1227248 1227249 1227250

Prep Method SW-846
8330A

Sample Type Method Blank LCS LCSD
Prep Date 08/27/2013 11:00 08/27/2013 11:00 08/27/2013 11:00

Analytical Date 09/07/2013 22:36 09/07/2013 23:43 09/08/2013 00:50
Matrix Solid Solid Solid

EPA 8330A Units ug/Kg Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

479-45-8 Tetryl 112U 112 400 336 84 10 - 150 316 79 6 30
98-95-3 Nitrobenzene 24.6U 24.6 400 445 111 75 - 125 426 107 4 30
118-96-7 2,4,6-Trinitrotoluene 72.8U 72.8 400 479 120 55 - 140 355 89 30 30
1946-51-0 4-Amino-2,6-dinitrotoluene 45.7U 45.7 400 348 87 80 - 125 360 90 3 30
355-72-78-2 2-Amino-4,6-dinitrotoluene 65.0U 65.0 400 379 95 80 - 125 382 96 1 30
121-14-2 2,4-Dinitrotoluene 45.5U 45.5 400 346 87 80 - 125 378 95 9 30
606-20-2 2,6-Dinitrotoluene 83.2U 83.2 400 481 120 80 - 120 366 92 27 30
88-72-2 2-Nitrotoluene 24.8U 24.8 400 485 121 80 - 125 402 101 19 30
99-08-1 3-Nitrotoluene 82.9U 82.9 800 830 104 75 - 120 847 106 2 30
99-99-0 4-Nitrotoluene 50.3U 50.3 400 409 102 75 - 125 376 94 8 30
Surrogate
528-29-0 1,2-Dinitrobenzene 355 89 400 361 90 50 - 150 345 86

Analytical Batch 515352 Client ID SC-1 1225911MS 1225911MSD
Prep Batch 514470 GCAL ID 21308210202 1227251 1227252

Prep Method SW-846
8330A

Sample Type SAMPLE MS MSD
Prep Date 08/27/2013 11:00 08/27/2013 11:00 08/27/2013 11:00

Analytical Date 09/08/2013 01:57 09/08/2013 03:04 09/08/2013 04:10
Matrix Solid Solid Solid

EPA 8330A Units ug/Kg Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

2691-41-0 HMX 0.00 36.0 400 367 92 75 - 125 397 99 8 30
121-82-4 RDX 0.00 38.2 400 346 87 70 - 135 359 90 4 30
99-35-4 1,3,5-Trinitrobenzene 0.00 42.4 400 378 95 75 - 125 386 97 2 30
99-65-0 1,3-Dinitrobenzene 0.00 24.6 400 417 104 80 - 125 412 103 1 30
479-45-8 Tetryl 0.00 112 400 141 35 10 - 150 114 29 21 30
98-95-3 Nitrobenzene 0.00 24.6 400 380 95 75 - 125 387 97 2 30
118-96-7 2,4,6-Trinitrotoluene 0.00 72.8 400 342 86 55 - 140 356 89 4 30
1946-51-0 4-Amino-2,6-dinitrotoluene 0.00 45.7 400 345 86 80 - 125 354 89 3 30
355-72-78-2 2-Amino-4,6-dinitrotoluene 0.00 65.0 400 376 94 80 - 125 385 96 2 30
121-14-2 2,4-Dinitrotoluene 0.00 45.5 400 417 104 80 - 125 353 88 17 30

General Chromatography Quality Control Summary

GCAL Report 213082102



Analytical Batch 515352 Client ID SC-1 1225911MS 1225911MSD
Prep Batch 514470 GCAL ID 21308210202 1227251 1227252

Prep Method SW-846
8330A

Sample Type SAMPLE MS MSD
Prep Date 08/27/2013 11:00 08/27/2013 11:00 08/27/2013 11:00

Analytical Date 09/08/2013 01:57 09/08/2013 03:04 09/08/2013 04:10
Matrix Solid Solid Solid

EPA 8330A Units ug/Kg Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

606-20-2 2,6-Dinitrotoluene 0.00 83.2 400 376 94 80 - 120 386 97 3 30
88-72-2 2-Nitrotoluene 0.00 24.8 400 421 105 80 - 125 395 99 6 30
99-08-1 3-Nitrotoluene 0.00 82.9 800 847 106 75 - 120 884 111 4 30
99-99-0 4-Nitrotoluene 0.00 50.3 400 417 104 75 - 125 444 111 6 30
Surrogate
528-29-0 1,2-Dinitrobenzene 371 93 400 351 88 50 - 150 358 90

General Chromatography Quality Control Summary

GCAL Report 213082102



Analytical Batch 515002 Client ID MB514289 LCS514289
Prep Batch 514289 GCAL ID 1226306 1226308

Prep Method SW-846
3010A

Sample Type Method Blank LCS
Prep Date 08/24/2013 07:30 08/24/2013 07:30

Analytical Date 09/03/2013 15:26 09/03/2013 15:55
Matrix Water Water

EPA 6020A Units ug/L Spike
Added

Result
% R

Control
Limits % RResult RDL

7440-38-2 Arsenic 0.25U 0.25 50.0 48.9 98 80 - 120
7440-28-0 Thallium 0.25U 0.25 50.0 50.4 101 80 - 120

Analytical Batch 515002 Client ID MW-6 MW-6 MS MW-6 MSD
Prep Batch 514289 GCAL ID 21308233805 21308233810 21308233811

Prep Method SW-846
3010A

Sample Type SAMPLE MS MSD
Prep Date 08/24/2013 07:30 08/24/2013 07:30 08/24/2013 07:30

Analytical Date 09/03/2013 17:45 09/03/2013 19:13 09/03/2013 19:28
Matrix Water Water Water

EPA 6020A Units ug/L Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

7440-38-2 Arsenic 1.05 0.50 50.0 55.0 108 80 - 120 55.5 109 1 20
7440-28-0 Thallium 0.0 0.50 50.0 50.4 101 80 - 120 50.6 101 0 20

Analytical Batch 515375 Client ID MB514307 LCS514307
Prep Batch 514307 GCAL ID 1226381 1226382

Prep Method SW-846
3050B

Sample Type Method Blank LCS
Prep Date 09/04/2013 12:30 09/04/2013 12:30

Analytical Date 09/09/2013 14:13 09/09/2013 14:21
Matrix Solid Solid

EPA 6020A Units ug/Kg Spike
Added

Result
% R

Control
Limits % RResult RDL

7440-38-2 Arsenic 10.0U 10.0 2000 1850 93 80 - 120
7440-28-0 Thallium 10.0U 10.0 2000 2070 103 80 - 120

Inorganics Quality Control Summary

GCAL Report 213082102



Analytical Batch 515375 Client ID SC-1 1225911MS 1225911MSD
Prep Batch 514307 GCAL ID 21308210202 1229729 1229730

Prep Method SW-846
3050B

Sample Type SAMPLE MS MSD
Prep Date 09/04/2013 12:30 09/04/2013 12:30 09/04/2013 12:30

Analytical Date 09/09/2013 14:28 09/09/2013 14:35 09/09/2013 14:43
Matrix Solid Solid Solid

EPA 6020A Units ug/Kg Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

7440-38-2 Arsenic 1390 100 2000 2950 78* 80 - 120 2720 67* 8 20
7440-28-0 Thallium 56.3 100 2000 1990 97 80 - 120 2090 102 5 20

Inorganics Quality Control Summary

GCAL Report 213082102



Analytical Batch 514375 Client ID MB514304 LCS514304
Prep Batch 514304 GCAL ID 1226371 1226372

Prep Method SW-846
7470A

Sample Type Method Blank LCS
Prep Date 08/22/2013 13:45 08/22/2013 13:45

Analytical Date 08/23/2013 11:36 08/23/2013 11:38
Matrix Water Water

EPA 7470A Units ug/L Spike
Added

Result
% R

Control
Limits % RResult RDL

7439-97-6 Mercury 0.068U 0.068 5.00 5.72 114 80 - 120

Inorganics Quality Control Summary

GCAL Report 213082102



Analytical Batch 514406 Client ID MB514309 LCS514309
Prep Batch 514309 GCAL ID 1226383 1226384

Prep Method SW-846
7471B

Sample Type Method Blank LCS
Prep Date 08/23/2013 11:30 08/23/2013 11:30

Analytical Date 08/26/2013 17:24 08/26/2013 17:26
Matrix Solid Solid

EPA 7471B Units mg/kg Spike
Added

Result
% R

Control
Limits % RResult RDL

7439-97-6 Mercury 0.0033U 0.0033 0.25 0.22 88 80 - 120

Analytical Batch 514406 Client ID SB-4-2-4 1226315MS 1226315MSD
Prep Batch 514309 GCAL ID 21308220106 1226385 1226386

Prep Method SW-846
7471B

Sample Type SAMPLE MS MSD
Prep Date 08/23/2013 11:30 08/23/2013 11:30 08/23/2013 11:30

Analytical Date 08/26/2013 17:28 08/26/2013 17:30 08/26/2013 17:31
Matrix Solid Solid Solid

EPA 7471B Units mg/kg Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

7439-97-6 Mercury 0.0 0.0033 0.25 0.26 103 80 - 120 0.23 94 10 20

Inorganics Quality Control Summary

GCAL Report 213082102



Analytical Batch 514314 Client ID MB514236 LCS514236
Prep Batch 514236 GCAL ID 1226037 1226038

Prep Method SW-846
3010A

Sample Type Method Blank LCS
Prep Date 08/22/2013 10:40 08/22/2013 10:40

Analytical Date 08/22/2013 16:45 08/22/2013 16:52
Matrix Water Water

EPA 6010C Units ug/L Spike
Added

Result
% R

Control
Limits % RResult RDL

7429-90-5 Aluminum 60.0U 60.0 5000 5110 102 80 - 120
7440-36-0 Antimony 15.0U 15.0 500 508 102 80 - 120
7440-39-3 Barium 2.50U 2.50 500 512 102 80 - 120
7440-41-7 Beryllium 1.00U 1.00 500 504 101 80 - 120
7440-43-9 Cadmium 0.20U 0.20 500 510 102 80 - 120
7440-70-2 Calcium 50.0U 50.0 5000 5150 103 80 - 120
7440-47-3 Chromium 1.00U 1.00 500 508 102 80 - 120
7440-48-4 Cobalt 1.00U 1.00 500 511 102 80 - 120
7440-50-8 Copper 5.00U 5.00 500 495 99 80 - 120
7439-89-6 Iron 40.0U 40.0 5000 5110 102 80 - 120
7439-92-1 Lead 3.75U 3.75 500 521 104 80 - 120
7439-95-4 Magnesium 50.0U 50.0 5000 5180 104 80 - 120
7439-96-5 Manganese 2.00U 2.00 500 506 101 80 - 120
7439-98-7 Molybdenum 3.75U 3.75 500 502 100 80 - 120
7440-02-0 Nickel 10.0U 10.0 500 518 104 80 - 120
7440-09-7 Potassium 100U 100 10000 9890 99 80 - 120
7782-49-2 Selenium 10.0U 10.0 500 523 105 80 - 120
7440-22-4 Silver 2.50U 2.50 500 501 100 80 - 120
7440-23-5 Sodium 200U 200 20000 19900 99 80 - 120
7440-62-2 Vanadium 3.75U 3.75 500 500 100 80 - 120
7440-66-6 Zinc 5.00U 5.00 500 502 100 80 - 120
7440-32-6 Titanium 1.20U 1.20 500 500 100 80 - 120

Inorganics Quality Control Summary

GCAL Report 213082102



Analytical Batch 514391 Client ID MB514237 LCS514237
Prep Batch 514237 GCAL ID 1226039 1226040

Prep Method SW-846
3050B

Sample Type Method Blank LCS
Prep Date 08/22/2013 15:30 08/22/2013 15:30

Analytical Date 08/23/2013 21:15 08/23/2013 21:22
Matrix Solid Solid

EPA 6010C Units mg/kg Spike
Added

Result
% R

Control
Limits % RResult RDL

7429-90-5 Aluminum 2.00U 2.00 200 211 106 80 - 120
7440-36-0 Antimony 0.60U 0.60 20.0 19.4 97 80 - 120
7440-39-3 Barium 0.12J 0.10 20.0 20.2 101 80 - 120
7440-41-7 Beryllium 0.040U 0.040 20.0 19.7 98 80 - 120
7440-43-9 Cadmium 0.050U 0.050 20.0 19.5 97 80 - 120
7440-70-2 Calcium 38.1 8.00 200 216 108 80 - 120
7440-47-3 Chromium 0.10U 0.10 20.0 20.2 101 80 - 120
7440-48-4 Cobalt 0.10U 0.10 20.0 19.6 98 80 - 120
7440-50-8 Copper 0.20U 0.20 20.0 20.3 102 80 - 120
7439-89-6 Iron 2.00U 2.00 200 208 104 80 - 120
7439-92-1 Lead 0.15U 0.15 20.0 19.7 98 80 - 120
7439-95-4 Magnesium 2.45J 2.00 200 206 103 80 - 120
7439-96-5 Manganese 0.15U 0.15 20.0 20.1 101 80 - 120
7439-98-7 Molybdenum 0.30U 0.30 20.0 20.3 101 80 - 120
7440-02-0 Nickel 0.40U 0.40 20.0 20.6 103 80 - 120
7440-09-7 Potassium 6.53J 5.00 400 420 105 80 - 120
7782-49-2 Selenium 0.40U 0.40 20.0 19.1 95 80 - 120
7440-22-4 Silver 0.10U 0.10 20.0 20.4 102 80 - 120
7440-23-5 Sodium 25.0J 10.0 800 880 110 80 - 120
7440-62-2 Vanadium 0.20U 0.20 20.0 19.9 100 80 - 120
7440-66-6 Zinc 0.49J 0.20 20.0 19.6 98 80 - 120
7440-32-6 Titanium 0.10U 0.10 20.0 20.6 103 80 - 120

Inorganics Quality Control Summary

GCAL Report 213082102



Analytical Batch 514391 Client ID MB514138 LCS514138
Prep Batch 514138 GCAL ID 1225521 1225522

Prep Method SW-846 3005
Dissolved

Sample Type Method Blank LCS
Prep Date 08/22/2013 10:40 08/22/2013 10:40

Analytical Date 08/23/2013 19:19 08/23/2013 19:26
Matrix Water Water

EPA 6010C Dissolved Units ug/L Spike
Added

Result
% R

Control
Limits % RResult RDL

7429-90-5 Aluminum 60.0U 60.0 5000 5450 109 80 - 120
7440-36-0 Antimony 15.0U 15.0 500 525 105 80 - 120
7440-39-3 Barium 2.50U 2.50 500 530 106 80 - 120
7440-41-7 Beryllium 1.00U 1.00 500 529 106 80 - 120
7440-43-9 Cadmium 0.20U 0.20 500 523 105 80 - 120
7440-70-2 Calcium 50.0U 50.0 5000 5400 108 80 - 120
7440-47-3 Chromium 1.00U 1.00 500 527 105 80 - 120
7440-48-4 Cobalt 1.00U 1.00 500 522 104 80 - 120
7440-50-8 Copper 5.00U 5.00 500 527 105 80 - 120
7439-89-6 Iron 40.0U 40.0 5000 5350 107 80 - 120
7439-92-1 Lead 3.75U 3.75 500 526 105 80 - 120
7439-95-4 Magnesium 50.0U 50.0 5000 5410 108 80 - 120
7439-96-5 Manganese 6.23J 2.00 500 529 106 80 - 120
7439-98-7 Molybdenum 3.75U 3.75 500 527 105 80 - 120
7440-02-0 Nickel 10.0U 10.0 500 535 107 80 - 120
7440-09-7 Potassium 100U 100 10000 10900 109 80 - 120
7782-49-2 Selenium 10.0U 10.0 500 532 106 80 - 120
7440-22-4 Silver 2.50U 2.50 500 542 108 80 - 120
7440-23-5 Sodium 1110 200 20000 23000 115 80 - 120
7440-62-2 Vanadium 3.75U 3.75 500 524 105 80 - 120
7440-66-6 Zinc 5.00U 5.00 500 531 106 80 - 120
7440-32-6 Titanium 1.20U 1.20 500 533 107 80 - 120

Inorganics Quality Control Summary

GCAL Report 213082102



Analytical Batch 514198 Client ID MB514198 LCS514198
Prep Batch N/A GCAL ID 1225845 1225846

Sample Type Method Blank LCS
Analytical Date 08/21/2013 12:07 08/21/2013 12:07

Matrix Water Water

SM 2540 C-2011 Units mg/L Spike
Added

Result
% R

Control
Limits % RResult RDL

WET-035 Total Dissolved Solids(TDS) 4.39U 4.39 1000 818 82 80 - 120

Analytical Batch 514198 Client ID U43010B 1225560DUP
Prep Batch N/A GCAL ID 21308201503 1225848

Sample Type SAMPLE DUP
Analytical Date 08/21/2013 12:07 08/21/2013 12:07

Matrix Water Water

SM 2540 C-2011 Units mg/L
Result

RPD
RPD
LimitResult RDL

WET-035 Total Dissolved Solids(TDS) 2680 4.39 2610 3 5

General Chemistry Quality Control Summary

GCAL Report 213082102



Analytical Batch 514228 Client ID MB514228 LCS514228
Prep Batch N/A GCAL ID 1226015 1226016

Sample Type Method Blank LCS
Analytical Date 08/21/2013 17:13 08/21/2013 17:32

Matrix Water Water

EPA 353.2 Rev. 2 Units mg/L-N Spike
Added

Result
% R

Control
Limits % RResult RDL

14797-55-8 Nitrate 0.008U 0.008 0.500 0.480 96 89.5 -110.5

Analytical Batch 514228 Client ID PLANT EFF 1225587MS 1225587MSD
Prep Batch N/A GCAL ID 21308202701 1226017 1226018

Sample Type SAMPLE MS MSD
Analytical Date 08/21/2013 17:17 08/21/2013 17:18 08/21/2013 17:19

Matrix Water Water Water

EPA 353.2 Rev. 2 Units mg/L-N Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

14797-55-8 Nitrate 56.9 1.64 100 165 108 89.5 -110.5 165 108 0 25

Analytical Batch 514229 Client ID MB514229 LCS514229
Prep Batch N/A GCAL ID 1226019 1226020

Sample Type Method Blank LCS
Analytical Date 08/21/2013 15:55 08/21/2013 15:56

Matrix Water Water

EPA 353.2 Rev. 2 Units mg/L-N Spike
Added

Result
% R

Control
Limits % RResult RDL

14797-65-0 Nitrite 0.006U 0.006 0.500 0.464 93 89.5 -110.5

Analytical Batch 514229 Client ID PLANT EFF 1225587MS 1225587MSD
Prep Batch N/A GCAL ID 21308202701 1226021 1226022

Sample Type SAMPLE MS MSD
Analytical Date 08/21/2013 15:58 08/21/2013 15:59 08/21/2013 16:00

Matrix Water Water Water

EPA 353.2 Rev. 2 Units mg/L-N Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

14797-65-0 Nitrite 0.016 0.006 0.500 0.481 93 89.5 -110.5 0.479 93 0 25

General Chemistry Quality Control Summary

GCAL Report 213082102



Analytical Batch 514650 Client ID MB514649 LCS514649
Prep Batch 514649 GCAL ID 1227838 1227839

Prep Method EPA 353.2 Sample Type Method Blank LCS
Prep Date 08/27/2013 15:00 08/27/2013 15:00

Analytical Date 08/28/2013 09:40 08/28/2013 09:41
Matrix Solid Solid

EPA 353.2 Rev. 2 Units mg/kg-N Spike
Added

Result
% R

Control
Limits % RResult RDL

14797-55-8 Nitrate 0.026U 0.026 5.00 4.68 94 90 - 110

Analytical Batch 514650 Client ID SC-1 1225911MS
Prep Batch 514649 GCAL ID 21308210202 1227841

Prep Method EPA 353.2 Sample Type SAMPLE MS
Prep Date 08/27/2013 15:00 08/27/2013 15:00

Analytical Date 08/28/2013 09:42 08/28/2013 09:45
Matrix Solid Solid

EPA 353.2 Rev. 2 Units mg/kg-N Spike
Added

Result
% R

Control
Limits % RResult RDL

14797-55-8 Nitrate 0.404 0.130 5.00 5.74 107 90 - 110

Analytical Batch 514650 Client ID SC-1 1225911DUP
Prep Batch 514649 GCAL ID 21308210202 1227840

Prep Method EPA 353.2 Sample Type SAMPLE DUP
Prep Date 08/27/2013 15:00 08/27/2013 15:00

Analytical Date 08/28/2013 09:42 08/28/2013 09:43
Matrix Solid Solid

EPA 353.2 Rev. 2 Units mg/kg-N
Result

RPD
RPD
LimitResult RDL

14797-55-8 Nitrate 0.404 0.130 0.370 9 25

General Chemistry Quality Control Summary

GCAL Report 213082102



Analytical Batch 514652 Client ID MB514651 LCS514651
Prep Batch 514651 GCAL ID 1227842 1227843

Prep Method EPA 353.2 Sample Type Method Blank LCS
Prep Date 08/27/2013 15:00 08/27/2013 15:00

Analytical Date 08/28/2013 10:08 08/28/2013 10:09
Matrix Solid Solid

EPA 353.2 Rev. 2 Units mg/kg-N Spike
Added

Result
% R

Control
Limits % RResult RDL

14797-65-0 Nitrite 0.033U 0.033 5.00 4.98 100 90 - 110

Analytical Batch 514652 Client ID SC-1 1225911MS
Prep Batch 514651 GCAL ID 21308210202 1227845

Prep Method EPA 353.2 Sample Type SAMPLE MS
Prep Date 08/27/2013 15:00 08/27/2013 15:00

Analytical Date 08/28/2013 10:11 08/28/2013 10:13
Matrix Solid Solid

EPA 353.2 Rev. 2 Units mg/kg-N Spike
Added

Result
% R

Control
Limits % RResult RDL

14797-65-0 Nitrite 0.895 0.165 5.00 6.32 108 90 - 110

Analytical Batch 514652 Client ID SC-1 1225911DUP
Prep Batch 514651 GCAL ID 21308210202 1227844

Prep Method EPA 353.2 Sample Type SAMPLE DUP
Prep Date 08/27/2013 15:00 08/27/2013 15:00

Analytical Date 08/28/2013 10:11 08/28/2013 10:12
Matrix Solid Solid

EPA 353.2 Rev. 2 Units mg/kg-N
Result

RPD
RPD
LimitResult RDL

14797-65-0 Nitrite 0.895 0.165 0.935 4 25

General Chemistry Quality Control Summary

GCAL Report 213082102



Analytical Batch 514449 Client ID SC-1 1225911DUP
Prep Batch N/A GCAL ID 21308210202 1227186

Sample Type SAMPLE DUP
Analytical Date 08/25/2013 12:30 08/25/2013 12:30

Matrix Solid Solid

EPA 9045D Units pH unit
Result

RPD
RPD
LimitResult RDL

pH pH 8.83 1.00 8.84 0 6

General Chemistry Quality Control Summary

GCAL Report 213082102



Analytical Batch 514381 Client ID MB514381 LCS514381
Prep Batch N/A GCAL ID 1226695 1226696

Sample Type Method Blank LCS
Analytical Date 08/24/2013 14:50 08/24/2013 15:07

Matrix Water Water

EPA 300.0 Units mg/L Spike
Added

Result
% R

Control
Limits % RResult RDL

16887-00-6 Chloride 0.010U 0.010 2.50 2.35 94 79 - 109
14808-79-8 Sulfate 0.020U 0.020 2.50 2.36 95 82 - 110

Analytical Batch 514381 Client ID OXY #2 1226102MS 1226102MSD
Prep Batch N/A GCAL ID 21308213804 1226699 1226700

Sample Type SAMPLE MS MSD
Analytical Date 08/24/2013 22:57 08/24/2013 23:14 08/24/2013 23:32

Matrix Water Water Water

EPA 300.0 Units mg/L Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

14808-79-8 Sulfate 0.000 0.400 50.0 48.1 96 82 - 110 48.6 97 1 15

Analytical Batch 514381 Client ID OXY #2 1226102MS 1226102MSD
Prep Batch N/A GCAL ID 21308213804 1226699 1226700

Sample Type SAMPLE MS MSD
Analytical Date 08/24/2013 21:30 08/24/2013 22:22 08/24/2013 22:40

Matrix Water Water Water

EPA 300.0 Units mg/L Spike
Added

Result
% R

Control
Limits % R

Result
% R RPD

RPD
LimitResult RDL

16887-00-6 Chloride 2120 20.0 5000 7110 100 79 - 109 7040 98 1 15

General Chemistry Quality Control Summary

GCAL Report 213082102



Analytical Batch 514337 Client ID LCS514337
Prep Batch N/A GCAL ID 1226543

Sample Type LCS
Analytical Date 08/22/2013 14:42

Matrix Water

SM 2320 B-2011 Spike
Added

Result
% R

Control
Limits % R

000000-00-5 Total Alkalinity 200 204 102 80 - 120

General Chemistry Quality Control Summary

GCAL Report 213082102



Analytical Batch 514776 Client ID LCS514776
Prep Batch N/A GCAL ID 1228599

Sample Type LCS
Analytical Date 08/29/2013 10:00

Matrix Water

EPA 1010A Spike
Added

Result
% R

Control
Limits % R

000000-01-3 FlashPoint 90 91 101 97.8 -102.2

General Chemistry Quality Control Summary

GCAL Report 213082102



Analytical Batch 514741 Client ID MB514740 LCS514740
Prep Batch 514740 GCAL ID 1228307 1228308

Prep Method SW-846 5050 Sample Type Method Blank LCS
Prep Date 08/28/2013 13:00 08/28/2013 13:00

Analytical Date 08/30/2013 18:59 08/30/2013 19:16
Matrix Solid Solid

EPA 9056A Units mg/kg Spike
Added

Result
% R

Control
Limits % RResult RDL

14808-79-8 Sulfate 0.790U 0.790 25.0 24.7 99 80 - 120
16887-00-6 Chloride 0.210U 0.210 25.0 23.8 95 80 - 120

Analytical Batch 514741 Client ID SC-1 1225911MS
Prep Batch 514740 GCAL ID 21308210202 1228310

Prep Method SW-846 5050 Sample Type SAMPLE MS
Prep Date 08/28/2013 13:00 08/28/2013 13:00

Analytical Date 08/30/2013 19:34 08/30/2013 20:09
Matrix Solid Solid

EPA 9056A Units mg/kg Spike
Added

Result
% R

Control
Limits % RResult RDL

14808-79-8 Sulfate 215 3.95 125 337 98 75 - 125
16887-00-6 Chloride 93.1 1.05 125 219 101 75 - 125

Analytical Batch 514741 Client ID SC-1 1225911DUP
Prep Batch 514740 GCAL ID 21308210202 1228309

Prep Method SW-846 5050 Sample Type SAMPLE DUP
Prep Date 08/28/2013 13:00 08/28/2013 13:00

Analytical Date 08/30/2013 19:34 08/30/2013 19:51
Matrix Solid Solid

EPA 9056A Units mg/kg
Result

RPD
RPD
LimitResult RDL

14808-79-8 Sulfate 215 3.95 216 1 25
16887-00-6 Chloride 93.1 1.05 94.2 1 25

General Chemistry Quality Control Summary

GCAL Report 213082102



Analytical Batch 514542 Client ID MB514444 LCS514444
Prep Batch 514444 GCAL ID 1227118 1227119

Prep Method SW-846
3060A

Sample Type Method Blank LCS
Prep Date 08/26/2013 10:50 08/26/2013 10:50

Analytical Date 08/26/2013 15:14 08/26/2013 15:15
Matrix Solid Solid

EPA 7196A Units mg/kg Spike
Added

Result
% R

Control
Limits % RResult RDL

18540-29-9 Chromium VI 0.310U 0.310 25.0 23.4 94 80 - 120

Analytical Batch 514542 Client ID SC-1 1225911MS
Prep Batch 514444 GCAL ID 21308210202 1227120

Prep Method SW-846
3060A

Sample Type SAMPLE MS
Prep Date 08/26/2013 10:50 08/26/2013 10:50

Analytical Date 08/26/2013 15:16 08/26/2013 15:17
Matrix Solid Solid

EPA 7196A Units mg/kg Spike
Added

Result
% R

Control
Limits % RResult RDL

18540-29-9 Chromium VI 0.000 0.310 25.0 14.5 58* 80 - 120

Analytical Batch 514542 Client ID SC-1 1225911DUP
Prep Batch 514444 GCAL ID 21308210202 1227121

Prep Method SW-846
3060A

Sample Type SAMPLE DUP
Prep Date 08/26/2013 10:50 08/26/2013 10:50

Analytical Date 08/26/2013 15:16 08/26/2013 15:19
Matrix Solid Solid

EPA 7196A Units mg/kg
Result

RPD
RPD
LimitResult RDL

18540-29-9 Chromium VI 0.000 0.310 0.000 0 20

General Chemistry Quality Control Summary

GCAL Report 213082102



Analytical Batch 514329 Client ID MB514245 LCS514245
Prep Batch 514245 GCAL ID 1226059 1226060

Prep Method SW-846
9012B

Sample Type Method Blank LCS
Prep Date 08/22/2013 09:30 08/22/2013 09:30

Analytical Date 08/22/2013 14:36 08/22/2013 14:37
Matrix Water Water

EPA 9012B Units mg/L Spike
Added

Result
% R

Control
Limits % RResult RDL

57-12-5 Cyanide 0.0011J 0.00050 0.020 0.019 95 80 - 120

Analytical Batch 514329 Client ID MB514245 LCSHI514245
Prep Batch 514245 GCAL ID 1226059 1226061

Prep Method SW-846
9012B

Sample Type Method Blank LCSHI
Prep Date 08/22/2013 09:30 08/22/2013 09:30

Analytical Date 08/22/2013 14:36 08/22/2013 14:38
Matrix Water Water

EPA 9012B Units mg/L Spike
Added

Result
% R

Control
Limits % RResult RDL

57-12-5 Cyanide 0.0011J 0.00050 0.10 0.10 100 80 - 120

Analytical Batch 514329 Client ID MWQ-24 1225865MS
Prep Batch 514245 GCAL ID 21308210201 1226062

Prep Method SW-846
9012B

Sample Type SAMPLE MS
Prep Date 08/22/2013 09:30 08/22/2013 09:30

Analytical Date 08/22/2013 14:39 08/22/2013 14:40
Matrix Water Water

EPA 9012B Units mg/L Spike
Added

Result
% R

Control
Limits % RResult RDL

57-12-5 Cyanide 0.0033 0.00050 0.050 0.048 90 80 - 120

General Chemistry Quality Control Summary

GCAL Report 213082102



Analytical Batch 514329 Client ID OUTFALL 001 1226046DUP
Prep Batch 514245 GCAL ID 21308212401 1226063

Prep Method SW-846
9012B

Sample Type SAMPLE DUP
Prep Date 08/22/2013 09:30 08/22/2013 09:30

Analytical Date 08/22/2013 14:41 08/22/2013 14:42
Matrix Water Water

EPA 9012B Units mg/L
Result

RPD
RPD
LimitResult RDL

57-12-5 Cyanide 0.0026 0.00050 0.0030 14 25

Analytical Batch 514330 Client ID MB514234 LCS514234
Prep Batch 514234 GCAL ID 1226032 1226033

Prep Method SW-846
9012B

Sample Type Method Blank LCS
Prep Date 08/22/2013 09:30 08/22/2013 09:30

Analytical Date 08/22/2013 14:43 08/22/2013 14:44
Matrix Solid Solid

EPA 9012B Units mg/kg Spike
Added

Result
% R

Control
Limits % RResult RDL

57-12-5 Cyanide 0.055J 0.0048 1.0 0.93 93 80 - 120

Analytical Batch 514330 Client ID MB514234 LCSHI514234
Prep Batch 514234 GCAL ID 1226032 1226034

Prep Method SW-846
9012B

Sample Type Method Blank LCSHI
Prep Date 08/22/2013 09:30 08/22/2013 09:30

Analytical Date 08/22/2013 14:43 08/22/2013 14:45
Matrix Solid Solid

EPA 9012B Units mg/kg Spike
Added

Result
% R

Control
Limits % RResult RDL

57-12-5 Cyanide 0.055J 0.0048 5.0 5.0 100 79.5 -120.4

General Chemistry Quality Control Summary

GCAL Report 213082102



Analytical Batch 514330 Client ID 79D-75 STORM WATER BTMS 1223701MS
Prep Batch 514234 GCAL ID 21308141602 1226035

Prep Method SW-846
9012B

Sample Type SAMPLE MS
Prep Date 08/22/2013 09:30 08/22/2013 09:30

Analytical Date 08/22/2013 15:00 08/22/2013 15:01
Matrix Solid Solid

EPA 9012B Units mg/kg Spike
Added

Result
% R

Control
Limits % RResult RDL

57-12-5 Cyanide 0.0 0.024 5.0 4.3 86 60 - 120

Analytical Batch 514330 Client ID 79D-75 STORM WATER BTMS 1223701DUP
Prep Batch 514234 GCAL ID 21308141602 1226036

Prep Method SW-846
9012B

Sample Type SAMPLE DUP
Prep Date 08/22/2013 09:30 08/22/2013 09:30

Analytical Date 08/22/2013 15:00 08/22/2013 15:02
Matrix Solid Solid

EPA 9012B Units mg/kg
Result

RPD
RPD
LimitResult RDL

57-12-5 Cyanide 0.0 0.024 0.0 0 25

General Chemistry Quality Control Summary

GCAL Report 213082102



Analytical Batch 514253 Client ID 131 U-FW-H-0011 1226093DUP
Prep Batch N/A GCAL ID 21308213401 1226141

Sample Type SAMPLE DUP
Analytical Date 08/21/2013 16:30 08/21/2013 16:30

Matrix Water Water

SM 4500-H+ B-2011/EPA 9040C Units pH unit
Result

RPD
RPD
LimitResult RDL

pH pH 8.51 1.00 8.50 0 6

General Chemistry Quality Control Summary

GCAL Report 213082102







September I I, 2013

Mr. Sean Hardin
Gulf Coast Analytical Labs
7979 GSRI Avenue
Baton Rouge, LA 70820

Laboratory Results for: Melrose LTM A006-003/213082102

Dear Mr. Hardin:

Service Request No: RI306085

Enclosed are the results of the sample(s) submitted to our laboratory on August 22, 2013. For
your reference, these analyses have been assigned our service request number R1306085.
All analyses were performed according to our laboratory's quality assurance program. The test
results meet requirements of the NELAP standards except as noted in the case narrative report.
All results are intended to be considered in their entirety, and ALS Environmental (ALS) is not
responsible for use ofless than the complete report. Results apply only to the items submitted to
the laboratory for analysis and individual items (samples) analyzed, as listed in the report. The
measurement uncertainty of the results included in this report is within that expected when using
the prescribed methodes) for analysis of these samples, and represented by Laboratory Control
Sample control limits. Any events, such as QC failures, which may add to the uncertainty are
explained in the report narrative.
Please contact me if you have any questions. My extension is 7473. You may also contact me
via email atDeb.Patton@alsglobal.com.
Respectfully submitted, .
ALS Group USA Corp. dba ALS Environmental

Deb Patton
Project Manager

Page I of

ADDRESS 1565 Jefferson Rd, Building 300, Suite 360, Rochester, NY 14623 PHONE 585.288-5380 I FAX 585-288-8475
AlS GROUP USA, CORP. Part of the Al$ Group An ALS Limited Company
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Client:
Project:
Sample Matrix:

ALS Environmenlal

Gulf Coast Analytical Labs
LTM A006-003 213082102
Water

CASE NARRATIVE

Service Request No.:
Date Received:

R1306085
8/22/13

All analyses were performed consistent with the quality assurance program of ALS Environmental. This report
contains analytical results for samples designated for Tier II data deliverables. When appropriate to the method,
method blank results have been reported with each analytical test. Surrogate recoveries have been reported for all
applicable organic analyses.

Sample Receipt

One water sample was received for analysis at ALS Environmental on 8/22/13. The samples were received in good
condition and consistent with the accompanying chain of custody form. The samples were stored in a refrigerator
between I 'c and 6'C upon receipt at the laboratory.

(norganics

Site specific QC was not requested but was analyzed. All exceedences have been flagged with a "*".

The sample was analyzed within the appropriate holding times for the method.

No other analytical or quality control problems were encountered during analysis.

Approved bY ~~ __. Date



CASE NARRATIVE
This report contains analytical results for the following samples:

Service Request Number: R1306085

\\fnflow2\Starlims\UmsReps\CaseNarrative, rpt

LablO
R1306085-001

Client 10
MWQ-24



A Enuironmerntal

REPORT QUALIFIERS AND DEFINITIONS
U Analyte was analyzed for but not detected.

The sample quantitation limit has been
corrected for dilution and for percent
moisture, unless otherwise noted in the case
narrative.

J Estimated value due to either being a
Tentatively Identified Compound (TIC) or
that the concentratio_" is between the MRL
and the MDL. Concentrations are not verified
within the linear range of the calibration. For
DoD: concentration >40% difference between
two GC columns (pesticides/Arclors).

B Analyte was also detected in the associated
method blank at a concentration that may
have contributed to the sample result.

E Inorganics- Concentration is estimated due to
the serial dilution was outside control limits.

E Organics- Concentration has exceeded the
calibration range for that specific analysis.

+
N

N

S

w

P

C
Q

x

Correlation coefficient for MSA is <0.995.
Inorganics- Matrix spike recovery was outside
laboratory limits.
Organics- Presumptive evidence of a compound
(reported as a TIC) based on the MS library search.
Concentration has been detennined using Method
of Standaid Additions (MSA).
Post-Digestion Spike recovery is outside control
limits and the sample absorbance is <50% of the
spike absorbance.
Concentration >40% (25% for CLP) difference
between the two GC columns.
Confirmed by GC/MS
DoD reports: indicates a pesticide! Aroclor is not
confirmed (2:I00% Difference between two GC
columns).
See Case Narrative for discussion.

D

*

H

#

Concentration is a result of a dilution,
typically a secondary analysis of the sample
due to exceeding the calibration range or that
a surrogate has been diluted out of the sample
and cannot be assessed.
Indicates that a quality control parameter has
exceeded laboratory limits. Under the
"Notes" column ofthe Form I, this qualifier
denotes analysis was perfonned out of
Holding Time.
Analysis was performed out of hold time for
tests that have an "immediate" hold time
criteria.
Spike was diluted out.

MRL Method Reporting Limit. Also known as:
LOQ Limit of Quantitation (LOQ)

The lowest concentration at which the method
analyte may be reliably quantified under the
method conditions.

MDL Method Detection Limit. A statistical value derived
from a study designed to provide the lowest
concentration that will be detected 99% of the time.
Values between the MDL and MRL are estimated
(see J qualifier).

LOD Limit of Detection. A value at or above the MDL
which has been verified to be detectable.

ND Non-Detect. Analyte was not detected at the
concentration listed. Same as U qualifier.

Rochester Lab ID # for State Certifications'
NELAP Accredited Maine ID #NY0032 New HampshireID #
Connecticut ID # PH0556 Nebraska Accredited 294100 AlB
Delaware Accredited Nevada ID # NY-00032 North Carolina #676
DoD ELAP #65817 New Jersev ID # NY004 Pennsvlvania ID# 68-786
Florida ID # E87674 New York ID #10145 Rhode Island ID # 158
Illinois ID #200047 Virginia #460167

I Analyses were performed according to our laboratory's NELAP.approved quality assurance program and any applicable state or agency requirements. The
test results meet requirements of the current NELAPffNI standards or state or agency requirements, where applicable, except as noted in the laboratory case
narrative provided. For a specific list of accredited analytes, refer to
http://www.alsldobal.comlenfOur.SeTViceslLife-SciencesJEnvironmentalfDownloadslNorth-America-Do\'vllloads

RIGHT SOLUTIONS
P:\INTRANET\QAQC\Forms Controlled\QUALIF _ routine rev 2.DOC

RIGHT PARTNER

5/13/13



Client:
Project:
Sample Matrix:
Sample Name:
Lab Code:

ALS Group USA, Corp. dba ALS Environmental
Analytical Report

Gulf Coast Analytical Labs
Melrose LTM A006-003/213082 I02
Water
MWQ-24
R 1306085-00 I

General Cbemistry Parameters

Service Request: R1306085
Date Collected: 8/20/13110l
Date Received: 8/22113

Basis: NA

Dilution Date Date
MRL MDL Factor Extracted Analyzed NoteAnalyte Name

Chromium, Hexavalent, Dissolved

Metbod
218.6LL

Result Q
0.076

Units
0.020 0.010 NA 9/911315:31

Printed 9/11/13 II: 17
\\lnflow2\Slarlims\LimsReps\AnalyticaIReport.rpt

Fonn IA
SuperSet Reference:



Client:
Project:
Sample Matrix:
Sample Name:
Lab Code:

ALS Group USA, Corp. dba ALS Environmental
Analytical Report

Gulf Coast Analytical Labs
Melrose LTM A006-003/2130821 02
Water
Method Blank
R1306085-MB

General Chemistry Parameters

Service Request: R1306085
Date Collected: NA
Date Received: NA

Basis: NA

0.020 0.010
Analyte Name
Chromium, Hexavalent, Dissolved

Method
218.6 LL

Result Q
0.020 U

Units
~g1L

MRL
Dilution Date

MDL Factor Extracted
NA

Date
Analyzed
9/9/13 12:34

Note

Printed 9/11113 11: 17
\\Inllow2\Starlims\LimsReps\AnaJyticaIRepon ,rpt

Fonn lA
SuperSet Reference:



Client:
Project:
Sample Matrix:

Sample Name:
Lab Code:

ALS Group USA, Corp. dba ALS Environmental
QNQC Report

Gulf Coast Analytical Labs
Melrose LTM A006-003/213082102
Water

Matrix Spike Summary
General Chemistry Parameters

MWQ-24
R1306085-00I

Service Request: R1306085
Date Collected: 8/20/13
Date Received: 8/22/13
Date Analyzed: 9/9/13

Units: llgiL
Basis: NA

Analytical Method: 218.6 LL

Sample
Analyte Name Result
Chromium, Hexavalent, Dissolved 0.076

MWQ-24MS MWQ-24DMS
Matrix Spike Duplicate Matrix Spike

RI306085-00 IMS R1306085-00IDMS
Spike Spike 0/0 Rec RPD

Result Amount 0/0 Rec Result Amount % Rec Limits RPD Limit
0.300 0.200 112 • 0.316 0.200 120 • 90 - 110 5 20

Results nagged with an asterisk ("') indicate ,'alues outside control criteria.

Results nagged with a pound (#) indicate the control criteria is not applicable.

Percent recoveries and relative percent differences (RPD) are determined by the software using values in the calculation which have not been rounded.

Printed 9/11/13 II: I 7
\\lnflow 2\Starlims\LimsReps\MatrixSpike.rpt

Form 3A
SuperSet Reference:



Client:
Project:
Sample Matrix:

ALS Group USA, Corp. dba ALS Environmental
QNQC Report

GulfCoas! Analytical Labs
Melrose LTM A006-003/213082102
Water

Lab Control Sample Summary
General Chemistry Parameters

Service Request: R1306085
Date Analyzed: 9/9/13

Units: ~g/L
Basis: NA

Analyte Name Method

Lab Control Sample
R1306085-LCS

Spike
Result Amount % Rec

6/0 Rec
Limits

Chromium, Hexavalent, Dissolved 218.6 LL 0.192 0.200 96 90 - 110

Rc=sults flagged with an asterisk (*) indicate values outside control criteria.

Percent recoveries and relative percent differences (RPD) are detennined by the software using values in the calculation which have not been rounded.

Printed 9/1 1/13 11:17
\\lntlow2\Starlims\LimsReps\LabControISample.rpt

Form 3C
SuperSet Reference:



A Enulronmenta'
CHAIN OF CUSTODY/LABORATORY ANALYSIS REQUEST FORM 09930

1565 Jefferson Road, Building 300, Suite 360. Rochester,NY 146231+15852885380 +15852888475 (fax) PAGE I OF )

REMARKS!
ALTERNATE DESCRIPTION

Preservative Key
O. NONE
1. HCL
2. HNO:!
3. H2S04
4. NaOH
5. ZO. Acetate
6. MoOH
7. NaHS04
e. Other __

ANALYSIS REQUESTED (Include Method Number and Container Preservative)

PRESERVATIVE

- L/~ '\

~~M~t:E16
i\J\ \()& -.:)l\

INVOICE INFORMATION

PO'

BILL TO: Tr~l\;-h Aoc
J~a.. f,} t <,I.'n Per h••..•
S\.•..\: r...c/ ~L ?,;m~

_ m. Results + ex: and Calibnrtloo••••••••••••
_IV. Cola Validation Report wlth Raw Data

REPORT ReaUIREMENTS

_ t Results Only

~. Results + OC Summarles
(LCS. CUP, MSJMSO as ltlQuIred)

lltttolTtme

RECEIVED BY

TURNAROUND REQUIREMENTS

__ RUSH (SURCHARQES APPLY)

__ 1da)'_2 dly-3 day

__ • day -.5 day

SIgnature

REQUESTED REPORT DATE

Printed Name

RELINQUISHED BY

Printed Name

SeeOAPP 0

STATE WHERE SAMPLES WERE COu.ECTEO

Gl RELINQUISHED BY n I JECEtVED BY

COl ?,U/ Ju/-(s"..•t"13ro, 1.1 J.-k C-
,,-\- -~~

Ftnn'D/ZIIr; /~ dlzo R~

l>ttolTtmtt

SPECIAL INsmucnONSICOMMENTS
Metals

,.. ~~ l/'.-r'ar ""'"-<.../ .<.l...
Ann "'\ r ~'":-\-4
DtttolTtme '61'd-e"'1)' I'i':,c.
Distribution: White. Lab Copy; Yellow. Return to OrIgInator <02012 by ALSGroup



Cooler Receipt and Preservation Check Form
Project/Client c2•.A«'c;p.oA- Folder Number g \':~ ~

. yrll/l:S <::>Q", ~ 0 CCooler receIved on by: _~_COURIER: ALS UPS ~ VEL CITY LIENT
I. Were custody seals on outside of cooler? ~ NO
2. Were custody papers properly filled out (ink, signed; etc.)? @S" NO
3. Did all bottles arrive in good condition (unbroken)? eYES NO
4. Did VOA vials, Alkalinity, or Sulfide have significant' air bubbles? YES NO ~
5. Were:Ireor Ice packs present? <t:ES NO
O. Where did the bottles originate? A:LfuROC, CLIENT
7. Soil VOA samples received as: Bulk Jar Encore TerraCore Lab5035set <1SIZA'J -q8. Temperature ofcooler(s) upon receipt: ,:>

Is the temperature within 0° - 6° C?: (£)N Y N Y N Y N Y N
UNo, Explain Below Datetrime Temperatures Taken: _'lr_/L_I_I,_y_a"f_S'?: _

Thermometer 10: IR GUN#3 / ~114 Reading From: ~ / Sample Bottle
If out ofTem erature note acIdn ice condition &C1ient A roval to Rnn Sam les:
All Samples held in storage location R••oz by Iv on "j(7~11IT at _
5035 samples placed in storage location by on at
ii[0;S'"'"'e.c:'o'~nciW~ri'e."ftl''''''''ew:"W$Wlil!.i',j')\.'lf\', . '!!iI:11:;,: t \ '2..Irh~". U~J~"L\:. "Vi; .~~~r~~~,~'. ~~"\j.,.:i -Il ~

Cooler Breakdown: Date: 'l. Time:_I_o_~~b~ by: -::JPs
I. Were all bottle labels co pi te (i.e. analysis, preservation, etc.)?;@ NO
2. Did all bottle labels and tags agree with custody papers? ~ NO
3. Were correct containers used for the tests indicated? Wi NO
4. Air Samples: Cassettes / Tubes Intact Canisters Pressurized Tedlar@ Bags Inflated
Explain anv discre andes:
pH Reagent Lot Received Exp SampleID Vol. Lot Added Final Yes All

YES NO Added nH samplesOK
2':12 NaOH
g HNO, No=
g H,S04 Samples
<4 NaHS04 were

preserved at
Residual PorTCN If present, contactPM to lab as listed
Chlorine Phenol add ascorbicacid
(-) and 522 Or sodiumsulfite 522) PMOKto
- Na,S,O, - - 'Not to be testedbefore analysis- pH Adjust:

ZnAceta - - tested and recordedbyVOAsor GenChem
HCI , , on a separate worksheet

Bottle lot numbers: 0[.,03 I') - '2..\1
OtherComments:

PC Secondary Review: ~ 'significant air bubbles:VOA> 5-6mm :WC>1 in. diameter
P:\INTAANETlQAQC\FormsControllJd\CoolerReceipt r6.doc ' 11/6/12



September 06, 2013

RE: 213082102

Order No.: 1308224FAX (225) 767-5717

TEL: (225) 769-4900

7979 GSRI AVENUE
BATON ROUGE, LA 70820

DHL Analytical, Inc. received 2 sample(s) on 8/22/2013 for the analyses presented in the following 
report.

There were no problems with the analyses and all data met requirements of DoD QSM Ver 4.2 and 
NELAC except where noted in the Case Narrative.  All non-NELAC methods will be identified 
accordingly in the case narrative and all estimated uncertainties of test results are within method or 
EPA specifications.  

If you have any questions regarding these tests results, please feel free to call.  This report shall not 
be reproduced except in full without the written approval of DHL Analytical, Inc.  Thank you for 
using DHL Analytical.

Sincerely,

John DuPont
General Manager

This report was performed under the accreditation of the State of Texas & DoD Laboratory 
Certification Number: T104704211-13-11 & DoD ELAP #ADE-1416 v2

2300 Double Creek Drive • Round Rock, TX 78664 • Phone (512) 388-8222 • FAX (512) 388-8229

www.dhlanalytical.com

Sean  Hardin
GCAL  LAB

Dear Sean Hardin:
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1 Items identified by the letter “R” should be included in the laboratory data package submitted to the TCEQ in the TRRP-required report(s).  Items identified by  
the letter “S” should be retained and made available upon request for the appropriate retention period. 

2 O = organic analyses;   I = inorganic analyses (and general chemistry, when applicable). 
3 NA = Not applicable. 
4 NR = Not Reviewed. 
5 ER# = Exception Report identification number (an Exception Report should be completed for an item if “NR” or “No” is checked). 

DHL Analytical, Inc. 

Laboratory Review Checklist:  Reportable Data  
Project Name: 213082102 Date: 9/6/13 

Reviewer Name: Carlos Castro Laboratory Work Order: 1308224 

Prep Batch Number(s): See Prep Dates Report Run Batch: See Analytical Dates Report 

#1 A2 Description Yes No NA3 NR4 ER#5 

Chain-of-Custody (C-O-C)      
1) Did samples meet the laboratory’s standard conditions of sample acceptability upon receipt?   X    R1-01 R1 OI 

2) Were all departures from standard conditions described in an exception report?   X   
R2 OI Sample and Quality Control (QC) Identification      

  1) Are all field sample ID numbers cross-referenced to the laboratory ID numbers? X     
  2) Are all laboratory ID numbers cross-referenced to the corresponding QC data? X     

R3 OI Test Reports      
  1) Were all samples prepared and analyzed within holding times? X     
  2) Other than those results < MQL, were all other raw values bracketed by calibration standards? X     
  3) Were calculations checked by a peer or supervisor? X     
  4) Were all analyte identifications checked by a peer or supervisor? X     
  5) Were sample quantitation limits reported for all analytes not detected? X     
  6) Were all results for soil and sediment samples reported on a dry weight basis? X     
  7) Were % moisture (or solids) reported for all soil and sediment samples? X     
  8) If required for the project, TICs reported?   X   

R4 O Surrogate Recovery Data      
  1) Were surrogates added prior to extraction?   X   
  2) Were surrogate percent recoveries in all samples within the laboratory QC limits?   X   

R5 OI Test Reports/Summary Forms for Blank Samples      
  1) Were appropriate type(s) of blanks analyzed? X     
  2) Were blanks analyzed at the appropriate frequency? X     
  3) Where method blanks taken through the entire analytical process, including preparation and, if 

applicable, cleanup procedures? 
X     

  4) Were blank concentrations < MQL? X     
R6 OI Laboratory Control Samples (LCS):      

  1) Were all COCs included in the LCS?  X     
  2) Was each LCS taken through the entire analytical procedure, including prep and cleanup steps?  X     
  3) Were LCSs analyzed at the required frequency? X     
  4) Were LCS (and LCSD, if applicable) %Rs within the laboratory QC limits? X     
  5) Does the detectability data document the laboratory’s capability to detect the COCs at the MDL used 

to calculate the SQLs? X     

  6) Was the LCSD RPD within QC limits (if applicable)? X       
R7 OI Matrix Spike (MS) and Matrix Spike Duplicate (MSD) Data      

  1) Were the project/method specified analytes included in the MS and MSD? X     
  2) Were MS/MSD analyzed at the appropriate frequency? X     
  3) Were MS (and MSD, if applicable) %Rs within the laboratory QC limits?   X    R7-03  
  4) Were MS/MSD RPDs within laboratory QC limits? X       

R8 OI Analytical Duplicate Data      
  1) Were appropriate analytical duplicates analyzed for each matrix? X     
  2) Were analytical duplicates analyzed at the appropriate frequency? X     
  3) Were RPDs or relative standard deviations within the laboratory QC limits?  X     

R9 OI Method Quantitation Limits (MQLs):      
  1) Are the MQLs for each method analyte included in the laboratory data package? X     
  2) Do the MQLs correspond to the concentration of the lowest non-zero calibration standard? X     
  3) Are unadjusted MQLs included in the laboratory data package? X     

R10 OI Other Problems/Anomalies      
  1) Are all known problems/anomalies/special conditions noted in this LRC and ER? X    R10-01 
  2) Were all necessary corrective actions performed for the reported data? X     

  3) Was applicable and available technology used to lower the SQL minimize the matrix interference 
affects on the sample results? X     
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1 Items identified by the letter “R” should be included in the laboratory data package submitted to the TCEQ in the TRRP-required report(s).  Items identified by  
the letter “S” should be retained and made available upon request for the appropriate retention period. 

2 O = organic analyses;   I = inorganic analyses (and general chemistry, when applicable). 
3 NA = Not applicable. 
4 NR = Not Reviewed. 
5 ER# = Exception Report identification number (an Exception Report should be completed for an item if “NR” or “No” is checked). 

 
 
 
 

DHL Analytical, Inc. 
Laboratory Review Checklist (continued):  Supporting Data 

Project Name: 213082102 Date: 9/6/13 

Reviewer Name: Carlos Castro Laboratory Work Order: 1308224 

#1 A2 Description Yes No NA3 NR4 ER#5 

S1 OI Initial Calibration (ICAL)      

1) Were response factors and/or relative response factors for each analyte within QC limits? X     
2) Were percent RSDs or correlation coefficient criteria met? X     
3) Was the number of standards recommended in the method used for all analytes? X     
4) Were all points generated between the lowest and highest standard used to calculate the curve? X     
5) Are ICAL data available for all instruments used? X     

  

6) Has the initial calibration curve been verified using an appropriate second source standard? X     

S2 OI Initial and Continuing calibration Verification (ICCV and CCV) and Continuing Calibration 
blank (CCB) 

     

1) Was the CCV analyzed at the method-required frequency? X     
2) Were percent differences for each analyte within the method-required QC limits? X     
3) Was the ICAL curve verified for each analyte? X       

4) Was the absolute value of the analyte concentration in the inorganic CCB < MDL? X       
S3 O Mass Spectral Tuning      

1) Was the appropriate compound for the method used for tuning? X     
 

 
2) Were ion abundance data within the method-required QC limits? X     

S4 O Internal Standards (IS)      
 1) Were IS area counts and retention times within the method-required QC limits? X         

S5 OI Raw Data (NELAC section 1 appendix A glossary, and section 5.12)      
1) Were the raw data (for example, chromatograms, spectral data) reviewed by an analyst? X     

 
 

2) Were data associated with manual integrations flagged on the raw data? X     
S6 O Dual Column Confirmation      

 1) Did dual column confirmation results meet the method-required QC?    X   
S7 O Tentatively Identified Compounds (TICs)      

 1) If TICs were requested, were the mass spectra and TIC data subject to appropriate checks?   X   
S8 I Interference Check Sample (ICS) Results      

 1) Were percent recoveries within method QC limits?   X   
S9 I Serial Dilutions, Post Digestion Spikes, and Method of Standard Additions      

  1) Were percent differences, recoveries, and the linearity within the QC limits specified in the method?   X   
S10 OI Method Detection Limit (MDL) Studies      

 1) Was a MDL study performed for each reported analyte? X     
 2) Is the MDL either adjusted or supported by the analysis of DCSs? X     

S11 OI Proficiency Test Reports      
  1) Was the lab's performance acceptable on the applicable proficiency tests or evaluation studies? X     

S12 OI Standards Documentation      
 1) Are all standards used in the analyses NIST-traceable or obtained from other appropriate sources? X     

S13 OI Compound/Analyte Identification Procedures      
 1) Are the procedures for compound/analyte identification documented? X     

S14 OI Demonstration of Analyst Competency (DOC)      
1) Was DOC conducted consistent with NELAC Chapter 5C? X     

 
 

2) Is documentation of the analyst’s competency up-to-date and on file? X     
S15 OI Verification/Validation Documentation for Methods (NELAC Chap 5)      

  
1) Are all the methods used to generate the data documented, verified, and validated, where 
applicable? X     

S16 OI Laboratory Standard Operating Procedures (SOPs)      
  1) Are laboratory SOPs current and on file for each method performed? X     
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Laboratory Data Package Signature Page 
 

This data package consists of: 
 

This signature page, the laboratory review checklist, and the following reportable data: 

 R1     Field chain-of-custody documentation; 
 R2     Sample identification cross-reference; 
 R3     Test reports (analytical data sheets) for each environmental sample that includes: 

  a)  Items consistent with NELAC 5.13  
  b)  dilution factors,  
  c)  preparation methods, 
  d)  cleanup methods, and 
  e)  if required for the project, tentatively identified compounds (TICs). 

 R4     Surrogate recovery data including: 
  a)  Calculated recovery (%R), and 
b) The laboratory’s surrogate QC limits. 

 R5     Test reports/summary forms for blank samples; 
 R6     Test reports/summary forms for laboratory control samples (LCSs) including: 

  a)  LCS spiking amounts, 
  b)  Calculated %R for each analyte, and 
  c)  The laboratory’s LCS QC limits. 

 R7     Test reports for project matrix spike/matrix spike duplicates (MS/MSDs) including: 
  a)  Samples associated with the MS/MSD clearly identified, 
  b)  MS/MSD spiking amounts, 
  c)  Concentration of each MS/MSD analyte measured in the parent and spiked samples, 
  d)  Calculated %Rs and relative percent differences (RPDs), and  
  e)  The laboratory’s MS/MSD QC limits 

 R8     Laboratory analytical duplicate (if applicable) recovery and precision: 
  a)   the amount of analyte measured in the duplicate, 
  b)   the calculated RPD, and 
  c)   the laboratory’s QC limits for analytical duplicates. 

 R9     List of method quantitation limits (MQLs) for each analyte for each method and matrix; 
 R10   Other problems or anomalies. 
  
 The Exception Report for every “No” or “Not Reviewed (NR)” item in laboratory review checklist. 
 
 Release Statement:  I am responsible for the release of this laboratory data package. This data package has 

been reviewed by the laboratory and is complete and technically compliant with the requirements of the 
methods used, except where noted by the laboratory in the attached exception reports. By my signature 
below, I affirm to the best of my knowledge, all problems/anomalies, observed by the laboratory as having 
the potential to affect the quality of the data, have been identified by the laboratory in the Laboratory Review 
Checklist, and no information or data have been knowingly withheld that would affect the quality of the data. 

 
 

John DuPont – General Manager 

Scott Schroeder – Technical Director 

 
 

________________________ 

 
 

_______________ 
 Signature Date 

 
 
 

09/06/13
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06-Sep-13Date:DHL Analytical, Inc.

Project: 213082102

CLIENT: GCAL  LAB

Lab Order: 1308224
CASE NARRATIVE

This case narrative  describes abnormalities and deviations that may affect the results and summarizes 

all known issues that need to be highlighted for the data user to assess the results.  This case narrative 

and the report contents are compliant with DoD QSM Ver 4.2 and NELAC. The "U" flag , in the 

Analytical Report, indicates the results for that sample are nondetect. 

Samples were analyzed using the methods outlined in the following references:

   Method E332.0 or SW6860 - Perchlorate Analysis (Parameter is ELAP Accredited but not NELAC 

Certified)

 

Exception Report R1-01

The samples were received on and log-in performed on 8/22/13.  A total of 2 samples were received 

and all were analyzed.  The samples arrived in good condition and were properly packaged.

Exception Report R7-03

For Perchlorate analysis performed on 9/6/13 (batch 59352) the matrix spike duplicate recovery was 

slightly above control limits.  This is flagged accordingly in the QC summary report.  The sample 

selected for the matrix spike and matrix spike duplicate was from this work order.  The LCS was within 

control limits.  No further corrective actions were taken.

Exception Report R10-01

For Perchlorate analysis (batch 59353) an MS/MSD was not performed due to insufficient sample 

volume.  An LCS/LCSD was run instead.

                                                                  

A summary of project communication follows:

Request for quote was sent to DHL Analytical from the client, via email on 5/5/11 and the quote was 

sent to client via email on 5/5/11.  Email for work approved by both parties on 5/18/11 with P.O 

number 12-0969.

Client sent samples in own containers.  

This sample delivery group arrived at DHL Analytical 8/22/13.

Page 1 of 1
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06-Sep-13Date:DHL Analytical, Inc.

Project: 213082102

CLIENT: GCAL  LAB

Lab Order: 1308224
Work Order Sample Summary

Lab Smp ID Client Sample ID Tag Number Date RecvedDate Collected

1308224-01 MWQ-24 08/20/13 11:01 AM 8/22/2013

1308224-02 SC-1 08/20/13 11:05 AM 8/22/2013

Page 1 of 1
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Sample ID Client Sample ID Collection Date Matrix Batch ID

PREP DATES REPORT

06-Sep-13

Lab Order: 1308224

Client: GCAL  LAB

Project: 213082102

DHL Analytical, Inc.

Test Name Prep DateTest Number

1308224-01A MWQ-24 08/20/13 11:01 AM Aqueous Perchlorate Prep 09/05/13 02:17 PMSW6860 59353

1308224-02A SC-1 08/20/13 11:05 AM Soil Moisture Preparation 08/23/13 04:37 PMD2216 59142

SC-1 08/20/13 11:05 AM Soil Perchlorate Soil Prep 09/05/13 02:17 PMSW6860 59352

Page 1 of 1
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Sample ID Client Sample ID Test NumberMatrix Analysis Date

ANALYTICAL DATES REPORT

06-Sep-13

Lab Order: 1308224

Client: GCAL  LAB

Project: 213082102

DHL Analytical, Inc.

Test Name DilutionBatch ID Run ID

1308224-01A MWQ-24 SW6860Aqueous Perchlorate - Water 09/06/13 02:29 PM59353 1 ICMS_130906B

1308224-02A SC-1 D2216Soil Percent Moisture 08/23/13 04:37 PM59142 1 PMOIST_130823B

SC-1 SW6860Soil Perchlorate - Soil 09/06/13 01:36 PM59352 1 ICMS_130906A

Page 1 of 1
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Project: 213082102

Client Sample ID: MWQ-24

Collection Date: 08/20/13 11:01 AM

Matrix: AQUEOUS

Analyses Result Qual Units Date Analyzed

CLIENT: GCAL  LAB

Lab Order: 1308224

DF

Lab ID: 1308224-01

DHL Analytical, Inc. Date: 06-Sep-13

RL

Project No: 213082102

MDL

PERCHLORATE - WATER SW6860 Analyst: CZ
Perchlorate JN 09/06/13 02:29 PM0.000300 mg/L 10.000214 0.000100

Qualifiers:   

Page 1 of 2

* Value exceeds TCLP Maximum Concentration Level B Analyte detected in the associated Method Blank

C Sample Result or QC discussed in the Case Narrative DF Dilution Factor

E TPH pattern not Gas or Diesel Range Pattern J Analyte detected between MDL and RL

MDL Method Detection Limit ND Not Detected at the Method Detection Limit

RL Reporting Limit S Spike Recovery outside control limits

N Parameter not NELAC certified
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Project: 213082102

Client Sample ID: SC-1

Collection Date: 08/20/13 11:05 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: GCAL  LAB

Lab Order: 1308224

DF

Lab ID: 1308224-02

DHL Analytical, Inc. Date: 06-Sep-13

RL

Project No: 213082102

MDL

PERCHLORATE - SOIL SW6860 Analyst: CZ
Perchlorate NU 09/06/13 01:36 PM0.0100 mg/Kg-dry 10.00200 0.00200

PERCENT MOISTURE D2216 Analyst: JCG
Percent Moisture 08/23/13 04:37 PM0 WT% 149.8 0

Qualifiers:   

Page 2 of 2

* Value exceeds TCLP Maximum Concentration Level B Analyte detected in the associated Method Blank

C Sample Result or QC discussed in the Case Narrative DF Dilution Factor

E TPH pattern not Gas or Diesel Range Pattern J Analyte detected between MDL and RL

MDL Method Detection Limit ND Not Detected at the Method Detection Limit

RL Reporting Limit S Spike Recovery outside control limits

N Parameter not NELAC certified
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06-Sep-13Date:DHL Analytical, Inc.

Project: 213082102

CLIENT: GCAL  LAB

Work Order: 1308224
ANALYTICAL QC SUMMARY REPORT

RunID: ICMS_130906A
The QC data in batch 59352 applies to the following samples: 1308224-02A

Sample ID LCS-59352 Batch ID: 59352 TestNo: SW6860

Analysis Date: 9/6/2013 11:50:00 AM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

RL

LCSSampType: Run ID: ICMS_130906A Prep Date: 9/5/2013

Perchlorate 0.00450 107 85 115 N0.00500 00.00483

Sample ID MB-59352 Batch ID: 59352 TestNo: SW6860

Analysis Date: 9/6/2013 12:43:00 PM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

RL

MBLKSampType: Run ID: ICMS_130906A Prep Date: 9/5/2013

Perchlorate NU0.005000.00100

Sample ID 1308224-02AMS Batch ID: 59352 TestNo: SW6860

Analysis Date: 9/6/2013 1:53:00 PM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg-dry

RL

MSSampType: Run ID: ICMS_130906A Prep Date: 9/5/2013

Perchlorate 0.00905 118 75 125 N0.0101 00.0107

Sample ID 1308224-02AMSD Batch ID: 59352 TestNo: SW6860

Analysis Date: 9/6/2013 2:11:00 PM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg-dry

RL

MSDSampType: Run ID: ICMS_130906A Prep Date: 9/5/2013

Perchlorate 0.00846 131 75 125 20 SN0.00940 0 3.200.0110

Qualifiers:   

Page 1 of 5
B Analyte detected in the associated Method Blank DF Dilution Factor

J Analyte detected between MDL and RL MDL Method Detection Limit

ND Not Detected at the Method Detection Limit R RPD outside accepted control  limits

RL Reporting Limit S Spike Recovery outside control limits

J Analyte detected between SDL and RL N Parameter not NELAC certified
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Project: 213082102

CLIENT: GCAL  LAB

Work Order: 1308224
ANALYTICAL QC SUMMARY REPORT

RunID: ICMS_130906A

Sample ID ICV-130906 Batch ID: R68501 TestNo: SW6860

Analysis Date: 9/6/2013 10:47:00 AM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

RL

ICVSampType: Run ID: ICMS_130906A Prep Date:

Perchlorate 0.00200 101 85 115 N0.00500 00.00202

Sample ID LCVL1-130906 Batch ID: R68501 TestNo: SW6860

Analysis Date: 9/6/2013 11:11:00 AM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

RL

LCVLSampType: Run ID: ICMS_130906A Prep Date:

Perchlorate 0.000200 104 70 130 N0.00500 00.000208

Sample ID ICS-130906 Batch ID: R68501 TestNo: SW6860

Analysis Date: 9/6/2013 11:29:00 AM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

RL

ICSSampType: Run ID: ICMS_130906A Prep Date:

Perchlorate 0.000300 90.1 70 130 N0.00500 00.000270

Sample ID CCV1-130906 Batch ID: R68501 TestNo: SW6860

Analysis Date: 9/6/2013 2:46:00 PM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

RL

CCVSampType: Run ID: ICMS_130906A Prep Date:

Perchlorate 0.00500 101 80 120 N0.00500 00.00505

Sample ID LCVL2-130906 Batch ID: R68501 TestNo: SW6860

Analysis Date: 9/6/2013 3:22:00 PM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

RL

LCVLSampType: Run ID: ICMS_130906A Prep Date:

Perchlorate 0.000200 113 70 130 N0.00500 00.000225

Qualifiers:   

Page 2 of 5
B Analyte detected in the associated Method Blank DF Dilution Factor

J Analyte detected between MDL and RL MDL Method Detection Limit

ND Not Detected at the Method Detection Limit R RPD outside accepted control  limits

RL Reporting Limit S Spike Recovery outside control limits

J Analyte detected between SDL and RL N Parameter not NELAC certified

16



Project: 213082102

CLIENT: GCAL  LAB

Work Order: 1308224
ANALYTICAL QC SUMMARY REPORT

RunID: ICMS_130906B
The QC data in batch 59353 applies to the following samples: 1308224-01A

Sample ID LCS-59353 Batch ID: 59353 TestNo: SW6860

Analysis Date: 9/6/2013 12:07:00 PM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

RL

LCSSampType: Run ID: ICMS_130906B Prep Date: 9/5/2013

Perchlorate 0.000300 108 85 115 N0.000300 00.000324

Sample ID LCSD-59353 Batch ID: 59353 TestNo: SW6860

Analysis Date: 9/6/2013 12:25:00 PM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

RL

LCSDSampType: Run ID: ICMS_130906B Prep Date: 9/5/2013

Perchlorate 0.000300 95.8 85 115 20 N0.000300 0 11.90.000287

Sample ID MB-59353 Batch ID: 59353 TestNo: SW6860

Analysis Date: 9/6/2013 1:00:00 PM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

RL

MBLKSampType: Run ID: ICMS_130906B Prep Date: 9/5/2013

Perchlorate NU0.0003000.000100

Qualifiers:   

Page 3 of 5
B Analyte detected in the associated Method Blank DF Dilution Factor

J Analyte detected between MDL and RL MDL Method Detection Limit

ND Not Detected at the Method Detection Limit R RPD outside accepted control  limits

RL Reporting Limit S Spike Recovery outside control limits

J Analyte detected between SDL and RL N Parameter not NELAC certified
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Project: 213082102

CLIENT: GCAL  LAB

Work Order: 1308224
ANALYTICAL QC SUMMARY REPORT

RunID: ICMS_130906B

Sample ID ICV-130906 Batch ID: R68503 TestNo: SW6860

Analysis Date: 9/6/2013 10:47:00 AM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

RL

ICVSampType: Run ID: ICMS_130906B Prep Date:

Perchlorate 0.00200 101 85 115 N0.000300 00.00202

Sample ID LCVL1-130906 Batch ID: R68503 TestNo: SW6860

Analysis Date: 9/6/2013 11:11:00 AM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

RL

LCVLSampType: Run ID: ICMS_130906B Prep Date:

Perchlorate 0.000200 104 70 130 N0.000300 00.000208

Sample ID ICS-130906 Batch ID: R68503 TestNo: SW6860

Analysis Date: 9/6/2013 11:29:00 AM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

RL

ICSSampType: Run ID: ICMS_130906B Prep Date:

Perchlorate 0.000300 90.1 85 115 N0.000300 00.000270

Sample ID CCV1-130906 Batch ID: R68503 TestNo: SW6860

Analysis Date: 9/6/2013 2:46:00 PM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

RL

CCVSampType: Run ID: ICMS_130906B Prep Date:

Perchlorate 0.00500 101 85 115 N0.000300 00.00505

Sample ID LCVL2-130906 Batch ID: R68503 TestNo: SW6860

Analysis Date: 9/6/2013 3:22:00 PM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

RL

LCVLSampType: Run ID: ICMS_130906B Prep Date:

Perchlorate 0.000200 113 70 130 N0.000300 00.000225

Qualifiers:   

Page 4 of 5
B Analyte detected in the associated Method Blank DF Dilution Factor

J Analyte detected between MDL and RL MDL Method Detection Limit

ND Not Detected at the Method Detection Limit R RPD outside accepted control  limits

RL Reporting Limit S Spike Recovery outside control limits

J Analyte detected between SDL and RL N Parameter not NELAC certified

18



Project: 213082102

CLIENT: GCAL  LAB

Work Order: 1308224
ANALYTICAL QC SUMMARY REPORT

RunID: PMOIST_130823B
The QC data in batch 59142 applies to the following samples: 1308224-02A

Sample ID 1308233-05A-DUP Batch ID: 59142 TestNo: D2216

Analysis Date: 8/23/2013 4:37:00 PM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: WT%

RL

DUPSampType: Run ID: PMOIST_130823B Prep Date: 8/23/2013

Percent Moisture 0 300 17.28 8.5415.9

Qualifiers:   

Page 5 of 5
B Analyte detected in the associated Method Blank DF Dilution Factor

J Analyte detected between MDL and RL MDL Method Detection Limit

ND Not Detected at the Method Detection Limit R RPD outside accepted control  limits

RL Reporting Limit S Spike Recovery outside control limits

J Analyte detected between SDL and RL N Parameter not NELAC certified
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Sequence Report

06-Sep-13

Lab Order: 1308224

Client: GCAL  LAB

Project: 213082102

DHL Analytical, Inc.

Sample ID Client Sample ID Test Number Dilution Analysis DateBatch ID Prep Date

ICMS_130906ARun ID:

Matrix

INITIAL CALIBRAT
ION SUMMARY

----- SW6860 9/6/20131R68501 S

INTERNAL STAND
ARD SUMMARY

----- SW6860 9/6/20131R68501 S

ICB1-130906 ----- SW6860 9/6/2013 10:29:00 AM1R68501 S

ICV-130906 ----- SW6860 9/6/2013 10:47:00 AM1R68501 S

LCVL1-130906 ----- SW6860 9/6/2013 11:11:00 AM1R68501 S

ICS-130906 ----- SW6860 9/6/2013 11:29:00 AM1R68501 S

LCS-59352 ----- SW6860 9/6/2013 11:50:00 AM 9/5/2013 2:17:19 PM159352 S

MB-59352 ----- SW6860 9/6/2013 12:43:00 PM 9/5/2013 2:17:19 PM159352 S

1308224-02A SC-1 SW6860 9/6/2013 1:36:00 PM 9/5/2013 2:17:19 PM159352 S

1308224-02AMS SC-1MS SW6860 9/6/2013 1:53:00 PM 9/5/2013 2:17:19 PM159352 S

1308224-02AMSD SC-1MSD SW6860 9/6/2013 2:11:00 PM 9/5/2013 2:17:19 PM159352 S

CCV1-130906 ----- SW6860 9/6/2013 2:46:00 PM1R68501 S

ICB2-130906 ----- SW6860 9/6/2013 3:04:00 PM1R68501 S

LCVL2-130906 ----- SW6860 9/6/2013 3:22:00 PM1R68501 S

Sample ID Client Sample ID Test Number Dilution Analysis DateBatch ID Prep Date

ICMS_130906BRun ID:

Matrix

INITIAL CALIBRAT
ION SUMMARY

----- SW6860 9/6/20131R68503 A

INTERNAL STAND
ARD SUMMARY

----- SW6860 9/6/20131R68503 A

ICB1-130906 ----- SW6860 9/6/2013 10:29:00 AM1R68503 A

ICV-130906 ----- SW6860 9/6/2013 10:47:00 AM1R68503 A

LCVL1-130906 ----- SW6860 9/6/2013 11:11:00 AM1R68503 A

ICS-130906 ----- SW6860 9/6/2013 11:29:00 AM1R68503 A

LCS-59353 ----- SW6860 9/6/2013 12:07:00 PM 9/5/2013 2:17:58 PM159353 A

LCSD-59353 ----- SW6860 9/6/2013 12:25:00 PM 9/5/2013 2:17:58 PM159353 A

MB-59353 ----- SW6860 9/6/2013 1:00:00 PM 9/5/2013 2:17:58 PM159353 A

1308224-01A MWQ-24 SW6860 9/6/2013 2:29:00 PM 9/5/2013 2:17:58 PM159353 A

CCV1-130906 ----- SW6860 9/6/2013 2:46:00 PM1R68503 A

ICB2-130906 ----- SW6860 9/6/2013 3:04:00 PM1R68503 A

LCVL2-130906 ----- SW6860 9/6/2013 3:22:00 PM1R68503 A

Sample ID Client Sample ID Test Number Dilution Analysis DateBatch ID Prep Date

PMOIST_130823BRun ID:

Matrix

1308224-02A SC-1 D2216 8/23/2013 4:37:00 PM 8/23/2013 4:37:00 PM159142 S

1308233-05A-DUP ----- D2216 8/23/2013 4:37:00 PM 8/23/2013 4:37:00 PM159142 S

Page 1 of 1
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SUMMARY 

Maverick Drilling, Inc. mobilized in November 2012 to the Melrose Bombing Range (MBR), 
New Mexico to install a series of three boreholes with the purpose of assessing the regional High 
Plains Aquifer for its potential to provide potable water.  Drilling, well construction/ 
development, pump testing and chemical analysis were coordinated through the prime contractor 
to Cannon Air Force Base, Southwest General Construction, Inc.  Data acquired through the 
exploratory well installations in two areas in the north and west portions of the MBR indicate a 
limited source of water in Sec. 6 of T.1N., R.30R. (NMPM) and a more robust source in Sec. 33 
of T.2N., R.30E.  An 8-inch diameter well was completed in Sec. 33 and outfitted with a 
submersible pump.  Pump testing demonstrated that a flow rate of 96 gallons per minute (gpm) 
was sustained.  A sample of the High Plains Aquifer ground water produced through the 
dedicated submersible pump was submitted to an accredited laboratory in accordance with 
established preservation and chain-of-custody procedures.  Three contaminants of potential 
concern were detectable in the sample at concentrations within current federal human health 
exposure standards and guidelines for drinking water.  The contaminants of potential concern 
were nitrate (reported as nitrogen; 7.9 milligrams per liter), perchlorate (3.18 micrograms per 
liter), and toluene (1.7 micrograms per liter).      

 
INTRODUCTION 
 
Access to the Melrose Bombing Range was provided beginning on November 6, 2012 for the 
express purpose of executing the Well Installation Plan provided to Cannon AFB personnel 
through the prime contractor, SGC, Inc. through federal Project No. PXLY 120457.  As 
proposed, Maverick Drilling installed three vertical borings through the vadose zone and any 
saturated aquifer material present into the underlying aquitard commonly termed the Triassic age 
“redbeds.”  The New Mexico Office of the State Engineer granted Cannon AFB permission to 
drill in the Portales basin under the permit P-4589 (NMOSE Trn. 515321), in correspondence 
dated October 18, 2012 (Appendix A).  
 
The initial set of two, 4.5-inch diameter wells installed at the NW corner (Secs. 6 and 7) of 
T.1N., R.30E. encountered the north-eastward sloped surface of the Triassic redbeds at nearly the 
same elevation as static water level in the aquifer.  Consequently a maximum of only 11 feet of 
saturated aquifer was encountered at the first exploratory well site.  A pump set in the well in 
Section 6 exceeds the aquifer’s capacity to produce at 18 gallons per minute (gpm).  On 
November 14, 2012 Maverick Drilling and SGC met at Cannon AFB resulting in the decision 
that the exploratory drilling should be moved to a location north and west.  Cannon AFB 
personnel located a drilling site approximately 4.25 kilometers from the initial location where the 
Triassic formations lie at a lower elevation, which provided for a thicker vertical interval of 
saturated aquifer material.  Maverick Drilling sized a 5-horsepower pump for the 8-inch diameter 
well at the alternate location, which intersects 44 feet of saturated aquifer.  That well produced 
96 gpm with drawdown indicating that aquifer retains the capacity to produce marginally higher 
rates.  
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DRILLING LOCATIONS, LITHOLOGY and MATERIALS HANDLING 
 
 
Boring Locations 
 
The permit application to drill wells for no consumptive use (Appendix A) listed three locations 
identified as points of diversion (POD) 1, 2, and 3 under file number P-4589.  POD 1 and POD 3 
were drilled in their respective locations.  POD 3 was completed and developed as a cased, 4.5-
inch diameter well.  A submersible pump dedicated to POD 3 sustained 18 gpm production using 
a generator on site.  POD 1, located 1,715 ft (520 m) south and west of POD 3, was completed 
and upon development found to produce no water (dry hole) and subsequently plugged/ 
abandoned in compliance with the drilling permit (Appendix A). 
 
Because POD 3 made limited production and POD 1 encountered no saturated thickness in the 
aquifer material, NM OSE granted Cannon AFB personnel’s request to relocate the POD 2 site.  
The three sites where Maverick Drilling installed point-of-diversion exploratory borings are 
presented in Figure 1.   
 
 
 

 
 
Figure 1.  Melrose Bombing Range exploratory well location map 
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Lithology 
 
The purpose of the project was to acquire data that would ultimately enable the Air Force to 
design supply wells to meet system specifications for future land use.  To that end Maverick 
Drilling recorded field logs of the lithologies encountered in each boring and the pump rates 
sustained in the two completed wells.  Single-well drawdown was observed, however due to the 
distance between POD3 and the relocated POD2 no observable drawdown can be expected in 
POD3 while POD 2 is pumping.  Recorded lithology is useful in determining the saturated 
thickness of the aquifer, which constrains maximum values for transmissivity and storativity. 
 
Lithologies were recorded in the field as samples of the formation (“cuttings”) were returned to 
the surface.  The detailed boring logs with lithologic descriptions are presented in Appendix B.  
The drilling encountered predominantly fine-grained siliciclastic material (sand, silt and clay).  
Within the aquifer the formation was loosely consolidated and uncemented.  A marked transition 
occurred in each boring at the base of the aquifer where it comes in direct contact with “redbeds” 
(consolidated, red-colored mudstone, siltstone, shale) of Triassic Period age.  Lithologic changes 
across the abrupt transition were mainly in the degree of consolidation and cementation of the 
older redbeds.  A coarse-grained layer was present at the erosional unconformity between 
Tertiary Period age aquifer sands and the Triassic redbeds.  Gravel-sized channel deposits 
common at the base of the Ogallala Formation at many eastern New Mexico localities were not 
encountered in the MBR exploratory well borings.  One to 3-foot thick intervals of very-coarse 
sand to granular sand comprised the coarser grained interval at the base of the aquifer (Triassic – 
Tertiary boundary) in the exploratory borings.   
 
 
Materials Handling 
 
Exploratory borings were drilled using the mud/rotary method.  Borehole cuttings were 
circulated to the surface through a slurry of bentonite clay and water, commonly termed “drilling 
mud.”  Water was obtained from sources local to MBR.  Water used in the drilling fluid slurry 
for POD1 and POD2 was obtained from an agricultural well in Section 32 of the BLM lease land 
accessed via the Krider Gate.  Water used in drilling POD3 was obtained from the construction 
supply well accessed from Sun Dale Road Gate.  The mixture of drill cuttings and drilling mud 
was disposed of onsite within a shallow pit adjacent to each boring. 
 
Excess construction water and also produced well development (formation) water were discharge 
directly on to the ground.  All of the materials disposed of were deemed innocuous and non-
hazardous by available process knowledge. 
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WELL COMPLETION and AS-BUILT DESIGN 
 
The scope of the 2012 Melrose Bombing Range Exploratory Well Project comprised plans for 
three exploratory borings with completion of the boreholes as water supply wells.  The three 
boreholes Maverick Drilling drilled at the locations specified (Fig. 1) intersected measureable 
saturated aquifer at only two (POD 2 and POD 3) sites.  As-built diagrams for the two wells 
completed with dedicated submersible pumps as well as for the plugging/abandonment of the dry 
hole (POD 1) are presented in Appendix C. 
 
 
Well Completion and Development 
 
The three boreholes obtained total depths (TD; see Appendix B lithologic logs) in the Triassic 
redbeds using mud rotary drilling equipment.  Factory-slotted (perforated) PVC screen with a 
solid end-cap was installed at or near the TD to a level where the perforations spanned the 
saturated interval.  Solid PVC (“blank”) casing connecting to perforated interval extended the 
well(s) upwards to the surface.  Connections between PVC pipes were made at 20-foot intervals 
using factory-machined spline locking joints (Certa-Lok ™) with an O-ring seal that eliminates 
the use of glue.  Casing thickness and tensile strength ratings for well screen and blank can be 
located according to the Schedule 40 (4.5-in well) or SDR17 (8-in well) class listings in the 
manufacturer’s specifications; Appendix D.  A filter pack of 8/16 silica sand was poured outside 
of the PVC casing to fill the borehole annulus to a level above the perforations.  A bentonite 
grout was poured to fill the annulus above the filter pack, as shown in as-built well diagrams in 
Appendix C. 
 
Drilling fluid was developed from each well using a mechanical bailer.  Wells were allowed to 
recover static water levels overnight and then (except for the POD 1 well) purged with the 
appropriately sized submersible pump.  Purged ground water was directed back onto the ground 
surface where it rapidly infiltrated.  As ground water was developed from the POD 2 and POD 3 
wells the bentonite adhered to the outer boring annulus wall was loosened and flow rates 
gradually improved.  The well screen and filter pack on the POD 2 8-inch well was agitated with 
compressed air during production of sediment and water via air-lifting for 1.5 hours.  
Development ultimately produced clear ground water of very low turbidity estimated to be in the 
single-digit to low double-digit NTU (nephelometric turbidity unit) range.  At a point where both 
the development pumping rate and water level drawdown stabilized Maverick Drilling sized the 
submersible pump ratings for both wells. 
 
 
Well Construction As-Built Design 
 
Submersible pumps installed in the POD 2 and POD 3 wells were individually operated to test 
the output of each well versus the flow rating of the pumps.  The well/pump combination at POD 
3 produces water at the limit of the aquifer’s capacity.  The well/pump combination at POD 2 
supplies water at over 5 times the rate of POD 3 and yet the aquifer has the capacity to produce 
more.  Both POD 2 and POD 3 were surface completed with pit-less adaptors and minimum 4-
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inch thick concrete well pad and integrated outer steel shroud/aluminum cap to provide wellhead 
protection (Appendix C).   
 
The installed 5 h.p. submersible pump sustained a flow rate of 96 gpm from POD 2 during a two-
hour test period while Maverick Drilling was in the field November 27, 2012.  Flow rate was 
measured by a new, calibrated totalizing flow meter that was permanently affixed in-line per the 
scope of work.  The approximately 30 feet of drawdown recorded during operation of the POD 2 
well indicates that the well/aquifer would sustain a marginally higher production rate in the local 
POD 2 area (north end of MBR towards the Blackwater Draw).   
 
POD 3 was surface completed with a pit-less adaptor and minimum 4-inch thick concrete well 
pad with integrated outer steel shroud/aluminum cap.  The installed 1.5 h.p. submersible pump 
sustained a flow rate of 18 gpm during a two-hour test period on November 14, 2012.  The as-
built design diagram appears in Appendix C.  Specifications for the pumps installed as shown in 
the as-built diagrams are supplied in Appendix E. 
 
Appendix C also includes an as-built diagram for the plugged/abandoned boring identified as 
POD 1.  Maverick Drilling attempted to pull the PVC casing but the casing neither broke free of 
the filter pack nor failed.  Therefore the boring annulus and casing were backfilled with neat 
cement grout.    
 
 
POD 2 GROUND WATER QUALITY 
 
A task under the 2012 Exploratory Well Drilling Project was to assess the suitability of the well 
water for use as water supply by testing three wells for an exhaustive list of organic and 
inorganic parameters.  POD 1 was not sampled due to the determination that no ground water 
was available above the Triassic redbeds at the site.  POD 3 was not sampled due to the limited 
ground water flow rate.  The specified quality assurance duplicate was also collected from the 
POD 2 well and identified as the “Backup” sample.  Prior to demobilization of Maverick Drilling 
personnel from Melrose Bombing Range on November 28, 2012 pre-preserved and sterilized 
containers were filled for submittal to Hall Environmental Analysis Laboratory of Albuquerque 
according to the laboratory’s quality assurance plan.  Analytical results appear in Appendix F.   
 
 
Water Sample Quality Assurance 
 
Prior to sample collection on November 28th, Maverick Drilling had produced a significant 
volume of water from POD 2 drilled on the 19th.  While the primary objective was to increase 
transmission of formation water through the filter pack and perforations, development had the 
secondary benefit of providing a reliable and reproducible sample(s).  On November 20th 
compressed air was used to force sediment particles and water out of the PVC casing to the 
ground surface.  As the rate of sediment production decreased the rate of water production 
increased as flow pathways from the aquifer developed.  Following 1.5 hours of this “air-lifting” 
process, Maverick Drilling installed a development pump (submersible) to near the bottom of the 
well perforation zone (well bottom).  Development proceeded at a rate of 60 gpm for over two 
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hours accounting for intermittent shut-offs/ start-ups to produce surging.  During that time 
Maverick Drilling noted gradual decreases in the water table drawdown level (water level rise) 
attributable to removal of drilling mud from the outer annular wall.  On the morning of the 21st, 
Maverick Drilling again ran the development pump for one hour at approximately 60 gpm.  On 
November 27th the more powerful dedicated submersible pump and totalizing flow meter were 
installed in the POD 2 well and test operated for two hours in which time the flow rate was 
determined to slightly exceed 100 gpm.  Maverick Drilling operated the pump again on the 28th 
prior to the sample collection.  Flow was restricted from the 100 gpm rate while sampling a 
primary as well as a backup sample set.  All told, in excess of 30,000 gallons were pulled from 
the aquifer through the POD 2 well, thus ensuring that sampling results are representative of 
ground water chemistry.   
   
 
Water Quality Indicator Parameters 
 
Laboratory analytical reports include the results of both the primary and backup samples along 
with the case narrative and quality control data.  For convenience, Table 1 summarizes the 
chemical parameters with quantified concentrations above the respective method detection 
limits.  No detected analytical parameters were flagged with quality assurance data qualifiers 
(see Appendix F).  POD 2 sample results from the November 28, 2012 sampling event reflect a 
fresh water source with moderate hardness.   
 
Table 1.  Detections Summary; 28 Nov 12 primary/backup ground water samples, POD#2  
 Parameter Primary Backup MCL*  milligrams per liter (mg/L) or as indicated 

 Total Dissolved Solids 439 438 1,000 mg/L1 

 Hardness (as CaCO3) 190 190  
Anions Fluoride 3.0 3.0 4 mg/L 
 Chloride 17 17 1 250 mg/L 

 Nitrate (as N) 7.2 7.2 10 mg/L 

 Perchlorate 0.00317 0.00318 Rule-making in 
2013 

 Sulfate 87 85 1 600 mg/L 
Cations Calcium 41 41  
 Magnesium 21 21  

 Silica 50 50  

 Sodium 61 60  
Radioactivity Gross Alpha 1.47 ± 1.53 pCi/L 1.56 ± 1.52 pCi/L MCL Goal of 

zero  Gross Beta 1.82 ± 1.04 pCi/L 3.05 ± .994 pCi/L 

 Radium-226 0.726 ± .613 pCi/L 0.000 ± .329 pCi/L 1combined  
30 pCi/L  Radium-228 1.06 ± .446 pCi/L 0.352 ± .374 pCi/L 

Organics Total Organic Carbon ND  <1.0 ND  <1.0  
 Total Coliform absent   

 E. Coli absent <1 CFU/100 mL 

 Toluene 0.0017 0.0017 1 mg/L 
*Maximum Contaminant Level,     Source: 40 Code of Federal Regulations, Part 141 – National Primary Drinking Water Regulations 
available at   http://www.nmenv.state.nm.us/dwb/regulations/documents/NMDrinkingWaterRegs2011Complete.pdf 
1 New Mexico Ground Water standard,  Source: http://www.nmcpr.state.nm.us/nmac/parts/title20/20.006.0002.htm 
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Concentrations of three anions (fluoride, nitrate, perchlorate) would fall on the downslope of a 
bell curve of natural waters, but the concentrations did not exceed established or proposed 
human health limits.  The perchlorate concentration was just over half of the limit allowable in 
the State of California (6 micrograms per liter), presented here only as a guideline.  One 
parameter potentially affected by the drilling and well construction process is toluene.  Toluene 
is often a by-product of curing adhesives in recently assembled PVC drop-pipe/pump connection 
and dissipates rapidly. 
 
 
CONCLUSIONS and RECOMMENDATIONS 
 
During the Exploratory Well Drilling program in 2012 Maverick Drilling encountered 
hydrological conditions consistent with previous studies.  Figure 2 is U.S. Geological Survey’s 
depiction of a north-eastward sloping Triassic redbeds surface beneath Melrose Bombing Range 
(Langman, et al., 2004).  The redbed aquitard forms the base of the High Plains (Ogallala) 
Aquifer.  Because the elevation of the redbeds decreased in the direction of Blackwater Draw 
(visible running across the top-right portion of Fig. 1) a significantly thicker portion of saturated 
aquifer occurs at the POD 2 site compared to the POD 1 and POD 3 sites.  The difference in 
saturated thickness and to some degree well diameter, translated into a well producing 96 gpm 
from POD 2 with drawdown above the pump (extra aquifer capacity) compared to a well 
producing 18 gpm from POD 3 with drawdown to the pump (stressed aquifer). 
 
In order to meet the anticipated design criteria of 500 gpm for future expansion of Melrose 
Bombing Range infrastructure, Maverick Drilling recommends installing supply wells in series.  
Future well locations extended east, and west to a limited extent, in quarter-mile increments from 
POD 2 would also encounter the structural low elevation in the Triassic redbeds in Langman, et 
al.’s Figure 4 (see Fig. 2).  A conceptual design for future wells drilled in series would also 
include larger diameter borings to accommodate expanded casing and pump sizes compared to 
the exploratory well, POD 2.  It is not unreasonable to design future systems based on the 
expectation that a single supply well would produce water at the rate of approximately 100 gpm.    
 
Three major design considerations are as follows: 
 

1) LARGER DIAMETER BORINGS AND CASINGS – well installation design 
requires that pumps be set as near to the bottom of well as practicable due to saturated 
aquifer thickness limitations.  In such instances, Maverick Drilling recommends 
addition of cooling shrouds designed to fit around 6-inch submersible pumps.  The 
purpose of a cooling shroud is to compensate for restricted water flow past the pump 
motor at the bottom of the well.  Relatively low-cost shrouds extend the operating life 
of the pump compared to overheating the pump motor(s).  The addition of a cooling 
shroud around the submersible pump necessitates more annular space, requiring 
minimum 10-inch inside diameter PVC casings. 
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Figure 2.  North-eastward dipping surface of Triassic redbeds beneath the Melrose 
Bombing Range, NM.  From Fig. 4 (pg. 12) of Langman et al., 2004.  Coordinates of the 
POD #2 well location are 34° 20’ 50.1” N. latitude, 103° 48’ 04.0” W. longitude. 
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DESIGN CONSIDERATIONS, continued; 

 
2) MODERATE PUMPING RATES EXTENDED OVER WIDER AREA – the High 

Plains aquifer at Melrose Bombing Range is relatively thin (Langman et al., 2004) 
and demonstrates very good (high) porosity and hydraulic conductivity properties in 
the exploratory wells, POD 2 and POD 3.  Separating wells along a line east of POD 
2 and separating the wells by a distance of ¼-mile is advisable because drawdown in 
the cone of depression at each well was a limiting design factor at POD 3 (11 vertical 
feet of saturation) and POD 2 (44 vertical feet of saturation).  POD 3 producing water 
at 18 gpm lowered the drawdown (cone of depression) down to the pump intake, 
which would greatly reduce the life of the pump if operated continuously.  The POD 
2 pump operates at 96 gpm but does not draw the water table down to the pump 
intake elevation and should therefore be capable of sustained 100 gpm production.  
Design considerations for a supply well should extend water production over a larger 
area to avoid maximum drawdowns that would lead ultimately to premature pump 
failures.   Future wells should be appropriately pump tested upon completion to 
determine the specific capacity of the aquifer in each case.  

 
3) ADDITIONAL CAPACITY -  in order to design for a 500 gpm peak demand to 

Melrose Bombing Range, Cannon AFB should consider additional capacity in the 
supply well array.  Maverick Drilling makes this recommendation purely from the 
standpoint that in practice not all wells produce at all times.  The supply system at 
Melrose Bombing Range should be designed with the option to switch flows from 
various points-of-diversion as desirable or as becomes necessary for maintenance. 

 
 
The results of exploratory well drilling executed in November 2012 at Melrose Bombing Range 
are filed as Well Records (see Appendix G) under P-4589 submitted to the New Mexico Office 
of the State Engineer as required by state law.  Design and specifications for a proposed 
production well(s) installation and completion based on the three exploratory wells drilled, and 
specifically POD 2, is attached as Appendix H. 
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 MAVERICK DRILLING, INC. 
  LITHOLOGIC LOG 
Logged by:  Chris Whitman Page  1  of  2     
 
Project:  Melrose Bombing Range Exploratory   
               Well 

Hole ID:  P-4589 POD#1 

 
Location:  Roosevelt County, New Mexico Start Date:  November 9, 2012 
 
Type of Rig:  Speedstar 25K End Date:  November 9, 2012 

Method of Drilling:   Air/Mud Rotary Size of Hole:  9” 
 
Surface Elevation:  Unknown Depth to Water:  Unknown 
 

DEPTH 
 

DESCRIPTION COMMENTS 

0 Began drilling @ 0730 hours Advancing by air rotary to 70’ 

0-10 Caliche – white, competent   

10-15 Same as above  

15-25 Sand – fine to vy fine and silty, reddish brown  

25-35 Same as above  

35-45 Same as above  

45-55 Same as above  

55-65 Same as above  

65-70 Same as above Difficult to keep hole open using 
air circulation 

70-80 Sand – fine to vy fine with silt, reddish tan Circulating mud to TD 

80-87 Sand – same as above  

87-100 Sand – with clay stringers <2’ Driller reports clay at 87’ 

100-105 Sand – vy coarse to granular, subangular w/30% 
k-spar, 25% quartz 

Driller reports thin layers of 
coarse sand 

105-108 Sand – coarse to silty as stringers  

 



MAVERICK DRILLING, INC. 
  LITHOLOGIC LOG 
Logged by:  Chris Whitman Page  2  of   2     
 
Project:  Melrose Bombing Range Exploratory   
               Well 

Hole ID:  P-4589 POD#1 

 
Location:  Roosevelt County, New Mexico Start Date:  November 9, 2012 
 
Type of Rig:  Speedstar 25K End Date:  November 9, 2012 

Method of Drilling:   Mud Rotary Size of Hole:  9” 
 
Surface Elevation:  Unknown Depth to Water:  Unknown 
 

DEPTH 
 

DESCRIPTION COMMENTS 

108-118 Clay – med. to dark brown Slow drilling 

118-120 Clay – med. brown Bit advances more rapidly 

120-130 Shale, clay – reddish med. brown Hard drilling 

130-140 Shale, siltstone – same as above with chips of 
green/gray shale 

Driller reports thin layers of 
easier drilling 

140-150 Same as above   

150-160 Same as above TD @ 160’ w/brown clay on bit 
and chips of gray/grn shale 

   

   

   

   

   

   

   

   

 



 MAVERICK DRILLING, INC. 
  LITHOLOGIC LOG 
Logged by:  Chris Whitman Page  1  of  2     
 
Project:  Melrose Bombing Range Exploratory   
               Well 

Hole ID:  P-4589 POD#2 

 
Location:  Roosevelt County, New Mexico Start Date:  November 19, 2012 
 
Type of Rig:  Speedstar 25K End Date:  November 19, 2012 

Method of Drilling:   Mud Rotary Size of Hole:  12 ½” 
 
Surface Elevation:  Unknown Depth to Water:  Unknown 
 

DEPTH 
 

DESCRIPTION COMMENTS 

0 Started drilling @ 1125 hours  

0-10 Sand – silty to vy fine, med. reddish brown   

10-20 Same as above  

20-25 Same as above  

25-33 Caliche – white to light tan well-developed, cementation 

33-45 Sand – vy fine to fine yellowish tan  

45-61 Sand –  fine medium brown  

61-62 Clay – reddish med. brown Driller reports sand after ~1’ 

62-71 Sand – fine to vy fine med. brown  

71-73 Clay – med. brown  

73-85 Sand – same as above  

85-86 Sand – vy coarse to granular stringer Driller reports clay after thin 
coarse sand 

86-91 Sand – fine to vy fine with clay stringers  

91-92 Sand – vy coarse to granular Granule size, sub rounded sand 
<1’ thick 

 



MAVERICK DRILLING, INC. 
  LITHOLOGIC LOG 
Logged by:  Chris Whitman Page  2  of   2     
 
Project:  Melrose Bombing Range Exploratory   
               Well 

Hole ID:  P-4589 POD#2 

 
Location:  Roosevelt County, New Mexico Start Date:  November 19, 2012 
 
Type of Rig:  Speedstar 25K End Date:  November 19, 2012 

Method of Drilling:   Mud Rotary Size of Hole:  12 ½” 
 
Surface Elevation:  Unknown Depth to Water:  Unknown 
 

DEPTH 
 

DESCRIPTION COMMENTS 

92-101 Sand – continued stringers of clay and vy coarse 
sand.  

101-102 Sand – vy coarse to granular Granule size, sub rounded sand 
<1’ thick 

102-109 Sand – continued stringers of clay  

109-117 Siltstone Hard drilling 

117-120 Shale, clay -  Drilling more rapid 

120-122 Siltstone TD @ 122’ w/brown clay on bit 
and chips of gray/grn shale 

   

   

   

   

   

   

   

   

 



 MAVERICK DRILLING, INC. 
  LITHOLOGIC LOG 
Logged by:  Chris Whitman Page  1  of  2     
 
Project:  Melrose Bombing Range Exploratory   
               Well 

Hole ID:  P-4589 POD#3 

 
Location:  Roosevelt County, New Mexico Start Date:  November 7, 2012 
 
Type of Rig:  Speedstar 25K End Date:  November 8, 2012 

Method of Drilling:   Mud Rotary Size of Hole:  9” 
 
Surface Elevation:  Unknown Depth to Water:  Unknown 
 

DEPTH 
 

DESCRIPTION COMMENTS 

0-10 Clayey, silty fine sand, reddish med. brown Began drilling @ 1045 hrs 

10-20 Sand – fine to vy fine and silty, reddish brown  

20-30 Same as above  

30-40 Same as above  

40-50 Same as above  

50-60 Same as above  

60-70 Sand – fine, quartz-rich, light-colored at 62’  

70-80 Same as above  

80-90 Clay – med. to dark reddish brown Driller reports easy drilling w/o 
down-pressure 

90-106 Same as above 
End Day 1 @ 101’, 1500 hrs 
Begin Day2 @ 101’, 0830 hrs 

106-110 Sand – very fine qtz sand, light tan  

110-120 Same as above  

120-128 Sand – with clay stringers <2’  

128-134 Sand – vy coarse to granules Driller reports thin layers of 
coarse sand 

 



MAVERICK DRILLING, INC. 
  LITHOLOGIC LOG 
Logged by:  Chris Whitman Page  2  of   2     
 
Project:  Melrose Bombing Range Exploratory   
               Well 

Hole ID:  P-4589 POD#3 

 
Location:  Roosevelt County, New Mexico Start Date:  November 7, 2012 
 
Type of Rig:  Speedstar 25K End Date:  November 8, 2012 

Method of Drilling:  Mud Rotary Size of Hole:  9” 
 
Surface Elevation:  Unknown Depth to Water:  Unknown 
 

DEPTH 
 

DESCRIPTION COMMENTS 

134-140 Clay – med. to dark brown Slow drilling 

140-150 Same as above; siltstone/mudstone Hard drilling 

151 TD @ 151’, 1400 hrs Triassic redbeds below 134’ 

   

   

   

   

   

   

   

   

   

   

   

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 
 

Exploratory Well As-Built Designs 
P-4589, POD1, POD2, POD3 

Melrose Bombing Range 
 

 
 
 
 
 









 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX D 
 

Well Casing Specifications 
Exploratory Wells P-4589 POD1, POD2, POD3 

Melrose Bombing Range 
 



CertainTeed

certa-lok™ well casing
PVC Well Products



c e rta - l o k ™ – 
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w e l l  c a s i n g 

f ro m  t h e 

i n d u s t ry

l e a d e r

Certa-Lok™ PVC Well Casing utilizes CertainTeed’s field-proven 
spline-locking design to form a full strength joint instantly in all 
weather conditions.  No solvents, arc welding, or reinforcement screw 
attachments are required. Certa-Lok Integral Bell Well Casing,  
available in sizes 4"-8", is supplied with a conventional belled-end 
joint for even faster assembly.

• No couplings required • Economical

•  Greatly reduced  
assembly time

•  Only one spline to  
install per joint

Designed and manufactured to meet or exceed the requirements  
of ASTM F480, all Certa-Lok PVC Well Casing products are also  
listed by NSF International as safe for use with potable water.  
Certa-Lok is ideal for a wide range of water well applications,  
including:

• Domestic • Municipal

• Irrigation •  Aquifer storage and recovery

Certa-Lok well casing is available in a variety of sizes ranging 
from 4" to 24".

1

There are many good reasons why most 
smaller diameter residential systems, 
and more and more larger public water 
supply systems, now use PVC as the  
preferred casing material.  

•  Long Life: PVC is completely immune 
to electrolytic and galvanic corrosion,  
so it won’t rust or rot like most metal 
pipe. PVC water inlet screens are also 
inherently more resistant than conven-
tional steel products to clogging and 
encrustation, which means the amount  
of water a well can deliver will not be  
significantly reduced over time. 

•  PVC’s excellent chemical resistance  
makes it immune to virtually all chemicals  
normally found in wells, including  
chlorine-based disinfectants and the highly 
corrosive acids used for well rehabilitation.

•  NSF approved as safe for use with  
potable water.

When you combine the above features with  
the added benefits of economy, strength, and  
reliability, it’s easy to see why Certa-Lok PVC 
Well Casing has become the material of choice 
among modern well drillers.
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r a p i d  j o i n t  a s s e m b ly

2

r a p i d  j o i n t  a s s e m b ly

You simply can’t beat Certa-Lok for down-the-hole  
installation speed. The Certa-Lok joint can be assembled 
or disassembled in seconds – by hand, without any 
special tools.  Follow these simple steps for rapid joint 
assembly:

1.   c l e a n 
Clean the joining surfaces and make sure gaskets are 
clean and evenly seated in the gasket groove(s).

2.   l u b r i c a t e 
If lubrication is needed to ease joint assembly, soapy 
water or CertainTeed-approved PVC pipe lubricant 
can be applied to the joining surfaces prior to  
assembly.  Apply only to the exposed gasket surface 
and to the tapered end of the casing.  
 
CAUTION: To maintain joint integrity, do not apply 
lubricant to the spline or to the spline grooves. 

3.   a s s e m b l e 
Insert the casing into the coupling or bell until it 
seats against the stop. This automatically aligns the 
locking grooves for receiving the spline. The spline is 
then inserted through the entry hole until it is fully 
seated. This securely locks the joint, while the gasket 
is designed to provide a reliable, watertight seal. 
The joint is now complete – no waiting, no welding, 
no gluing or threading required.  If needed, the joint 
can be just as easily disassembled and reused.

  IMPORTANT: During the assembly process, it is  
standard practice to use a tight-fitting holding clamp 
which conforms to the pipe-to-bell transition section 
in order to provide adequate casing support. Contact 
CertainTeed for suggested source(s) of supply.



Certa-Lok PVC Well Casing represents a new evolution in well products, offering  
distinct advantages that will boost your bottom line.

cost effective – Lower installed cost on an annualized basis compared to  
conventional casing.

reliable  – The Certa-Lok joint has been used for over 30 years in demanding 
water supply applications.

easy to handle – Weight is much less than comparable steel casing.

instant joint – Joint achieves full strength immediately upon assembly in all 
weather conditions.

weather resistant – Heat, cold, moisture, humidity, and wind do not affect 
Certa-Lok PVC Well Casing assembly or disassembly.

solvent-free, environmentally sound – The environmentally acceptable  
Certa-Lok joint is ideal for monitoring well applications.

adaptable – A full line of Certa-Lok adapters facilitates connection to plain-end 
PVC casing and threaded casing.

easy removal – Certa-Lok casing can be quickly disassembled and removed from 
the bore hole without having to cut joints. Reinstallation does not require the use 
of special solvent weld couplings.

“Works in all weather conditions 
without special preparations.  
Easy to install and retract  – a real 
benefit when drilling in heaving 
shales.”
ray whisenant jr.  
aquautility construction  
dripping springs, tx

“Certa-Lok gives us a competitive 
advantage because of its speed of 
installation.  We’ve saved time and 
expense on every job where we’ve 
used this product.”
bill stoner  
stoner drilling inc. 
corsicana, tx 

“There have been several jobs 
where we’ve had to pull casing 
and re-set, which would have been 
very costly and time-consuming 
with glue-type joints.  Have been 
using Certa-Lok for nine years  – 
it’s a proven product.”
mark gorsuch  
beinhower brothers  
drilling company  
johnstown, oh

“Ran 8" Certa-Lok casing to 410 
feet with stainless steel screens in 
less than 1/2 hour.”
hewitt fredebaugh  
fredebaugh well drilling  
grand river, oh

“Certa-Lok casing is quick and 
easy to assemble  – no handling  
of solvents or glues, and we do  
not have to wait for glues to  
set-up before we can continue  
to set casing.”
todd campbell  
henry boysen company 
hainesville, il

t h e  

c e rta - l o k 

d i f f e r e n c e

t h e  

c e rta - l o k 

d i f f e r e n c e

Certa-Lok -  

Rapid  

assembly  

in all weather  

conditions  

without  

solvent  

cements.
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e n g i n e e r i n g  s p e c i f i c at i o n

1 . 0  s c o p e

This specification covers Polyvinyl  
Chloride (PVC) Well Casing which  
utilizes a spline-lock mechanical joining 
system. Pipe is produced in nominal sizes 
4"– 24", and is available in both solid and 
slotted configurations.

2 . 0  r e f e r e n c e 
d o c u m e n t s

astm international: 
ASTM D1784 – Standard Specification for 
Rigid PVC Compounds and Chlorinated 
PVC Compounds.

ASTM D2837 – Standard Test Method for 
Obtaining Hydrostatic Design Basis for 
Thermoplastic Pipe Materials.

ASTM F480 – Standard Specification 
for Thermoplastic Well Casing Pipe and 
Couplings Made in Standard Dimension 
Ratios (SDR), SCH 40 and SCH 80.

nsf international:   
NSF61 – Drinking Water System 
Components – Health Effects 
NSF14 – Plasic Piping System 
Components and Related Materials.

3 . 0  r e q u i r e m e n t s

3.1 materials: Pipe and PVC couplings  
shall be made from unplasticized PVC 
compounds having a minimum cell 
classifi cation of 12454, as defined in 
ASTM D1784. The compound shall  
qualify for a Hydrostatic Design Basis 
(HDB) of 4000 psi for water at 73.4°F, 
in accordance with the requirements of 
ASTM D2837. White pipe shall be  
supplied, unless otherwise agreed upon  
at time of purchase.

3.1.1 Composite Couplings: 58% – 62% 
volume (60% – 80% weight) 450 yield 
E-Glass Rovings, Bisphenol-A-Epoxy, 
Resin, and Anhydride Curing Agent. The 
exterior surface area (excluding the ends) 
of the couplings are to be coated with a 
minimum of 2 mils Carbit Series 12 clear 
polyurethane coating.

3.2 approvals: Products intended for 
contact with potable water shall be evalu-
ated, tested, and certified for conformance 
with NSF61 by an acceptable certifying 
organization, when required by the  
regulatory authority having jurisdiction. 
Casing, as applicable shall be approved 
and listed under NSF14.

3.3 physical requirements: Product 
dimensions, weights, and performance 
data are summarized on pages 5 & 6. 
Standard pipe laying length is 20'. 
Nominal casing size should be selected 
by the Design Engineer based on required 
flow performance, pump diameter, and the 
local installation conditions under which 
the well will be constructed.

3.4 performance: 4'' through 16'' pipe 
supplied to this specification shall meet 
the stiffness (crush resistance), flattening, 
impact, and puncture test requirements of 
ASTM F480.

3.5 joints: Pipe shall be joined using  
non-metallic couplings which, together, 
have been designed as an integral system 
for maximum reliability and interchange-
ability. On small to medium diameter  
casing, the coupling may be replaced by  
an integral bell spline lock joint. High-
strength flexible thermoplastic splines 
shall be inserted into mating precision-
machined grooves to provide full 360° 
restraint with evenly distributed loading. 
No external pipe-to-pipe restraining 
devices which clamp onto or otherwise 
damage the pipe surface as a result of 
point-loading shall be permitted. The 
joining system shall incorporate elasto-
meric sealing gasket(s) which are designed 
to provide a watertight seal. Note that this 
specifica tion does not cover integral bell 
pipe with solvent-cement joints.

3.6 marking: Well Casing pipe shall be 
legibly and permanently marked in ink 
with the following information:

• Manufacturer and Trade Name 
• Nominal Size and SDR or SCH Rating 
• Manufacturing Date Code 
• (NSF-61) 
• NSF-wc (NSF14), as applicable 

3.7 workmanship: Pipe and couplings 
shall be homogeneous throughout and 
free from visible cracks, holes, foreign 
inclusions, blisters and dents, interior 
roughness, and other injurious defects 
that may affect wall integrity. The pipe  
and couplings shall be as uniform as  
commercially practi cable in color, opacity, 
density, and other physical characteristics.

4 . 0  s l ot t i n g

Pipe can be supplied with multiple rows 
of machined circumferential slots, to 
allow for water entry into the casing. Slot 
patterns should be specified to provide 
the required open area and flow rate 
(taking into account the surrounding 
embedment material), while maintaining 
structural integrity of the installed  
system. Consult the manufacturer for 
design data and product availability. 

5 . 0  s u g g e s t e d 
s o u r c e  o f  s u p p ly

Certa-Lok PVC Well Casing  
as supplied by:
CertainTeed Corporation 
P.O. Box 860 
Valley Forge, PA 19482 
866-CT4-PIPE

4

e n g i n e e r i n g  s p e c i f i c at i o n



 o.d.                d   bell
 size  x w min. max. p depth

I N T E G R a L  B E L L  j O I N T

 4.500"  1.313 .375 .125 .145 .25 3.00
 4.950"  1.313 .375 .125 .145 .25 3.00
 5.563"  1.313 .375 .125 .145 .25 3.00
 6.625"  1.313 .375 .125 .145 .25 3.00
 6.900"  1.313 .375 .125 .145 .25 3.00
 8.625"  3.163 .500 .135 .155 .66 5.00

 o.d.                d    coupling
 size  x w min. max. p l b.o.d.

C O U P L E D  j O I N T

 10.750"  3.500 .500 .205 .215 .66 12.00 12.438
 12.750"  3.500 .500 .205 .215 .66 12.00 14.000
 14.000"  3.500 .500 .205 .215 .66 12.00 16.000
 16.000"  3.500 .500 .205 .215 .66 12.00 17.400
 17.400"  3.500 .500 .205 .215 .66 12.00 18.701
 24.000"  3.810 .750 .205 .215 .66 13.00 25.375

          max. max.  
 nominal   t      tensile internal approx. 
 size o.d.  min.  i.d.   bell r.h.c.p. pull pressure weight  part
 designation size class wall min.  max.  o.d. (psi) (lbs.) (psi) lbs./ft. no.

I N T E G R a L  B E L L  j O I N T

 4" 4.500" SCH40 .237 3.968 4.026 5.06 158 4,900 115 2.06 653001
 4.5"  4.950" SDR26 .190 4.502 4.570 5.50   59 4,500 115 1.86 653100 
   SCH40 .248 4.379 4.454 5.55 135 4,700 130 2.37 653025 
   SDR17 .291 4.288 4.368 5.65 224 6,300 160 2.75 653018
 5" 5.563"  SDR21* .265 4.941 5.033 6.20 115 6,300 130 2.86 653032 
   SDR17 .327 4.810 4.909 6.25 224 8,500 180 3.49 653049 
   SCH80 .375 4.708 4.813 6.35 347 8,500 215 3.96 654268
 6" 6.625" SCH40 .280 5.961 6.065 7.23   79 8,500 115 3.63 653070 
   SDR21 .316 5.885 5.993 7.30 115 8,800 150 4.06 653056 
   SDR17 .390 5.728 5.845 7.45 224 10,000 200 4.95 653063
 6.9" O.D. 6.900" SDR21 .329 6.128 6.242 7.61 115        7,400 160 4.47 653209 
   SDR17 .406 5.964 6.088 7.71 224         9,400 200 5.22 653087
 8" 8.625" SDR17 .508 7.458 7.609 9.75 224 17,000 140 8.38 653094

C O U P L E D  j O I N T  ( I N C L U D E S  C a S I N G  a N D  C O U P L I N G )

 10" 10.750" SDR17 .632 9.310 9.486  224 26,000 300 13.27 654015
 12" 12.750" SDR17 .750 11.040 11.250  224 30,800 150 18.89 657016
 14" 14.000" SDR17 .823 12.105 12.354  224 36,440 150 22.55 657115
 16" 16.000" SDR26 .616 14.544 14.768    59 35,200 150 20.48 652813 
   SDR17 .941 13.855 14.118  224 35,200 150 31.66 654718
 17.4" O.D.  17.400" SDR17 1.024 15.079 15.352  224 37,000 125 34.43 657214
 24.0"  24.000" SDR17 1.412 20.767 21.176  224 87,500 650 64.00 657221

 o.d.  feet per fast-paks feet lbs.
 size class fast-pak per t/l per t/l per t/l

 4.500" SCH40 580 28 16240 33454
 4.950" SDR26 520 24 12480 23213 
  SCH40 520 24 12480 29578 
  SDR17 520 24 12480 34320
 5.563" SDR21/SCH40 460 24 11040 31574 
  SDR17 460 24 11040 38530 
  SCH80 460 24 11040 43718
 6.625" SCH40 400 20 8000 29040 
  SDR21 400 20 8000 32480 
  SDR17 400 20 8000 39600
 6.900" SDR21 340 20 6800 30396 
  SDR17 340 20 6800 35496
 8.625" SDR17 280 16 4480 37542
 10.750" SDR17 80 36 2880 38217
 12.750" SDR17 80 28 2240 42314
 14.000" SDR17 120 12 1440 32472
 16.000" SDR26 120 12 1440 29491 
  SDR21 120 12 1440 35410 
  SDR17 120 12 1440 45590
 17.400" SDR17 60/40 10/10 1000 34430
 24.000" SDR17 40 12 480 30720

         *  Equivalent to SCH40
R.H.C.P.  =  Resistance to Hydraulic Collapse Pressure (predicted failure point at room temperature – no safety factor included). See brochure on the Selection of PVC Well Casing 

Based on Hydraulic Collapse Considerations, Literature Code 40-37-02, for additional details.
   Note 1:      Dimensions in all tables are in inches. all dimensions and weights are subject to manufacturing tolerances. 
   Note 2:      Standard laying length = 20'. 
   Short-term pressure ratings represent the maximum allowable differential pressure (internal minus external) during well installation, figures are based on stress  

considerations – joint will generally seal up to considerably higher pressures, especially with grout support in the annular space. Consult with manufacturer for details.
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c o u p l i n g
INCLUDES GaSkETS aND SPLINES

 o.d. part  
 size number l b.o.d.

 4.500" 707032 6.00 4.950
 4.950" 707049 6.00 5.563
 5.563" 707056 6.00 6.180
 6.625" 707063 6.00 7.600
 6.900" 707278 7.00 7.840 
 6.900" x 6.625"1 707285 7.00 7.840 
 8.625" 707087 10.00 9.854
 10.750" 707124 12.00 12.438
 12.750" 707094 12.00 14.000
 14.000" 707100 12.00 16.000
 16.000" 707117 12.00 17.400
 17.400" 707193 12.00 18.701
 24.000"2 741289 13.00 25.375
  1 Reducing

  2  Composite  
Coupling

c o u p l i n g
CERTa-LOk BELL BY SOLVENT WELD BELL  

INCLUDES GaSkET aND SPLINE

 o.d. solvent part   
 size o.d. size number l b.o.d.

 4.500" 4.500" 717031 6.00 4.950
 4.950" 4.950" 717048 6.00 5.563
 5.563" 5.563" 717055 6.13 6.180
 6.625" 6.625" 717062 6.63 7.600
 6.900" 6.900" 717130 7.00     7.840
  6.900" 6.625"* 717147 7.00     7.840
 8.625" 8.625" 717079 10.00 9.854
 10.750" 10.750" 717109 12.00 12.438
 12.750" 12.750" 717116 12.00 14.000
  *Reducing

B.O.D.

L

B.O.D.

L

r e d u c e r  bu s h i n g
CERTa-LOk SPIGOT BY CERTa-LOk BELL    

INCLUDES GaSkET aND SPLINE

 o.d. part   
 size number l b.o.d.

 8.625" x 6.625" 712258  8.25 8.625
 8.625" x 6.900" 712203 7.00 8.625  
 10.750" x 8.625" 712272 10.00 10.750
 12.750" x 10.750" 712296 12.00 12.750
 14.000" x 12.750" 712302 12.00 14.000
 16.000" x 14.000" 712326 12.00 16.000
 17.400" x 16.000" 712319 12.00 17.400

t h r e a d  a da p t e r
CERTa-LOk fEmaLE x fIPT    

INCLUDES GaSkET aND SPLINE

 o.d. female part   
 size thread size number l b.o.d.

 4.500" 4" 810770 6.00 5.470
 4.950" 4" 810787 6.00 5.563
 5.563" 5" 810794 6.13 6.180
 6.625" 6" 810800 6.63 7.600
 6.900" 6" 810862 6.63 7.840
 8.625" 8" 810824 10.00 9.854

B.O.D.

L

C/S = Ring Cross-Section Diameter 

material:  4.5"- 6.9" NBR  
8.625" & up Poly Isoprene

c a s i n g  &  s c r e e n  c a p
CERTa-LOk BELL    
INCLUDES SPLINE

 o.d. part   
 size number l b.o.d.

 4.500" 810619 4.00 4.950
 4.950" 810626 4.00 5.563
 5.563" 810633 4.25 6.180
 6.625" 810640 4.25 7.600
 6.900" 810602 4.25 7.600
 8.625" 810664 4.50 9.854
 10.750" 810688 5.00 11.600
 12.750" 810695 5.00 14.000
 14.000" 810701 5.00 15.300
 16.000" 810718 5.25 17.400
 17.400" 810725 5.50 18.700

 B.O.D.

L
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s p l i n e o - r i n g 
( g a s k e t )

o.d. 
size

part 
number l size

part 
number c/s color

4.500" 864629 18 .2501 861239 .210 Brown
4.950" 864629 18 .2501 861284 .210 Brown
5.563" 864629 18 .2501 861246 .210 Brown
6.625" 864636 24 .2501 861253 .210 Brown
6.900" 864636 24 .2501 861796 .210 Brown
8.625" 864643 32 .3132 862717 .375 Blue
10.750" 864650 39 .3752 861963 .375 Green
12.750" 864667 46 .3752 861789 .375 Green
14.000" 864902 48 .3752 861710 .375 Green
16.000" 864919 53 .3752 861727 .375 Green
17.400" 864926 60 .3752 861734 .407 Green
24.000" 864742 39 .375x.6253 861819 .438 Green
 

1 Round Spline
2 Square Spline
3 Rectangular (Use 2 Splines)



A l s o  AvA i l A b l e  f r o m  C e r tA i nt e e d . . .

s l ot t e d  W e l l  C A s i n g 
b r o C h u r e  AvA i l A b l e  u p o n  r e q u e s t

CertainTeed Corporation 
P.O. Box 860
Valley Forge, PA 19482

Phone: 866-CT4-PIPE 
Fax: 610-254-5428 
www.certainteed.com

ASK ABOUT OUR OTHER CERTAINTEED PRODUCTS AND SYSTEMS:

Code No. 40-37-61H, © 11/09 CertainTeed Corporation, Printed in U.S.A. 

ExTERIOR:  Roofing • Siding • WindoWS • fence • Railing • TRiM • decking • foundaTionS • PiPe
INTERIOR:  inSulaTion • gYPSuM • ceilingS

(866-284-7473)

BUILDING RESPONSIBLY WITH PVC PIPE
•		PVC	resin	starts	with	two	simple	building	blocks:	chlorine	

(57%)	from	common	salt,	a	plentiful	inexhaustible raw 
material,	and	ethylene	(43%)	from	natural	gas.	Most	of	the	
natural	gas	utilized	to	manufacture	ethylene	is	domestically	
produced,	which	reduces consumption of imported oil 
products.

•		PVC	pipe	manufacturing	is	an	extremely	efficient	process.	
The	ability	to	immediately	return	scrap	and	off-specification	
materials	(regrind)	directly	into	the	manufacturing	process	
results	in	virtually no manufacturing waste.

•		PVC	pipes	are	completely	recyclable	and	consume less 
energy to produce	than	alternative	pipes.

•		Smooth	and	corrosion	resistant	PVC	lowers	flow	losses	and	
reduces energy costs	for	pumping	water.

•		Durability	and	long	life:	The	number	of	recorded	failures		
in	PVC	pipes	is	low	compared	to	other	materials	(AWWA		
Water	Research	Foundation,	2005)	–	valuable	water  
resources are conserved.

•		Considering	equipment	utilization	and	reduced	traffic		
disruption,	trenchless	construction	methods	using	restrained-	
joint	PVC	pipes	result	in	significantly lower carbon outputs	
compared	to	conventional	open-cut	methods.

•		PVC	is	often	used	to	pump	reclaimed,	treated	wastewater	for	
applications	such	as	irrigation	of	parks	–	conserves highly 
treated, expensive drinking water.



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX E 
 

Pump Specifications 
Installed P-4589 POD2 and POD3 

Melrose Bombing Range  
 
 

















 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX F 
 

Laboratory Analytical Report 
Melrose Bombing Range Exploratory Well 

P-4589 POD2, Sampled 11/28/2012 
 

 



December 18, 2012

Magee & Associates
Marvin Magee

Dear Marvin Magee:

RE: Melrose Bombing Range OrderNo.: 1211A35

FAX (575) 523-9614
TEL: (575) 523-9613

P.O. Box 730
Mesilla Park, NM 88047

Hall Environmental Analysis Laboratory
4901 Hawkins NE

Albuquerque, NM 87109

Website: www.hallenvironmental.com
TEL: 505-345-3975 FAX: 505-345-4107

Hall Environmental Analysis Laboratory received 3 sample(s) on 11/29/2012 for the 
analyses presented in the following report.

Andy Freeman

These were analyzed according to EPA procedures or equivalent. To access our accredited 
tests please go to www.hallenvironmental.com or the state specific web sites.  See the 
sample checklist and/or the Chain of Custody for information regarding the sample receipt 
temperature and preservation.  Data qualifiers or a narrative will be provided if the sample 
analysis or analytical quality control parameters require a flag.  All samples are reported 
as received unless otherwise indicated.  Lab measurement of analytes considered field 
parameters that require analysis within 15 minutes of sampling such as pH and residual 
chlorine are qualified as being analyzed outside of the recommended holding time.

Please don't hesitate to contact HEAL for any additional information or clarifications.

Sincerely,

Laboratory Manager
4901 Hawkins NE
Albuquerque, NM 87109

http://www.hallenvironmental.com
http://www.hallenvironmental.com


Project: Melrose Bombing Range
Client Sample ID: Exploratory Well #2

Collection Date: 11/28/2012 10:42:00 AM
Matrix: AQUEOUS

CLIENT: Magee & Associates

Lab ID: 1211A35-001

Date Reported: 12/18/2012

Analytical Report
Lab Order 1211A35

Analyses Result Qual Units Date AnalyzedDFRL

Hall Environmental Analysis Laboratory, Inc.

Received Date: 11/29/2012 9:40:00 AM

EPA METHOD 8081:  PESTICIDES Analyst: JDC
4,4´-DDD 12/3/2012 2:59:29 PM0.040 µg/L 1ND
4,4´-DDE 12/3/2012 2:59:29 PM0.040 µg/L 1ND
4,4´-DDT 12/3/2012 2:59:29 PM0.040 µg/L 1ND
Aldrin 12/3/2012 2:59:29 PM0.040 µg/L 1ND
alpha-BHC 12/3/2012 2:59:29 PM0.040 µg/L 1ND
beta-BHC 12/3/2012 2:59:29 PM0.040 µg/L 1ND
Chlordane 12/3/2012 2:59:29 PM1.0 µg/L 1ND
delta-BHC 12/3/2012 2:59:29 PM0.040 µg/L 1ND
Dieldrin 12/3/2012 2:59:29 PM0.040 µg/L 1ND
Endosulfan I 12/3/2012 2:59:29 PM0.040 µg/L 1ND
Endosulfan II 12/3/2012 2:59:29 PM0.040 µg/L 1ND
Endosulfan sulfate 12/3/2012 2:59:29 PM0.040 µg/L 1ND
Endrin 12/3/2012 2:59:29 PM0.040 µg/L 1ND
Endrin aldehyde 12/3/2012 2:59:29 PM0.040 µg/L 1ND
gamma-BHC 12/3/2012 2:59:29 PM0.040 µg/L 1ND
Heptachlor 12/3/2012 2:59:29 PM0.040 µg/L 1ND
Heptachlor epoxide 12/3/2012 2:59:29 PM0.040 µg/L 1ND
Methoxychlor 12/3/2012 2:59:29 PM0.040 µg/L 1ND
Toxaphene 12/3/2012 2:59:29 PM1.0 µg/L 1ND
    Surr: Decachlorobiphenyl 12/3/2012 2:59:29 PM25.4-117 %REC 159.5
    Surr: Tetrachloro-m-xylene 12/3/2012 2:59:29 PM39.5-139 %REC 160.0

EPA METHOD 8082: PCB'S Analyst: SCC
Aroclor 1016 12/4/2012 1:52:22 PM1.0 µg/L 1ND
Aroclor 1221 12/4/2012 1:52:22 PM1.0 µg/L 1ND
Aroclor 1232 12/4/2012 1:52:22 PM1.0 µg/L 1ND
Aroclor 1242 12/4/2012 1:52:22 PM1.0 µg/L 1ND
Aroclor 1248 12/4/2012 1:52:22 PM1.0 µg/L 1ND
Aroclor 1254 12/4/2012 1:52:22 PM1.0 µg/L 1ND
Aroclor 1260 12/4/2012 1:52:22 PM1.0 µg/L 1ND
    Surr: Decachlorobiphenyl 12/4/2012 1:52:22 PM23.9-124 %REC 171.6
    Surr: Tetrachloro-m-xylene 12/4/2012 1:52:22 PM28.1-139 %REC 167.2

EPA METHOD 300.0: ANIONS Analyst: JRR
Fluoride 11/29/2012 10:53:40 PM0.10 mg/L 13.0
Chloride 11/29/2012 10:53:40 PM0.50 mg/L 117
Nitrogen, Nitrate (As N) 11/29/2012 10:53:40 PM0.10 mg/L 17.2
Sulfate 11/29/2012 11:06:05 PM10 mg/L 2087

EPA METHOD 200.7: METALS Analyst: JLF
Calcium 12/6/2012 10:14:49 AM1.0 mg/L 141
Magnesium 12/6/2012 10:14:49 AM1.0 mg/L 121
Silica 12/6/2012 10:18:46 AM1.7 mg/L 1050

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits

RL Reporting Detection Limit S Spike Recovery outside accepted recovery limits



Project: Melrose Bombing Range
Client Sample ID: Exploratory Well #2

Collection Date: 11/28/2012 10:42:00 AM
Matrix: AQUEOUS

CLIENT: Magee & Associates

Lab ID: 1211A35-001

Date Reported: 12/18/2012

Analytical Report
Lab Order 1211A35

Analyses Result Qual Units Date AnalyzedDFRL

Hall Environmental Analysis Laboratory, Inc.

Received Date: 11/29/2012 9:40:00 AM

EPA METHOD 200.7: METALS Analyst: JLF
Sodium 12/6/2012 10:14:49 AM1.0 mg/L 161

EPA METHOD 245.1: MERCURY Analyst: TMG
Mercury 12/11/2012 2:16:02 PM0.00020 mg/L 1ND

SM2340B: HARDNESS Analyst: JLF
Hardness (As CaCO3) 12/6/2012 8:48:00 AM6.6 mg/L 1190

SM 9223B TOTAL COLIFORM Analyst: ECH
Total Coliform 11/30/2012 1:00:00 PM0 P/A 1Absent
E. Coli 11/30/2012 1:00:00 PM0 P/A 1Absent

EPA METHOD 8270C: SEMIVOLATILES Analyst: JDC
Acenaphthene 12/3/2012 3:11:27 PM10 µg/L 1ND
Acenaphthylene 12/3/2012 3:11:27 PM10 µg/L 1ND
Aniline 12/3/2012 3:11:27 PM10 µg/L 1ND
Anthracene 12/3/2012 3:11:27 PM10 µg/L 1ND
Azobenzene 12/3/2012 3:11:27 PM10 µg/L 1ND
Benz(a)anthracene 12/3/2012 3:11:27 PM10 µg/L 1ND
Benzo(a)pyrene 12/3/2012 3:11:27 PM10 µg/L 1ND
Benzo(b)fluoranthene 12/3/2012 3:11:27 PM10 µg/L 1ND
Benzo(g,h,i)perylene 12/3/2012 3:11:27 PM10 µg/L 1ND
Benzo(k)fluoranthene 12/3/2012 3:11:27 PM10 µg/L 1ND
Benzoic acid 12/3/2012 3:11:27 PM20 µg/L 1ND
Benzyl alcohol 12/3/2012 3:11:27 PM10 µg/L 1ND
Bis(2-chloroethoxy)methane 12/3/2012 3:11:27 PM10 µg/L 1ND
Bis(2-chloroethyl)ether 12/3/2012 3:11:27 PM10 µg/L 1ND
Bis(2-chloroisopropyl)ether 12/3/2012 3:11:27 PM10 µg/L 1ND
Bis(2-ethylhexyl)phthalate 12/3/2012 3:11:27 PM10 µg/L 1ND
4-Bromophenyl phenyl ether 12/3/2012 3:11:27 PM10 µg/L 1ND
Butyl benzyl phthalate 12/3/2012 3:11:27 PM10 µg/L 1ND
Carbazole 12/3/2012 3:11:27 PM10 µg/L 1ND
4-Chloro-3-methylphenol 12/3/2012 3:11:27 PM10 µg/L 1ND
4-Chloroaniline 12/3/2012 3:11:27 PM10 µg/L 1ND
2-Chloronaphthalene 12/3/2012 3:11:27 PM10 µg/L 1ND
2-Chlorophenol 12/3/2012 3:11:27 PM10 µg/L 1ND
4-Chlorophenyl phenyl ether 12/3/2012 3:11:27 PM10 µg/L 1ND
Chrysene 12/3/2012 3:11:27 PM10 µg/L 1ND
Di-n-butyl phthalate 12/3/2012 3:11:27 PM10 µg/L 1ND
Di-n-octyl phthalate 12/3/2012 3:11:27 PM20 µg/L 1ND
Dibenz(a,h)anthracene 12/3/2012 3:11:27 PM10 µg/L 1ND
Dibenzofuran 12/3/2012 3:11:27 PM10 µg/L 1ND
1,2-Dichlorobenzene 12/3/2012 3:11:27 PM10 µg/L 1ND
1,3-Dichlorobenzene 12/3/2012 3:11:27 PM10 µg/L 1ND

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits

RL Reporting Detection Limit S Spike Recovery outside accepted recovery limits



Project: Melrose Bombing Range
Client Sample ID: Exploratory Well #2

Collection Date: 11/28/2012 10:42:00 AM
Matrix: AQUEOUS

CLIENT: Magee & Associates

Lab ID: 1211A35-001

Date Reported: 12/18/2012

Analytical Report
Lab Order 1211A35

Analyses Result Qual Units Date AnalyzedDFRL

Hall Environmental Analysis Laboratory, Inc.

Received Date: 11/29/2012 9:40:00 AM

EPA METHOD 8270C: SEMIVOLATILES Analyst: JDC
1,4-Dichlorobenzene 12/3/2012 3:11:27 PM10 µg/L 1ND
3,3´-Dichlorobenzidine 12/3/2012 3:11:27 PM10 µg/L 1ND
Diethyl phthalate 12/3/2012 3:11:27 PM10 µg/L 1ND
Dimethyl phthalate 12/3/2012 3:11:27 PM10 µg/L 1ND
2,4-Dichlorophenol 12/3/2012 3:11:27 PM20 µg/L 1ND
2,4-Dimethylphenol 12/3/2012 3:11:27 PM10 µg/L 1ND
4,6-Dinitro-2-methylphenol 12/3/2012 3:11:27 PM20 µg/L 1ND
2,4-Dinitrophenol 12/3/2012 3:11:27 PM20 µg/L 1ND
2,4-Dinitrotoluene 12/3/2012 3:11:27 PM10 µg/L 1ND
2,6-Dinitrotoluene 12/3/2012 3:11:27 PM10 µg/L 1ND
Fluoranthene 12/3/2012 3:11:27 PM10 µg/L 1ND
Fluorene 12/3/2012 3:11:27 PM10 µg/L 1ND
Hexachlorobenzene 12/3/2012 3:11:27 PM10 µg/L 1ND
Hexachlorobutadiene 12/3/2012 3:11:27 PM10 µg/L 1ND
Hexachlorocyclopentadiene 12/3/2012 3:11:27 PM10 µg/L 1ND
Hexachloroethane 12/3/2012 3:11:27 PM10 µg/L 1ND
Indeno(1,2,3-cd)pyrene 12/3/2012 3:11:27 PM10 µg/L 1ND
Isophorone 12/3/2012 3:11:27 PM10 µg/L 1ND
1-Methylnaphthalene 12/3/2012 3:11:27 PM10 µg/L 1ND
2-Methylnaphthalene 12/3/2012 3:11:27 PM10 µg/L 1ND
2-Methylphenol 12/3/2012 3:11:27 PM10 µg/L 1ND
3+4-Methylphenol 12/3/2012 3:11:27 PM10 µg/L 1ND
N-Nitrosodi-n-propylamine 12/3/2012 3:11:27 PM10 µg/L 1ND
N-Nitrosodimethylamine 12/3/2012 3:11:27 PM10 µg/L 1ND
N-Nitrosodiphenylamine 12/3/2012 3:11:27 PM10 µg/L 1ND
Naphthalene 12/3/2012 3:11:27 PM10 µg/L 1ND
2-Nitroaniline 12/3/2012 3:11:27 PM10 µg/L 1ND
3-Nitroaniline 12/3/2012 3:11:27 PM10 µg/L 1ND
4-Nitroaniline 12/3/2012 3:11:27 PM10 µg/L 1ND
Nitrobenzene 12/3/2012 3:11:27 PM10 µg/L 1ND
2-Nitrophenol 12/3/2012 3:11:27 PM10 µg/L 1ND
4-Nitrophenol 12/3/2012 3:11:27 PM10 µg/L 1ND
Pentachlorophenol 12/3/2012 3:11:27 PM20 µg/L 1ND
Phenanthrene 12/3/2012 3:11:27 PM10 µg/L 1ND
Phenol 12/3/2012 3:11:27 PM10 µg/L 1ND
Pyrene 12/3/2012 3:11:27 PM10 µg/L 1ND
Pyridine 12/3/2012 3:11:27 PM10 µg/L 1ND
1,2,4-Trichlorobenzene 12/3/2012 3:11:27 PM10 µg/L 1ND
2,4,5-Trichlorophenol 12/3/2012 3:11:27 PM10 µg/L 1ND
2,4,6-Trichlorophenol 12/3/2012 3:11:27 PM10 µg/L 1ND
    Surr: 2,4,6-Tribromophenol 12/3/2012 3:11:27 PM42.9-124 %REC 197.9
    Surr: 2-Fluorobiphenyl 12/3/2012 3:11:27 PM40-108 %REC 183.9

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits

RL Reporting Detection Limit S Spike Recovery outside accepted recovery limits



Project: Melrose Bombing Range
Client Sample ID: Exploratory Well #2

Collection Date: 11/28/2012 10:42:00 AM
Matrix: AQUEOUS

CLIENT: Magee & Associates

Lab ID: 1211A35-001

Date Reported: 12/18/2012

Analytical Report
Lab Order 1211A35

Analyses Result Qual Units Date AnalyzedDFRL

Hall Environmental Analysis Laboratory, Inc.

Received Date: 11/29/2012 9:40:00 AM

EPA METHOD 8270C: SEMIVOLATILES Analyst: JDC
    Surr: 2-Fluorophenol 12/3/2012 3:11:27 PM23.6-94.8 %REC 163.3
    Surr: 4-Terphenyl-d14 12/3/2012 3:11:27 PM41.9-103 %REC 175.1
    Surr: Nitrobenzene-d5 12/3/2012 3:11:27 PM42.6-114 %REC 175.9
    Surr: Phenol-d5 12/3/2012 3:11:27 PM20.3-74.7 %REC 144.6

EPA METHOD 8260B:  VOLATILES Analyst: RAA
Benzene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
Toluene 12/1/2012 5:02:11 AM1.0 µg/L 11.7
Ethylbenzene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
Methyl tert-butyl ether (MTBE) 12/1/2012 5:02:11 AM1.0 µg/L 1ND
1,2,4-Trimethylbenzene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
1,3,5-Trimethylbenzene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
1,2-Dichloroethane (EDC) 12/1/2012 5:02:11 AM1.0 µg/L 1ND
1,2-Dibromoethane (EDB) 12/1/2012 5:02:11 AM1.0 µg/L 1ND
Naphthalene 12/1/2012 5:02:11 AM2.0 µg/L 1ND
1-Methylnaphthalene 12/1/2012 5:02:11 AM4.0 µg/L 1ND
2-Methylnaphthalene 12/1/2012 5:02:11 AM4.0 µg/L 1ND
Acetone 12/1/2012 5:02:11 AM10 µg/L 1ND
Bromobenzene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
Bromodichloromethane 12/1/2012 5:02:11 AM1.0 µg/L 1ND
Bromoform 12/1/2012 5:02:11 AM1.0 µg/L 1ND
Bromomethane 12/1/2012 5:02:11 AM3.0 µg/L 1ND
2-Butanone 12/1/2012 5:02:11 AM10 µg/L 1ND
Carbon disulfide 12/1/2012 5:02:11 AM10 µg/L 1ND
Carbon Tetrachloride 12/1/2012 5:02:11 AM1.0 µg/L 1ND
Chlorobenzene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
Chloroethane 12/1/2012 5:02:11 AM2.0 µg/L 1ND
Chloroform 12/1/2012 5:02:11 AM1.0 µg/L 1ND
Chloromethane 12/1/2012 5:02:11 AM3.0 µg/L 1ND
2-Chlorotoluene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
4-Chlorotoluene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
cis-1,2-DCE 12/1/2012 5:02:11 AM1.0 µg/L 1ND
cis-1,3-Dichloropropene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
1,2-Dibromo-3-chloropropane 12/1/2012 5:02:11 AM2.0 µg/L 1ND
Dibromochloromethane 12/1/2012 5:02:11 AM1.0 µg/L 1ND
Dibromomethane 12/1/2012 5:02:11 AM1.0 µg/L 1ND
1,2-Dichlorobenzene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
1,3-Dichlorobenzene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
1,4-Dichlorobenzene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
Dichlorodifluoromethane 12/1/2012 5:02:11 AM1.0 µg/L 1ND
1,1-Dichloroethane 12/1/2012 5:02:11 AM1.0 µg/L 1ND
1,1-Dichloroethene 12/1/2012 5:02:11 AM1.0 µg/L 1ND

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits

RL Reporting Detection Limit S Spike Recovery outside accepted recovery limits



Project: Melrose Bombing Range
Client Sample ID: Exploratory Well #2

Collection Date: 11/28/2012 10:42:00 AM
Matrix: AQUEOUS

CLIENT: Magee & Associates

Lab ID: 1211A35-001

Date Reported: 12/18/2012

Analytical Report
Lab Order 1211A35

Analyses Result Qual Units Date AnalyzedDFRL

Hall Environmental Analysis Laboratory, Inc.

Received Date: 11/29/2012 9:40:00 AM

EPA METHOD 8260B:  VOLATILES Analyst: RAA
1,2-Dichloropropane 12/1/2012 5:02:11 AM1.0 µg/L 1ND
1,3-Dichloropropane 12/1/2012 5:02:11 AM1.0 µg/L 1ND
2,2-Dichloropropane 12/1/2012 5:02:11 AM2.0 µg/L 1ND
1,1-Dichloropropene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
Hexachlorobutadiene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
2-Hexanone 12/1/2012 5:02:11 AM10 µg/L 1ND
Isopropylbenzene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
4-Isopropyltoluene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
4-Methyl-2-pentanone 12/1/2012 5:02:11 AM10 µg/L 1ND
Methylene Chloride 12/1/2012 5:02:11 AM3.0 µg/L 1ND
n-Butylbenzene 12/1/2012 5:02:11 AM3.0 µg/L 1ND
n-Propylbenzene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
sec-Butylbenzene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
Styrene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
tert-Butylbenzene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
1,1,1,2-Tetrachloroethane 12/1/2012 5:02:11 AM1.0 µg/L 1ND
1,1,2,2-Tetrachloroethane 12/1/2012 5:02:11 AM2.0 µg/L 1ND
Tetrachloroethene (PCE) 12/1/2012 5:02:11 AM1.0 µg/L 1ND
trans-1,2-DCE 12/1/2012 5:02:11 AM1.0 µg/L 1ND
trans-1,3-Dichloropropene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
1,2,3-Trichlorobenzene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
1,2,4-Trichlorobenzene 12/1/2012 5:02:11 AM1.0 µg/L 1ND
1,1,1-Trichloroethane 12/1/2012 5:02:11 AM1.0 µg/L 1ND
1,1,2-Trichloroethane 12/1/2012 5:02:11 AM1.0 µg/L 1ND
Trichloroethene (TCE) 12/1/2012 5:02:11 AM1.0 µg/L 1ND
Trichlorofluoromethane 12/1/2012 5:02:11 AM1.0 µg/L 1ND
1,2,3-Trichloropropane 12/1/2012 5:02:11 AM2.0 µg/L 1ND
Vinyl chloride 12/1/2012 5:02:11 AM1.0 µg/L 1ND
Xylenes, Total 12/1/2012 5:02:11 AM1.5 µg/L 1ND
    Surr: 1,2-Dichloroethane-d4 12/1/2012 5:02:11 AM70-130 %REC 192.0
    Surr: 4-Bromofluorobenzene 12/1/2012 5:02:11 AM70-130 %REC 191.4
    Surr: Dibromofluoromethane 12/1/2012 5:02:11 AM70-130 %REC 190.6
    Surr: Toluene-d8 12/1/2012 5:02:11 AM70-130 %REC 194.4

SM 5310B: TOC Analyst: LRW
Organic Carbon, Total 12/3/2012 3:25:54 PM1.0 mg/L 1ND

SM 4500 NH3: AMMONIA Analyst: TAF
Nitrogen, Ammonia 11/30/2012 8:22:00 AM1.0 mg/L 1ND

SM2540C MOD: TOTAL DISSOLVED SOLIDS Analyst: KS
Total Dissolved Solids 12/3/2012 9:46:00 AM20.0 mg/L 1439

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits

RL Reporting Detection Limit S Spike Recovery outside accepted recovery limits



Project: Melrose Bombing Range
Client Sample ID: Backup

Collection Date: 11/28/2012 10:58:00 AM
Matrix: AQUEOUS

CLIENT: Magee & Associates

Lab ID: 1211A35-002

Date Reported: 12/18/2012

Analytical Report
Lab Order 1211A35

Analyses Result Qual Units Date AnalyzedDFRL

Hall Environmental Analysis Laboratory, Inc.

Received Date: 11/29/2012 9:40:00 AM

EPA METHOD 8081:  PESTICIDES Analyst: JDC
4,4´-DDD 12/3/2012 3:16:43 PM0.040 µg/L 1ND
4,4´-DDE 12/3/2012 3:16:43 PM0.040 µg/L 1ND
4,4´-DDT 12/3/2012 3:16:43 PM0.040 µg/L 1ND
Aldrin 12/3/2012 3:16:43 PM0.040 µg/L 1ND
alpha-BHC 12/3/2012 3:16:43 PM0.040 µg/L 1ND
beta-BHC 12/3/2012 3:16:43 PM0.040 µg/L 1ND
Chlordane 12/3/2012 3:16:43 PM1.0 µg/L 1ND
delta-BHC 12/3/2012 3:16:43 PM0.040 µg/L 1ND
Dieldrin 12/3/2012 3:16:43 PM0.040 µg/L 1ND
Endosulfan I 12/3/2012 3:16:43 PM0.040 µg/L 1ND
Endosulfan II 12/3/2012 3:16:43 PM0.040 µg/L 1ND
Endosulfan sulfate 12/3/2012 3:16:43 PM0.040 µg/L 1ND
Endrin 12/3/2012 3:16:43 PM0.040 µg/L 1ND
Endrin aldehyde 12/3/2012 3:16:43 PM0.040 µg/L 1ND
gamma-BHC 12/3/2012 3:16:43 PM0.040 µg/L 1ND
Heptachlor 12/3/2012 3:16:43 PM0.040 µg/L 1ND
Heptachlor epoxide 12/3/2012 3:16:43 PM0.040 µg/L 1ND
Methoxychlor 12/3/2012 3:16:43 PM0.040 µg/L 1ND
Toxaphene 12/3/2012 3:16:43 PM1.0 µg/L 1ND
    Surr: Decachlorobiphenyl 12/3/2012 3:16:43 PM25.4-117 %REC 159.9
    Surr: Tetrachloro-m-xylene 12/3/2012 3:16:43 PM39.5-139 %REC 167.3

EPA METHOD 8082: PCB'S Analyst: SCC
Aroclor 1016 12/4/2012 2:37:35 PM1.0 µg/L 1ND
Aroclor 1221 12/4/2012 2:37:35 PM1.0 µg/L 1ND
Aroclor 1232 12/4/2012 2:37:35 PM1.0 µg/L 1ND
Aroclor 1242 12/4/2012 2:37:35 PM1.0 µg/L 1ND
Aroclor 1248 12/4/2012 2:37:35 PM1.0 µg/L 1ND
Aroclor 1254 12/4/2012 2:37:35 PM1.0 µg/L 1ND
Aroclor 1260 12/4/2012 2:37:35 PM1.0 µg/L 1ND
    Surr: Decachlorobiphenyl 12/4/2012 2:37:35 PM23.9-124 %REC 186.0
    Surr: Tetrachloro-m-xylene 12/4/2012 2:37:35 PM28.1-139 %REC 185.2

EPA METHOD 300.0: ANIONS Analyst: JRR
Fluoride 11/30/2012 2:12:12 AM0.10 mg/L 13.0
Chloride 11/30/2012 2:12:12 AM0.50 mg/L 117
Nitrogen, Nitrate (As N) 11/30/2012 2:12:12 AM0.10 mg/L 17.2
Sulfate 11/30/2012 2:24:37 AM10 mg/L 2085

EPA METHOD 200.7: METALS Analyst: JLF
Calcium 12/6/2012 2:05:27 PM1.0 mg/L 141
Magnesium 12/6/2012 10:33:32 AM1.0 mg/L 121
Silica 12/6/2012 10:37:18 AM1.7 mg/L 1050

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits

RL Reporting Detection Limit S Spike Recovery outside accepted recovery limits



Project: Melrose Bombing Range
Client Sample ID: Backup

Collection Date: 11/28/2012 10:58:00 AM
Matrix: AQUEOUS

CLIENT: Magee & Associates

Lab ID: 1211A35-002

Date Reported: 12/18/2012

Analytical Report
Lab Order 1211A35

Analyses Result Qual Units Date AnalyzedDFRL

Hall Environmental Analysis Laboratory, Inc.

Received Date: 11/29/2012 9:40:00 AM

EPA METHOD 200.7: METALS Analyst: JLF
Sodium 12/6/2012 10:33:32 AM1.0 mg/L 160

EPA METHOD 245.1: MERCURY Analyst: TMG
Mercury 12/11/2012 2:17:48 PM0.00020 mg/L 1ND

SM2340B: HARDNESS Analyst: JLF
Hardness (As CaCO3) 12/6/2012 8:48:00 AM6.6 mg/L 1190

SM 9223B FECAL INDICATOR: E. COLI  MPN Analyst: ECH
E. Coli 11/30/2012 12:55:00 PM1.0 CFU/100ml 1<1

EPA METHOD 8270C: SEMIVOLATILES Analyst: JDC
Acenaphthene 12/3/2012 3:42:28 PM10 µg/L 1ND
Acenaphthylene 12/3/2012 3:42:28 PM10 µg/L 1ND
Aniline 12/3/2012 3:42:28 PM10 µg/L 1ND
Anthracene 12/3/2012 3:42:28 PM10 µg/L 1ND
Azobenzene 12/3/2012 3:42:28 PM10 µg/L 1ND
Benz(a)anthracene 12/3/2012 3:42:28 PM10 µg/L 1ND
Benzo(a)pyrene 12/3/2012 3:42:28 PM10 µg/L 1ND
Benzo(b)fluoranthene 12/3/2012 3:42:28 PM10 µg/L 1ND
Benzo(g,h,i)perylene 12/3/2012 3:42:28 PM10 µg/L 1ND
Benzo(k)fluoranthene 12/3/2012 3:42:28 PM10 µg/L 1ND
Benzoic acid 12/3/2012 3:42:28 PM20 µg/L 1ND
Benzyl alcohol 12/3/2012 3:42:28 PM10 µg/L 1ND
Bis(2-chloroethoxy)methane 12/3/2012 3:42:28 PM10 µg/L 1ND
Bis(2-chloroethyl)ether 12/3/2012 3:42:28 PM10 µg/L 1ND
Bis(2-chloroisopropyl)ether 12/3/2012 3:42:28 PM10 µg/L 1ND
Bis(2-ethylhexyl)phthalate 12/3/2012 3:42:28 PM10 µg/L 1ND
4-Bromophenyl phenyl ether 12/3/2012 3:42:28 PM10 µg/L 1ND
Butyl benzyl phthalate 12/3/2012 3:42:28 PM10 µg/L 1ND
Carbazole 12/3/2012 3:42:28 PM10 µg/L 1ND
4-Chloro-3-methylphenol 12/3/2012 3:42:28 PM10 µg/L 1ND
4-Chloroaniline 12/3/2012 3:42:28 PM10 µg/L 1ND
2-Chloronaphthalene 12/3/2012 3:42:28 PM10 µg/L 1ND
2-Chlorophenol 12/3/2012 3:42:28 PM10 µg/L 1ND
4-Chlorophenyl phenyl ether 12/3/2012 3:42:28 PM10 µg/L 1ND
Chrysene 12/3/2012 3:42:28 PM10 µg/L 1ND
Di-n-butyl phthalate 12/3/2012 3:42:28 PM10 µg/L 1ND
Di-n-octyl phthalate 12/3/2012 3:42:28 PM20 µg/L 1ND
Dibenz(a,h)anthracene 12/3/2012 3:42:28 PM10 µg/L 1ND
Dibenzofuran 12/3/2012 3:42:28 PM10 µg/L 1ND
1,2-Dichlorobenzene 12/3/2012 3:42:28 PM10 µg/L 1ND
1,3-Dichlorobenzene 12/3/2012 3:42:28 PM10 µg/L 1ND
1,4-Dichlorobenzene 12/3/2012 3:42:28 PM10 µg/L 1ND

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits

RL Reporting Detection Limit S Spike Recovery outside accepted recovery limits



Project: Melrose Bombing Range
Client Sample ID: Backup

Collection Date: 11/28/2012 10:58:00 AM
Matrix: AQUEOUS

CLIENT: Magee & Associates

Lab ID: 1211A35-002

Date Reported: 12/18/2012

Analytical Report
Lab Order 1211A35

Analyses Result Qual Units Date AnalyzedDFRL

Hall Environmental Analysis Laboratory, Inc.

Received Date: 11/29/2012 9:40:00 AM

EPA METHOD 8270C: SEMIVOLATILES Analyst: JDC
3,3´-Dichlorobenzidine 12/3/2012 3:42:28 PM10 µg/L 1ND
Diethyl phthalate 12/3/2012 3:42:28 PM10 µg/L 1ND
Dimethyl phthalate 12/3/2012 3:42:28 PM10 µg/L 1ND
2,4-Dichlorophenol 12/3/2012 3:42:28 PM20 µg/L 1ND
2,4-Dimethylphenol 12/3/2012 3:42:28 PM10 µg/L 1ND
4,6-Dinitro-2-methylphenol 12/3/2012 3:42:28 PM20 µg/L 1ND
2,4-Dinitrophenol 12/3/2012 3:42:28 PM20 µg/L 1ND
2,4-Dinitrotoluene 12/3/2012 3:42:28 PM10 µg/L 1ND
2,6-Dinitrotoluene 12/3/2012 3:42:28 PM10 µg/L 1ND
Fluoranthene 12/3/2012 3:42:28 PM10 µg/L 1ND
Fluorene 12/3/2012 3:42:28 PM10 µg/L 1ND
Hexachlorobenzene 12/3/2012 3:42:28 PM10 µg/L 1ND
Hexachlorobutadiene 12/3/2012 3:42:28 PM10 µg/L 1ND
Hexachlorocyclopentadiene 12/3/2012 3:42:28 PM10 µg/L 1ND
Hexachloroethane 12/3/2012 3:42:28 PM10 µg/L 1ND
Indeno(1,2,3-cd)pyrene 12/3/2012 3:42:28 PM10 µg/L 1ND
Isophorone 12/3/2012 3:42:28 PM10 µg/L 1ND
1-Methylnaphthalene 12/3/2012 3:42:28 PM10 µg/L 1ND
2-Methylnaphthalene 12/3/2012 3:42:28 PM10 µg/L 1ND
2-Methylphenol 12/3/2012 3:42:28 PM10 µg/L 1ND
3+4-Methylphenol 12/3/2012 3:42:28 PM10 µg/L 1ND
N-Nitrosodi-n-propylamine 12/3/2012 3:42:28 PM10 µg/L 1ND
N-Nitrosodimethylamine 12/3/2012 3:42:28 PM10 µg/L 1ND
N-Nitrosodiphenylamine 12/3/2012 3:42:28 PM10 µg/L 1ND
Naphthalene 12/3/2012 3:42:28 PM10 µg/L 1ND
2-Nitroaniline 12/3/2012 3:42:28 PM10 µg/L 1ND
3-Nitroaniline 12/3/2012 3:42:28 PM10 µg/L 1ND
4-Nitroaniline 12/3/2012 3:42:28 PM10 µg/L 1ND
Nitrobenzene 12/3/2012 3:42:28 PM10 µg/L 1ND
2-Nitrophenol 12/3/2012 3:42:28 PM10 µg/L 1ND
4-Nitrophenol 12/3/2012 3:42:28 PM10 µg/L 1ND
Pentachlorophenol 12/3/2012 3:42:28 PM20 µg/L 1ND
Phenanthrene 12/3/2012 3:42:28 PM10 µg/L 1ND
Phenol 12/3/2012 3:42:28 PM10 µg/L 1ND
Pyrene 12/3/2012 3:42:28 PM10 µg/L 1ND
Pyridine 12/3/2012 3:42:28 PM10 µg/L 1ND
1,2,4-Trichlorobenzene 12/3/2012 3:42:28 PM10 µg/L 1ND
2,4,5-Trichlorophenol 12/3/2012 3:42:28 PM10 µg/L 1ND
2,4,6-Trichlorophenol 12/3/2012 3:42:28 PM10 µg/L 1ND
    Surr: 2,4,6-Tribromophenol 12/3/2012 3:42:28 PM42.9-124 %REC 1101
    Surr: 2-Fluorobiphenyl 12/3/2012 3:42:28 PM40-108 %REC 174.0
    Surr: 2-Fluorophenol 12/3/2012 3:42:28 PM23.6-94.8 %REC 153.8

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits

RL Reporting Detection Limit S Spike Recovery outside accepted recovery limits



Project: Melrose Bombing Range
Client Sample ID: Backup

Collection Date: 11/28/2012 10:58:00 AM
Matrix: AQUEOUS

CLIENT: Magee & Associates

Lab ID: 1211A35-002

Date Reported: 12/18/2012

Analytical Report
Lab Order 1211A35

Analyses Result Qual Units Date AnalyzedDFRL

Hall Environmental Analysis Laboratory, Inc.

Received Date: 11/29/2012 9:40:00 AM

EPA METHOD 8270C: SEMIVOLATILES Analyst: JDC
    Surr: 4-Terphenyl-d14 12/3/2012 3:42:28 PM41.9-103 %REC 175.6
    Surr: Nitrobenzene-d5 12/3/2012 3:42:28 PM42.6-114 %REC 171.0
    Surr: Phenol-d5 12/3/2012 3:42:28 PM20.3-74.7 %REC 139.3

EPA METHOD 8260B:  VOLATILES Analyst: RAA
Benzene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
Toluene 12/1/2012 5:29:54 AM1.0 µg/L 11.7
Ethylbenzene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
Methyl tert-butyl ether (MTBE) 12/1/2012 5:29:54 AM1.0 µg/L 1ND
1,2,4-Trimethylbenzene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
1,3,5-Trimethylbenzene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
1,2-Dichloroethane (EDC) 12/1/2012 5:29:54 AM1.0 µg/L 1ND
1,2-Dibromoethane (EDB) 12/1/2012 5:29:54 AM1.0 µg/L 1ND
Naphthalene 12/1/2012 5:29:54 AM2.0 µg/L 1ND
1-Methylnaphthalene 12/1/2012 5:29:54 AM4.0 µg/L 1ND
2-Methylnaphthalene 12/1/2012 5:29:54 AM4.0 µg/L 1ND
Acetone 12/1/2012 5:29:54 AM10 µg/L 1ND
Bromobenzene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
Bromodichloromethane 12/1/2012 5:29:54 AM1.0 µg/L 1ND
Bromoform 12/1/2012 5:29:54 AM1.0 µg/L 1ND
Bromomethane 12/1/2012 5:29:54 AM3.0 µg/L 1ND
2-Butanone 12/1/2012 5:29:54 AM10 µg/L 1ND
Carbon disulfide 12/1/2012 5:29:54 AM10 µg/L 1ND
Carbon Tetrachloride 12/1/2012 5:29:54 AM1.0 µg/L 1ND
Chlorobenzene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
Chloroethane 12/1/2012 5:29:54 AM2.0 µg/L 1ND
Chloroform 12/1/2012 5:29:54 AM1.0 µg/L 1ND
Chloromethane 12/1/2012 5:29:54 AM3.0 µg/L 1ND
2-Chlorotoluene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
4-Chlorotoluene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
cis-1,2-DCE 12/1/2012 5:29:54 AM1.0 µg/L 1ND
cis-1,3-Dichloropropene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
1,2-Dibromo-3-chloropropane 12/1/2012 5:29:54 AM2.0 µg/L 1ND
Dibromochloromethane 12/1/2012 5:29:54 AM1.0 µg/L 1ND
Dibromomethane 12/1/2012 5:29:54 AM1.0 µg/L 1ND
1,2-Dichlorobenzene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
1,3-Dichlorobenzene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
1,4-Dichlorobenzene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
Dichlorodifluoromethane 12/1/2012 5:29:54 AM1.0 µg/L 1ND
1,1-Dichloroethane 12/1/2012 5:29:54 AM1.0 µg/L 1ND
1,1-Dichloroethene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
1,2-Dichloropropane 12/1/2012 5:29:54 AM1.0 µg/L 1ND

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits

RL Reporting Detection Limit S Spike Recovery outside accepted recovery limits



Project: Melrose Bombing Range
Client Sample ID: Backup

Collection Date: 11/28/2012 10:58:00 AM
Matrix: AQUEOUS

CLIENT: Magee & Associates

Lab ID: 1211A35-002

Date Reported: 12/18/2012

Analytical Report
Lab Order 1211A35

Analyses Result Qual Units Date AnalyzedDFRL

Hall Environmental Analysis Laboratory, Inc.

Received Date: 11/29/2012 9:40:00 AM

EPA METHOD 8260B:  VOLATILES Analyst: RAA
1,3-Dichloropropane 12/1/2012 5:29:54 AM1.0 µg/L 1ND
2,2-Dichloropropane 12/1/2012 5:29:54 AM2.0 µg/L 1ND
1,1-Dichloropropene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
Hexachlorobutadiene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
2-Hexanone 12/1/2012 5:29:54 AM10 µg/L 1ND
Isopropylbenzene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
4-Isopropyltoluene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
4-Methyl-2-pentanone 12/1/2012 5:29:54 AM10 µg/L 1ND
Methylene Chloride 12/1/2012 5:29:54 AM3.0 µg/L 1ND
n-Butylbenzene 12/1/2012 5:29:54 AM3.0 µg/L 1ND
n-Propylbenzene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
sec-Butylbenzene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
Styrene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
tert-Butylbenzene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
1,1,1,2-Tetrachloroethane 12/1/2012 5:29:54 AM1.0 µg/L 1ND
1,1,2,2-Tetrachloroethane 12/1/2012 5:29:54 AM2.0 µg/L 1ND
Tetrachloroethene (PCE) 12/1/2012 5:29:54 AM1.0 µg/L 1ND
trans-1,2-DCE 12/1/2012 5:29:54 AM1.0 µg/L 1ND
trans-1,3-Dichloropropene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
1,2,3-Trichlorobenzene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
1,2,4-Trichlorobenzene 12/1/2012 5:29:54 AM1.0 µg/L 1ND
1,1,1-Trichloroethane 12/1/2012 5:29:54 AM1.0 µg/L 1ND
1,1,2-Trichloroethane 12/1/2012 5:29:54 AM1.0 µg/L 1ND
Trichloroethene (TCE) 12/1/2012 5:29:54 AM1.0 µg/L 1ND
Trichlorofluoromethane 12/1/2012 5:29:54 AM1.0 µg/L 1ND
1,2,3-Trichloropropane 12/1/2012 5:29:54 AM2.0 µg/L 1ND
Vinyl chloride 12/1/2012 5:29:54 AM1.0 µg/L 1ND
Xylenes, Total 12/1/2012 5:29:54 AM1.5 µg/L 1ND
    Surr: 1,2-Dichloroethane-d4 12/1/2012 5:29:54 AM70-130 %REC 189.4
    Surr: 4-Bromofluorobenzene 12/1/2012 5:29:54 AM70-130 %REC 188.4
    Surr: Dibromofluoromethane 12/1/2012 5:29:54 AM70-130 %REC 189.1
    Surr: Toluene-d8 12/1/2012 5:29:54 AM70-130 %REC 195.3

SM 5310B: TOC Analyst: LRW
Organic Carbon, Total 12/3/2012 3:42:10 PM1.0 mg/L 1ND

SM 4500 NH3: AMMONIA Analyst: TAF
Nitrogen, Ammonia 11/30/2012 8:22:00 AM1.0 mg/L 1ND

SM2540C MOD: TOTAL DISSOLVED SOLIDS Analyst: KS
Total Dissolved Solids 12/3/2012 9:46:00 AM20.0 mg/L 1438

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits

RL Reporting Detection Limit S Spike Recovery outside accepted recovery limits



Project: Melrose Bombing Range
Client Sample ID: TRIP BLANK

Collection Date:
Matrix: TRIP BLANK

CLIENT: Magee & Associates

Lab ID: 1211A35-003

Date Reported: 12/18/2012

Analytical Report
Lab Order 1211A35

Analyses Result Qual Units Date AnalyzedDFRL

Hall Environmental Analysis Laboratory, Inc.

Received Date: 11/29/2012 9:40:00 AM

EPA METHOD 8260B:  VOLATILES Analyst: RAA
Benzene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
Toluene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
Ethylbenzene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
Methyl tert-butyl ether (MTBE) P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
1,2,4-Trimethylbenzene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
1,3,5-Trimethylbenzene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
1,2-Dichloroethane (EDC) P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
1,2-Dibromoethane (EDB) P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
Naphthalene P 12/1/2012 5:57:37 AM2.0 µg/L 1ND
1-Methylnaphthalene P 12/1/2012 5:57:37 AM4.0 µg/L 1ND
2-Methylnaphthalene P 12/1/2012 5:57:37 AM4.0 µg/L 1ND
Acetone P 12/1/2012 5:57:37 AM10 µg/L 1ND
Bromobenzene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
Bromodichloromethane P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
Bromoform P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
Bromomethane P 12/1/2012 5:57:37 AM3.0 µg/L 1ND
2-Butanone P 12/1/2012 5:57:37 AM10 µg/L 1ND
Carbon disulfide P 12/1/2012 5:57:37 AM10 µg/L 1ND
Carbon Tetrachloride P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
Chlorobenzene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
Chloroethane P 12/1/2012 5:57:37 AM2.0 µg/L 1ND
Chloroform P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
Chloromethane P 12/1/2012 5:57:37 AM3.0 µg/L 1ND
2-Chlorotoluene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
4-Chlorotoluene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
cis-1,2-DCE P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
cis-1,3-Dichloropropene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
1,2-Dibromo-3-chloropropane P 12/1/2012 5:57:37 AM2.0 µg/L 1ND
Dibromochloromethane P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
Dibromomethane P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
1,2-Dichlorobenzene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
1,3-Dichlorobenzene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
1,4-Dichlorobenzene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
Dichlorodifluoromethane P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
1,1-Dichloroethane P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
1,1-Dichloroethene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
1,2-Dichloropropane P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
1,3-Dichloropropane P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
2,2-Dichloropropane P 12/1/2012 5:57:37 AM2.0 µg/L 1ND
1,1-Dichloropropene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
Hexachlorobutadiene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
2-Hexanone P 12/1/2012 5:57:37 AM10 µg/L 1ND

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits

RL Reporting Detection Limit S Spike Recovery outside accepted recovery limits



Project: Melrose Bombing Range
Client Sample ID: TRIP BLANK

Collection Date:
Matrix: TRIP BLANK

CLIENT: Magee & Associates

Lab ID: 1211A35-003

Date Reported: 12/18/2012

Analytical Report
Lab Order 1211A35

Analyses Result Qual Units Date AnalyzedDFRL

Hall Environmental Analysis Laboratory, Inc.

Received Date: 11/29/2012 9:40:00 AM

EPA METHOD 8260B:  VOLATILES Analyst: RAA
Isopropylbenzene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
4-Isopropyltoluene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
4-Methyl-2-pentanone P 12/1/2012 5:57:37 AM10 µg/L 1ND
Methylene Chloride P 12/1/2012 5:57:37 AM3.0 µg/L 1ND
n-Butylbenzene P 12/1/2012 5:57:37 AM3.0 µg/L 1ND
n-Propylbenzene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
sec-Butylbenzene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
Styrene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
tert-Butylbenzene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
1,1,1,2-Tetrachloroethane P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
1,1,2,2-Tetrachloroethane P 12/1/2012 5:57:37 AM2.0 µg/L 1ND
Tetrachloroethene (PCE) P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
trans-1,2-DCE P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
trans-1,3-Dichloropropene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
1,2,3-Trichlorobenzene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
1,2,4-Trichlorobenzene P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
1,1,1-Trichloroethane P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
1,1,2-Trichloroethane P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
Trichloroethene (TCE) P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
Trichlorofluoromethane P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
1,2,3-Trichloropropane P 12/1/2012 5:57:37 AM2.0 µg/L 1ND
Vinyl chloride P 12/1/2012 5:57:37 AM1.0 µg/L 1ND
Xylenes, Total P 12/1/2012 5:57:37 AM1.5 µg/L 1ND
    Surr: 1,2-Dichloroethane-d4 P 12/1/2012 5:57:37 AM70-130 %REC 193.0
    Surr: 4-Bromofluorobenzene P 12/1/2012 5:57:37 AM70-130 %REC 189.9
    Surr: Dibromofluoromethane P 12/1/2012 5:57:37 AM70-130 %REC 191.5
    Surr: Toluene-d8 P 12/1/2012 5:57:37 AM70-130 %REC 196.3

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits

RL Reporting Detection Limit S Spike Recovery outside accepted recovery limits





























Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID MB

Batch ID: R7330

Analysis Date: 12/6/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: PBW RunNo: 7330

SeqNo: 212593

MBLKSampType: TestCode: EPA Method 200.7: Metals

Calcium 1.0ND
Magnesium 1.0ND
Silica 0.17ND
Sodium 1.0ND

Sample ID LCS

Batch ID: R7330

Analysis Date: 12/6/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: LCSW RunNo: 7330

SeqNo: 212594

LCSSampType: TestCode: EPA Method 200.7: Metals

Calcium 50.00 101 85 1151.0 050
Magnesium 50.00 101 85 1151.0 051
Silica 5.350 102 85 1150.17 05.5
Sodium 50.00 98.9 85 1151.0 049

Sample ID 1211989-001DMS

Batch ID: R7330

Analysis Date: 12/6/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: BatchQC RunNo: 7330

SeqNo: 212646

MSSampType: TestCode: EPA Method 200.7: Metals

Magnesium 250.0 96.8 70 1305.0 222.6460

Sample ID 1211989-001DMSD

Batch ID: R7330

Analysis Date: 12/6/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: BatchQC RunNo: 7330

SeqNo: 212647

MSDSampType: TestCode: EPA Method 200.7: Metals

Magnesium 250.0 95.2 70 130 205.0 222.6 0.871460

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits



Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID MB-5199

Batch ID: 5199

Analysis Date: 12/11/2012Prep Date: 12/10/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: PBW RunNo: 7426

SeqNo: 215141

MBLKSampType: TestCode: EPA Method 245.1: Mercury

Mercury 0.00020ND

Sample ID LCS-5199

Batch ID: 5199

Analysis Date: 12/11/2012Prep Date: 12/10/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: LCSW RunNo: 7426

SeqNo: 215142

LCSSampType: TestCode: EPA Method 245.1: Mercury

Mercury 0.005000 100 80 1200.00020 00.0050

Sample ID 1212327-001EMS

Batch ID: 5199

Analysis Date: 12/11/2012Prep Date: 12/10/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: BatchQC RunNo: 7426

SeqNo: 215144

MSSampType: TestCode: EPA Method 245.1: Mercury

Mercury 0.005000 120 75 1250.00020 00.0060

Sample ID 1212327-001EMSD

Batch ID: 5199

Analysis Date: 12/11/2012Prep Date: 12/10/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: BatchQC RunNo: 7426

SeqNo: 215145

MSDSampType: TestCode: EPA Method 245.1: Mercury

Mercury 0.005000 116 75 125 200.00020 0 3.480.0058

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits



Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID MB

Batch ID: R7205

Analysis Date: 11/29/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: PBW RunNo: 7205

SeqNo: 208819

MBLKSampType: TestCode: EPA Method 300.0: Anions

Fluoride 0.10ND
Chloride 0.50ND
Nitrogen, Nitrate (As N) 0.10ND
Sulfate 0.50ND

Sample ID LCS

Batch ID: R7205

Analysis Date: 11/29/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: LCSW RunNo: 7205

SeqNo: 208820

LCSSampType: TestCode: EPA Method 300.0: Anions

Fluoride 0.5000 102 90 1100.10 00.51
Chloride 5.000 94.9 90 1100.50 04.7
Nitrogen, Nitrate (As N) 2.500 99.8 90 1100.10 02.5
Sulfate 10.00 94.3 90 1100.50 09.4

Sample ID 1211A26-001DMS

Batch ID: R7205

Analysis Date: 11/29/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: BatchQC RunNo: 7205

SeqNo: 208822

MSSampType: TestCode: EPA Method 300.0: Anions

Fluoride 2.500 91.6 76.6 1100.50 1.0983.4
Nitrogen, Nitrate (As N) 12.50 96.7 90.4 1130.50 1.44414
Sulfate 50.00 97.5 84.6 1222.5 69.93120

Sample ID 1211A26-001DMSD

Batch ID: R7205

Analysis Date: 11/29/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: BatchQC RunNo: 7205

SeqNo: 208823

MSDSampType: TestCode: EPA Method 300.0: Anions

Fluoride 2.500 93.7 76.6 110 200.50 1.098 1.483.4
Nitrogen, Nitrate (As N) 12.50 96.4 90.4 113 200.50 1.444 0.23713
Sulfate 50.00 99.0 84.6 122 202.5 69.93 0.610120

Qualifiers:   

Page 15 of 32

* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits



Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID MB-5038

Batch ID: 5038

Analysis Date: 12/3/2012Prep Date: 11/30/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: PBW RunNo: 7241

SeqNo: 210024

MBLKSampType: TestCode: EPA Method 8081:  PESTICIDES

4,4´-DDD 0.040ND
4,4´-DDE 0.040ND
4,4´-DDT 0.040ND
Aldrin 0.040ND
alpha-BHC 0.040ND
beta-BHC 0.040ND
Chlordane 1.0ND
delta-BHC 0.040ND
Dieldrin 0.040ND
Endosulfan I 0.040ND
Endosulfan II 0.040ND
Endosulfan sulfate 0.040ND
Endrin 0.040ND
Endrin aldehyde 0.040ND
gamma-BHC 0.040ND
Heptachlor 0.040ND
Heptachlor epoxide 0.040ND
Methoxychlor 0.040ND
Toxaphene 1.0ND
    Surr: Decachlorobiphenyl 2.500 76.6 25.4 1171.9
    Surr: Tetrachloro-m-xylene 2.500 83.5 39.5 1392.1

Sample ID LCS-5038

Batch ID: 5038

Analysis Date: 12/3/2012Prep Date: 11/30/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: LCSW RunNo: 7241

SeqNo: 210025

LCSSampType: TestCode: EPA Method 8081:  PESTICIDES

4,4´-DDD 0.5000 80.6 47.6 1420.040 00.40
4,4´-DDE 0.5000 82.4 49.9 1410.040 00.41
4,4´-DDT 0.5000 81.4 53 1410.040 00.41
Aldrin 0.5000 84.2 39.8 1540.040 00.42
alpha-BHC 0.5000 84.0 44.3 1450.040 00.42
beta-BHC 0.5000 83.4 31.2 1590.040 00.42
delta-BHC 0.5000 88.2 49.8 1450.040 00.44
Dieldrin 0.5000 83.8 51.3 1430.040 00.42
Endosulfan I 0.5000 84.6 46 1520.040 00.42
Endosulfan II 0.5000 83.0 35.9 1550.040 00.42
Endosulfan sulfate 0.5000 77.4 45.9 1490.040 00.39
Endrin 0.5000 94.2 47.8 1500.040 00.47
Endrin aldehyde 0.5000 82.0 53.1 1430.040 00.41
gamma-BHC 0.5000 85.4 49.5 1450.040 00.43

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits



Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID LCS-5038

Batch ID: 5038

Analysis Date: 12/3/2012Prep Date: 11/30/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: LCSW RunNo: 7241

SeqNo: 210025

LCSSampType: TestCode: EPA Method 8081:  PESTICIDES

Heptachlor 0.5000 84.8 47.1 1360.040 00.42
Heptachlor epoxide 0.5000 84.2 50.2 1410.040 00.42
Methoxychlor 0.5000 78.8 35 1600.040 00.39
    Surr: Decachlorobiphenyl 2.500 69.0 25.4 1171.7
    Surr: Tetrachloro-m-xylene 2.500 71.3 39.5 1391.8

Sample ID LCSD-5038

Batch ID: 5038

Analysis Date: 12/3/2012Prep Date: 11/30/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: LCSS02 RunNo: 7241

SeqNo: 210052

LCSDSampType: TestCode: EPA Method 8081:  PESTICIDES

4,4´-DDD 0.5000 94.0 47.6 142 200.040 0 15.30.47
4,4´-DDE 0.5000 95.8 49.9 141 200.040 0 15.00.48
4,4´-DDT 0.5000 110 53 141 20 R0.040 0 29.90.55
Aldrin 0.5000 95.6 39.8 154 200.040 0 12.70.48
alpha-BHC 0.5000 94.4 44.3 145 200.040 0 11.70.47
beta-BHC 0.5000 96.0 31.2 159 200.040 0 14.00.48
delta-BHC 0.5000 101 49.8 145 200.040 0 13.10.50
Dieldrin 0.5000 104 51.3 143 20 R0.040 0 21.30.52
Endosulfan I 0.5000 96.6 46 152 200.040 0 13.20.48
Endosulfan II 0.5000 99.6 35.9 155 200.040 0 18.20.50
Endosulfan sulfate 0.5000 96.8 45.9 149 20 R0.040 0 22.30.48
Endrin 0.5000 109 47.8 150 200.040 0 14.70.55
Endrin aldehyde 0.5000 89.4 53.1 143 200.040 0 8.630.45
gamma-BHC 0.5000 96.0 49.5 145 200.040 0 11.70.48
Heptachlor 0.5000 97.4 47.1 136 200.040 0 13.80.49
Heptachlor epoxide 0.5000 95.8 50.2 141 200.040 0 12.90.48
Methoxychlor 0.5000 93.2 35 160 200.040 0 16.70.47
    Surr: Decachlorobiphenyl 2.500 84.6 25.4 117 2002.1
    Surr: Tetrachloro-m-xylene 2.500 84.8 39.5 139 2002.1

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits



Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID MB-5039

Batch ID: 5039

Analysis Date: 12/4/2012Prep Date: 11/30/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: PBW RunNo: 7296

SeqNo: 211692

MBLKSampType: TestCode: EPA Method 8082: PCB's

Aroclor 1016 1.0ND
Aroclor 1221 1.0ND
Aroclor 1232 1.0ND
Aroclor 1242 1.0ND
Aroclor 1248 1.0ND
Aroclor 1254 1.0ND
Aroclor 1260 1.0ND
    Surr: Decachlorobiphenyl 2.500 86.4 23.9 1242.2
    Surr: Tetrachloro-m-xylene 2.500 95.6 28.1 1392.4

Sample ID LCS-5039

Batch ID: 5039

Analysis Date: 12/4/2012Prep Date: 11/30/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: LCSW RunNo: 7296

SeqNo: 211694

LCSSampType: TestCode: EPA Method 8082: PCB's

Aroclor 1016 5.000 86.1 25.1 65.8 S1.0 04.3
Aroclor 1260 5.000 82.6 48.4 1001.0 04.1
    Surr: Decachlorobiphenyl 2.500 78.0 23.9 1242.0
    Surr: Tetrachloro-m-xylene 2.500 90.0 28.1 1392.3

Sample ID LCSD-5039

Batch ID: 5039

Analysis Date: 12/4/2012Prep Date: 11/30/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: LCSS02 RunNo: 7296

SeqNo: 211696

LCSDSampType: TestCode: EPA Method 8082: PCB's

Aroclor 1016 5.000 88.3 25.1 65.8 20 S1.0 0 2.484.4
Aroclor 1260 5.000 80.2 48.4 100 201.0 0 2.954.0
    Surr: Decachlorobiphenyl 2.500 76.0 23.9 124 001.9
    Surr: Tetrachloro-m-xylene 2.500 89.2 28.1 139 002.2

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits



Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID 5ml-rb

Batch ID: R7228

Analysis Date: 11/30/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: PBW RunNo: 7228

SeqNo: 209545

MBLKSampType: TestCode: EPA Method 8260B:  VOLATILES

Benzene 1.0ND
Toluene 1.0ND
Ethylbenzene 1.0ND
Methyl tert-butyl ether (MTBE) 1.0ND
1,2,4-Trimethylbenzene 1.0ND
1,3,5-Trimethylbenzene 1.0ND
1,2-Dichloroethane (EDC) 1.0ND
1,2-Dibromoethane (EDB) 1.0ND
Naphthalene 2.0ND
1-Methylnaphthalene 4.0ND
2-Methylnaphthalene 4.0ND
Acetone 10ND
Bromobenzene 1.0ND
Bromodichloromethane 1.0ND
Bromoform 1.0ND
Bromomethane 3.0ND
2-Butanone 10ND
Carbon disulfide 10ND
Carbon Tetrachloride 1.0ND
Chlorobenzene 1.0ND
Chloroethane 2.0ND
Chloroform 1.0ND
Chloromethane 3.0ND
2-Chlorotoluene 1.0ND
4-Chlorotoluene 1.0ND
cis-1,2-DCE 1.0ND
cis-1,3-Dichloropropene 1.0ND
1,2-Dibromo-3-chloropropane 2.0ND
Dibromochloromethane 1.0ND
Dibromomethane 1.0ND
1,2-Dichlorobenzene 1.0ND
1,3-Dichlorobenzene 1.0ND
1,4-Dichlorobenzene 1.0ND
Dichlorodifluoromethane 1.0ND
1,1-Dichloroethane 1.0ND
1,1-Dichloroethene 1.0ND
1,2-Dichloropropane 1.0ND
1,3-Dichloropropane 1.0ND
2,2-Dichloropropane 2.0ND
1,1-Dichloropropene 1.0ND
Hexachlorobutadiene 1.0ND

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits



Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID 5ml-rb

Batch ID: R7228

Analysis Date: 11/30/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: PBW RunNo: 7228

SeqNo: 209545

MBLKSampType: TestCode: EPA Method 8260B:  VOLATILES

2-Hexanone 10ND
Isopropylbenzene 1.0ND
4-Isopropyltoluene 1.0ND
4-Methyl-2-pentanone 10ND
Methylene Chloride 3.0ND
n-Butylbenzene 3.0ND
n-Propylbenzene 1.0ND
sec-Butylbenzene 1.0ND
Styrene 1.0ND
tert-Butylbenzene 1.0ND
1,1,1,2-Tetrachloroethane 1.0ND
1,1,2,2-Tetrachloroethane 2.0ND
Tetrachloroethene (PCE) 1.0ND
trans-1,2-DCE 1.0ND
trans-1,3-Dichloropropene 1.0ND
1,2,3-Trichlorobenzene 1.0ND
1,2,4-Trichlorobenzene 1.0ND
1,1,1-Trichloroethane 1.0ND
1,1,2-Trichloroethane 1.0ND
Trichloroethene (TCE) 1.0ND
Trichlorofluoromethane 1.0ND
1,2,3-Trichloropropane 2.0ND
Vinyl chloride 1.0ND
Xylenes, Total 1.5ND
    Surr: 1,2-Dichloroethane-d4 10.00 91.7 70 1309.2
    Surr: 4-Bromofluorobenzene 10.00 92.3 70 1309.2
    Surr: Dibromofluoromethane 10.00 90.2 70 1309.0
    Surr: Toluene-d8 10.00 97.3 70 1309.7

Sample ID 100ng lcs

Batch ID: R7228

Analysis Date: 11/30/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: LCSW RunNo: 7228

SeqNo: 209553

LCSSampType: TestCode: EPA Method 8260B:  VOLATILES

Benzene 20.00 98.1 70 1301.0 020
Toluene 20.00 99.0 80 1201.0 020
Chlorobenzene 20.00 97.1 70 1301.0 019
1,1-Dichloroethene 20.00 97.9 73.7 1221.0 020
Trichloroethene (TCE) 20.00 82.7 70 1301.0 017
    Surr: 1,2-Dichloroethane-d4 10.00 91.4 70 1309.1
    Surr: 4-Bromofluorobenzene 10.00 91.8 70 1309.2

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits



Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID 100ng lcs

Batch ID: R7228

Analysis Date: 11/30/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: LCSW RunNo: 7228

SeqNo: 209553

LCSSampType: TestCode: EPA Method 8260B:  VOLATILES

    Surr: Dibromofluoromethane 10.00 89.2 70 1308.9
    Surr: Toluene-d8 10.00 95.5 70 1309.6

Sample ID 1211a24-001a ms

Batch ID: R7228

Analysis Date: 11/30/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: BatchQC RunNo: 7228

SeqNo: 209606

MSSampType: TestCode: EPA Method 8260B:  VOLATILES

Benzene 20.00 97.5 66.8 1281.0 019
Toluene 20.00 96.8 70 1301.0 019
Chlorobenzene 20.00 95.3 70 1301.0 019
1,1-Dichloroethene 20.00 101 70 1301.0 020
Trichloroethene (TCE) 20.00 82.8 70 1301.0 017
    Surr: 1,2-Dichloroethane-d4 10.00 87.2 70 1308.7
    Surr: 4-Bromofluorobenzene 10.00 89.5 70 1308.9
    Surr: Dibromofluoromethane 10.00 88.4 70 1308.8
    Surr: Toluene-d8 10.00 94.3 70 1309.4

Sample ID 1211a24-001a msd

Batch ID: R7228

Analysis Date: 11/30/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: BatchQC RunNo: 7228

SeqNo: 209607

MSDSampType: TestCode: EPA Method 8260B:  VOLATILES

Benzene 20.00 92.2 66.8 128 16.71.0 0 5.5318
Toluene 20.00 92.1 70 130 18.71.0 0 4.9318
Chlorobenzene 20.00 90.6 70 130 19.51.0 0 5.1118
1,1-Dichloroethene 20.00 93.2 70 130 16.71.0 0 7.8519
Trichloroethene (TCE) 20.00 76.2 70 130 17.51.0 0 8.3115
    Surr: 1,2-Dichloroethane-d4 10.00 92.8 70 130 009.3
    Surr: 4-Bromofluorobenzene 10.00 93.0 70 130 009.3
    Surr: Dibromofluoromethane 10.00 90.7 70 130 009.1
    Surr: Toluene-d8 10.00 98.8 70 130 009.9

Sample ID b3

Batch ID: R7228

Analysis Date: 11/30/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: PBW RunNo: 7228

SeqNo: 209611

MBLKSampType: TestCode: EPA Method 8260B:  VOLATILES

Benzene 1.0ND
Toluene 1.0ND
Ethylbenzene 1.0ND
Methyl tert-butyl ether (MTBE) 1.0ND

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits



Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID b3

Batch ID: R7228

Analysis Date: 11/30/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: PBW RunNo: 7228

SeqNo: 209611

MBLKSampType: TestCode: EPA Method 8260B:  VOLATILES

1,2,4-Trimethylbenzene 1.0ND
1,3,5-Trimethylbenzene 1.0ND
1,2-Dichloroethane (EDC) 1.0ND
1,2-Dibromoethane (EDB) 1.0ND
Naphthalene 2.0ND
1-Methylnaphthalene 4.0ND
2-Methylnaphthalene 4.0ND
Acetone 10ND
Bromobenzene 1.0ND
Bromodichloromethane 1.0ND
Bromoform 1.0ND
Bromomethane 3.0ND
2-Butanone 10ND
Carbon disulfide 10ND
Carbon Tetrachloride 1.0ND
Chlorobenzene 1.0ND
Chloroethane 2.0ND
Chloroform 1.0ND
Chloromethane 3.0ND
2-Chlorotoluene 1.0ND
4-Chlorotoluene 1.0ND
cis-1,2-DCE 1.0ND
cis-1,3-Dichloropropene 1.0ND
1,2-Dibromo-3-chloropropane 2.0ND
Dibromochloromethane 1.0ND
Dibromomethane 1.0ND
1,2-Dichlorobenzene 1.0ND
1,3-Dichlorobenzene 1.0ND
1,4-Dichlorobenzene 1.0ND
Dichlorodifluoromethane 1.0ND
1,1-Dichloroethane 1.0ND
1,1-Dichloroethene 1.0ND
1,2-Dichloropropane 1.0ND
1,3-Dichloropropane 1.0ND
2,2-Dichloropropane 2.0ND
1,1-Dichloropropene 1.0ND
Hexachlorobutadiene 1.0ND
2-Hexanone 10ND
Isopropylbenzene 1.0ND
4-Isopropyltoluene 1.0ND
4-Methyl-2-pentanone 10ND

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits



Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID b3

Batch ID: R7228

Analysis Date: 11/30/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: PBW RunNo: 7228

SeqNo: 209611

MBLKSampType: TestCode: EPA Method 8260B:  VOLATILES

Methylene Chloride 3.0ND
n-Butylbenzene 3.0ND
n-Propylbenzene 1.0ND
sec-Butylbenzene 1.0ND
Styrene 1.0ND
tert-Butylbenzene 1.0ND
1,1,1,2-Tetrachloroethane 1.0ND
1,1,2,2-Tetrachloroethane 2.0ND
Tetrachloroethene (PCE) 1.0ND
trans-1,2-DCE 1.0ND
trans-1,3-Dichloropropene 1.0ND
1,2,3-Trichlorobenzene 1.0ND
1,2,4-Trichlorobenzene 1.0ND
1,1,1-Trichloroethane 1.0ND
1,1,2-Trichloroethane 1.0ND
Trichloroethene (TCE) 1.0ND
Trichlorofluoromethane 1.0ND
1,2,3-Trichloropropane 2.0ND
Vinyl chloride 1.0ND
Xylenes, Total 1.5ND
    Surr: 1,2-Dichloroethane-d4 10.00 88.8 70 1308.9
    Surr: 4-Bromofluorobenzene 10.00 94.7 70 1309.5
    Surr: Dibromofluoromethane 10.00 87.3 70 1308.7
    Surr: Toluene-d8 10.00 97.8 70 1309.8

Sample ID 100ng lcs2

Batch ID: R7228

Analysis Date: 11/30/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: LCSW RunNo: 7228

SeqNo: 209614

LCSSampType: TestCode: EPA Method 8260B:  VOLATILES

Benzene 20.00 99.9 70 1301.0 020
Toluene 20.00 96.1 80 1201.0 019
Chlorobenzene 20.00 94.9 70 1301.0 019
1,1-Dichloroethene 20.00 98.9 73.7 1221.0 020
Trichloroethene (TCE) 20.00 81.3 70 1301.0 016
    Surr: 1,2-Dichloroethane-d4 10.00 89.9 70 1309.0
    Surr: 4-Bromofluorobenzene 10.00 89.5 70 1309.0
    Surr: Dibromofluoromethane 10.00 88.7 70 1308.9
    Surr: Toluene-d8 10.00 93.4 70 1309.3

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits



Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID 1211a41-001a ms

Batch ID: R7228

Analysis Date: 12/1/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: BatchQC RunNo: 7228

SeqNo: 209651

MSSampType: TestCode: EPA Method 8260B:  VOLATILES

Benzene 20.00 101 66.8 1281.0 020
Toluene 20.00 97.9 70 1301.0 020
Chlorobenzene 20.00 96.9 70 1301.0 019
1,1-Dichloroethene 20.00 103 70 1301.0 021
Trichloroethene (TCE) 20.00 86.1 70 1301.0 017
    Surr: 1,2-Dichloroethane-d4 10.00 94.4 70 1309.4
    Surr: 4-Bromofluorobenzene 10.00 89.6 70 1309.0
    Surr: Dibromofluoromethane 10.00 92.1 70 1309.2
    Surr: Toluene-d8 10.00 96.9 70 1309.7

Sample ID 1211a41-001a msd

Batch ID: R7228

Analysis Date: 12/1/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: BatchQC RunNo: 7228

SeqNo: 209652

MSDSampType: TestCode: EPA Method 8260B:  VOLATILES

Benzene 20.00 101 66.8 128 16.71.0 0 0.63820
Toluene 20.00 95.2 70 130 18.71.0 0 2.8419
Chlorobenzene 20.00 94.0 70 130 19.51.0 0 3.0719
1,1-Dichloroethene 20.00 98.2 70 130 16.71.0 0 4.9520
Trichloroethene (TCE) 20.00 82.1 70 130 17.51.0 0 4.8116
    Surr: 1,2-Dichloroethane-d4 10.00 93.8 70 130 009.4
    Surr: 4-Bromofluorobenzene 10.00 91.5 70 130 009.2
    Surr: Dibromofluoromethane 10.00 92.1 70 130 009.2
    Surr: Toluene-d8 10.00 94.7 70 130 009.5

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits



Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID mb-5041

Batch ID: 5041

Analysis Date: 12/3/2012Prep Date: 11/30/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: PBW RunNo: 7245

SeqNo: 210086

MBLKSampType: TestCode: EPA Method 8270C: Semivolatiles

Acenaphthene 10ND
Acenaphthylene 10ND
Aniline 10ND
Anthracene 10ND
Azobenzene 10ND
Benz(a)anthracene 10ND
Benzo(a)pyrene 10ND
Benzo(b)fluoranthene 10ND
Benzo(g,h,i)perylene 10ND
Benzo(k)fluoranthene 10ND
Benzoic acid 20ND
Benzyl alcohol 10ND
Bis(2-chloroethoxy)methane 10ND
Bis(2-chloroethyl)ether 10ND
Bis(2-chloroisopropyl)ether 10ND
Bis(2-ethylhexyl)phthalate 10ND
4-Bromophenyl phenyl ether 10ND
Butyl benzyl phthalate 10ND
Carbazole 10ND
4-Chloro-3-methylphenol 10ND
4-Chloroaniline 10ND
2-Chloronaphthalene 10ND
2-Chlorophenol 10ND
4-Chlorophenyl phenyl ether 10ND
Chrysene 10ND
Di-n-butyl phthalate 10ND
Di-n-octyl phthalate 20ND
Dibenz(a,h)anthracene 10ND
Dibenzofuran 10ND
1,2-Dichlorobenzene 10ND
1,3-Dichlorobenzene 10ND
1,4-Dichlorobenzene 10ND
3,3´-Dichlorobenzidine 10ND
Diethyl phthalate 10ND
Dimethyl phthalate 10ND
2,4-Dichlorophenol 20ND
2,4-Dimethylphenol 10ND
4,6-Dinitro-2-methylphenol 20ND
2,4-Dinitrophenol 20ND
2,4-Dinitrotoluene 10ND
2,6-Dinitrotoluene 10ND

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits



Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID mb-5041

Batch ID: 5041

Analysis Date: 12/3/2012Prep Date: 11/30/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: PBW RunNo: 7245

SeqNo: 210086

MBLKSampType: TestCode: EPA Method 8270C: Semivolatiles

Fluoranthene 10ND
Fluorene 10ND
Hexachlorobenzene 10ND
Hexachlorobutadiene 10ND
Hexachlorocyclopentadiene 10ND
Hexachloroethane 10ND
Indeno(1,2,3-cd)pyrene 10ND
Isophorone 10ND
1-Methylnaphthalene 10ND
2-Methylnaphthalene 10ND
2-Methylphenol 10ND
3+4-Methylphenol 10ND
N-Nitrosodi-n-propylamine 10ND
N-Nitrosodimethylamine 10ND
N-Nitrosodiphenylamine 10ND
Naphthalene 10ND
2-Nitroaniline 10ND
3-Nitroaniline 10ND
4-Nitroaniline 10ND
Nitrobenzene 10ND
2-Nitrophenol 10ND
4-Nitrophenol 10ND
Pentachlorophenol 20ND
Phenanthrene 10ND
Phenol 10ND
Pyrene 10ND
Pyridine 10ND
1,2,4-Trichlorobenzene 10ND
2,4,5-Trichlorophenol 10ND
2,4,6-Trichlorophenol 10ND
    Surr: 2,4,6-Tribromophenol 200.0 105 42.9 124210
    Surr: 2-Fluorobiphenyl 100.0 83.7 40 10884
    Surr: 2-Fluorophenol 200.0 77.0 23.6 94.8150
    Surr: 4-Terphenyl-d14 100.0 77.8 41.9 10378
    Surr: Nitrobenzene-d5 100.0 90.6 42.6 11491
    Surr: Phenol-d5 200.0 52.3 20.3 74.7100

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits



Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID lcs-5041

Batch ID: 5041

Analysis Date: 12/3/2012Prep Date: 11/30/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: LCSW RunNo: 7245

SeqNo: 210087

LCSSampType: TestCode: EPA Method 8270C: Semivolatiles

Acenaphthene 100.0 79.5 43.3 9210 080
4-Chloro-3-methylphenol 200.0 81.2 46.3 10810 0160
2-Chlorophenol 200.0 72.7 38 99.310 0150
1,4-Dichlorobenzene 100.0 74.0 30.8 80.610 074
2,4-Dinitrotoluene 100.0 85.5 46.1 11710 085
N-Nitrosodi-n-propylamine 100.0 83.3 39.3 11010 083
4-Nitrophenol 200.0 39.5 29.8 6710 079
Pentachlorophenol 200.0 60.6 32.2 95.720 0120
Phenol 200.0 43.4 27 64.810 087
Pyrene 100.0 74.9 44.7 97.310 075
1,2,4-Trichlorobenzene 100.0 71.5 36.6 86.710 071
    Surr: 2,4,6-Tribromophenol 200.0 105 42.9 124210
    Surr: 2-Fluorobiphenyl 100.0 89.8 40 10890
    Surr: 2-Fluorophenol 200.0 71.1 23.6 94.8140
    Surr: 4-Terphenyl-d14 100.0 82.2 41.9 10382
    Surr: Nitrobenzene-d5 100.0 87.5 42.6 11488
    Surr: Phenol-d5 200.0 53.5 20.3 74.7110

Sample ID lcsd-5041

Batch ID: 5041

Analysis Date: 12/3/2012Prep Date: 11/30/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: µg/L

PQL

Client ID: LCSS02 RunNo: 7245

SeqNo: 210088

LCSDSampType: TestCode: EPA Method 8270C: Semivolatiles

Acenaphthene 100.0 76.4 43.3 92 2510 0 3.9876
4-Chloro-3-methylphenol 200.0 78.8 46.3 108 32.710 0 2.96160
2-Chlorophenol 200.0 69.3 38 99.3 2010 0 4.72140
1,4-Dichlorobenzene 100.0 63.9 30.8 80.6 2010 0 14.664
2,4-Dinitrotoluene 100.0 86.8 46.1 117 29.910 0 1.5887
N-Nitrosodi-n-propylamine 100.0 80.8 39.3 110 23.110 0 3.0281
4-Nitrophenol 200.0 44.0 29.8 67 40.510 0 10.888
Pentachlorophenol 200.0 60.0 32.2 95.7 37.320 0 0.979120
Phenol 200.0 41.4 27 64.8 2010 0 4.9183
Pyrene 100.0 72.5 44.7 97.3 26.510 0 3.3472
1,2,4-Trichlorobenzene 100.0 70.9 36.6 86.7 27.210 0 0.84371
    Surr: 2,4,6-Tribromophenol 200.0 102 42.9 124 00200
    Surr: 2-Fluorobiphenyl 100.0 85.1 40 108 0085
    Surr: 2-Fluorophenol 200.0 67.2 23.6 94.8 00130
    Surr: 4-Terphenyl-d14 100.0 78.1 41.9 103 0078
    Surr: Nitrobenzene-d5 100.0 90.1 42.6 114 0090
    Surr: Phenol-d5 200.0 51.0 20.3 74.7 00100

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits



Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID MB-5031

Batch ID: 5031

Analysis Date: 11/30/2012Prep Date: 11/29/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: P/A

PQL

Client ID: PBW RunNo: 7214

SeqNo: 209030

MBLKSampType: TestCode: SM 9223B Total Coliform

Total Coliform 0Absent
E. Coli 0Absent

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits



Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID MB-5030

Batch ID: 5030

Analysis Date: 11/30/2012Prep Date: 11/29/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: CFU/100ml

PQL

Client ID: PBW RunNo: 7215

SeqNo: 209032

MBLKSampType: TestCode: SM 9223B Fecal Indicator: E. coli  MPN

E. Coli 1.0<1

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits



Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID MB

Batch ID: R7204

Analysis Date: 11/30/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: PBW RunNo: 7204

SeqNo: 208805

MBLKSampType: TestCode: SM 4500 NH3: Ammonia

Nitrogen, Ammonia 1.0ND

Sample ID LCS

Batch ID: R7204

Analysis Date: 11/30/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: LCSW RunNo: 7204

SeqNo: 208806

LCSSampType: TestCode: SM 4500 NH3: Ammonia

Nitrogen, Ammonia 10.00 102 80 1201.0 010

Sample ID 1211873-002AMS

Batch ID: R7204

Analysis Date: 11/30/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: BatchQC RunNo: 7204

SeqNo: 208853

MSSampType: TestCode: SM 4500 NH3: Ammonia

Nitrogen, Ammonia 10.00 104 75 1251.0 010

Sample ID 1211873-002AMSD

Batch ID: R7204

Analysis Date: 11/30/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: BatchQC RunNo: 7204

SeqNo: 208854

MSDSampType: TestCode: SM 4500 NH3: Ammonia

Nitrogen, Ammonia 10.00 102 75 125 201.0 0 1.3610

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits



Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID MB

Batch ID: R7269

Analysis Date: 12/3/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: PBW RunNo: 7269

SeqNo: 210783

MBLKSampType: TestCode: SM 5310B: TOC

Organic Carbon, Total 1.0ND

Sample ID LCS ST9060-12006 

Batch ID: R7269

Analysis Date: 12/3/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: LCSW RunNo: 7269

SeqNo: 210784

LCSSampType: TestCode: SM 5310B: TOC

Organic Carbon, Total 4.850 106 90 1101.0 05.1

Sample ID 1211A78-001AMS

Batch ID: R7269

Analysis Date: 12/3/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: BatchQC RunNo: 7269

SeqNo: 210786

MSSampType: TestCode: SM 5310B: TOC

Organic Carbon, Total 4.650 106 75 1251.0 04.9

Sample ID 1211A78-001AMSD

Batch ID: R7269

Analysis Date: 12/3/2012Prep Date:

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: BatchQC RunNo: 7269

SeqNo: 210787

MSDSampType: TestCode: SM 5310B: TOC

Organic Carbon, Total 4.650 106 75 125 201.0 0 0.6085.0

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits



Project: Melrose Bombing Range
Client: Magee & Associates

18-Dec-12

QC SUMMARY REPORT 1211A35WO#:
Hall Environmental Analysis Laboratory, Inc.

Sample ID MB-5044

Batch ID: 5044

Analysis Date: 12/3/2012Prep Date: 11/30/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: PBW RunNo: 7232

SeqNo: 209734

MBLKSampType: TestCode: SM2540C MOD: Total Dissolved Solids

Total Dissolved Solids 20.0ND

Sample ID LCS-5044

Batch ID: 5044

Analysis Date: 12/3/2012Prep Date: 11/30/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: LCSW RunNo: 7232

SeqNo: 209735

LCSSampType: TestCode: SM2540C MOD: Total Dissolved Solids

Total Dissolved Solids 1000 103 80 12020.0 9.0001030

Sample ID 1211998-002AMS

Batch ID: 5044

Analysis Date: 12/3/2012Prep Date: 11/30/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: BatchQC RunNo: 7232

SeqNo: 209748

MSSampType: TestCode: SM2540C MOD: Total Dissolved Solids

Total Dissolved Solids 1000 103 80 12020.0 231.01260

Sample ID 1211998-002AMSD

Batch ID: 5044

Analysis Date: 12/3/2012Prep Date: 11/30/2012

Analyte Result SPK value SPK Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: BatchQC RunNo: 7232

SeqNo: 209749

MSDSampType: TestCode: SM2540C MOD: Total Dissolved Solids

Total Dissolved Solids 1000 102 80 120 520.0 231.0 0.6391250

Qualifiers:   
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* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank
E Value above quantitation range H Holding times for preparation or analysis exceeded
J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit
P Sample pH greater than 2 R RPD outside accepted recovery limits









 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX G 
 

New Mexico OSE  
Well Record & Log Filed for PODs 1(abandonment), 2 and 3 

Under P-4589, November 2012 
 

 















 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX H 
 

Design and Specifications 
Melrose Bombing Range Water Supply Wells 







  Water Supply Well Specifications 

 1 

1.0 STANDARD SPECIFICATIONS 

When any of the following standards or specifications are referred to in this bid solicitation, the latest 

edition, publication, standard, or specification should be used: 

 

 API   American Petroleum Institute 

 ASTM   American Society for Testing and Materials 

 AWWA  American Water Works Association 

 OSHA   Occupational Safety and Health Administration 

 

2.0 SUPPLEMENTAL TECHNICAL SPECIFICATIONS 

2.1 SCOPE 

Specifications for the subject well comply with the American Water Works Association Standard for 

Wells (AWWA A100-97).  All work shall be completed in strict accordance with these specifications and 

the approved drawings.  The work required for the construction includes, but is not limited to the 

following: 

 Mobilize equipment onto the site. 

 Drill borehole and collect drill cuttings samples at 10-foot intervals to the total depth of the hole 

(TD). 

 Potentially perform down hole geophysical logging of the borehole. 

 If satisfactory conditions are not present, plug and abandon pilot hole.  Mobilize to secondary 

location(s) at the direction of the Engineer and Owner. 

 Maintain drilling-time and formation logs, and Daily Drilling Reports for the well project.   

 Condition the hole for gravel packing by thinning the drilling fluid with clear water as specified. 

 Install 12-inch blank casing and perforated casing, as specified.   

 Install gravel pack in the annulus of the hole by means of a tremmie tube from the bottom of the 

well to a point as directed by the Engineer.  Disinfect gravel during installation, as specified. 

 Develop the well by circulating clear water, swabbing, airlift pumping, bailing, and pumping. 

 Test pump the well as specified and test water quality. 

 Disinfect the well as specified. 

 Complete wellhead as specified. 

 Clean up and restore drill site area prior to demobilizing equipment. 



  Water Supply Well Specifications 

 2 

 If necessary, plug and abandon well. 

 

2.2   SITE ACCESS REQUIREMENTS 

The well will be drilled at the location and to the depths indicated on the drawings unless otherwise 

directed by the Engineer.  The Contractor shall be responsible for seeking permission from the Owner to 

inspect the site to determine existing conditions.  The Contractor shall ensure that the well site provides 

adequate access for well drilling, construction, and well servicing.  The Contractor will be responsible for 

any road building and earthwork at the well site necessary to complete the well in accordance with these 

specifications.  The Contractor shall insure that the discharge lines and electrical and other equipment 

shall be located in a manner that permits unrestricted construction, operation, and maintenance. 

 

The Contractor shall not enter on or occupy with persons, tools, equipment, or material any ground 

outside the construction area without approval of the Engineer.  The work area will be confined to an area 

designated by the Owner.  The Contractor shall prevent damage to all existing structures, roads, utilities, 

or other improvements during the progress of the work and shall remove from the location, at the 

completion of the project, all cuttings, debris, and unused materials, as directed by the Engineer.   

 

It is the Contractor’s responsibility to clear underground utilities and arrange for any necessary utility 

services, including construction water.  It shall be the Contractor’s responsibility to notify New Mexico 

One Call for utilities location at 1-800-321-ALERT (2537).   

 

2.3  DRILLING EQUIPMENT AND METHODS 

2.3.1 General Requirements 

The well will be drilled using direct or reverse hydraulic rotary methods.  The Contractor shall supply 

capable and experienced personnel and suitable equipment to perform the work, as specified.  An 

experienced drilling superintendent who shall be deemed acceptable by the Engineer shall directly 

supervise the work.  

 

Unnecessary delays or work stoppages will be avoided.  The Contractor shall be held responsible and 

payment will be withheld, for damage to the well due to any act of omission, error, or faulty operation of 

the Contractor or his employees or agents.  The Contractor to the satisfaction of the Engineer shall 
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complete any repairs to the well or a replacement well shall be drilled by the Contractor at no additional 

cost to the Owner and without claim against the Owner, Engineer, or their agents. 

 

2.3.2 Hydraulic Rotary Drilling Requirements 

Mud Circulation Tanks or Pits:  The Contractor shall either provide an on-site portable steel mud 

circulation tank, or construct mud pits, with a volume of not less than 2 times the maximum anticipated 

borehole volumes.  The portable tank shall be equipped with one or more baffles to trap cuttings so that 

no cuttings or fine sand are allowed to recirculate into the holes.  Alternatively, two constructed mud pits 

shall be dug in a manner that allows cuttings and fine sand to be trapped, preventing them from being 

recirculated into the holes.  The pits shall be cleaned as necessary or as directed by the Engineer.  The 

second pit shall be placed in series with the first.  Settled solids shall be removed from the pit(s), as 

needed, to prevent significant loss of fluid volume in the pit(s). 

 

Drilling Fluid:  The drilling fluid shall consist of a mixture of water and high-yield bentonite gel, with 

additives pre-approved by the Engineer.  The drilling fluid shall contain a minimum of drilled clay and 

sand to deposit a thin, soft, easily removable filter cake on the face of the aquifer.  If there is a conflict 

between the drilling fluid requirements for ease in drilling and the drilling fluid requirements for 

protection of the producing aquifer, the drilling fluid requirements for aquifer protection shall govern.  

Toxic or dangerous substances, for example diesel fuel, shall not be added to the drilling fluid or 

borehole. 

 

Acceptable drilling fluid constituents include bentonite, synthetic polymers, inorganic-phosphate thinning 

agents, drilling detergents, and foaming agents.  Weighting materials shall not be permitted.  Lost-

circulation materials shall not be used without approval of the Engineer and, except in extreme conditions, 

shall be limited to acid-wool.  Use of a polymer mud without bentonite to contribute to wall-cake 

development shall not be allowed.   

 

The drilling fluid properties shall conform to the specifications as listed in the American Petroleum 

Institute (API) Code RP 13B, “Recommended Standard Field Procedure for Testing Drilling Fluid.”  The 

drilling fluid shall be replaced if the following properties cannot be attained:   
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 Drilling fluid weights of less than 9.4 lb/gal (70.5lb/ft3) are acceptable to speed drilling, minimize 

lost circulation, and prevent tight hole. 

 Thirty-minute water loss shall be maintained below 10cc while drilling the pilot hole and 15cc or 

less while reaming. 

 Filter cake thickness shall not exceed 3/32”. 

 Funnel viscosities shall remain below 40 seconds per quart. 

 

Immediately before the introduction of the well screens to the boreholes, the drilling fluid shall be thinned 

until it has the following properties.   

 

 Drilling fluid weight shall be no greater than 8.9 lb/gal (66.6 lb/ft3) 

 Funnel viscosity shall be no greater than 28 seconds per quart for a minimum of at least 30 

minutes before gravel is placed, or as approved by Engineer. 

 

The Contractor shall carefully control the drilling fluid and log the fluid properties at least once in any 8-

hour period, or whenever conditions appear to have changed, or if problems arise.  The drilling fluid log 

shall indicate the date, time, depth, pH, and the time and volume of any introduced drilling fluid additives.  

In addition, the log shall include the following fluid properties. 

 

 Drilling fluid weight (lb/gal) at the pump intake or point of entry into the borehole and at the flow 

line or point of discharge from the borehole. 

 Funnel viscosity (seconds per quart) at the pump intake or the point of entry into the hole and at 

the flow line or the point of discharge from the hole. 

 

2.4   CONTRACTOR’S LOG AND RECORDS 

The Contractor shall keep an accurate, current log of operations and activities at the well site.  This record 

of operations shall be in the form of a Daily Drilling Report.  One copy of the Daily Drilling Report shall 

be furnished to the Engineer within 24 hours following each day’s activities.  Upon completion of the 

drilling, well construction, well development, and testing, two (2) complete sets of copies of the Daily 

Drilling Reports shall be furnished to the Engineer. 
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At a minimum, the Daily Drilling Report shall include the following information. 

 Bit number, size, type and depth-in 

 Length and diameter of in-hole drilling assembly, including bit, hole-opener(s), subs, collars and 

drill pipe 

 Pump pressure 

 String weight and weight on bit 

 Drilling-fluid density and funnel viscosity (per Sec. 2.3.2.2) 

 Time devoted to each activity 

 Description of soil/rock type and notation of depth at each change 

 Occurrence of lost circulation and volumes of lost fluid 

 Water volumes used for drilling 

 Lengths, diameters, and types of casing and perforated casing run 

 Volumes of gravel placed 

 Grout thickness and location 

 Pipe tallies (per Sec 2.5.3) 

Each recorded depth given in the report shall be denoted with reference to Kelly bushing (KB), drilling 

floor (DF), or ground level (GL) at each site.  The measured distances from GL to the DF, and from GL to 

KB shall be included in the report.  The depth datum for caliper survey shall be GL.   

 

2.5   PILOT HOLES 

If required by the Engineer a pilot hole shall be drilled for the purpose of determining the thickness and 

characteristics of all materials from the ground surface to the bottom of the hole, location of water-bearing 

strata and other geologic and hydrologic information. 

 

The pilot hole shall be a minimum of 6-1/4 inches in diameter to the total drill depth (TD).  After 

examination of the formation samples, the pilot hole shall be reamed to the diameters and depths 

necessary for the installation of conductor pipe and well casing. 

 

In the event of a “dry hole” condition, where there is either insufficient water quantity or quality, the 

Contractor shall properly abandon the well and mobilize to the next well location. 
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The Contractor shall take actions as necessary to insure that the borehole is plumb and aligned within 

acceptable tolerances as specified.  To obtain accurate depth determinations, representative cutting 

samples, and straight and plumb pilot hole, the Contractor shall comply with the following: 

 

 Maintain relatively slow rate of drilling with reasonably constant rotary speed 

 Maintain reasonably constant weight on bit 

 Maintain reasonably constant drilling fluid properties 

 Maintain adequate facilities for the collection of representative cuttings samples 

 Measure and record the rate of bit penetration by the use of a drilling rate recorder 

 Equip the drill string with drill collars of appropriate diameter, weight, and length (the drill collar 

diameter shall be of the maximum allowable size that will not interfere with fluid circulation). 

 

If the conditions encountered in the pilot hole are found to be unsatisfactory by the Engineer, the hole will 

be plugged and abandoned and the Owner will select secondary pilot hole location. 

 

2.5.1 Samples of Drill Cuttings 

The Contractor shall collect two sets of drill cuttings samples for lithologic description at 10-foot intervals 

in the pilot hole.  Supplementary samples shall be taken as needed at each change in formation, or at the 

request of the Engineer.  Samples shall be placed in cloth or plastic sample bags approved by the 

Engineer.  Each bag shall be permanently labeled to indicate the well ID and the appropriate depth 

interval represented by the sample.   

 

The two sets of cuttings samples shall be prepared for the pilot hole as follows: 

 

 Set 1 – washed at the time of collection and furnished to the well-site geologist. 

 Set 2 – unwashed and furnished to the Engineer upon completion of the well. 

 

2.5.2 Discrete Sampling of Ground Water 

If Required the Contractor shall collect samples of ground water from discrete depths determined by the 

Owner.  Samples shall be collected by installing clean 2” ID or larger piping (temporary casing) with a 

short screen at the end to a discrete depth.  Granular material shall be placed in the borehole till the 
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material is at least 10 feet above the top of screened section.  Tubing shall be place in the temporary 

casing and sufficient air introduced until water is produced.  The well shall be developed until the 

produced water is clear and the conductivity is consistent or at least for a minimum of 2 hours.  Once the 

temporary well is fully produced, the Owner will collect a sample for analysis. 

 

2.5.3 Protection of Borings and Wells During Construction 

Whenever work has ceased on the well, the top of the casing shall be capped using not less than a 3/8-

inch-thick steel plate to cover and protect the wells until the permanent pump installation is begun.  The 

plate shall be attached or adequate weight placed on the plate to prevent removal by unauthorized persons. 

 

2.5.4 Pipe Tallies 

An accurate record of all drill-pipe, tubing casing, perforated casing, gauge lines, and tremmie pipe shall 

be maintained at all times for each well.   

 

2.6   WELDING 

Competent and experienced workmen with adequate equipment, using the metal arc welding process, 

shall do all welding.  Welders employed for field assembly of all casing shall be qualified in accordance 

with the latest revision of the section title “Welding Procedures” of the ASME boiler Construction code, 

or by the AWS Standard Qualification Procedures.  Welder’s certifications shall be presented and 

approved by the Engineer. 

 

2.7  WELL CONSTRUCTION 

Specifications for drilling and well construction materials are detailed in this section.  Design well 

specifications are illustrated in the drawings shown on the design plans.  However, possible modifications 

to these specifications may be anticipated after the cuttings have been analyzed.  Pending approval by the 

Engineer, any of the various elevations indicated may be increased or decreased if the logs indicate that 

more favorable strata will be encountered at different elevations than shown on the drawings.   

 

2.7.1 Well Materials 

Well casing, and screen shall be manufactured in accordance with the ASTM F480 SDR 17 PVC.  

The casing shall be factory assembled in not less than 20-foot sections.   
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Blank Well Casing:  The blank well casing in each well shall be new and free of defects.  The inside 

diameter of the casing is specified on the design plans.  The final length of blank well casing to be 

installed in each well shall be determined by the Engineer based on review of the sample logs.   

 

Perforated Casing:  Perforated casing shall conform to the requirements specified on the design 

drawings.  The perforations shall be machine made, with the slot sizes and rows to be determined after 

completion of the borehole.  The final selection of screen opening shall be made by the Engineer 

based on inspection of the well cuttings.  The Contractor shall not order the screen until the Engineer 

has confirmed the opening size. 

 

2.7.2 Well Construction 

After the hole have been drilled to total depth, the drilling fluid shall be conditioned (thinned) and 

treated until it conforms to the drilling requirements described in Section 2.3.2.  The Contractor shall 

not begin well construction until is has been ascertained that the drilling fluid can be maintained 

within specification limitations. 

 

In the event of a “dry hole” condition, where there is either insufficient water quantity or quality, the 

Contractor shall properly abandon the well and mobilize to the next location.   

 

To insure continuous and efficient construction until the wells are completed, well construction should 

not proceed until all required well materials and supplies are properly staged within the work area.  

The casing string, consisting of blank and perforated well casing, shall be lowered through the 

conductor pipe and reamed boreholes by methods that will insure no damage to any of the well 

materials.  At all times the casing string shall be suspended above the bottom of the hole a sufficient 

distance to assure that none of the casing is supported from the bottom.  A steel clamp shall be placed 

on the well in such a manner that it rests on the conductor casing as shown on the design plans.  The 

clamp shall be welded, top and bottom, to the casing circumference.  The weight-indicator shall be 

monitored continuously while the casing-string is being lowered to insure that the casing string is not 

placed in compression.   
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Plumbness and Alignment:  The completed well shall be sufficiently straight and plumb for the free 

installation and operation of a pump.  The wells shall comply with the plumbness and alignment 

criteria specified, except that the alignment shall be such that the centerline of the well casing from 

ground level to the full depth of casing and perforated casing in each well shall not deviate from 

vertical more than 6 inches in any 100-foot section. 

 

The plumbness and alignment survey shall be conducted in accordance with the procedures defined in 

the AWWA Standard for Water Wells, AWWA A100-97, Appendix D; Section D.2, D.3, and D.4.  

Procedures and equipment to be used to check the well for plumbness and alignment shall be 

submitted to the Engineer for review before the tests are performed.  The Contractor shall furnish 

acceptable log sheets, calculations, and alignment graphs showing the results of the alignment checks.   

 

If a well varies from vertical in excess of the acceptable limits discussed above, or fails to meet the 

requirements for alignment, it shall be corrected or a new well shall be completed by the Contractor, 

at no additional cost to the Owner. 

 

Centering Guides:  Centering guides shall be installed just above and just below the perforated casing 

section of the well to center and hold the perforated casing in proper position until the gravel is in 

place.  The guides shall consist of materials compatible with the casing, with not less than 3 inches 

standoff from the casing.  The outside diameter of the perforated casing is specified on the design 

drawings.  Centering guides shall be aligned vertically with respect to each other, and positioned in 

such a way that they do not interfere with the gauge line.  Pre-manufactured centering guides may be 

used with the Engineer’s approval.  Three sets of centering guides are to be used per each one 

hundred-foot (100’) casing. 

  

 

Gravel Packing:  In each well, the annular space between the borehole and the casing shall be filled 

with select filter gravel from the bottom of the hole to the top of the well as indicated on the design 

drawings. 
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Gravel Placement:  After the assembled blank and perforated casing is centered in the borehole, tubing 

or drill pipe shall be inserted into the casing to total depth.  The drilling fluid shall be thinned by 

introducing a steady stream of clear water to the settling pit at the well discharge trench as fluid is 

circulated through the hole.  While clear water is being added, heavy fluid shall be pumped to waste 

from the lower part of the suction pit.  The fluid shall be circulated through the tremmie pipe in the 

annulus and tubing or drill pipe inside the casing until the drilling fluid has been thinned back to the 

requirements of Section 2.3.2.  The Contractor shall insure that circulation will be continuous from the 

time that watering-back of the drilling fluid begins until the time the gravel pack is completely in 

place. 

 

The gravel pack shall be placed in the annulus of the well by pumping it though a tremmie pipe in 

accordance with Section 2.13.  During placement, the filter gravel will be disinfected with a 50 mg/L 

solution of sodium hypochlorite.  The gravel feed line shall be gradually withdrawn as the gravel is 

deposited.   

 

Gravel shall be placed until the annulus is filled to 5 feet above the top of the screened interval.  The 

Contractor shall provide means of measuring the volume of gravel as it is installed, and continual 

checks must be made to insure against voids or bridging of the gravel material.  The amount of gravel 

introduced in the hole shall not be less than the amount calculated to fill the annular space.   

 

At no time during any well flushing, swabbing or any other approved development procedure, shall 

the gravel envelope be allowed to drop significantly.  Additional gravel shall be added to the well to 

the ground surface.  The volume of all gravel added shall be calculated and recorded. 

 

2.7.3  Grouting 

Personnel thoroughly trained in the operation and application of their equipment shall operate all 

cementing equipment and specialized tools.  Upon completion of grouting operations, the annular 

space outside the conductor pipe and in the annular space above the gravel pack must be completely 

filled with grout from the bottom of the reamed borehole to ground level such that cement grout is 

visible at the surface.  The grout shall be allowed to set for a minimum period of 24 hours before 
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continuing drilling operations, or longer if directed by the Engineer.  However, the time allowed for 

grout setting shall not exceed 72 hours.   

 

Allowable grout compositions and specifications are as follows: 

 

 Neat Cement Grout:  Grout shall consist of a mixture of Portland cement meeting the 

requirements of ASTM C150, Type II, and water in the ratio of 5.2 gallons of water per 94-lb 

sack.  Grout density shall be approximately 15.6 lbs/gal (117 lbs/cubic foot).  A maximum of 2 

percent by weight of bentonite and 2 percent by weight of calcium chloride may be added.  If 

bentonite is added, mixing water shall be increased by 0.6 gallons per sack for each one-

percent-by-weight addition of bentonite.   

 Sand Cement Grout:  Grout shall consist of a mixture of Portland cement meeting the 

requirements of ASTM C150, Type II, sand and water.  Proportions shall not exceed 2 parts by 

weight of sand to 1 part of cement, with not more than 6 gallons of water per 94-lb sack of 

cement. 

 

2.8   WELL DEVELOPMENT  

After the well casing has been set and the gravel pack is in place in accordance with these 

specifications, the Contractor shall notify the Engineer and shall arrange for conducting well 

development in each well.  Well development will commence within 48 hours of each well’s 

completion.   

 

The recording for well development shall start when development equipment has been installed and to 

the time when development procedures are terminated by the Engineer.  The well development time 

will be recorded in one-half hour intervals. 

 

2.8.1 Development by Airlift Pumping or Bailing 

The Conductor shall develop each well by airlift pumping and or bailing.  The procedure to be used 

during the airlift pumping development shall be as follows: 

 Airlift until water clears. 

 Shut off air and allow recovery for 5 minutes. 
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 Airlift until water clears. 

 Shut off air and allow recovery for 5 minutes. 

 Continue sequence until discharge is clear.   

 

The Contractor shall measure and record the pumping rate, the appearance of sand content of the 

produced water, and the time required for the water to clear.  Variation of the procedure shall be as 

directed by the Engineer.  After airlift pumping, additional gravel shall be added to the annulus as 

necessary to maintain the top of the gravel pack at the ground surface.  The Contractor shall record the 

volume of any gravel added.  After airlift development has been completed, the tool shall be withdrawn 

from the well.  The well shall be sounded and any accumulated sediment shall be bailed from the well to 

within 5 feet of the bottom of the casing. 

 

The procedure to be used during the bailing development shall be as follows: 

 Bail the well until water clears. 

 Bailer shall be of a diameter not less than 0.75 the diameter of the well casing. 

 The bailer shall be run the entire length of the well. 

 

2.9   DEVELOPMENT BY PUMPING 

The Contractor shall furnish, install, operate, and remove a pump for developing each well.  Development 

pumping shall be initiated within three days but not less than 48 hours after development is completed in 

the well.  The pump shall have a capacity of not less than 150 percent of the anticipated production rate of 

the well.   

 

The Contractor shall furnish and install discharge piping for the pump of sufficient size and length in 

conduct water, under pressure to the wash line.  The Contractor shall furnish and install an orifice plate 

and manometer for instantaneous-flow measurement and an in-line flow meter for totalizing flow 

measurement.  An electric line probe, such as Powers Well Sounder or equivalent, calibrated to 0.01ft 

increments, shall be used to measure water levels.   

 



  Water Supply Well Specifications 

 13 

The initial pumping rate in each well shall be restricted and, as the water clears, shall be gradually 

increased until the maximum rate is reached.  The Engineer will determine the maximum rate after 

consideration of the well draw down and discharge characteristics. 

 

A cycle of pumping and surging in each well shall be repeated until the discharged water is clean of sand, 

silt, and mud based on the criteria listed below and until there is no increase in specific capacity during at 

least 3 hours of continuous pumping and surging.  The Contractor shall continue development in each 

well until, in the Engineer’s opinion; the following conditions have been met: 

 

1.   Sand production shall be less than 15 ppm within 20 minutes after commencement of 

pumping at the maximum rate as determined by the Engineer. 

 

2. Average sand production shall not exceed 5 ppm for a two-hour cycle after commencement 

of pumping at the maximum rate as determined by the Engineer.  Sand production shall be 

measured by a centrifugal sand-separating meter (Rossum sand sampler) as described in 

Journal of American Water Works Association, Vol. 26, No. 2, February 1954. 

 

2.10   TEST PUMPING 

Well Test Pumping:  The Contractor shall furnish necessary equipment and materials and make a 

complete pumping test of the well following development work.  The test pumping equipment shall have 

a capacity not less than listed herein above and shall be capable of delivering water from the given level 

below the ground surface.  During the test pumping, the Contractor shall provide an approved measuring 

device for measuring the rate of discharge of the pump and the level of the water within the well casing.  

Readings and recordings of pump discharge and water level shall be made at intervals as specified.  Draw 

down shall be measured by means of an electric probe calibrated to 0.01-ft increments unless otherwise 

directed by the Engineer.   

 

Upon completion of the development pumping, a step-draw down pumping test shall be conducted.  The 

test shall not begin until the well has been shut down to allow water level recovery for at least 24 hours.  

Water levels shall be recorded every 10 minutes for 3 hours prior to commencing the step test.  Timing of 
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the test will commence at the time the pump is started, be measured in minutes, and follow the schedule 

below without interruption.  (T = time, in minutes, since pumping commenced.) 

 

At T = 0.  Pumping shall be commenced at a rate of approximately one-fifth of the anticipated full 

production rate, which is estimated to be 120 gpm.  Pumping water levels shall be measured and recorded 

on the following basis 

 

5. T = 1 to T = 10, every minute. 

6. T = 10 to T = 30, every two minutes  

7. T = 30 to T = 100, every five minutes 

 

At T=100.  The pumping rate shall be increased approximately two-fifths of the full production rate.   

 

8. From T = 100 to T = 200, the schedule of water level measurements above shall be followed, 

that is, T = 100 to T = 110, every minute; T = 110 to T = 130, every 2 minutes, and so on. 

 

At T = 200.  The pumping rate shall be increased to three-fifths of the full production rate. 

9. From T = 200 to T = 300, the schedule of water level measurements above shall be followed.   

 

At T = 300.  The pumping rate shall be increased to four-fifths of the full production rate. 

10. From T = 300 to T = 400, the schedule of water level measurements above shall be followed. 

 

At T = 400.  The pumping rate shall be increased to the full production rate. 

11. From T = 400 to T = 500, the schedule of water level measurements above shall be followed. 

 

At T = 500.  The pump shall be stopped.  Water level recovery measurements shall be recorded according 

to the following schedule.   

 

12.  T = 500 to T = 510, every minute. 

13.  T = 510 to T = 600, every five minutes. 

14.  T = 600 to T = 1000, every fifteen minutes. 
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Upon completion of the 500-minute recovery period after the step-draw down pumping test, a 1,000-

minute constant-rate pumping test shall be conducted, following by a 2,000-minute recovery monitor 

period.  During the constant-rate pumping test, water level and flow rate shall be monitored according to 

the following schedule.   

 

15. T = 0 to T = 10, every minute. 

16. T = 10 to T = 30, every two minutes. 

17. T = 30 to T = 90, every five minutes. 

18. T = 90 to T = 1,000, every fifteen minutes. 

 

At T = 1,000 minutes, the pump shall be stopped and recovery measurements commenced from T = 1,000 

to T = 3,000.  Recovery measurements shall observe the following schedule. 

 

19. T = 1,000 to T = 1,010, every minute 

20. T = 1,010 to T = 1,030, every two minutes. 

21. T = 1,030 to T = 1,100, every five minutes. 

22. T = 1,100 to T = 2,000, every fifteen minutes. 

23. T = 2,000 to T = 3,000, every thirty minutes. 

 

If the pump is shut off for any reason during the pumping portion of the test, it shall remain shut off for 24 

hours and the complete test shall be rerun. Upon completion of the test, recorded measurements shall be 

turned over to the Engineer for analysis. 

 

 

2.11   DISINFECTION 

The Contractor shall completely disinfect the well by following the disinfection methods outlined below 

during the various well construction activities.  Disinfection must comply with AWWA C654-03.   
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Gravel Pack Disinfection:  The gravel pack shall be disinfected during installation with calcium 

hypochlorite tablets.  The tablets shall be uniformly mixed with the gravel at the rate of ¼ lb to ½ lb of 

calcium hypochlorite per ton of gravel.   

 

Development Pumping Disinfection:  Before the test pump is installed, the Contractor shall distribute 

granular calcium hypochlorite throughout the water column with a chlorine basket.  The chlorine basket 

shall have a fine mesh perforated casing and be of such design so that it can be lowered on a wire line to 

the full depth of the well and be capable of holding at least 5 pounds of disinfectant.   

 

The quantity of chlorine used shall equal 2.7 ounces of 65 percent dry granular calcium hypochlorite for 

each 100 feet of water column in the well.  Based on the above ratio, the total quantity of granular calcium 

hypochlorite shall be determined and placed in the chlorine basket.  The basket will then be run to the 

bottom of the well on a wire line and retrieved slowly (less than 5 feet per minute).  This process shall be 

repeated until all of the chlorine has been dissolved.  Installation of test pump shall commence 

immediately after disinfection with the chlorine basket. 

 

After the test pump is installed, the well casing, gauge lines, pump, associated hoses and fittings, and the 

drop pipe to the pump, and the pump itself shall be disinfected with a solution of clear water and calcium 

hypochlorite.  The chlorine solution shall be mixed at the surface.  Chlorine solutions introduced in the 

well shall be poured into the top of the casing, gauge lines, and pump discharge port.  Under no 

circumstances will granular chlorine be used directly or poured in the well, gauge lines, casing or pump 

discharge. 

 

The chlorine solution shall consist of 4 ounces of 65 percent dry granular, calcium hypochlorite and 500 

gallons of clear water.  The disinfection solution shall be mixed with a hopper or circulating tank of 

suitable design until the chlorine is completely dissolved.  After completely dissolved, the solution shall 

be poured into the casing, gauge lines, and pump column.  The casing and each gauge line will be flushed 

with at least 200 gallons of clear water for each pipe. 

 

2.12 WATER QUALITY TESTING 

The following water quality sample testing procedures will be conducted in the well: 
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Constituent Sampling and Testing:  Near the end of the constant-rate test pumping the Engineer 

will collect and properly preserve a suite of water samples. 

 

Bacteriological Testing:  To assure the Owner that the well is free from bacterial contamination, 

water sampling for bacteriological analysis shall follow the schedule outlined below.  During the 

test pumping the Engineer will collect and properly preserve samples.  The laboratory will provide 

appropriate sample containers, preservatives and chain-of-custody documentation.  The Contractor 

may collect a duplicate sample for independent analysis.  The well shall be sampled for 

bacteriological contamination approximately 2 hours after starting the test pumping.  Results of 

the analyses should be available approximately two (2) days after sample collection.   

 

2.13   DISPOSAL OF WASTEWATER AND DRILLING MUD 

Water produced by test pumping or other operations shall be pumped under pressure away from the 

working area.  Drainage of water or removal of wastewater offsite by surface drainage, other than those 

associated with the wash line will not be permitted.  Disposal of wastewater will be by such methods and 

to such locations that damage to structures, roads or utilities or interference with it or interference with 

construction projects will be prevented.  If any mud pits are constructed, they will be thoroughly cleaned 

and backfilled with granular material upon completion of work.   

 

Waste drilling mud and cuttings shall be ponded within the work area upon completion of drilling 

operations, allowed to dry and removed from the site by such methods and to such locations as are 

approved by the Engineer.  All cost incurred in connection with the disposal of wastewater drilling mud 

and cuttings, and cleaning and backfilling of any mud pits will be borne by the Contractor.   

 

2.14   SITE RESTORATION 

After the work is completed at each well site, the Contractor shall remove all debris, tools, equipment, 

supplies, and excess material from the site and shall restore each site to its original condition as approved 

by the Engineer. 

 

2.15   WELL ABANDONMENT 
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The subject wells or boreholes may be abandoned if it is not accepted at completion.  Well abandonment 

criteria include: (1) insufficient production capacity, (2) unacceptable chemical or bacteriological water 

quality, (3) unacceptable plumbness and or alignment, (4) obstruction of the well because of down-hole 

equipment loss, (5) any cause rendering the well unusable or otherwise unacceptable at completion.  As 

directed by the Owner, the Contractor shall abandon a well or hole by filling it with expansive clay or clay 

and concrete per New Mexico Office of the State Engineer requirements.  In the event a constructed well 

is not usable and is abandoned, the Contractor may be required to move to another location in the general 

area and complete an additional well at the contract rates.  The additional mobilization-demobilization 

charge shall be reduced to 25 percent of the original bid amount.   

 

2.l6   WASH LINE 

With each well, a temporary wash line will be constructed to convey water produced during test pumping 

into a natural drainage at the site.  The wash line will be designated to prevent water from ponding at the 

well site or neighboring facilities.   
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Ground-Water Hydrology and Water Quality of the 
Southern High Plains Aquifer, Melrose Air Force Range, 
Cannon Air Force Base, Curry and Roosevelt Counties, 
New Mexico, 2002-03

By Jeff B. Langman, Fredrick E. Gebhardt, and Sarah E. Falk
Abstract

In cooperation with the U.S. Air Force, the U.S. Geolog-
ical Survey characterized the ground-water hydrology and 
water quality at Melrose Air Force Range in east-central New 
Mexico. The purpose of the study was to provide baseline data 
to Cannon Air Force Base resource managers to make informed 
decisions concerning actions that may affect the ground-water 
system. Five periods of water-level measurements and four 
periods of water-quality sample collection were completed at 
Melrose Air Force Range during 2002 and 2003. The water-
level measurements and water-quality samples were collected 
from a 29-well monitoring network that included wells in the 
Impact Area and leased lands of Melrose Air Force Range man-
aged by Cannon Air Force Base personnel. The purpose of this 
report is to provide a broad overview of ground-water flow and 
ground-water quality in the Southern High Plains aquifer in the 
Ogallala Formation at Melrose Air Force Range.

Results of the ground-water characterization of the 
Southern High Plains aquifer indicated a local flow system in 
the unconfined aquifer flowing northeastward from a topo-
graphic high, the Mesa (located in the southwestern part of the 
Range), toward a regional flow system in the unconfined 
aquifer that flows southeastward through the Portales Valley. 
Ground water was less than 55 years old across the Range; 
ground water was younger (less than 25 years) near the Mesa 
and ephemeral channels and older (25 years to 55 years) in the 
Portales Valley. Results of water-quality analysis indicated 
three areas of different water types: near the Mesa and ephem-
eral channels, in the Impact Area of the Range, and in the 
Portales Valley. Within the Southern High Plains aquifer, a 
sodium/chloride-dominated ground water was found in the 
center of the Impact Area of the Range with water-quality 
characteristics similar to ground water from the underlying 
Chinle Formation. This sodium/chloride-dominated ground 
water of the unconfined aquifer in the Impact Area indicates a 
likely connection with the deeper water-producing zone. No 
pesticides, explosives, volatile organic compounds, semivola-
tile organic compounds, organic halogens, or perchlorate were 

found in water samples from the Southern High Plains aquifer 
at the Range.

Introduction

In 2001, Cannon Air Force Base (Cannon AFB) environ-
mental managers implemented an investigation to protect the 
water resources at the Melrose Air Force Range (Range) to 
ensure the continued operation of the Range and all current 
(2004) activities. In cooperation with the U.S. Geological 
Survey (USGS), a hydrologic study was conducted to character-
ize ground-water hydrology and ground-water quality of the 
unconfined aquifer at the Range. This aquifer is part of the 
western extension of the Southern High Plains aquifer in the 
Ogallala Formation. 

The Range is located in Curry and Roosevelt Counties, 
New Mexico (fig. 1), about 25 mi west of Cannon AFB, and 
covers 87,925 acres (Cannon AFB owned, public domain, and 
restricted easement). The Range was established in 1952 and 
has been in use from its inception to present (2004) as a bomb-
ing and air-to-ground gunnery range. The primary user of the 
Range is the 27th Fighter Wing of Cannon AFB, but the Range 
provides support training for aircraft from bases in Alaska, 
Arizona, Arkansas, Colorado, Idaho, Louisiana, Missouri, 
North Dakota, and Texas as well as other bases in New Mexico. 
Live ordnance was used at the Range from 1952 to 1969, affect-
ing an area of about 7,000 acres (Cannon Air Force Base, 2002).

The Impact Area of the Range (inner area of Range used 
for aircraft target practice), northeast of the landform known as 
“the Mesa,” consists of grasslands with a grid of access roads 
and bombing targets (vehicles, aircraft, and artificial targets) 
and is defined by a historical boundary that previously delin-
eated the extent of the entire Range (fig. 1). In 1990-91, the 
boundary of the Range was expanded through the acquisition of 
agricultural and range land parcels on all sides. These parcels 
(leased lands) are currently part of Range property but are 
leased to the prior owners for continued use as agricultural and 
range land. Leaseholders use the unconfined aquifer for irriga-
tion and stock watering.
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Figure 1. Location of Melrose Air Force Range, Impact Area, and monitoring wells.
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Introduction 3
The Range includes eight historical land-use sites that are 
under investigation as part of the Cannon AFB Environmental 
Restoration Program. All eight sites are no longer in use and 
include four solid waste management units (SWMU’s) and four 
areas of concern (AOC’s) (fig. 1). The SWMU’s include three 
areas of solid waste burial (SWMU 114, 115, and 117) and an 
explosive ordnance detonation (EOD) pit (SWMU 118) that 
was created for treatment of unusable munitions but was never 
used (Cannon Air Force Base, 2002). The AOC’s include a can-
tonment (temporary housing quarters) burial site (MA01), a 
helicopter pad that likely included the storage of petroleum 
products (MA02), a domestic waste burial site (MA03), and a 
munitions burial site (MA04). Range Headquarters (fig. 1) con-
sists of various buildings and storage yards for Range operation. 

Purpose and Scope

This report describes the ground-water hydrology and 
water quality in the Southern High Plains aquifer at the Range. 
The purpose is to provide Cannon AFB resource managers with 
reliable ground-water data and a broad overview of the ground-
water system for future planning efforts to protect the aquifer 
and ensure continued operation of the Range and all its current 
(2004) activities. 

A 29-well monitoring network covering the Impact Area 
and leased lands of the Range was used from 2002 to 2003 for 
water-level measurements and water-quality sample collection. 
All ground-water samples were analyzed for specific conduc-
tance, dissolved oxygen, turbidity, temperature, pH, dissolved 
solids, alkalinity, cyanide, sulfide, major ions, nutrients, 
organic carbon, and trace elements. Additionally, a single 
ground-water sample from each well was analyzed for orga-
nochlorine and organophosphorous pesticides, nitroaromatic 
and nitramine explosives, perchlorate, chlorofluorocarbons 
(CFC’s), hydrogen and oxygen stable isotopes, and dissolved 
gases. One sample from each well in the Impact Area was 
analyzed for volatile organic compounds, semivolatile organic 
compounds, and total organic halogens. All constituents are dis-
cussed relative to their spatial and temporal distribution at the 
Range and not to regulatory standards. All samples were col-
lected as “whole” water (unfiltered) samples because of the use 
of unfiltered water on the Range for agriculture and stock-tank 
supply.

Description of the Study Area

The Range is located in the Southern High Plains physio-
graphic region (Fenneman and Johnson, 1946) and lies atop a 
large plateau known as the Llano Estacado that slopes gently to 
the east-southeast from eastern New Mexico into west Texas 
(Fahlquist, 2003). Range topography (excluding the Mesa) is 
open and mostly flat and gently slopes to the northeast. The 
Mesa dominates the southwest part of the Range, is a topo-
graphic high for the Range, and is part of the Western Caprock 
Escarpment that defines the western boundary of the Southern 

High Plains aquifer (Nativ, 1988). The Mesa has a plateau area 
of about 7,775 acres ranging in altitude from 4,600 to 4,700 ft 
and forms the surface basin boundary between the Pecos River 
Basin to the west and the Portales Valley to the east (fig. 1). No 
surface-water bodies are located within the Range except minor 
ephemeral channels including the Chapman Draw and the 
Cañada del Tule, which originate at the Mesa (fig. 1). The 
Range is located in the Plains-Mesa Grassland vegetation unit 
(Dick-Peddie, 1993), and vegetation consists of grasses and 
shrubs.

The Range is located within a semiarid region (Tuan and 
others, 1969). The Range area receives an average of 16.30 in. 
of precipitation a year; average minimum and maximum tem-
peratures are 42.1 and 72.6 degrees Fahrenheit (Western 
Regional Climate Center, 2001). Most precipitation at the 
Range falls during the summer months (Western Regional 
Climate Center, 2001), and most of the precipitation is likely 
lost to evaporation. Annual pan evaporation at a weather station 
in Clovis (about 30 mi east of the Range) averages 86.64 in.; 
evaporation is largest from May through August (Western 
Regional Climate Center, 2000). 

Water use at the Range is limited to stock tanks, three irri-
gation wells, and two domestic wells that supply the Range 
Headquarters. Cannon AFB personnel installed submersible 
pumps in wells around the Range to provide water for a system 
of stock tanks located on the leased lands. Pumpage is not mon-
itored, and pumps operate according to pressure in intermediary 
holding tanks determined by stock-tank water levels. Pumpage 
is largest during the summer months when cattle require more 
water and higher evaporation reduces water levels in stock 
tanks (Kerry Hubbell, Cannon Air Force Base, oral commun., 
2002). Water pumped for the stock-tank system is not treated 
and is fed directly into the distribution system. Two of the irri-
gation wells are in the northern part of the Range and the third 
irrigation well is in the eastern part. Two wells at Range Head-
quarters supply water for fire suppression and non-potable 
domestic supply. Water usage is not monitored but is likely 
small because of infrequent fire activity and a total Range per-
sonnel of about 20 people. The Range is located in an unde-
clared ground-water basin of the Southern High Plains aquifer 
in New Mexico (New Mexico Office of the State Engineer, 
2004). 

The geologic structure of the Southern High Plains aquifer 
at the Range includes the Chinle1, Ogallala, and Blackwater 
Draw Formations. The Chinle Formation of Triassic age forms 
the base of the unconfined Southern High Plains aquifer at the 
Range, consists mostly of clay with some intermixed sand and 
silt, and ranges in thickness from 0 to 400 ft for eastern New 

1The Chinle Formation has various accepted names: Chinle Formation, 
Chinle Formation of the Dockum Group, and Chinle Group (U.S. Geological 
Survey, 2002). All three names have been used for geologic description of 
areas in east-central New Mexico with usage dependent on locally identified 
units. Given a lack of identified units in the Range area, although this upper 
unit is possibly the Redonda Formation of the Chinle Group (Hester and Lucas, 
2001), “Chinle Formation” is used in this report. Locally, this formation is 
known as the “red beds.”
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Mexico (McGowen and others, 1977). The Ogallala Formation 
of Tertiary age is the uppermost formation for the central and 
southern parts of the Range and lies unconformably atop the 
upper unit of the eastward-dipping Chinle Formation (Dutton 
and others, 2001). The Ogallala Formation consists of eolian 
sand and silt and fluvial and lacustrine sand, silt, clay, and 
gravel (McLemore, 2001), and can range in thickness from 30 
to 600 ft in eastern New Mexico and west Texas (Gustavson, 
1996). 

The Blackwater Draw Formation of Quarternary age over-
lies the Ogallala Formation in the northern part of the Range, 
consists mostly of eolian sand deposits, and can range in thick-
ness from 0 to 80 ft for eastern New Mexico (McLemore, 
2001). A caliche layer is typically present in the unsaturated 
zone of the Blackwater or Ogallala Formations in New Mexico 
(Hart and McAda, 1985), buts its characteristics at the Range 
are unknown. Gustavson (1996) indicated that the caliche 
forming the Western Caprock Escarpment was pedogenic 
carbonate that accumulated locally during the Tertiary and 
Quarternary Periods and that other buried caliche layers in the 
Ogallala Formation are not well known. Drilling at the Range 
and Cannon AFB has indicated that caliche is discontinuous, of 
variable thickness, and typically found within 30 ft of the 
surface (Fredrick Gebhardt, U.S. Geological Survey, oral 
commun., 2004).

The surface deposits of the Range consist of sand and 
gravel facies and playa deposits of the Blackwater Draw, Ogal-
lala, and Chinle Formations (fig. 2). Eolian deposits of thin sand 
with interbeds of caliche of the Blackwater Draw Formation 
compose the Mesa surface. The northern part of the Range 
occupies the upper reach of the Portales Valley (fig. 1), and is 
composed of reworked material from the Blackwater Draw and 
Ogallala Formations (McLemore, 2001). Eolian deposits of the 
Blackwater Draw Formation are present in the northern part of 
the Range as sand deposits and dunes, and the Chinle Formation 
is exposed in the southwestern portion of the Range near the 
Mesa.

The saturated Ogallala Formation deposits at the Range 
are within the western boundary of the Southern High Plains 
aquifer (Hart and McAda, 1985). In New Mexico, the Southern 
High Plains aquifer is part of a larger aquifer system extending 
from South Dakota to Texas and is commonly referred to as the 
Ogallala aquifer. The part of the Southern High Plains aquifer 
in New Mexico is composed of hydraulically connected geo-
logic units of late Tertiary or Quaternary age and is underlain by 
rocks of Triassic, Jurassic, and Cretaceous age (Hart and 
McAda, 1985). The unconfined Southern High Plains aquifer is 
composed primarily of the Ogallala Formation (McLemore, 
2001). 

 The Chinle Formation has informally been divided into 
upper and lower units (McGowen and others, 1977; Dutton and 
Simpkins, 1986). The upper unit is mud-rich with discontinuous 
sand deposits (Dutton and Simpkins, 1986), and contains a con-
fined aquifer that typically produces only 1-2 gal/min of water 
(Trauger, 1972). The erosional surface of the upper unit of the 
Chinle Formation creates an uneven contact with the Ogallala 

Formation. The Tertiary deposits filled the valleys, uplands, and 
fluvial channels of the eroded Triassic deposits (Gustavson, 
1996). Coarser material was deposited in the paleochannels and 
finer sediments in the interchannel areas (Fahlquist, 2003). 
Sand and clay layers are known to overlie the Chinle Formation 
in eastern New Mexico and west Texas, thereby creating vari-
able permeabilities across the contact with the overlying forma-
tion (Nativ and Gutierrez, 1988).

The unconformity and variable deposition of sediments 
between the Ogallala and Chinle Formations created discontin-
uous zones of horizontal lithology that produced highly variable 
spatial porosity and permeability. The variable spatial porosity 
and permeability produced a discontinuous aquifer in the Ogal-
lala Formation near the Western Caprock Escarpment. Using 
water levels, Hart and McAda (1985) mapped areas of this dis-
continuous aquifer at the Range and surrounding area and deter-
mined that the discontinuity extends from the Western Caprock 
Escarpment to areas east of the Range within Roosevelt County. 
The unconformity at the contact of the Ogallala and Chinle 
Formations also creates variable vertical permeabilities. Nativ 
(1988) found permeable and low permeable sequences of the 
Ogallala-Chinle contact in Roosevelt County southeast of the 
Range, and found differences in water quality in the Southern 
High Plains aquifer along the Western Caprock Escarpment that 
indicated an upward leakage of Chinle Formation water into the 
Southern High Plains aquifer. 

 Diffuse areal recharge to the Southern High Plains aquifer 
has been estimated to range from 0.01 in. per year (Stone and 
McGurk, 1985) to 1.71 in. per year (Mantei and others, 
1966-67) with most estimates less than 1 in. per year (Mushar-
rafieh and Logan, 1999). Ground water in the New Mexico part 
of the Southern High Plains aquifer is generally suitable for 
domestic, municipal, and irrigation uses. The water typically 
contains large concentrations of calcium, magnesium, and 
bicarbonate and potentially objectionable concentrations of 
chloride and fluoride for domestic use (Hart and McAda, 1985). 
Water from older formations, such as the Chinle, is known to be 
of poorer quality (Nativ, 1988). 

Farmers began using the Southern High Plains aquifer in 
the 1940’s for irrigation, and about 94 percent of the water 
pumped from the entire High Plains aquifer was used for irriga-
tion in 1995 (McGuire and others, 2003). Because of substantial 
annual pumpage from the aquifer (approximately 17 million gal 
in 1995), water levels have been declining in the High Plains 
aquifer since development first began. In New Mexico, water 
levels in the Southern High Plains aquifer have declined less 
than the substantial declines recorded in other States (greater 
than 150 ft in parts of west Texas), but in New Mexico, the sat-
urated thickness of the Southern High Plains aquifer is gener-
ally less than 100 ft.

Within New Mexico, ground water in the Southern High 
Plains aquifer generally flows eastward (Hart and McAda, 
1985), which is considered the overall direction of regional flow 
in the unconfined aquifer. Using 1978 water-level data, Hart 
and McAda (1985) estimated the depth to water to be about 
100 ft below land surface throughout the Range. In 1987 and 
1992, the USGS measured depth to water ranging from about 
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Figure 2. Surface geology of Melrose Air Force Range. Modified from New Mexico Bureau of Geology and Mineral Resources, 2003.
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40 to 125 ft across the Range. In 2000, water levels measured in 
the center of the Range by a private contractor ranged from 50 
to 150 ft below land surface (Dennis Timmons, Cannon Air 
Force Base, written commun., 2002). 

Previous Studies

Although no published hydrologic studies have been con-
ducted at the Range, water-level and water-quality data are 
available. Water levels in 13 of the 29 wells used in this study 
have been measured on multiple occasions since 1962 as part of 
a USGS statewide program. Additionally, water levels in wells 
near the SWMU’s and AOC’s have been measured on three 
occasions by either private contractors or the USGS at the 
request of Cannon AFB as part of their Pollution Prevention 
Program (Dennis Timmons, Cannon Air Force Base, oral 
commun., 2002). Wells at the SWMU’s and AOC’s were 
installed in 1995 for Cannon AFB by the U.S. Army Corps of 
Engineers for pollution prevention monitoring. A declining 
water table has resulted in multiple dry monitoring wells since 
installation. 

In 1996 and 2000, a private contractor collected water-
quality samples from selected SWMU and AOC monitoring 
wells. In 1996, the private contractor collected ground-water 
samples from all four wells at SWMU 114 (fig. 1) for analysis 
of major ions and trace elements (Foster Wheeler, Environ-
mental Corporation, written commun., 1996). In 2000, the con-
tractor collected samples from all four wells at SWMU 114, all 
four wells at MA01, and one well at MA02 (fig. 1) for analysis 
of cyanide, major ions, nitrate, trace elements, nitrogen-based 
explosives, and volatile organic compounds. In 2001, the USGS 
collected water-quality samples from eight of the nine moni-
toring wells sampled by the contractor in 2000 (Fredrick 
Gebhardt, U.S. Geological Survey, oral commun., 2002). These 
samples were analyzed for concentrations of the same constitu-
ents as in 2000 with the addition of perchlorate. The results of 
all contractor and USGS ground-water analyses were not pub-
lished but were submitted to Cannon AFB as informal data 
submissions as part of Cannon AFB’s Pollution Prevention 
Program. No explosives or volatile organic compounds larger 
than laboratory method reporting limits were detected.

In 1993, the USGS conducted an investigation of SWMU 
118 as part of Cannon AFB’s Resource Conservation and 
Recovery Act (RCRA) application for permitting the EOD pit 
(Cannon Air Force Base, 1993). Soil and core samples were 
analyzed for trace elements and explosives. No explosives were 
detected in soil or core samples, and only concentrations of 
beryllium in soil were larger than RCRA action levels (Cannon 
Air Force Base, 1993).

Study Methods

The study design implemented methods described by 
Lapham and others (1997), and ground-water sample collection 
followed guidelines established by Wilde and others (1998). 

Well Sites

Potential monitoring network wells were examined in the 
field with Cannon AFB personnel, and 27 wells were selected 
to be included in the network (fig. 1 and table 1). Twelve wells 
(non-working windmills) were selected only for water-level 
measurements (MWL designator), and 15 wells were selected 
for water-quality sampling and water-level measurements 
(MWQ designator). Seven of the 15 wells had submersible 
pumps previously installed as part of the stock-tank system. The 
remaining eight water-quality wells were previously used as 
windmills, irrigation wells, or monitoring wells. Former wind-
mills and irrigation wells no longer contain installed pumps. All 
27 wells had a single screen set in the unconfined aquifer in the 
Ogallala Formation.

In June 2002, two additional monitoring wells (MWQ 1 
and MWQ 2; fig. 1 and table 1) were installed by the USGS in 
an area devoid of wells. Well MWQ 1 was completed in the 
Ogallala Formation, and well MWQ 2 was completed in the 
upper unit of the Chinle Formation. MWQ 1 initially yielded 
small quantities of water during well development but provided 
insufficient water for sampling. MWQ 1 was possibly screened 
in a discontinuous aquifer zone.

Ground-Water Sample Collection and Analysis 

Water levels were measured below a known, fixed altitude 
from March 2002 to March 2003 using either an electric tape or 
steel tape. Water-quality samples were collected from June 
2002 to March 2003 using one of two methods depending on 
well configuration. Samples from the seven wells with sub-
mersible pumps were collected from spigots located between 
the well and holding tanks. Samples from the remaining wells 
were collected using a portable environmental-submersible 
pump. 

Water-quality samples were collected and analyzed as 
whole water for selected constituents depending on the sample 
period (table 2). Whole water was collected because wells at the 
Range provide untreated water for stock tanks throughout the 
Range and for irrigation in the northern and eastern parts of the 
Range.

Standard field measurements of specific conductance, dis-
solved oxygen, turbidity, pH, and temperature were collected at 
each site during each sample period using portable field meters 
and a flow-through chamber to reduce atmospheric influences. 
Stable field measurements were used to determine sufficient 
purge amounts for sampling formation water.

Median concentrations and ranges were used to evaluate 
spatial and temporal variability. Standard field measurements 
and concentrations of dissolved solids, alkalinity, cyanide, sul-
fide, major ions, nutrients, organic carbon, and trace elements 
reported in the text are median values. Concentrations of 
CFC’s, stable isotopes, dissolved gases, pesticides, explosives, 
volatile organic compounds, semivolatile organic compounds, 
total organic halogens, and perchlorate are individual sample 
concentrations. 
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Table 1. Melrose Air Force Range study area monitoring-well information.

[All wells, except MWQ 2, were completed in the Ogallala Formation. MWQ 2 was completed in the Chinle Formation. USGS, U.S. Geological Survey; Cannon 
AFB, Cannon Air Force Base; NAVD 88, North American Vertical Datum of 1988; ft bls, feet below land surface; MWQ, Melrose Air Force Range water-level 
and water-quality well; MWL, Melrose Air Force Range water-level well; NA, not available; -----, not applicable; Well depth, study depth (original depth)]

Well number 
(fig. 1)

USGS well site 
identification number

Cannon AFB
common name

Land-surface altitude
(ft above NAVD 88)

Well depth
(ft bls)

Casing 
material

Dedicated 
pump

Wells used for water-quality sampling and water-level measurements

MWQ 1 341714103442501 ----- 4,288.80 134 (125)  PVC No

MWQ 2 341714103442502 ----- 4,288.80 240 (245)  PVC No

MWQ 3 341820103442601 Ashley pump 4,266.30 163 (164)        Steel               Yes

MWQ 4 342152103444201 Solar pump 4,200.12 NA (NA)  PVC Yes

MWQ 5 342031103464701 Telephone pole 4,229.80 101 (103)  Steel Yes

MWQ 6 342048103492701 Homestead 4,268.68 NA (NA) Steel                Yes

MWQ 7 342046103503501 Grider at gate 4,258.18 99 (101)  Steel                Yes

MWQ 8 341720103494701 Below golf ball 4,466.57 113 (NA)  Steel No

MWQ 9 341533103485801 Hand dug 4,488.30 42 (60)  None No

MWQ 10 341954103503101 Luce jog 4,637.69 58 (60)  Steel Yes

MWQ 11 341345103494301 Parker house 4,661.96 NA (NA)  Steel Yes

MWQ 12 341828103460001 Eroded tank 4,403.45 63 (NA)  Steel No

MWQ 13 341440103411101 Hidden mill 4,277.38 177 (165)    Steel                No

MWQ 14 341640103470501 EOD pit 4,378.68 120 (NA)   PVC                 No

MWQ 15 341743103470801 MA02MW001D 4,354.29 183 (182)  PVC                 No

MWQ 16 341825103470301 SWMU114MW004 4,321.25 181 (181)  PVC                 No

MWQ 17 341845103475801 MA01MW003 4,341.30 161 (160)  PVC                 No

Wells used for water-level measurements

MWL 1 341658103411901 Mini-mute east 4,237.38 120 (126)  Steel No

MWL 2 341758103450401 NE100 mill 4,289.45 139 (NA)  Steel No

MWL 3 341956103452201 Luce NW 4,222.34 74 (NA)  Steel No

MWL 4 342044103451401 Firebreak fence 4,215.80 57 (NA)  Steel No

MWL 5 342155103453101 Glass jog pvc 4,192.67 34 (NA)  PVC No

MWL 6 341958103485401 Brackish mill 4,301.08 NA (NA)  Steel                No

MWL 7 342026103475101 Fence line dip 4,253.91 110 (125)        Steel                No

MWL 8 342050103485101 Davis trap mill 4,257.51 114 (114)        Steel                No

MWL 9 342200103475501 Northern end 4,238.52 49 (NA)        Steel                No

MWL 10 341542103502901 Three mills 4,574.99 51 (NA)        Steel                 No

MWL 11 341254103513501 Luce 480 mill 4,576.70 NA (138)      Steel                 No

MWL 12 341249103470601 County road 4,444.62 58 (62)         Steel                 No
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Table 2. Water-quality constituents and laboratory analysis methods.

[USEPA, U.S. Environmental Protection Agency; sample periods: June 2002, September 2002, December 2002, and March 2003; ºC, degrees Celsius; 
CFC, chlorofluorocarbon; -----, not applicable]

Analysis constituent or group Description Wells USEPA Method1 Sample periods

Dissolved solids Filterable residue All MCAWW 160.12 June, September, 
December, March

Alkalinity Alkalinity as calcium carbonate All MCAWW 310.1 June, September, 
December, March

Cyanide All SW846 9012A3 June, September, 
December, March

Sulfide All SW846 9030B June, September, 
December, March

Major ions Ca, Mg, Na, K, HCO3, SO4, Cl, F, Br All MCAWW 300.0A June, September, 
December, March

Nutrients Nitrate plus nitrite, ammonia, phosphorus All MCAWW 300.0A June, September, 
December, March

Organic carbon All SW846 9060 June, September, 
December, March

Trace elements Ag, Al, As, Ba, Be, Cd, Co, Cr, Cu, Fe, 
Mn, Mo, Ni, Pb, Sb, Se, Tl, V, Zn

All SW846 7470A, 
SW846 6010B

June, September, 
December, March

Organochlorine pesticides 21 chlorine-based pesticides All SW846 8081A June

Organophosphorous pesticides 27 phosphorous-based pesticides All SW846 8141A June

Nitroaromatic and nitramine 
explosives

14 nitrogen-based explosive compounds All SW846 8330 June

Volatile organic compounds 66 organic compounds with low boiling 
points (less than 200 °C)

MWQ 14 - 17 SW846 8260B March

Semivolatile organic 
compounds

107 neutral, basic, and acidic organic 
compounds that are soluble in methyl-
ene chloride

MWQ 14 - 17 SW846 8270C March

Total organic halogens All halogenated carbon compounds MWQ 14 - 17 SW846 9020B March

Perchlorate All EPA 314.0 June, March (wells 
MWQ 14-17)

Chlorofluorocarbons CFC-11, 12, and 113 All except MWQ 9 ---- December

Hydrogen isotopes 2H/1H ratio All except MWQ 9 ---- December

Oxygen isotopes 18O/16O ratio All except MWQ 9 ---- December

Dissolved gases N2, CO2, CH4, Ar All except MWQ 9 ---- December

1All water-quality constituents except CFC’s, stable isotopes, and dissolved gases were analyzed by the U.S. Geological Survey (USGS) contract laboratory- 
Severn Trent Laboratories in Arvada, Colorado. CFC’s, stable isotopes, and dissolved gases were analyzed by the USGS CFC/Dissolved Gas/Isotope Laborato-
ries in Reston, Virginia.

2U.S. Environmental Protection Agency, 1983.
3U.S. Environmental Protection Agency, 1986.
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Small concentrations are discussed relative to method 
reporting limits and method detection limits. Method reporting 
limits are the smallest concentrations at which measurements 
become quantitatively meaningful (quantitation limit) (U.S. 
Environmental Protection Agency, 2000). Method reporting 
limits are typically about three times the method detection limit. 
Method detection limits are defined as the statistically calcu-
lated minimum concentration that can be measured with 99 per-
cent confidence that the reported value is greater than zero, and 
are determined from replicate analyses of small concentration 
standards in a typical representative matrix (U.S. Environmen-
tal Protection Agency, 2000).

Chlorofluorocarbon, Stable Isotope, and 
Dissolved Gas Analysis

CFC, stable isotope, and dissolved-gas concentrations 
were used to evaluate the age of ground water and associated 
information about recharge, source waters, and chemical and 
(or) biological influences. Ground-water CFC concentrations 
(CFC-11, CFC-12, CFC-113) were compared to known CFC 
atmospheric concentrations during the past 60 years to estimate 
when the water entered the ground-water system as recharge 
(Plummer and Busenberg, 2000). The stable isotopic ratios for 
hydrogen and oxygen plus the concentrations of dissolved 
oxygen, carbon dioxide, methane, and argon were used to eval-
uate any potential biochemical influences on CFC concentra-
tions during storage. Additionally, isotopic differences were 
used to differentiate potential source waters, and dissolved-gas 
concentrations were used to examine chemical and (or) biolog-
ical influences on water quality.

Because of fractionation processes (such as evaporation, 
isotopic exchange, and microbial activity), water and solutes 
often develop unique isotopic compositions (ratios of heavy to 
light isotopes) that may be indicative of their source or of the 
processes that formed them (Kendall and Caldwell, 1998). 
Delta (δ)  refers to the ratio (R) of heavy to light isotopes 
divided by the Vienna Standard Mean Ocean Water (VSMOW) 
minus one unit (δ = (Rsample/Rstandard) - 1). The isotopic ratio is 
presented in thousandths (per mil, ‰) and is normalized to the 
per mil scale (Gonfiantini, 1984; Hut, 1987; Coplen, 1988 and 
1994).

Dissolved-gas concentrations in ground water can change 
according to gas inputs from atmospheric and chemical 
sources and reduction/oxidation conditions (Plummer and 
Busenberg, 2000). Large nitrogen-gas concentrations can be 
attributed to contamination, denitrification, or fluctuating 
water levels and the absorption of entrapped gas within the 
vadose zone. Methane can indicate reduction of organic com-
pounds, and carbon dioxide can indicate biodegradation. As a 
conservative gas, argon can be used to view changes to 
nitrogen when dissolved nitrogen compounds are undergoing 
reduction or oxidation. Oxygen in the atmosphere and in the 
unsaturated zone is dissolved in precipitation and recharge 
water and can be consumed by oxidizable material, principally 

organic matter and reduced inorganic minerals encountered 
along the flow path.

Contaminant Monitoring

Because of current (2004) and historical military, grazing, 
and agricultural land uses at the Range, ground water was ana-
lyzed for pesticides, explosives, volatile organic compounds, 
semivolatile organic compounds, total organic halogens, and 
perchlorate (table 2). Because the historical use of pesticides is 
undocumented, water from all wells was analyzed for 21 orga-
nochlorine and 27 organophosphorous pesticides. Water from 
all wells was analyzed for nitrogen-based explosives because of 
the use of live ordnance at the Range from 1952 to 1969. Water 
from wells in the Impact Area was analyzed for volatile organic 
compounds, semivolatile organic compounds, and total organic 
halogens because of past activities at the SWMU’s and AOC’s. 
Because of the recent detection of perchlorate, an oxidizing 
agent in rocket fuel, at military installations across the Nation, 
one sample from each well was analyzed for this compound.

Quality Assurance and Quality Control

Quality-assurance procedures were used for water-level 
measurements and for collection and field processing of water-
quality samples to ensure the accuracy of the data and to assist 
in interpretation of the data. Water levels in wells with dedi-
cated submersible pumps were measured repeatedly to ensure 
that water levels were stable and not recovering from recent 
pumping. The portable submersible pump used to collect water-
quality samples was decontaminated prior to use in each well. 
For all wells except the 4-foot diameter, hand-dug well 
(MWQ 9), a minimum of one well volume was pumped prior to 
sample collection. During purging, field values of specific con-
ductance, pH, dissolved oxygen, turbidity, and water tempera-
ture were monitored and allowed to stabilize prior to sample 
collection. All open casing wells pumped dry following one 
well volume extraction. Wells with dedicated pumps were 
purged for three well volumes because of the availability of 
water in the surrounding formation. MWQ 9 could not be 
purged a full well volume because of the well’s large diameter; 
all results for MWQ 9 are qualified for possible non-represen-
tation of ground water in the surrounding formation. 

Four types of quality-control samples were collected in the 
field as part of this study: replicates, field-equipment blanks, 
matrix spikes, and trip blanks. In addition to field quality-con-
trol samples, Severn Trent Laboratories used internal quality-
assurance practices to provide quality control of analytical pro-
cedures. These practices included laboratory-control sample 
analysis and method-blank sample analysis. For comparison of 
quality-control sample results, data-quality objectives defined 
by Severn Trent Laboratory were used to evaluate the quality of 
the laboratory results (supplemental information located in the 
back of the report). All water-quality concentrations determined 
to have quality-control issues are qualified in the results tables 
in the “Ground-Water Quality” section.
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Water-quality data were examined for concentration bias 
because suspended particulates in water samples may have pro-
duced outlier concentrations in the well data sets (supplemental 
information). With unfiltered samples, there is a potential for 
suspended particulates in well water to bias valid samples of 
formation water because of accumulated concentrations on par-
ticles and (or) matrix interference. Regular pumping of the ded-
icated pumps for the stock-tank system provided those wells 
with sufficient purging to keep the water clear of particulates. 
Samples collected with the portable submersible pump had the 
potential to include particulates without sufficient purging. By 
examining data-set outliers and turbidity, samples that were 
likely influenced by particulates were identified and qualified 
accordingly. 
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Ground-Water Hydrology

During installation of wells MWQ 1 and 2, drill cuttings 
indicated a thin soil layer underlain by a thin caliche layer fol-
lowed by various layers of sand and silt (fig. 3). A saturated 
gravel layer was encountered between 125 and 130 ft below 
land surface and is underlain by a thin layer of sand, likely the 
base of the Ogallala Formation. The altitude of the gravel layer 
is consistent with the altitude of total depths in most windmills, 
stock wells, and monitoring wells that were installed in and 
around the Range to pump water from the unconfined aquifer. 
Underlying the gravel and thin sand layer is a clay layer about 
50 ft thick, which grades into clay with various percentages of 
sand and silt with some sand stringers. A 2-ft-thick water-
yielding zone was present in the clay, sand, and silt deposits of 
the Chinle Formation at about 235 ft below land surface.

Drilling logs on file with the New Mexico Office of the 
State Engineer indicate a similar lithology in other areas of the 
Range not dominated by the Mesa. The top of the unconfined 
aquifer is typically between 80 and 150 ft below land surface, 
aquifer thickness ranges from 5 to 40 ft, and the aquifer is typi-
cally underlain by a clay layer. Drilling at most sites did not 
proceed into this clay layer. This clay layer defines the base of 

the Ogallala Formation at the Range, which represents the base 
of the unconfined aquifer (fig. 4). 

Ground-Water Age

Ground-water ages, as determined by CFC age-dating 
analysis, ranged from 10 to 55 years across the Range. Younger 
ground water (less than 25 years) generally was found near the 
Mesa and in the Impact Area, whereas older ground water (gen-
erally 40 to 55 years) was typically found in the Portales Valley 
(fig. 5). Water from MWQ 11, atop the Mesa, was slightly older 
(30 years) than water from nearby MWQ 10 (20 years), and 
water from MWQ 4, in the northern part of the study area, was 
younger (20 years) than nearby wells (45 to 55 years) in the 
Portales Valley. MWQ 4 is located in the sand deposits of the 
Blackwater Draw Formation, which may have aided local 
recharge.

Local CFC inputs may have elevated CFC concentrations 
(concentrations of one or two of the three CFC compounds were 
larger than those found in the atmosphere during the history of 
CFC production) in ground water in the Impact Area, indicating 
that CFC concentrations were possibly a mixture of atmo-
spheric sources and local sources from Range activities. Ele-
vated CFC concentrations reduced the validity of ground-water 
ages for samples from wells MWQ 8 and 14-17. Age determi-
nations in these wells were based on one or two CFC com-
pounds instead of the three compounds. Elevated CFC concen-
trations may indicate that prior land uses affected water quality 
in the Impact Area.

The young age (25 years) of ground water in well MWQ 2 
in the Chinle Formation is unusual because of similar ground-
water ages in the unconfined aquifer in the Impact Area and the 
older water from the regional flow system in the Portales 
Valley. Deeper ground water is typically older because it is 
farther from recharge areas than younger ground water that is 
recharged in shallower deposits. Analysis of water from 
MWQ 2 did not indicate elevated CFC concentrations but did 
indicate possible mixing of different ground waters. This possi-
ble mixing suggests a connection between the unconfined aqui-
fer in the Ogallala Formation and the deeper, confined aquifer 
in the Chinle Formation or similar recharge areas.

Ground-Water Levels

Water levels in the unconfined aquifer declined from 1962 
to 2003 at the Range. This decrease corresponds with declining 
water levels found across the Southern High Plains aquifer 
(McGuire and others, 2003). Wells shown in figure 6 are repre-
sentative of the data available for water-level declines at the 
Range during this period. Ground-water levels in wells with 
available data (13 wells) declined from about 1 ft (MWQ 12) to 
18 ft (MWQ 3) during varying periods of record from 1962 to 
2003. The water level in well MWQ 12 fluctuated about 2 ft and 
declined about 1 ft from 1975 to 2003 (fig. 6). Well MWQ 12 is 
located adjacent to and may be influenced by channel recharge 
from an ephemeral tributary of the Cañada del Tule.
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Figure 3. Lithology and hydrogeology of Ogallala and Chinle Formations at well MWQ 2, Melrose Air Force Range.
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Figure 4. Altitude of the base of the Ogallala Formation at Melrose Air Force Range.
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Figure 5. Age of ground water at Melrose Air Force Range, December 2002.
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Figure 6. Depth to water from land surface in selected wells at Melrose Air Force Range, 1962-2003.
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During the study period, water levels varied less than 1 ft 
from minimum to maximum depth to water in 21 of the 28 
wells. Examples of water-level variations during the study 
period are shown in figure 7. Water levels in wells MWQ 4, 10, 
and 11 and MWL 1, 5, 7, and 10 ranged from 1.11 (MWL 7) to 
5.27 ft (MWQ 11). The water level in MWQ 11 may have been 
influenced by pumping, and a slow recovery was not detected 
during a water-level measurement.

Potentiometric Surfaces

The median potentiometric surface of ground water in the 
Chinle Formation at well MWQ 2 was about 4,171 ft above 
NAVD 88 and was higher than the potentiometric surface of 
wells in the unconfined aquifer in the immediate area. Upward 
leakage of water from the Chinle Formation to the Ogallala 
Formation is inhibited at well MWQ 2 because the potentiomet-
ric surface in MWQ 1 was about 10 ft lower than the potentio-
metric surface of MWQ 2. 

Locally, the confined aquifer of the Chinle Formation 
reflects geologic structure (bed dips to the northeast) as indi-
cated by similar zones found in deep boreholes drilled for oil 
and gas exploration in the Impact Area (New Mexico Office of 
the State Engineer, written commun., 2003). If the potentiomet-
ric surface of the deeper, confined aquifer of the Chinle Forma-
tion parallels the dip of the bed, the potentiometric surface of 
the confined aquifer is likely higher to the southwest, which 
could facilitate upward leakage over a larger area of the Range 
if the clay layer separating the aquifers is discontinuous or 
permeable (fig. 3). In parts of Roosevelt County, the potentio-
metric surface of the confined aquifer of the Chinle Formation 
is higher than the potentiometric surface of the Southern High 
Plains aquifer; thus, it is assumed that upward leakage to the 
unconfined aquifer is occurring (Nativ, 1988).

Ground-Water Flow

Water-level contours for the unconfined aquifer indicate 
ground water flowing predominantly northeast from the Mesa 
to the Portales Valley (fig. 8) in the Southern High Plains aqui-
fer. The change in flow direction in the unconfined aquifer in 
the Portales Valley indicates two flow systems—local and 
regional. The local flow system is the ground water in the south-
west part of the Range that flows northeast from the Mesa, and 
the regional flow system is in the Portales Valley where ground 
water flows east to southeast across the northern part of the 
Range.

 Ground-water flow is southeast and east in the Portales 
Valley, which corresponds with previously mapped ground-
water flow (Hart and McAda, 1985). Direction of ground-water 
flow is a reflection of the contact between the Ogallala and 
Chinle Formations. This contact determines ground-water 
gradient and saturated thickness of the unconfined aquifer in the 
Ogallala Formation. The local flow-system gradient is about 
1.3 percent, and the regional flow-system gradient is about 
0.1 percent. Saturated thickness of the aquifer increases as the 
local flow system merges with the regional flow system.

Ground-Water Quality

Prior to this study, water-quality sampling at the Range 
had been conducted only at the SWMU’s and AOC’s. Because 
of the age of ground water in the unconfined aquifer (15 to 55 
years), water quality was not expected to substantially vary 
during the study period. Analysis of the water-quality data indi-
cated some temporal variation, but because of the whole-water 
sampling and potential errors in field and laboratory processes, 
the temporal variation was not considered significant for most 
constituents. 

General Physical and Chemical Properties

Median specific conductance and concentrations of dis-
solved solids in ground water at the Range varied widely 
(table 3 and fig. 9) and can be separated into three distinct 
groups. The first group includes wells in the regional flow sys-
tem (MWQ 3–7), which yielded ground water with the smallest 
median specific-conductance values, ranging from 564 to 
792 µS/cm, and the smallest median concentrations of dis-
solved solids, ranging from 370 to 525 mg/L. Water from well 
MWQ 10, located atop the Mesa, had a median specific conduc-
tance of 635 µS/cm and a median concentration of dissolved 
solids of 380 mg/L, which is similar to the regional flow system 
(MWQ 3-7). In the second group, samples collected from wells 
MWQ 9 and 11 near the Mesa and from wells MWQ 12 and 13 
near ephemeral streams in the southern part of the Range had 
larger specific-conductance values (1,100 to 1,436 µS/cm) and 
larger concentrations of dissolved solids (548 to 860 mg/L). 
Samples from a third group of wells with similar water quality 
included wells near and in the Impact Area (MWQ 14-17) and 
a well located west of the Impact Area (MWQ 8). Water from 
this group of wells had the largest median specific-conductance 
values, ranging from 2,575 to 10,665 µS/cm, and the largest 
median concentrations of dissolved solids, ranging from 1,700 
to 6,200 mg/L. 

The median concentration of dissolved solids (6,300 
mg/L) in water from the Chinle Formation (MWQ 2) was com-
parable to the median concentrations in water from wells in the 
unconfined aquifer in the Impact Area, particularly well MWQ 
16. Concentrations of dissolved solids varied substantially 
during the study period in water from wells MWQ 2 (5,260 to 
7,700 mg/L) and MWQ 16 (1,870 to 7,400 mg/L) (table 3). 

Water in the confined aquifer (MWQ 2) was the warmest 
(27.2 ºC) followed by water in well MWQ 16 in the unconfined 
aquifer (22.7 ºC). Water temperatures in wells near and in the 
Impact Area generally were higher than water temperatures in 
wells near the Mesa and in the regional flow system. Similar 
water temperatures and concentrations of dissolved solids in 
water from the unconfined aquifer and the deeper, confined 
aquifer in the Impact Area indicate a possible connection 
between the Chinle Formation and the Ogallala Formation. This 
possible connection may be allowing upward leakage from the 
deeper, confined aquifer to the unconfined aquifer in the local 
flow system.
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Figure 7. Depth to water from land surface in selected wells at Melrose Air Force Range, 2002-03.
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Figure 8. Median ground-water altitudes at Melrose Air Force Range, 2002-03.
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Table 3. Median concentrations and ranges of general physical and chemical properties for ground-water samples collected at 
Melrose Air Force Range, June 2002 to March 2003.

[All wells, except MWQ 2, completed in the Ogallala Formation; µS/cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per liter; NA, not 
available; NR, concentration is potentially non-representative of the concentration in the surrounding formation because of well construction; V, concentrations 
lack validity because of potential contamination during sample collection and (or) laboratory analysis; O, outlier(s) removed from data set prior to statistical 
analysis; <, less than]

Well number
(fig. 1)

Specific conductance
(µS/cm)

pH
(standard units)

Oxygen, dissolved
(mg/L)

Temperature
(degrees Celsius)

Median Range Median Range Median Range Median Range
1MWQ 2 NA NA 7.8 7.6-7.9 0.6 0.4-1.3 27.2 23.0-31.4

MWQ 3 792 782-803 7.8 7.6-8.2 6.7 2.9-7.1 18.9 17.4-19.2

MWQ 4 584 568-599 7.4 7.3-7.6 7.2 5.5-8.1 15.7 15.1-16.9

MWQ 5 655 631-674 7.5 7.3-7.5 5.1 2.4-7.7 17.9 17.0-18.0

MWQ 6 564 556-577 7.5 6.9-7.6 5.5 4.4-8.1 18.5 17.5-17.5

MWQ 7 769 756-850 7.5 7.3-7.9 5.2 0.0-7.6 18.2 17.4-18.8

MWQ 8 3,190 3,130-3,380 7.6 7.4-7.6 2.5 2.3-3.2 18.2 16.9-20.3

MWQ 9 1,100 NR 1,033-1,173 7.7 NR 7.1-8.2 0.3 NR 0.2-0.9 15.7 NR 14.5-17.3

MWQ 10 635 602-658 7.2 7.1-7.7 7.6 4.4-8.8 17.7 15.0-19.6

MWQ 11 1,284 949-1,623 7.6 7.4-7.9 4.4 2.3-5.3 18.8 17.7-19.7

MWQ 12 1,328 1,210-1,380 7.4 7.4-7.7 6.0 4.0-8.5 18.1 16.1-19.9

MWQ 13 1,436 1,400-1,480 7.8 7.8-8.0 5.3 3.3-7.6 20.5 19.7-21.9

MWQ 14 3,755 3,680-3,880 7.8 7.6-8.0 3.5 1.5-6.3 18.7 16.5-20.5

MWQ 15 7,520 7,270-8,700 7.6 6.9-7.7 1.1 0.2-1.7 20.4 19.6-22.8

MWQ 16 10,665 8,670-13,800 7.5 6.9-7.6 5.6 3.5-6.8 22.7 19.3-23.5

MWQ 17 2,575 1,900-2,740 7.6 7.1-7.8 6.2 4.5-7.8 19.9 17.8-22.0

Well number 
(fig. 1)

Solids, residue at 180 deg C,
dissolved (mg/L)

Alkalinity, lab
(mg/L as CaCO3)

Cyanide, total
(mg/L)

Sulfide, total
(mg/L)

Median Range Median Range Median Range Median Range
1MWQ 2 6,300 5,260-7,700 83 V 69-91 0.0043 0.0009-0.0050 <0.97 <0.97

MWQ 3 470 460-502 153 150-160 0.0037 0.0025-0.0075 <0.97 <0.97

MWQ 4 370 360-371 190 180-190 0.0042 0.0012-0.0049 <0.97 <0.97

MWQ 5 435 430-452 170 170-174 0.0045 0.0011-0.0058 <0.97 <0.97

MWQ 6 375 370-390 160 159-160 0.0046 0.0012-0.0067 <0.97 <0.97

MWQ 7 525 480-550 150 150-152 0.0024 0.0010-0.0040 <0.97 <0.97

MWQ 8 1,900 1,560-2,000 235 V 192-240 0.0034 0.0009-0.0038 <0.97 <0.97

MWQ 9 548 NR 540-570 536 NR, V 530-550 0.0032 NR 0.0010-0.0094 <0.97 NR <0.97-4.5

MWQ 10 380 378-390 229 220-250 0.0024 0.0009-0.0040 <0.97 <0.97

MWQ 11 755 545-960 185 170-218 0.0023 0.0010-0.0036 <0.97 <0.97

MWQ 12 860 797-880 280 V 280-282 0.0022 0.0004-0.0027 <0.97 <0.97

MWQ 13 804 780-830 208 V 200-210 0.0027 0.0008-0.0035 <0.97 <0.97

MWQ 14 2,390 2,300-2,500 142 V 130-150 0.0021 0.0010-0.0044 <0.97 <0.97

MWQ 15 5,000 4,700-5,000 140 V 132-150 0.0024 0.0014-0.0050 <0.97 <0.97

MWQ 16 6,200 1,870-7,400 49 V 40-60 0.0034 0.0010-0.0054 <0.97 <0.97

MWQ 17 1,700 O 1,100-1,800 145 V 100-158 0.0030 0.0015-0.0057 <0.97 <0.97

1Well MWQ 2 completed in the Chinle Formation.
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Figure 9. Median specific-conductance values and dissolved-solids concentrations in ground water at Melrose Air Force 
Range, 2002-03.
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Major Ions

As with specific conductance and dissolved solids, water 
from wells across the Range can be grouped into areas of simi-
lar major ion composition (table 4 and fig. 10). Using Back’s 
(1961) classification diagram, water from wells MWQ 9 and 10 
(near and on the Mesa) and water from wells MWQ 4-6 in the 
regional flow system was a mixed cation-bicarbonate type. 
Water from wells MWQ 11 and 13 along the southern boundary 
of the Range was a sodium-mixed anion type, and water from 
wells in and near the Impact Area (MWQ 8 and 14-17 and the 
deeper well MWQ 2) was a sodium-chloride type. Water from 
the deeper, confined aquifer in well MWQ 2 had similar ion 
characteristics as water in the unconfined aquifer at well 
MWQ 16 (fig. 10). Water from wells MWQ 3, 7, and 12 was of 
no distinct type.

A mixing pattern of source waters in the direction of 
ground-water flow can be demonstrated by ion concentrations 
in water from a line of wells (MWQ 10, 9, 14-17, and 3) that 
extends northeastward from the Mesa (predominant flow direc-
tion of the local flow system) (table 4). Mixed cation-bicarbon-
ate water with small ion concentrations flows from the Mesa 
near MWQ 9 and 10 through the Impact Area at wells MWQ 
14-17, where another source of ground water increases ion con-
centrations and the water changes to a sodium-chloride type. As 
water in the local flow system enters the regional flow system 
near well MWQ 3, the water is of no distinct type and ion con-
centrations decrease. 

Median sodium and chloride concentrations in ground 
water at the Range can be separated into the same groups as 
observed with specific conductance and dissolved solids 
(fig. 11). Concentrations in water from well MWQ 10 were the 
smallest followed by concentrations in the regional flow system 
(MWQ 4-7). Concentrations increased at wells MWQ 11-13 at 
the southern boundary of the Range. Concentrations further 
increased in water from wells MWQ 8, 14, and 17, followed by 
the largest concentrations in water from wells MWQ 15, 16, 
and 2. This increase in sodium and chloride concentrations is 
likely indicative of ground water mixing with another source of 
water that increases ion concentrations as water flows from the 
Mesa through the Impact Area.

Nutrients, Organic Carbon, and Dissolved Gases

The spatial pattern observed with other constituents was 
not evident with nutrients and organic carbon concentrations 
(table 5). All median nitrogen as ammonia concentrations were 
less than 0.40 mg/L except for well MWQ 9 (25.0 mg/L), which 
was potentially not representative of the surrounding formation 
because of the well’s open-wall construction. Median nitrogen 
as nitrate-nitrite concentrations ranged from 0.01 mg/L 
(MWQ 9) to 11.2 mg/L (MWQ 10). Orthophosphate concentra-
tions were less than the method detection limit in all samples 
except for MWQ 9 (2.0 mg/L). Median phosphorous concentra-
tions ranged from 0.01 mg/L (MWQ 16) to 2.9 mg/L (MWQ 9). 
All median organic carbon concentrations were less than 
2.00 mg/L except for wells MWQ 9 (12 mg/L) and MWQ 15 

(6.5 mg/L). Water from well MWQ 15 may have been influ-
enced by past land use (MA02).

Ground-water samples were analyzed for dissolved gases 
to examine changes across the Range according to gas inputs 
from the atmosphere, chemical sources, and reduction/oxida-
tion conditions. Methane was detected in water from wells 
MWQ 2, 6, 12, and 14-16 (table 6). The presence of methane 
likely indicates methane reduction in ground water in the Chinle 
Formation (MWQ 2) and in ground water in the Ogallala For-
mation in an agricultural area (MWQ 6), in an area influenced 
by cattle (MWQ 12), and in the Impact Area (MWQ 14-16). 

Carbon dioxide, nitrogen, and oxygen gas concentrations 
varied across the Range (fig. 12). Concentrations of carbon 
dioxide, nitrogen, and oxygen were similar in samples from 
wells in the regional flow system (MWQ 3-7), ranging from 
4.487 to 8.746 mg/L for carbon dioxide, 15.867 to 18.983 mg/L 
for nitrogen, and 5.819 to 7.004 mg/L for oxygen. Nitrogen con-
centrations in water from wells MWQ 11-13 in the southern part 
of the Range were similar, ranging from 13.915 to 14.569 mg/L. 
Oxygen concentrations were similar in water from wells 
MWQ 2 (1.535 mg/L), MWQ 8 (1.981 mg/L), and MWQ 15 
(1.634 mg/L). Nitrogen concentrations were largest in water 
from MWQ 14 (22.829 mg/L) and MWQ 15 (23.442 mg/L). 
Small oxygen and large nitrogen concentrations in water from 
well MWQ 15 may be indicative of reduction.

Trace Elements

Trace element analysis indicated limited variability across 
the Range except for aluminum, barium, chromium, manga-
nese, molybdenum, selenium, vanadium, and zinc (table 7). 
Aluminum, chromium, and zinc likely were influenced by field 
and laboratory procedures, as indicated by associated qualifiers 
and large range of values at each site. 

Median barium concentrations ranged from 15 to 135 µg/L; 
the largest concentrations were in water from wells MWQ 9 
(135 µg/L) and MWQ 10 (125 µg/L). Barium in water from well 
MWQ 2 was large (81 µg/L) relative to the remaining 13 wells 
(table 7), but the large range of values (32-130 µg/L) in water 
from MWQ 2 indicates a likely influence from field and labora-
tory procedures or possibly a mixing of source waters. 

The large range of manganese concentrations across the 
Range may have been a result of dissolved-oxygen concentra-
tions and oxidation/reduction processes. The largest concentra-
tions of manganese (table 7) were found in water with the 
smallest dissolved-oxygen concentrations (MWQ 2 and 9, 
tables 3 and 6). Manganese is a predominant participant in 
reduction/oxidation processes, and manganese oxides are typi-
cally solids or colloids (insoluble) that may release soluble 
manganese to water under anaerobic conditions (Stumm and 
Morgan, 1981). Additionally, the smallest median concentra-
tions of nitrogen as nitrate-nitrite were in water from wells 
MWQ 2 (0.02 mg/L) and MWQ 9 (0.01 mg/L), and the largest 
median concentrations of nitrogen as ammonia were in water 
from MWQ 2 (0.335 mg/L) and MWQ 9 (25 mg/L) (table 5). 
The small nitrogen as nitrate-nitrite concentrations and large 
nitrogen as ammonia concentrations also are indicative of 
reduction and anaerobic conditions. 
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Table 4. Medians and ranges of major ion concentrations for ground-water samples collected at Melrose Air Force Range, June 2002 
to March 2003.

[All wells, except MWQ 2, completed in the Ogallala Formation; mg/L, milligrams per liter; V, concentrations lack validity because of potential contamination 
during sample collection and (or) laboratory analysis; NR, concentration is potentially non-representative of the concentration in the surrounding formation 
because of well construction]

Well number 
(fig. 1)

Calcium, total 
(mg/L as Ca)

Magnesium, total 
(mg/L as Mg)

Sodium, total 
(mg/L as Na)

Potassium, total 
(mg/L as K)

Median Range Median Range Median Range Median Range
1MWQ 2 175 V 151-190 115 101-120 2,100 1,900-2,200 8.99 8.20-12.00

MWQ 3 28.5 27.7-33.0 32.0 30.8-34.0 80.8 78.0-87.0 5.35 4.70-6.50

MWQ 4 44.2 42.0-45.0 20.3 19.0-22.0 53.3 51.0-59.0 3.17 2.70-3.30

MWQ 5 42.2 41.0-44.0 22.8 22.0-25.0 65.7 63.0-70.0 2.72 2.40-3.20

MWQ 6 38.1 37.0-40.0 18.9 18.0-20.0 57.0 54.3-64.0 2.35 1.97-2.70

MWQ 7 58.5 53.7-62.0 25.5 23.6-27.0 74.0 68.4-77.0 2.53 2.10-2.70

MWQ 8 51.0 V 44.0-69.3 21.0 18.0-23.3 662 620-680 4.10 2.90-4.81

MWQ 9 72.0 V, NR 71.0-74.0 46.2 NR 45.0-48.0 67.5 NR 63.7-80.0 10.00 NR 9.01-10.00

MWQ 10 52.3 52.0-54.0 40.5 36.9-42.0 16.5 15.2-18 5.18 5.00-5.60

MWQ 11 50.5 24.4-73.0 43.5 21.0-61.0 155 14.9-160 7.95 5.57-9.30

MWQ 12 77.0 V 70.5-82.0 66.5 60.7-71.0 130 120-140 5.25 5.18-5.90

MWQ 13 30.0 V 29.0-32.0 55.0 51.9-59.0 185 177-200 10.40 9.7-11.00

MWQ 14 65.0 V 61.6-87.0 60.5 56.9-77.0 687 660-720 11.25 9.20-13.00

MWQ 15 111 V 100-120 69.5 55.6-83.0 1,650 1,400-1,720 8.27 7.50-8.90

MWQ 16 300 V 260-339 275 240-327 2,050 1,800-2,360 15.90 12.00-17.00

MWQ 17 57.9 V 41.0-65.0 49.9 39.0-58.0 539 320-560 7.20 4.40-8.20

Well 
number 
(fig. 1)

Bicarbonate, field,
total (mg/L as HCO3)

Sulfate, total 
(mg/L as SO4)

Chloride, total 
(mg/L as Cl)

Fluoride, total 
(mg/L as F)

Bromide, total 
(mg/L as Br)

Median Range Median Range Median Range Median Range Median Range
1MWQ 2 100 95-104 1,150 1,050-1,200 2,900 2,550-3,300 0.54 0.07-1.10 8.05 7.20-14.0

MWQ 3 181 181-181 136 130-140 59.9 56.0-61.0 1.95 1.90-2.00 0.48 0.44-0.50

MWQ 4 233 222-244 57.0 55.7-59.0 18.5 18.0-19.7 1.80 1.80-1.90 0.26 0.22-0.40

MWQ 5 209 203-214 98.5 92.0-102 22.0 21.0-23.0 2.40 2.40-2.50 0.26 0.16-0.3

MWQ 6 191 184-197 81.0 75.0-87.0 15.5 13.0-16.9 2.65 2.60-2.90 0.34 0.16-0.50

MWQ 7 190 184-195 165 149-170 52.3 48.0-69.0 1.80 1.60-1.90 0.43 0.35-0.79

MWQ 8 285 277-292 600 492-720 445 403-560 2.50 1.60-3.30 3.25 2.4-4.00

MWQ 9 634 NR 592-675 19.6 NR 7.6-28.0 29.0 NR 23.8-33.0 4.25 NR 4.00-4.70 0.39 NR 0.25-0.44

MWQ 10 274 262-285 39.0 35.2-48.0 20.5 14.4-24.0 0.90 0.80-0.94 0.26 0.17-0.35

MWQ 11 245 242-248 190 105-230 160 70.5-220 2.00 1.50-2.40 1.08 0.50-1.40

MWQ 12 338 334-342 275 252-310 90.6 87.0-100 3.85 3.40-4.00 0.65 0.59-0.72

MWQ 13 250 244-255 158 140-160 222 210-230 4.05 3.80-4.50 1.30 1.10-1.50

MWQ 14 182 176-187 905 882-980 560 543-610 2.65 2.20-3.70 4.55 4.30-5.30

MWQ 15 149 143-154 1,795 1,600-1,800 1,500 1,300-1,520 1.85 0.08-2.60 10.10 8.80-11.1

MWQ 16 66 61-70 1,600 1,300-2,020 3,100 2,500-3,630 1.45 0.08-1.70 8.25 6.70-10.7

MWQ 17 212 197-226 587 350-640 465 290-560 2.20 1.40-2.50 1.95 1.30-2.40

1Well MWQ 2 completed in the Chinle Formation.
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Figure 10. Ground-water composition at Melrose Air Force Range, 2002-03.
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Table 5. Medians and ranges of nutrient and total organic carbon concentrations for ground-water samples collected at Melrose Air 
Force Range, June 2002 to March 2003.

[All wells, except MWQ 2, completed in the Ogallala Formation; mg/L, milligrams per liter; conc., concentration; DP, decreased concentration precision because 
of small concentration levels; <, less than; NR, concentration is potentially non-representative of the concentration in the surrounding formation because of well 
construction]

Well 
number 
(fig. 1)

Nitrogen, ammonia 
total (mg/L as N)

Nitrogen, nitrate-nitrite 
total (mg/L as N)

Orthophosphate, total 
(mg/L as P)

Phosphorus, total
(mg/L as P)

Carbon, organic total 
(mg/L as C)

Median Range Median Range Conc. Range Median 
(DP)

Range Median 
(DP)

Range

1MWQ 2 0.335 0.280-0.460 0.02 0.01-0.23 <0.04 <0.04 0.12 0.01-0.38 0.93 0.74-1.9

MWQ 3 0.019 0.008-0.043 0.91 0.85-0.93 <0.04 <0.04 0.05 0.03-0.12 0.45 0.14-0.69

MWQ 4 0.035 0.020-0.063 5.70 5.60-6.00 <0.04 <0.04 0.19 0.01-0.44 0.37 0.14-3.0

MWQ 5 0.040 0.020-0.087 6.25 5.90-6.50 <0.04 <0.04 0.08 0.01-0.16 0.55 0.29-0.92

MWQ 6 0.019 0.008-0.071 4.55 4.20-5.70 <0.04 <0.04 0.17 0.01-0.47 0.33 0.14-0.66

MWQ 7 0.008 0.008-0.074 1.65 1.40-1.70 <0.04 <0.04 0.03 0.01-0.28 0.65 0.14-0.70

MWQ 8 0.115 0.050-0.260 0.42 0.26-0.52 <0.04 <0.04 0.12 0.01-0.87 1.8 1.5-1.9

MWQ 9 25.0 NR 18.5-29.0 0.01 NR 0.01-0.07 2.0 NR <0.04 2.9 NR 2.5-3.1 12 NR 10-16

MWQ 10 0.035 0.020-0.500 11.2 9.9-12.0 <0.04 <0.04 0.08 0.01-0.39 0.88 0.51-1.3

MWQ 11 0.040 0.020-0.068 7.45 3.30-11.0 <0.04 <0.04 0.06 0.01-0.09 0.84 0.66-1.3

MWQ 12 0.160 0.150-0.400 1.40 1.40-1.60 <0.04 <0.04 0.03 0.01-0.17 1.1 0.75-1.5

MWQ 13 0.025 0.020-0.079 6.20 5.50-6.30 <0.04 <0.04 0.08 0.04-0.64 0.82 0.61-1.1

MWQ 14 0.045 0.020-1.10 2.15 2.10-2.30 <0.04 <0.04 0.05 0.01-0.07 0.65 0.31-0.90

MWQ 15 0.093 0.030-0.100 5.30 4.00-5.80 <0.04 <0.04 0.05 0.007-0.160 6.5 6.2-6.5

MWQ 16 0.025 0.008-0.065 0.87 0.73-1.10 <0.04 <0.04 0.01 0.007-0.03 0.32 0.14-0.72

MWQ 17 0.035 0.020-0.42 0.25 0.18-0.26 <0.04 <0.04 0.08 0.01-0.12 0.61 0.15-0.76

1Well MWQ 2 completed in the Chinle Formation.

Table 6. Dissolved gas concentrations for ground-water samples collected at Melrose Air Force Range, December 2002.

[All wells, except MWQ 2, completed in the Ogallala Formation; mg/L, milligrams per liter]

Well number 1

(fig. 1)
Methane

(mg/L)
Carbon dioxide

(mg/L)
Nitrogen
 (mg/L)

Oxygen 
(mg/L) 

Argon
(mg/L)

2MWQ 2 0.0264 1.802 16.510 1.535 0.4746

MWQ 3 0.0000 4.487 15.867 6.084 0.5463

MWQ 4 0.0000 8.746 15.911 6.343 0.5501

MWQ 5 0.0000 7.258 17.593 6.174 0.5768

MWQ 6 0.0008 6.251 18.983 5.819 0.6021

MWQ 7 0.0000 6.872 16.226 7.004 0.5502

MWQ 8 0.0000 8.371 12.052 1.981 0.4364

MWQ 10 0.0000 16.067 19.252 8.309 0.6146

MWQ 11 0.0000 7.139 14.569 3.657 0.5271

MWQ 12 0.0121 15.622 13.915 3.896 0.5120

MWQ 13 0.0000 6.762 14.371 3.198 0.5028

MWQ 14 0.0106 3.508 22.829 3.118 0.6541

MWQ 15 0.0023 4.700 23.442 1.634 0.6558

MWQ 16 0.0028 1.676 18.290 5.217 0.5849

MWQ 17 0.0000 3.008 12.582 5.813 0.4707

1Ground water from MWQ 9 was not analyzed by the lab for dissolved gases because of its open-well construction.
2Well MWQ 2 completed in the Chinle Formation.
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Selenium concentrations were less than or near the method 
detection limit for water from wells MWQ 2-10 and MWQ 17 
(table 7). Selenium concentrations were greater than twice the 
method detection limit for water from wells in the southern part 
of the Range (MWQ 11-13) and for most wells in the Impact 
Area (MWQ 14-16). 

Concentrations of molybdenum and vanadium in ground 
water at the Range varied the most of the trace elements. 
Molybdenum and vanadium may become mobile and migrate 
as oxides in a strongly oxidizing environment, whereas these 
trace elements typically become bound in sulfides and precipi-
tate in strong reducing conditions (Goldschmidt, 1958). The 
distribution of molybdenum and vanadium concentrations 
across the Range suggests the possibility of different source 
waters and reduction/oxidation processes. Similar to specific 
conductance, dissolved solids, and major ions, ground water at 
the Range can be grouped either by concentrations of molyb-
denum or vanadium (fig. 13).

Concentrations of molybdenum in water from the regional 
flow system (MWQ 3-7) were similar, ranging from 3 to 
7 µg/L, whereas vanadium concentrations had a larger range 
(48 to 70 µg/L). Wells near and in the Impact Area (MWQ 8 and 
14-17) produced water with similar concentrations of vanadium 
(6 to 14 µg/L), but molybdenum concentrations ranged from 
7 to 28 µg/L. The molybdenum concentration (28 µg/L) and 
vanadium concentration (1 µg/L) in water from the deeper, con-
fined aquifer of the Chinle Formation (MWQ 2) were similar to 
concentrations in water from the unconfined aquifer in the 
Impact Area. Concentrations of molybdenum and vanadium in 
water from wells near the Mesa (MWQ 9-11) and in the 
southern part of the Range (MWQ 12-13) did not exhibit a 
similar grouping as seen with the other constituents. 

Stable Isotopes

Results of stable isotope analysis (table 8) indicated vari-
able isotopic ratios across the Range and a somewhat similar 
grouping of wells as seen with the previous constituents. In the 
regional flow system (MWQ 3-7), δD ranged from -45.79 to 
-42.78‰ and δ18O ranged from -6.22 to -5.99‰. Isotopic ratios 
in water from wells MWQ 10, 12, and 15 were similar to those 
in the regional flow system, with δD of -45.35‰, -41.97‰, and 
-45.44‰, respectively, and δ18O of -6.60‰, -6.24‰, and 
-6.47‰, respectively. Isotopic ratios in water from wells 
MWQ 8, 14, 16, and 17, near and in the Impact Area, were 
different from ratios found in the regional flow system, with δD 
ranging from -71.84 to -64.46‰ and δ18O ranging from -10.00 
to -8.77‰. Isotopic ratios were similar in water from wells 
MWQ 2 and MWQ 13, with δD ratios of -58.49‰ and 
-56.68‰, respectively, and δ18O ratios of -7.95‰ and -7.99‰, 
respectively.

The stable isotope results are an indicator of local precipi-
tation, formation conditions, and different water sources 
(fig. 14). The slopes of fit-lines for δD and δ18O ratios for
precipitation in Clovis (Nativ, 1988) and ground water at the

Range (fig. 14) are similar and both less than 8 (enrichment of 
heavier isotopes), which is indicative of local effects. With min-
imal topographic relief and similar air temperatures in the area, 
recharge altitude and temperature would not be expected to play 
a substantial role in isotopic ratio differences for the local and 
regional flow system in the unconfined aquifer. The similar δD 
and δ18O ratios for water in the regional flow system (MWQ 
3-7), the local flow system on the Mesa (MWQ 10), and near an 
ephemeral stream (MWQ 12) indicate minimal change in iso-
tope ratios because of recharge altitude or temperature (fig. 14; 
table 3). 

For ground water near and in the Impact Area, another 
source of water of different isotopic composition appears to 
have a strong influence near MWQ 8, a lessening influence 
across the Impact Area, and its weakest influence near MWQ 14 
(fig. 14). The smallest δD and δ18O ratios were in water from 
well MWQ 8, followed by water from wells MWQ 17 and 16, 
and followed then by water from wells MWQ 14 and 2. The 
smaller δD and δ18O ratios in and near the Impact Area indicate 
another source of water than what is being recharged near the 
Mesa or exists in the regional flow system. This observation is 
similar to the other water-quality constituents. Water from well 
MWQ 2 in the deeper, confined aquifer, however, does not 
appear to be the other source of water because the isotopic ratios 
in water from MWQ 2 are not similar to the isotopic ratios in 
water from MWQ 8. 

Table 8. Stable isotopic ratios for hydrogen and oxygen for 
ground-water samples collected at Melrose Air Force Range, 
December 2002.

[All wells, except MWQ 2, completed in the Ogallala Formation]

Well number
(fig. 1)

H-2/H-1 stable
isotopic ratio, per mil

(δD‰)

O-18/O-16 stable 
isotopic ratio, per mil 

(δ18O‰)
1MWQ 2 -58.49 -7.95

MWQ 3 -44.21 -5.99

MWQ 4 -42.78 -6.09

MWQ 5 -44.61 -6.19

MWQ 6 -45.79 -6.22

MWQ 7 -44.73 -6.11

MWQ 8 -71.84 -10.00

MWQ 10 -45.35 -6.60

MWQ 11 -60.87 -8.64

MWQ 12 -41.97 -6.24

MWQ 13 -56.68 -7.99

MWQ 14 -64.46 -8.77

MWQ 15 -45.44 -6.47

MWQ 16 -66.55 -9.23

MWQ 17 -66.81 -9.39

1Well MWQ 2 completed in the Chinle Formation.
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It is possible that leakage between the unconfined aquifer 
in the Ogallala Formation and confined aquifer in the Chinle 
Formation is occurring outside the Range area and creating 
ground water of mixed isotopic ratios in both the Ogallala and 
Chinle Formations. This mixed water may then be moving into 
the local flow system the Range where additional leakage is 
occurring near and in the Impact Area. Overall, the isotopic 
ratios in ground water from the Impact Area are similar to those 
historically documented for ground water in the Chinle Forma-
tion (Nativ, 1988). 

Pesticides

Analysis of ground water for pesticides resulted in no 
detections larger than method reporting limits. One detection of 
4,4’-DDT was reported for a sample from well MWQ 9 at an 
estimated concentration of 0.011 µg/L. 

Explosives

Analysis of ground water for explosive compounds 
resulted in no detections larger than method detection limits.

Volatile Organic Compounds

No volatile organic compounds were detected at concen-
trations greater than method reporting limits. Estimated concen-
trations of chlorodibromomethane (0.20 µg/L) and acetone 
(2.9 µg/L) were detected in water from wells MWQ 16 and 17, 
respectively. Chlorodibromomethane and acetone are labora-
tory reagents, and because of the estimated concentrations, the 
detections are considered insignificant. Methylene chloride was 
detected at estimated concentrations (less than 0.5 µg/L) in all 
samples from wells near and in the Impact Area, but this com-
pound also was detected in trip blanks and, thus, is considered 
to be a shipping or laboratory contaminant.

Semivolatile Organic Compounds

Analysis of semivolatile organic compounds indicated no 
detections larger than method reporting limits. An estimated 
concentration of bis (2-Ethylhexyl) phthalate (4.4 µg/L) was 
detected in water well MWQ 15. Bis (2-Ethylhexyl) phthalate is 
a manufactured chemical commonly added to plastics for flexi-
bility. This detection is likely a field or laboratory contaminant 
and is considered insignificant.

Total Organic Halogens

A total organic halogen concentration of 32 µg/L was 
detected in water from well MWQ 15. Analysis of the MWQ 15 
sample did show an analytical method interference because of 
a large chloride concentration (1,500 mg/L). Total organic 

halogen analysis provides a gross analysis for a wide range of 
compounds, including chlorinated solvents, polychlorinated 
biphenyls, and metal halides. Because of the large chloride con-
centration and the lack of detections of halogenated compounds 
from the semivolatile organic compound analysis, this detection 
is considered insignificant.

Perchlorate

Analysis of perchlorate indicated no detections larger than 
method detection limits in samples collected in June 2002. Per-
chlorate was detected at estimated concentrations in water from 
wells MWQ 14 (2.6 µg/L) and MWQ 15 (20 µg/L). Perchlorate 
analysis indicated analytical method interference because of 
large chloride concentrations in these samples. Because per-
chlorate was not detected in water from these wells in June 2002 
and because of the analytical method interference associated 
with large chloride concentrations, these detections are consid-
ered insignificant.

Source Waters

Because of changes in water quality from the Mesa to the 
regional flow system in the unconfined aquifer, it is likely that 
upward leakage from the deeper, confined aquifer has influ-
enced water quality in the unconfined aquifer near and in the 
Impact Area. The spatial distribution of most water-quality 
constituents consisted of three groups: local flow system out-
side the Impact Area, local flow system near and in the Impact 
Area, and the regional flow system. Ground-water quality at 
the Mesa (MWQ 10) was similar to that of the regional flow 
system (MWQ 3-7), but water quality in the Impact Area 
(MWQ 14-17), located in the direction of ground-water flow in 
the unconfined aquifer between these two areas, was substan-
tially different. 

Specific conductance, dissolved solids, water temperature, 
major ions, and the trace elements molybdenum and vanadium 
suggest that water may be leaking from the deeper, confined 
aquifer in the Chinle Formation into the unconfined aquifer in 
the Ogallala Formation and altering the water quality in the 
unconfined aquifer near and in the Impact Area. However, 
elevated CFC concentrations, nutrient concentrations, and sta-
ble isotope ratios in water near and in the Impact Area indicate 
that the deeper, confined aquifer may not be the only influence 
on water quality and that past land uses may be an influence on 
ground water near and in the Impact Area. Additionally, the 
deeper, confined aquifer likely has a variable influence near and 
in the Impact Area because various water-quality constituents 
indicated concentration variability near and in the Impact Area. 
Given the current (2004) understanding of the Range’s ground-
water hydrology and water quality, the different water quality 
near and in the Impact Area cannot be attributed solely to 
upward leakage from the deeper, confined aquifer of the Chinle 
Formation, but leakage between the Ogallala and Chinle For-
mations is likely.
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Summary

This report, prepared in cooperation with the U.S. Air 
Force, Cannon Air Force Base, presents the results of an inves-
tigation to characterize the ground-water hydrology and water 
quality in the Southern High Plains aquifer at Melrose Air Force 
Range. This characterization provides Cannon Air Force Base 
resource managers with reliable, baseline ground-water data 
and a broad overview of the Southern High Plains aquifer in the 
Ogallala Formation at the Range for future planning efforts to 
protect the aquifer and ensure continued operation of the Range 
and all its current (2004) activities. A 29-well monitoring net-
work was used to determine ground-water levels (five periods 
of measurement) and collect water-quality samples (four 
periods of sample collection) from across the Range in the 
unconfined aquifer of the Ogallala Formation of Tertiary age 
and the deeper, confined aquifer of the Chinle Formation of 
Triassic age. Twenty-eight wells were used to collect data from 
the unconfined aquifer that is part of the Southern High Plains 
aquifer, and 1 well was used to collect data from the deeper, 
confined aquifer in the upper unit of the Chinle Formation. 
Water-quality samples were collected as whole (unfiltered) 
water because unfiltered water is used on the Range for agricul-
ture and a stock-tank system.

Water levels in most wells in the Southern High Plains 
aquifer at the Range have declined from 1 to 18 ft over various 
periods from 1962 to 2003. Ground-water flow in the uncon-
fined aquifer is dictated by the Mesa in the southwestern part of 
the Range. Ground water flows northeastward away from the 
Mesa in the local flow system and into the Portales Valley 
regional flow system where ground water then flows southeast 
and east. Younger ground water (less than 25 years) was found 
near the Mesa and in the local flow system, and older water (25 
to 55 years) was found within the regional flow system in the 
Portales Valley. The potentiometric surface of the Southern 
High Plains aquifer in the Ogallala Formation is likely lower in 
parts of the Range than the potentiometric surface of the deeper, 
confined aquifer in the upper unit of the Chinle Formation. 
Leakage between these two systems is unknown but appears 
likely.

Ground-water quality at the Range showed substantial dif-
ferences in spatial distribution. Ground-water quality near the 
Mesa was similar to that of the regional flow system and also 
was fairly similar to water quality in the southern part of the 
Range. Ground water in the Impact Area was very different 
from ground water near the Mesa or in the regional flow system. 
Ground water in the Impact Area contains larger concentrations 
of dissolved solids, which probably result from upward leakage 
of ground water from the Chinle Formation.

Ground water across the Range consisted of various water 
types. Water from wells in and near the Impact Area and along 
the southern boundary of the Range generally is a sodium-chlo-
ride or sodium-mixed anion water type. Water from the Chinle 
Formation is a sodium-chloride water type. Water from some 
wells near the Mesa and water from some wells in the regional 
flow system is a mixed cation-bicarbonate water type.

A mixing pattern of source waters in the direction of 
ground-water flow was exhibited by ion concentrations in 
ground water. Mixed cation/bicarbonate ground water with 
small ion concentrations near the Mesa flows beneath the 
Impact Area where a second source of ground water or another 
influence on ground-water quality substantially increases ion 
concentrations and shifts the water type to sodium-mixed anion. 
Ground water from the local flow system then enters the 
regional flow system, where no distinct water type is present 
and ion concentrations decrease. Ion concentrations in water 
from the deeper, confined aquifer in the Chinle Formation were 
similar to ion concentrations in water from the unconfined aqui-
fer in the Impact Area. 

Specific conductance, dissolved solids, water temperature, 
major ion concentrations, and the concentrations of molybde-
num and vanadium displayed similar spatial distributions indi-
cating upward leakage from the deeper, confined aquifer of the 
Chinle Formation to the unconfined aquifer of the Ogallala For-
mation in the Impact Area of the Range. Values of these constit-
uents in ground water in the Impact Area were similar to con-
stituent values in water from a well completed in the Chinle 
Formation. 

CFC, nutrient, and stable isotope spatial distributions were 
similar to the other constituents, but also produced spatial dis-
tribution differences that may indicate an influence of past land 
uses on ground-water quality in the Impact Area or a more com-
plex mixing of waters between the Ogallala and Chinle Forma-
tions. CFC and nutrient concentrations were elevated in ground 
water near and in the Impact Area, and were not similar to con-
centrations in water from the Chinle Formation. Stable isotope 
results indicated that another source of water of different isoto-
pic composition has a strong influence on ground water just 
west of the Impact Area with a lessening influence across the 
Impact Area, and that this source of water differs in isotopic 
ratios from water from the well in the Chinle Formation. 

Given the current (2004) understanding of the Range’s 
ground-water hydrology and water quality, the different 
ground-water quality in the Impact Area cannot be solely attrib-
uted to leakage from the Chinle Formation, although it is likely 
that leakage is occurring between the Ogallala and Chinle For-
mations.

Screening of potential human-induced contaminants in 
ground water across the Range indicated no significant concen-
trations of pesticides, explosives, volatile organic compounds, 
semivolatile organic compounds, total organic halogens, or per-
chlorate. Small concentrations of 4,4’-DDT (0.011 µg/L (esti-
mated value), well MWQ 9), acetone (2.9 µg/L (estimated 
value), well MWQ 17), chlorodibromomethane (0.20 µg/L 
(estimated value), well MWQ 16), bis (2-Ethylhexyl) phthalate 
(4.4 µg/L (estimated value), well MWQ 15), total organic halo-
gens (32 µg/L, well MWQ 15, large chloride concentration), 
and perchlorate (2.6 µg/L for well MWQ 14, 20 µg/L for well 
MWQ 15, and large chloride concentration in both wells) were 
detected, but all detections were considered insignificant 
because of estimated values, potential laboratory contamina-
tion, and (or) matrix interference from large chloride concentra-
tions.
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Supplemental Information
Four types of quality-control samples were collected in the 
field as part of this study: replicates, field-equipment blanks, 
matrix spikes, and trip blanks. In addition to field quality-con-
trol samples, Severn Trent Laboratories had internal quality-
assurance practices to provide quality control of analytical pro-
cedures, which included laboratory-control sample analysis and 
method-blank sample analysis. For comparison of quality-con-
trol sample results, data-quality objectives as defined by Severn 
Trent Laboratory were used to evaluate the quality of the labo-
ratory results.

Evaluation of Quality-Control Samples

Replicate samples were evaluated for variability in envi-
ronmental samples, data collection techniques, and laboratory 
precision (reproducibility). The Range replicate sample results 
indicated small relative percent differences (less than 20 per-
cent; data-quality objectives, table S-1) among samples except 
for the constituents of phosphorus, arsenic, chromium, and sele-
nium (table S-2). Concentrations of these constituents were 
generally less than reporting limits (estimated concentrations) 
at which precision typically decreases. All these constituents 
were qualified in the results section for decreased precision 
because of small concentrations.

Analysis of field equipment-blank samples indicated 
potential contamination for dissolved solids, alkalinity, cya-
nide, calcium, magnesium, sulfate, chloride, ammonia, phos-
phorus, organic carbon, aluminum, barium, copper, iron, man-
ganese, and zinc. Field equipment-blank median concentrations 
for dissolved solids, cyanide, magnesium, sulfate, chloride, 
ammonia, phosphorus, organic carbon, aluminum, barium, 
copper, iron, and manganese were all smaller than reporting 
limits (data-quality objectives). Median alkalinity, calcium, and 
zinc concentrations were greater than reporting limits and did 
not meet the data-quality objectives. Results for alkalinity, cal-
cium, and zinc in wells sampled using the portable submersible 
pump were qualified for lack of validity (bias) because of poten-
tial sample contamination during sample collection and labora-
tory analysis.

Matrix-spike samples were used to evaluate the ability of 
an analytical method to accurately measure a known amount of 
a constituent added to a sample. Matrix-spike-replicate samples 
were used to evaluate the precision of accurately measuring a 
known amount of a constituent added to a sample. Results of the 
matrix-spike samples collected from the Range indicated no 
bias due to matrix interference because all constituents showed 

percent recoveries (table S-2) within the recovery limits as 
specified in the data-quality objectives (table S-1). Matrix-
spike-replicate results indicated acceptable precision (table S-2) 
given the data-quality objectives for relative percent differences 
(table S-1).

Trip-blank analysis provided an examination of potential 
volatile organic compound exposure during handling and ship-
ping and also potential laboratory error. Methylene chloride (a 
common laboratory contaminant) was detected in trip blanks, 
but the median concentration was smaller than the reporting 
limit and met the data-quality objective.

Analysis of laboratory-control samples provided an indi-
cation of constituent recovery error (lack of precision) for a 
spiked concentration. Laboratory-control sample analysis used 
randomly selected customer-submitted samples to perform 
matrix-spike analyses. Results of laboratory-control sample 
analysis indicated no recovery errors for any constituent; all 
median percent recoveries (table S-2) were within recovery 
limits (table S-1). 

Method-blank samples were contaminant-free samples 
that were analyzed for any potential residual contaminants in 
laboratory equipment. Results of method-blank sample analysis 
indicated potential contamination of dissolved solids, phos-
phorus, aluminum, and the pesticide Dieldrin (table S-2). All 
contaminant detections were smaller than reporting limits (table 
S-1) and met the data-quality objectives; therefore, potential 
contamination was not considered to be a significant factor that 
would bias environmental sample concentrations. 

Evaluation of Data Outliers

Outliers were defined as concentrations three times larger 
than the mean concentration of the remaining three data points. 
Outliers occurred in analyses for specific conductance, dis-
solved solids, aluminum, barium, chromium, cobalt, copper, 
iron, lead, manganese, nickel, vanadium, and zinc (table S-3). 
Wells with the greatest number of outliers corresponded to 
wells in which purging was insufficient to decrease turbidity to 
values similar to the remaining wells. Outliers were removed 
from the data sets prior to statistical analysis. Because of the 
large variability of iron concentrations in ground water from 
nearly all wells, statistical results for iron are not presented in 
the results section. Additionally, because of large variability of 
aluminum concentrations in water from MWQ 8, no results are 
presented for this constituent for  this well.
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Table S-1. Data-quality objectives for water-quality analysis, Melrose Air Force Range.

[RPD, relative percent difference; <, less than; RL, reporting limit; NA, not applicable]

Constituent

Replicates
Field-

equipment 
blanks

Matrix spikes Matrix-spike 
replicates

Trip blanks
Laboratory-

control 
samples

Method 
blanks

RPD Reporting 
limit

Recovery 
limit

RPD Concentration Recovery 
limit

Reporting 
limit

Physical and chemical properties:

Solids, residue 20 <10 86 - 106 20 NA 86 - 106 <10

Alkalinity 10 <5.0 95 - 110 10 NA 95 - 110 <5.0

Cyanide 20 <0.010 89 - 109 20 NA 89 - 109 <0.010

Sulfide 20 <4.0 70 - 130 20 NA 70 - 130 <4.0

Major ions:

Calcium 20 <0.20 90 - 110 20 NA 90 - 110 <0.20

Magnesium 20 <0.20 92 - 112 20 NA 92 - 112 <0.20

Sodium 20 <5.0 92 - 113 20 NA 92 - 113 <5.0

Potassium 20 <3.0 88 - 111 20 NA 88 - 111 <3.0

Sulfate 10 <5.0 90 - 110 10 NA 90 - 110 <5.0

Chloride 10 <3.0 90 - 110 10 NA 90 - 110 <3.0

Fluoride 10 <1.0 90 - 110 10 NA 90 - 110 <1.0

Bromide 10 <0.20 90 - 110 10 NA 90 - 110 <0.20

Nutrients and organic carbon:

Ammonia 10 <0.10 90 - 110 10 NA 90 - 110 <0.10

Nitrate-nitrite 10 <0.10 90 - 110 10 NA 90 - 110 <0.10

Orthophosphate 10 <0.50 90 - 110 10 90 - 110 <0.50

Phosphorus 20 <0.050 85 - 113 20 NA 85 - 113 <0.050

Organic carbon 10 <1.0 90 - 110 10 NA 90 - 110 <1.0

Trace elements:

Aluminum 20 <100 88 - 109 20 NA 88 - 109 <100

Antimony 20 <10 89 - 109 20 NA 89 - 109 <10

Arsenic 20 <15 90 - 110 20 NA 90 - 110 <15

Barium 20 <10 94 - 114 20 NA 94 - 114 <10

Beryllium 20 <5.0 89 - 112 20 NA 89 - 112 <5.0

Cadmium 20 <5.0 90 - 112 20 NA 90 - 112 <5.0

Chromium 20 <10 90 - 113 20 NA 90 - 113 <10

Cobalt 20 <10 88 - 108 20 NA 88 - 108 <10

Copper 20 <10 89 - 112 20 NA 89 - 112 <10

Iron 20 <100 91 - 112 20 NA 91 - 112 <100

Lead 20 <3.0 91 - 112 20 NA 91 - 112 <3.0
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Table S-1. Data-quality objectives for water-quality analysis, Melrose Air Force Range.—Continued

Constituent

Replicates
Field-

equipment 
blanks

Matrix spikes
Matrix-spike 

replicates Trip blanks
Laboratory-

control 
samples

Method 
blanks

RPD
Reporting 

limit
Recovery 

limit RPD Concentration
Recovery 

limit
Reporting 

limit

Trace elements—Continued:

Manganese 20 <10 90 - 113 20 NA 90 - 113 <10

Mercury 10 <0.20 84 - 114 10 NA 84 - 114 <0.20

Molybdenum 20 <20 87 - 112 20 NA 87 - 112 <20

Nickel 20 <40 92 - 112 20 NA 92 - 112 <40

Selenium 20 <15 87 - 109 20 NA 87 - 109 <15

Silver 20 <10 87 - 111 20 NA 87 - 111 <10

Thallium 20 <10 89 - 109 20 NA 89 - 109 <10

Vanadium 20 <10 90 - 114 20 NA 90 - 114 <10

Zinc 20 <20 86 - 111 20 NA 86 - 111 <20

Organics:

Pesticides 40 <RL’s 55 - 147 40 NA 55 - 147 <RL’s

Explosives 40 <RL’s 42 - 145 40 NA 42 - 145 <RL’s

Volatile organic 
compounds

20 <RL’s 64 - 134 20 <RL 64 - 134 <RL’s

Semivolatile organic 
compounds

40 <RL’s 36 - 114 40 NA 36 - 114 <RL’s

Total organic halogens 30 <10 75 - 113 30 NA 75 - 113 <10

Perchlorate 20 <1.0 80 - 120 20 NA 80 - 120 <1.0
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Table S-2. Quality-control results for water-quality sampling at Melrose Air Force Range.

[RPD, relative percent difference; mg/L milligrams per liter; NA, not applicable; µg/L, micrograms per liter; <, less than. All quality-control medians are based on 
four individual concentrations]

Constituent Unit

Replicates
Field-

equipment 
blanks

Matrix spikes Matrix-spike 
replicates

Trip blanks
Laboratory-

control 
samples

Method 
blanks

Median RPD
Median 
concen-
tration

Median 
percent 

recovery
Median RPD

Median 
concen-
tration

Median 
percent 
recovery

Median 
concen-
tration

Physical and chemical properties:

Solids, residue mg/L 2 7 NA NA NA 95 5

Alkalinity mg/L 0 9 NA NA NA 100 <2

Cyanide mg/L 9 0.004 93 3 NA 98 <0.002

Sulfide mg/L 0 <0.97 76 10 NA 82 <0.97

Major ions:

Calcium mg/L 3 0.63 102 4 NA 100 <0.03

Magnesium mg/L 0 0.12 101 4 NA 102 <0.02

Sodium mg/L 0 <1.5 103 3 NA 102 <1.5

Potassium mg/L 2 <0.49 103 4 NA 101 <0.49

Sulfate mg/L 0 0.36 108 1 NA 95 <0.20

Chloride mg/L 0 0.93 102 0 NA 94 <0.10

Fluoride mg/L 0 <0.03 97 2 NA 94 <0.03

Bromide mg/L 6 <0.03 96 2 NA 96 <0.03

Nutrients and carbon:

Ammonia mg/L 3 0.03 92 2 NA 100 <0.02

Nitrate-nitrite mg/L 3 <0.01 94 2 NA 104 <0.01

Orthophosphate mg/L 0 <0.04 98 3 NA 93 <0.04

Phosphorus mg/L 72 0.02 102 6 NA 99 0.02

Organic carbon mg/L 11 0.6 102 1 NA 102 <0.3

Trace elements:

Aluminum µg/L 5 52 98 3 NA 100 20

Antimony µg/L 0 <4 104 4 NA 103 <4

Arsenic µg/L 27 <4 100 4 NA 101 <4

Barium µg/L 3 2 104 4 NA 104 <2

Beryllium µg/L 0 <1 98 5 NA 102 <1

Cadmium µg/L 0 <1 102 4 NA 103 <1

Chromium µg/L 30 <1 102 4 NA 104 <1
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Table S-2. Quality-control results for water-quality sampling at Melrose Air Force Range.—Continued

Constituent Unit

Replicates
Field-

equipment 
blanks

Matrix spikes Matrix-spike 
replicates

Trip blanks
Laboratory-

control 
samples

Method 
blanks

Median RPD
Median 
concen-
tration

Median 
percent 

recovery
Median RPD

Median 
concen-
tration

Median 
percent 
recovery

Median 
concen-
tration

Trace elements—Continued:

Cobalt µg/L 0 <1 99 4 NA 100 <1

Copper µg/L 0 4 103 4 NA 102 <1

Iron µg/L 14 96 100 3 NA 101 <13

Lead µg/L 0 <2 103 3 NA 104 <2

Manganese µg/L 12 6 101 4 NA 103 <1

Molybdenum µg/L 10 <2 104 4 NA 102 <2

Nickel µg/L 0 <2 102 5 NA 104 <2

Selenium µg/L 27 <5 99 3 NA 98 <5

Silver µg/L 0 <1 106 4 NA 104 <1

Thallium µg/L 0 <7 101 3 NA 100 <7

Vanadium µg/L 3 <2 101 4 NA 103 <2

Zinc µg/L 17 20 97 5 NA 98 <7

Organics:

Pesticides µg/L 6
(Dieldrin)

<MDL’s 80 3 NA 85 0.016
(Dieldrin)

Explosives µg/L NA <MDL’s 101 5 NA 98 <MDL’s

Volatile organic 
compounds

µg/L NA <MDL’s 104 1 0.31
(methylene 
chloride)

104 <MDL’s

Semivolatile 
organic com-
pounds

µg/L NA <MDL’s 67 15 NA 67 <MDL’s

Total organic 
halogens

µg/L NA <10 91 0 NA 90 <10

Perchlorate µg/L NA <3.0 98 5 NA 94 <3.0
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Table S-3. Turbidity values and outlier data points for ground-water samples collected at Melrose Air Force Range.

[NTU’s, nephlometric turbidity units; std. dev., standard deviation]

Turbidity (NTU’s) Outliers
Constituent Sample period

Median Std. dev. Well

NA NA MWQ 2 Aluminum
Chromium
Cobalt
Copper
Iron
Vanadium

June, August
August
March
August
August
August

0.5 0.2 MWQ 3 Nickel August

0.6 0.4 MWQ 4 Nickel August

0.7 0.2 MWQ 5 Lead
Zinc

March
March

1.5 1.3 MWQ 6 Iron June, December

0.8 0.3 MWQ 7 Nickel August

165.5 96.5 MWQ 8 Aluminum
Barium
Iron
Lead
Manganese
Zinc

June, August, December
June
June, August, December
June
June
June

28.5 12.5 MWQ 9 Aluminum
Iron
Nickel

August
December
August

0.7 0.4 MWQ 10 Zinc August

1.0 1.7 MWQ 11 Nickel August

12.3 3.6 MWQ 12 Iron
Nickel

December
August

29.6 15.3 MWQ 13 Iron
Nickel

June
August

16.5 57.9 MWQ 14 Aluminum
Iron

December
December

8.3 9.7 MWQ 15 Iron
Nickel

December
August

5.5 6.5 MWQ 16 Iron
Lead

June
March

36.4 22.0 MWQ 17 Aluminum
Dissolved solids
Iron
Dissolved solids

August
June 
August, March
June
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