
DEPARTMENT OF THE ARMY 
U.S. ARMY GARRISON WHITE SANDS 

100 Headquarters Avenue 
WHITE SANDS MISSILE RANGE, NEW MEXICO 88002-5000 

REPLY TO 
ATTENTION OF 

Directorate of Public Works 

Ms. Cheryl Frischkorn 
New Mexico Environment Department 
Hazardous Waste Bureau 
2905 Rodeo Park Drive East, Building 1 
Santa Fe, New Mexico 87505-6303 

June 2, 2006 

Subject: ADMINISTRATIVE UPDATE FOR RCRA FACILITY INVESTIGATION AT 
SWMU-198, LC-38 DIESEL SPILL ON WHITE SANDS MISSILE RANGE 

Dear Ms. Frischkorn: 

Enclosed are the administrative update documents for the RCRA Facility Investigation at 
SWMR-198, LC-38 Diesel Spill as well as appropriate reports for White Sands Missile Range. 

White Sands Missile Range could not confirm that documentation for the subject 
projects were also provided to the New Mexico Environment Department Hazardous 
Waste Bureau (HWB). In our May 17, 2006 telephone conference with you, we stated 
that we were preparing to send the project documentation. In addition to these required 
records, we are providing the latest project report. 

Copies of this correspondence are being furnished to Mr. John Kieling, NMED HWB; 
Mr. Chuck Hendrickson, Region VI EPA; Ms Yvonne B. Tyler, USARMY Installation 
Management Agency; and Mr. Edward Martinez, White Sands Technical Services, LLC. 

Please contact Mr. Javier Mendoza of our office at (505) 678-1007 if you have any questions 
regarding this matter. 

Sincerely, 
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WTS-06-072 

U.S. Army White Sands Missile Range 
100 Headquarters Avenue 
ATTN: IMSW-PW-E (Ms. Y. Romero) 
White Sands Missile Range, NM 88002-5000 

Subject: T020, LC-38 Ground Water Monitoring 

Reference: Contract W9124Q-04-D-0012 

Dear Ms. Romero: 

This is to submit the following letter report: 

Calendar Year 2006 Ground Water Monitoring at the LC-38 Diesel Spill. 

White Sands Technical Services, LLC 
Bldg 126 3'" Floor 
PO Box363 
WSMR, NM 88002 
Phone: (505) 678 - 0263 
Fax: (505) 678 - 6096 

Should you have any questions or require additional information, please contact me at 678-7907 or 
Mr. John Mills at 678-0891. 

Sincerely, 
White Sands Technical Services, LLC 

Edward H. Martinez 
Program Manager 

Encl/as 

cc: Javier Mendoza, Technical Inspector, PW-E-EC, (w/enclosures) 
PW-E-ES Library, (w/enclosures) 
Bradley Davis, Task Coordinator, WTS, (w/o enclosures) 

A joint venture of Zia Enpineering & Environmental Consultants, LLC & DDL.OMNI Engineering, LLC 
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LETTER REPORT 

The following letter report was prepared under Contract W9124Q-04-D-0012, TO No. 0020. 

1. TITLE 

Calendar Year 2006 Ground Water Monitoring at the LC-38 Diesel Spill 

2. DATE 

April 2006 

3. INTRODUCTION 

In the summer of 2000, White Sands Missile Range (WSMR) discovered that approximately 31,000 gallons 
of diesel fuel leaked from an above-ground storage tank (AST) located at Launch Complex 38 (LC-38). 
A SWMU Assessment was performed which determined diesel contamination to 75 ft below ground surface 
(bgs). However, based on current and foreseeable land uses at LC-38, no exposure pathways were 
considered complete. WSMR determined that ground water monitoring for fuel on the water table at LC-38 
would be completed annually. This report presents results of the Calendar Year 2006 petroleum/water 
interface monitoring of the water table at LC-38. 

4. BACKGROUND 

A strategic reserve of diesel fuel was stored for the Defense Fuels Agency in a 150,000-gallon AST at 
LC-38 on White Sands Missile Range (WSMR). During an annual evaporative loss measurement 
conducted in the summer of 2000, WSMR personnel could not account for missing fuel estimated in the 
amount of 31,000 gallons. Following a preliminary investigation at the site conducted in February 2001, 
the New Mexico Environment Department (NMED) Hazardous Waste Bureau (HWB) took the regulatory 
lead for this investigation and required a Resource Conservation and Recovery Act (RCRA) Solid Waste 
Management Unit (SWMU) Assessment be performed. This site is listed as SWMU 198. WSMR RCRA 
activities are governed by Hazardous Waste Permit NM2750211235, issued 24October1989, and 
amended 17 August 1992. The investigative efforts are pursuant to Module VIII, Section S, Task Ill of 
this permit. These efforts focus on source characterization and defining contaminant characteristics as 
stated under Task Ill. 

The SWMU Assessment was performed by WSMR to further characterize the geology and hydrology of 
the diesel spill site, the extent of contamination in soils and ground water, and determine future actions 
for the site based on a Risk Based Decision Making Analysis. Activities of this investigation were detailed 
in the September 2004 final report titled "SWMU Assessment Report for the LC-38 Diesel Spill on 
White Sands Missile Range." 

Results of the SWMU Assessment indicated that a significant amount of diesel fuel leaked into the 
subsurface at LC-38. Contamination resulting from this release had reached a maximum depth of 
approximately 75 ft bgs. The contaminant plume is supported by the thick, laterally continuous clay layer, 
approximately 20 ft thick. The thick, continuous clay layer has prevented further downward migration of 
the diesel fuel. Ground water monitoring wells installed and sampled during the SWMU Assessment 
show that depth to regional ground water is greater than 230 ft bgs. Analytical results from ground water 
samples indicated that, at the time of the report, contamination had not reached the regional water table. 

The SWMU Assessment Report stated that, based on current land use, no exposure pathways are 
considered complete. No residential areas will be built for the foreseeable future and no construction 
activities are planned for this site. Based on these findings, the site is currently protective of human 
health and ecological exposure. 
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WSMR proposed No Further Remedial Action for the site and stated that the WSMR Real Property 
Planning Board will zone this site as off limits for future commercial/residential use. The report also 
proposed that WSMR would monitor the wells at the site on an annual basis for 10 years using an 
interface probe for determination if fuel is present on the water table. During calendar year 2005, the 
diesel fuel tank was removed from the site. 

5. DISCUSSION AND CONCLUSIONS 

On 14 March 2006, WTS collected petroleum/water interface probe data at the LC-38 monitoring wells 
MW-001 through MW-004. Ground water was determined to be at 232.82 ft bgs, 237.13 ft bgs, 236.94 ft 
bgs, and 236.68 ft bgs, respectively, in monitoring wells MW-001, MW-002, MW-003, and MW-004. 
No fuel product was found in any wells on site. This indicates that diesel fuel contamination has not 
reached ground water. 

6. RECOMMENDATIONS 

Continue annual petroleum/water interface probe monitoring at the LC-38 monitoring wells. 

7. WTS TASK MANAGER AND TASK COORDINATOR I PHONE NO.: 

The Task Manager and Task Coordinator for TO #0020 are Fred Bourger, 678-3426, and Brad Davis, 
678-3397, respectively. 
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EXECUTIVE SUMMARY 

While preparing to retire a facility at LC-38, personnel could not account for an estimated 31,000 
gallons of missing diesel fuel. Upon recognition of the potential release, product lines between 
the 150,000-gallon aboveground storage tank and the adjacent loading terminal were uncovered 
and inspected. A leak was located in the product line and was subsequently identified as the 
source as the release. A preliminary investigation included the collection of samples from three 
soil borings in the vicinity of the pipeline leak. This investigation confirmed the spread of the 
diesel fuel contamination within the vadose zone beneath the leak, and determined the vertical 
extent of contamination, to a depth of 7 5 feet below ground surface. 

This is the Work Plan for the investigation of the release of the LC-38 site. The purpose of this 
investigation is to supplement previous investigations by obtaining information to further 
characterize the geology and hydrology of the site and the extent of soil contamination. This 
Work Plan documents the objectives of the investigation, and describes the details of the 
technical and analytical approach to accomplish this task. This Work Plan follows the guidance 
set forth for conducting a Resource Conservation and Recovery Act (RCRA) Facility 
Investigation (RFI). Although this site has not formally been designated as a solid waste 
management unit, the RFI guidance was chosen as the appropriate mechanism to follow. 

This investigation will be conducted to determine possible soil and/or groundwater 
contamination, determine possible contaminant transport pathways, and evaluate the potential for 
human or ecological exposure. Field activities to support these objectives will consist of the 
collection and analysis of soil samples from borings around the area of the release and 
installation and sampling of three down-gradient groundwater monitoring wells and one up
gradient well. Geotechnical samples and soil-gas samples will be collected for use in the 
evaluation of potential approaches for the selection of a remedy. 
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WORK PLAN FOR THE 
RCRA FACILITY INVESTIGATION AT THE LAUNCH COMPLEX-38 SITE ON THE 

WHITE SANDS MISSILE RANGE 

1.0 INTRODUCTION 

A strategic reserve of diesel fuel was stored in a 120,000-gallon aboveground storage tank (AST) 
at Launch Complex 38 (LC-38), just north of Nike Avenue, 13 miles (20.9 kilometers) east of 
the WSMR Post Headquarters. Preparatory to retiring the facility in the summer of 2000, 
White Sands personnel could not account for missing fuel estimated in the amount of 
31 ,000 gallons. The tank was dedicated exclusively to diesel fuel storage throughout its service 
life at WSMR. 

Immediately upon discovery that fuel was unaccounted for, product lines from the adjacent 
loading terminal to the AST were uncovered. The piping emerged from the north side of the 
AST and elbowed towards the west berm. Most of the pipeline was concealed underground; at 
the west berm, the piping angled up and reemerged at the loading terminal. A leak in the 
product line was apparent and is considered as the source of the fuel release. The New Mexico 
Environment Department's (NMED) Ground Water Quality Bureau was notified in accordance 
with section 1203 of the New Mexico Water Quality Control Commission (WQCC) Regulations 
(20 New Mexico Administrative Code 6.2). Corrective action for the diesel spill required under 
WQCC Regulations and the terms of the White Sands Missile Range Hazardous Waste 
Management permit (#NM 2750211235) includes an investigation to delineate the horizontal and 
vertical extent of soil and groundwater contamination. 

In February, 2001 a preliminary investigation was performed to assess the vertical extent of 
contaminant migration and characterize the geologic materials in the intervening strata. Soil 
samples collected from the leak site and at locations immediately north and south of the source 
were analyzed at a laboratory. This preliminary fact-finding effort also served to define whether 
a perched or regional aquifer was impacted with diesel product. A full discussion of the 
activities performed during the preliminary investigation, and the results are provided in 
Section 1.6 and 1.7 and are summarized in a Letter Report, which is presented as Appendix A. 

This is the Work Plan for the investigation of the release of the LC-38 site. The purpose of this 
investigation is to supplement previous investigations by obtaining information to further 
characterize the geology and hydrology of the site and the extent of soil contamination. This 
Work Plan documents the objectives of the investigation, and describes the details of the 
technical and analytical approach to accomplish this task. This Work Plan follows the guidance 
set forth for conducting a Resource Conservation and Recovery Act (RCRA) Facility 
Investigation (RFI). Although this site has not formally been designated as a solid waste 
management unit, the RFI guidance was chosen as the appropriate mechanism to follow. 

1.1 Location and Background of White Sands Missile Range 

WSMR is a US Army Test and Evaluation Command (ATEC) installation. The majority of the 
installation is situated within the Tularosa Basin; with areas along the western and northwestern 
boundary extending into the Jornada del Muerto Basin. WSMR is located in Dofia Ana, Socorro, 
Lincoln, Otero, and Sierra Counties, New Mexico. The Main Post area of WSMR is located at 
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1.2 Regional Geology and Hydrogeologic Setting 

White Sands Missile Range lies within the Mexican Highland Section of the Basin and 
Range Province, and is characterized by a series of tilted blocks forming longitudinal, 
asymmetric ridges or mountains and broad intervening basins. The Tularosa Basin 
contains thick sequences of Tertiary and Quaternary age Alluvial and bolson fill deposits, 
which are coarse- to fine- grained unconsolidated sediments. These sediments, more than 
5,000 ft (1,524 m) thick in some areas, consist mainly of silt, sand, gypsum and clay 
weathered from the surrounding mountain ranges. 

Very little surface water exists at White Sands due to the low annual precipitation, high 
evaporation rate, and high infiltration characteristics of the soils. The Tularosa Basin is a 
closed basin with no surface water drainage outside of White Sands. Much of White 
Sands drains towards Lake Lucero, a large playa in the center of the basin. 

The WSMR Main Post obtains its potable water supply from the aquifer in the upper 
bolson deposits. The majority of the groundwater recharge to this bolson aquifer occurs 
through the coarse, unconsolidated Tertiary/Quaternary alluvial fan deposits and arroyos 
along the eastern flank of the Organ, San Augustin and San Andres Mountains. This 
aquifer consists of a wedge-shaped belt of potable water more than 30 miles ( 48.27 km) 
long (from north to south), and 3 to 5 miles east from the mountain front. Groundwater 
in the vicinity of the Main Post is of sufficient quality (less than 1,000 mg/L total 
dissolved solids) for human consumption. McClean (1970) reported this freshwater zone 
extends down to about 1,800 feet (549 m) below ground surface. 

To the east, groundwater becomes more mineralized, primarily with sulfate and chloride. 
This is probably attributed to the slow lateral migration rate of groundwater from 
recharge to discharge areas, and the presence of readily soluble minerals in the bolson 
sediments. Groundwater within the center basin is characterized by total dissolved 
solids (TDS) of generally more than 10,000 milligrams per liter (mg/L), and is 
representative of groundwater within a closed, arid basin. Groundwater with TDS 
concentrations above 10, 000 mg/Lis not subject to the numerical water quality standards 
of 20 NMAC 6.2.3103.A. Other federal and state requirements for protection of human 
health and the environment do apply, including the prohibition on deliverate contaminant 
releases to waters with TDS concentrations greater than 10,000 mg/L. 

Ground water was not encountered to a depth of 105 feet (32 meters) during drilling 
activities performed for the preliminary subsurface investigation (see Section 1.6) at 
LC-38. Depth to ground water at the site is not known precisely because the nearest well is 
Gregg Site supply well, which was drilled to a total depth of 478 feet (145.7 meters) in 
1961 (Cooper, 1973). The Gregg Site supply well is 5.3 miles (8.6 kilometers) west of the 
LC-38 AST release site. At the time the well was drilled the ground water was non-potable 
due to high sulfate (8,830 mg/I) and chloride (744 mg/l) concentrations. However, the 
purpose of the supply well was to achieve cooling at the land surface by flood irrigation, 
thereby reducing heat shimmers that interfered with precision optical tracking. Static water 
level in the Gregg Well was measured at 214.54 feet (65.4 meters) below ground surface in 

4 



Work Plan for the RCRA Facility In vestigation at the Launch Comples-38 Site on White Sands Missile Range 

the summer of 1984 (Cruz, 1984). Based on water level measurements recorded by 
White Sands Missile Range for wells on the Range, the regional flow direction is toward 
the southeast. Figure 1-3 presents the groundwater elevation contours in this area based on 
recent depth-to-water measurements. 

1:68,640 

Figure 1-3. 
Potentiometric Surface in Vicinity of LC-38, August 2001 

1.3 Site History 

Launch Complex-38 was developed to sustain missile-testing operations. The map of the 
site is presented in Figure 1-4. Part of the infrastructure included a stored supply of fuel. 
A photograph of the AST is shown in Photograph 1-1. In the summer of 2000 it was 
determined that approximately 31,000 gallons of fuel could not be accounted for. 
Immediately upon the discovery of the missing inventory, the product lines from the 
adjacent loading terminal to the AST were uncovered. A leak in the product line was 
apparent and considered as the source of the fuel release. A photograph of the leaking line 
is shown in Photograph 1-2. 
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Photograph 1-1. AST at LC-38 

Photograph 1-2. Pipeline leak identified at LC-38 
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1.4 Objectives and Scope 

The purpose of this investigation is to supplement previous investigations by obtaining 
information to further characterize the geology and hydrology of the site area and extent of 
possible soil and groundwater contamination. This Work Plan is designed to document the 
objectives of the investigation, and describe the details of the technical and analytical approach 
to accomplish this task. 

1.5 Approach and Implementation 

The activities planned for this investigation will be conducted to further determine the extent of soil 
and/or possible ground-water contamination, determine possible contaminant transport pathways, 
evaluate the potential for human or ecological exposure and collect data to support the corrective 
measures study (CMS) for the selection of an appropriate remedy. Field activities to support these 
objectives will consist of the completion of 6 additional soil borings and the installation and 
sampling of three down-gradient and one up-gradient groundwater monitoring wells. Soil samples 
will be analyzed for the full suite of organic compounds (VOCs by Method 8260 and SVOCs by 
Method 8270), and TPH, by Method 8015 modified for diesel range hydrocarbons. Groundwater 
samples will be analyzed for total and dissolved metals, VOCs, SVOCs , TPH, and standard 
groundwater physical parameters and dissolved anions. In addition, geotechnical samples will be 
collected from the monitoring well location to support the CMS evaluations. 

This Work Plan addresses each of these activities in detail. Each activity is intended to more 
fully characterize possible contamination, provide information to determine areas in which 
further data may be required, and provide data to conduct studies for corrective measures, if 
warranted. All aspects of quality assurance, quality control, data validation and data reporting 
will be in conformance with the White Sands Missile Range RCRA Part B Permit, the 
New Mexico Hazardous and Radioactive Materials Bureau Standard Operating Procedures 
Manual (NMED-HRMB, 1998) and OSWER Directive 9902.3-2A. 

1.6 Previous Investigations 

A summary of the preliminary investigation is provided in a Letter Report prepared under 
Contract DAAD07-95-C-0125, WAO No. 700-B2. This Letter Report is provided in Appendix 
A. At the time this letter report was prepared, it was understood that it was to be a preliminary 
report, and detailed descriptions of the activities conducted, plus the complete laboratory results 
would be provided in this Work Plan. 

An environmental drilling contractor mobilized from Milan, New Mexico during February of 
2001 to advance soil borings and retrieve core samples of the subsurface material. The WS-ES 
on-site contractor supplied a Geologist to supervise drilling and log the core samples. Drilling at 
the LC-38 AST diesel release site began on February 13, 2001 and concluded on February 16. 
Three exploratory holes were drilled in that time: 

Site Name 
Soil Boring 1 (SB-01) 
Soil Boring 2 (SB-02) 
Soil Boring 3 (SB-03) 

Location 
4ft (1.2 m) north ofleak 
30ft (9. 1 m) south ofleak 
37ft (11.3 m) north ofleak 

8 

Total Depth 
TD at 105ft (32 m) 
TD at 80ft (24.4 m) 
TD at 82.5ft (25 m) 
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The locations of these borings are shown below in Figure 1-5. 
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The drilling contractor used a hollow-stem auger with a 4.5-inch inside diameter through which a 
stainless steel, split-barrel core retrieval system (split spoons) passed. Two, (2.5-foot) long 
spoons were joined to equal the (5-foot) soil sampling interval. Employing this method allowed 
the Site Geologist to observe and record a nearly complete stratigraphic section. The split spoon 
apparatus was locked-in at the drilling bit and thereby collected undisturbed, in-place core as the 
drill string advanced. 

Drillers retrieved the split-barrel core system via wire-line with each (5 feet) that the auger 
advanced. The geologic characteristics were logged as presented in Appendix B. A biased 
sampling approach dictated that soil was preferentially collected from the most obviously 
contaminated stratum within the designated sampling interval. 

The biased samples were not homogenized prior to placing them into the sample containers. 
Instead, geologically similar materials were packed into clear glass jars with screw-on lids with 
Teflon septa. Packing the jars with sample minimized as much as possible the available 
headspace. Immediately following sample collection and labeling, each sample was stored in a 
cooler with ice prior to shipment to the laboratory. 

1. 7 Sample Analysis and Sample Results from the Preliminary Investigation 

The following sections summarize the analytical results for the soil and groundwater samples 
collected during field activities. Additionally, this section presents a summary of the site 
geology and hydrogeology, as determined from the investigation. From these results, the vertical 
extent of diesel contamination can be delineated, although further investigation is required to 
determine the horizontal extent of the contamination. 

1.7.1 Sample Analysis 

Samples packed in ice were shipped by overnight express to the contract laboratory in Houston, 
Texas. The methods requested were Volatile Organic Compounds (SW-846 Method 8260), 
Semi-Volatile Organic Compounds (SW-846 Method 8270), Polynuclear Aromatic 
Hydrocarbons by High-Pressure Liquid Chromatography (HPLC; SW-846 Method 8310), and 
Total Petroleum Hydrocarbons (SW-846 Method 8015-modified for diesel-range compounds). 
All extractions from the samples were made within the corresponding method holding times. At 
the ground surface, and at the zones of relatively high diesel fuel contamination as determined by 
field indicators, samples were collected for RCRA metals analysis by 6000 and 7000 Series 
methods. Although RCRA metals are not components of the diesel fuel, samples were analyzed 
for metals on the off chance that mineralized metals were somehow chemically released through 
contact with the fuel. Following extraction, the laboratory experienced failure of their HPLC 
equipment. Using the 8270 method to analyze the samples extracted for HPLC, the laboratory 
was able to achieve detection limits similar to or lower than the HPLC method. 

1.7.2 Sample Results 

The raw laboratory data is provided as Appendix C. Only the detections are listed in the 
Appendix. The full laboratory reports are available through the Chemical Records Custodian, 
located on the third floor of Building 126 at WSMR. 
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The TPH results are summarized in Table 1-1. Note that the data is presented showing the 
boreholes as they are laid out from north to south. Where data is not presented for a depth, it is 
due to the fact that sampling was not always at the same depth in each hole 

Table 1-1. Diesel Range Organics. 

DIESEL RANGE ORGANICS, mg/Kg 

DEPTH, ft SB03 SBOl SB02 

4.5 - 5.0 1.4 16 

9.5 - 10.0 1.8 14,000 6.1 

14.5 - 15.0 1.4 8.4 

17.5 - 18.0 11 ,000 

19.5 -20.0 1.4 11 ,000 24 

24.5 - 25.0 15 17,000 14 

29.5 - 30.0 3.6 21,000 

34.5 - 35.0 4.5 16,000 13 

39.5 - 40.0 3.7 14,000 1.1 

44.5 - 45.0 5,200 21 ,000 0.8 

49.5 - 50.0 10,000 

53 .7 - 54.2 30,000 

54.5 - 55.0 21,000 24,000 27 

57.0 - 57.5 20,000 

59.5 - 60.0 5,000 11 ,000 26,000 

64.5 - 65.0 12,000 49,000 180 

67.0 - 67.5 70,000 6,800 

69.5 - 70.0 23 420 160 

70.0 - 70.5 3,000 

74.5 - 75 .0 56 1.4 

79.5 - 80.0 1.2 2.2 

104.5 - 105.0 1.1 

The preliminary subsurface investigation of the LC-38 AST diesel fuel release had two main 
objectives. First, to determine if the fuel intersected a water table that could carry the 
contamination laterally away from the site. Second, to determine the maximum vertical extent of 
diesel contamination at the release point. Analytical data from the three soil borings answer both 
questions. The work plan is intended to build on this preliminary data to fully characterize the 
site both vertically and laterally. 
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1.7.3 Summary of Site Geology 

Within the first one-hundred feet (30 meters) below the AST release site, two facies can be 
identified. 

• Fine sand and silt facies - Predominantly very fine quartz sand and sandy silt, angular to 
subrounded grains, light tan occasionally grading to reddish brown. Lithic fragments up 
to 15% and volcanic fragments generally <5%. 

• Clay facies - Clay, silt, and interbedded thin layers of fine quartz sand. Medium to dark 
brown, commonly with flattened, black carbon inclusions. Thin layers of caliche nodules 
and rip-up clasts common. 

At the LC-38 AST diesel release site, the upper 35 feet (10.7 meters) of soil is dominated by the 
fine sand and silt facies. Below that is a transition zone where layers of both facies interfinger. 
Drilling encountered the clay facies from 60 feet (18.3 meters) to total depth (TD) in each of the 
three soil borings. 

1. 7.4 Interpretation of Results 

The data shows that the diesel fuel flowed vertically to a depth of approximately 75 feet 
(23 meters) before it ran out of sufficient head force to drive it further. The investigating team 
encountered no ground water over this interval or even to a depth of 105 feet (32 meters). Total 
petroleum hydrocarbons analysis documented the mass distribution of contamination at 
approximately 5-foot (1.5-meter) intervals. The more compound-specific analyses, SW-846 
8260 and 8270, were run on samples strategically spaced to maximize cost-benefit, but also 
verify the TPH results and provide for future risk screening. TPH results are provided in 
Table 1-1. 

2.0 QA PROJECT PLAN 

2.1 Data Quality Objectives Process 

To support the overall investigation objectives, data quality objectives (DQOs) have been 
established. The DQOs are qualitative and quantitative statements that specify the quality of 
data required to meet the goals of the site characterization, risk assessment and remedial design. 
Data developed during the investigation will be used to determine the presence and lateral and 
vertical extent of possible soil and groundwater contamination, the direction as well as the rate of 
contaminant migration, if occurred. The evaluation of this data will be used to screen corrective 
measures, and implementation of corrective measures, if necessary. 

DQOs will be used to: 

• Ensure data comparability through the use of standard methods and controlled systems to 
collect and analyze samples; 

• Provide analytical results of known and acceptable precision and accuracy; and 
• Provide 95 percent data completeness for analytical results representing each matrix

method combination. 
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The level of analytical support to meet these goals will be between Level III and IV as described 
in "Data Quality Objectives for Remedial Response Activities: Development Process", 
U.S. Environmental Protection Agency, EPA 540/G-87/003, May 1987. As part of the analytical 
reporting requirements, all reporting laboratories will provide the following data: 

• Sample identification numbers cross-referenced with laboratory identification numbers 
and QC sample numbers, 

• Problems with arriving samples noted on chain-of-custody, 
• Each analyte reported as an actual value or less than a specified detection limit, and 
• Dilution factors, extraction dates, and analysis date. 

QC samples results for laboratory blanks, surrogate spikes, matrix spikes, laboratory duplicates, 
field duplicates, field blanks, and trip blanks. The data developed during the investigation will 
meet the chosen objectives for precision, representativeness, accuracy, completeness, and 
comparability. 

2.1.1 Accuracy 

Accuracy is the degree to which a measurement agrees with the actual value, i.e., the amount of 
measurement bias. Accuracy is expressed as a percent recovery of a known concentration of 
reference material. 

The accuracy of an analytical procedure is determined by the addition of a known amount of 
material (matrix spike) to a field sample matrix or a standard matrix. A standard matrix is made 
up of distilled water or sterile, clean soil with approximately the same physical properties 
(porosity, permeability, plasticity, grain size, etc.) as the field sample. The field sample matrix is 
described as all components of the sample mixture except the analyte (the compound being 
analyzed). The lab will be required to perform matrix spiking on 10% of field samples, as well 
as on 5 to 10% of standard matrix samples. Field sample matrix and standard matrix sample 
spiking show how the sample matrix-analyte chemical interactions affect the analytical results. 
The matrix behavior of the spiked field sample will be comparable to that of the matrix of the 
original sample. After analysis for the spike is completed, the accuracy of the procedure is 
expressed as a percent recovery as shown by the following equation: 

where: 

Percent Recovery= (C2 -C1) x 100% 

Co 

Co = amount of analyte added to the sample matrix, 

C1 = amount of analyte present in the unspiked sample matrix 

(equal to zero for the standard matrix), and 

C2 = amount of spiked material recovered in the analysis. 

Typically, the amount of a reference analyte spiked into a field sample matrix is specified by the 
laboratory quality control program, or 3 to 5 times the background concentration of the analyte in 
the sample matrix . Samples cannot be spiked for all organic compounds which could possibly 
exist in the field sample matrix, however, a set of surrogate compounds, each of whose physical 
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and chemical properties is similar, is used as surrogate matrix spikes, or surrogates. Acceptable 
recovery ranges for each class of organic compounds are discussed in the analytical methods for 
each parameter. 

2.1.2 Precision 

Precision is a measure of the degree of reproducibility of an analytical value and is used as a 
check on the quality of the sampling and analytical procedures. Precision is determined by 
analyzing replicate samples. The significance of a precision measurement depends on whether 
the sample is a field replicate, lab replicate, or a matrix spike replicate. 

Field replicates are taken at the rate of 10% or one per batch (each daily shipment of samples 
from a site), whichever is greater. Precision of the analytical method, at each stage, is 
determined by calculation of a relative percent difference (RPD) between duplicate analytical 
recoveries of a sample component, relative to the average of those recoveries: 

where: 

RPD = IC2 - C1l x 100% 
(C2 + C,)12 

C1 = analyte concentration in the sample, 
C2 = analyte concentration in the sample replicate, and 
I I = an absolute value (It is customary to express RPD as a positive 
number. 

These calculations are usually performed on matrix spikes and matrix spike duplicates. 

2.1.3 Completeness 

Field completeness will be assessed by comparing the number of samples collected to the number 
of samples planned. Analytical completeness will be assessed by comparing the total number of 
samples with valid analytical results to the number of samples collected. The overall project 
completeness is, therefore, a comparison between the total number of valid samples to the number 
of samples planned. The results will be calculated following data validation and reduction. 

Completeness (C) is determined by: 

C =P1x100% 
Po 

where: Po = total number of samples planned, and 
P 1 = number of valid data points 

A value of 90% or higher is the goal. For values less than 90%, problems in the sampling or 
analytical procedures will be examined and possible solutions explored. 

2.1.4 Representativeness 

Representativeness expresses the degree to which sample data accurately and precisely represent 
actual site conditions. The determination of the representativeness of the data will be performed by: 
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• Comparing actual sampling procedures and chain of custody forms to those described in 
the work plan, 

• Identifying and eliminating nonrepresentative data in site characterization activities, 
• Evaluating holding times and condition of samples on arrival at the laboratory, and 
• Examining blanks for cross contamination. 

Representativeness is a qualitative determination. The objective of this work plan is to eliminate 
all non-representative data. 

2.1.5 Comparability 

Comparability is a qualitative measure of the confidence with which one data set can be 
compared to another. These data sets include data generated by different laboratories performed 
under this work plan, data generated by laboratories in previous investigative phases, data 
generated by the same laboratory over a period of several years, or data obtained using differing 
sampling techniques or analytical protocols. The comparability objectives of this work plan are 
(1) to generate consistent data using standard test methods; and (2) to salvage as much 
previously generated data as possible. Comparability will be evaluated by comparing the QA 
sample analyzed by an independent laboratory to its field replicate. 

2.1.6 Sensitivity 

Sensitivity is a general term referring to the calibration sensitivity and the analytical sensitivity 
of a piece of equipment. The calibration sensitivity is the slope of the calibration curve 
evaluated in the concentration range of interest. The analytical sensitivity is the ratio of the 
calibration sensitivity to the standard deviation of the analytical signal at a given analyte 
concentration. The detection limit, which is based on the sensitivity of the analysis, is the 
smallest reported concentration in a sample within a specified level of confidence. Quantitation 
limits represent the sum of all of the uncertainties in the analytical procedure plus a safety factor. 
The detection limit is a part of the quantitation limit. Quantitation limits are given in Table 2-1. 

Table 2-1. 
Laboratory reporting limits for organic constituents by analytical method. 

Parameter Method 
Aqueous Solid 

(ue/L) (ul!/Kg) 
Diesel range TPH 8015B 250 8,250 
voes 
1, 1, 1,2-Tetrachloroethane 8260B 1.0 5.0 
1, 1, I-Trichloroethane 8260B 1.0 5.0 
1, 1,2,2-Tetrachloroethane 8260B 1.0 5.0 
1, 1,2-Trichloroethane 8260B 1.0 5.0 
1, 1-Dichloroethane 8260B 1.0 5.0 
1, 1-Dichloroethene 8260B 1.0 5.0 
1, 1-Dichloropropene 8260B 1.0 5.0 
1,2,3-Trichlorobenzene 8260B 1.0 5.0 
1,2,3-Trichloropropane 8260B 1.0 5.0 
1,2,4-Trichlorobenzen 8260B 1.0 5.0 
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Parameter Method 
Aqueous Solid 

(u2/L) (u1!/K2) 

1,2,4-Trimethylbenzene 8260B 1.0 5.0 
1,2-Dibromo-3-chloropropane 8260B 1.0 5.0 
1,2-Dibromoethane 8260B 1.0 5.0 
1,2-Dichlorobenzene 8260B 1.0 5.0 
1,2-Dichloroethane 8260B 1.0 5.0 
cis-1,2-Dichloroethene 8260B 1.0 5.0 
trans-1 ,2-Dichloroethene 8260B 1.0 5.0 
1,2-Dichloropropane 8260B 1.0 5.0 
cis-1 ,2-Dichloropropene 8260B 1.0 5.0 
trans-1 ,2-Dichloropropene 8260B 1.0 5.0 
1,3,5-Trimethylbenzene 8260B 1.0 5.0 
1,3-Dichlorobenzene 8260B 1.0 5.0 
1,3-Dichloropropane 8260B 1.0 5.0 
1,4-Dichlorobenzene 8260B 1.0 5.0 
1-Chlorohexane 8260B 1.0 5.0 
2,2-Dichloropropane 8260B 1.0 5.0 
2-Butanone 8260B 5.0 10 
2-Chlorotoluene 8260B 1.0 5.0 
2-Hexanone 8260B 5.0 10 
4-Chlorotoluene 8260B 1.0 5.0 
4-Methyl-2-pentanone 8260B 5.0 10 
Acetone 8260B 5.0 10 
Benzene 8260B 1.0 5.0 
Bro mo benzene 8260B 1.0 5.0 
Bromochloromethane 8260B 1.0 5.0 
Bromodichloromethane 8260B 1.0 5.0 
Bromoform 8260B 1.0 5.0 
Bromomethane 8260B 2.0 5.0 
n-Butylbenzene 8260B 1.0 5.0 
sec-Butylbenzene 8260B 1.0 5.0 
tert-Butylbenzene 8260B 1.0 5.0 
Carbon Tetrachloride 8260B 1.0 5.0 
Chlorobenzene 8260B 1.0 5.0 
Chloroethane 8260B 2.0 5.0 
Chloroform 8260B 1.0 5.0 
Chloromethane 8260B 2.0 5.0 
Dibromochloromethane 8260B 1.0 5.0 
Dibromomethane 8260B 1.0 5.0 
Dichlorodifluoromethane 8260B 2.0 5.0 
Ethylbenzene 8260B 1.0 5.0 
Hexachlorobutadiene 8260B 1.0 5.0 
lsopropylbenzene 8260B 1.0 5.0 
p-lsopropyltoluene 8260B 1.0 5.0 
Methylene Chloride 8260B 2.0 5.0 
Methyl tertiary butyl ether (MTBE) 8260 1.0 25 .0 
Naphthalene 8260B 1.0 5.0 
n-Propylbenzene 8260B 1.0 5.0 
Styrene 8260B 1.0 5.0 
Tetrachloroethene 8260B 1.0 5.0 
Toluene 8260B 1.0 5.0 
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Parameter Method 
Aqueous Solid 

(u!!/L) (u1!/K2) 
Trichloroethene 8260B 1.0 5.0 
Trichlorofluoromethane 8260B 1.0 5.0 
Vinyl Chloride 8260B 1.0 5.0 
Xylene (total) 8260B 1.0 5.0 
SVOCs 
1,2,4-Trichlorobenzene 8270B 10 330 
1,2-Dichlorobenzene 8270B 10 330 
1,3-Dichlorobenzene 8270B 10 330 
1,4-Dichlorobenzene 8270B 10 330 
2,2'-Oxybis(1-Chloropropane) 8270B 10 330 
2,4,5-Trichlorophenol 8270B 25 830 
2,4,6-Trichlorophenol 8270B 10 330 
2,4-Dichlorophenol 8270B 10 330 
2,4-Dimethylphenol 8270B 10 330 
2,4-Dinitrophenol 8270B 25 830 
2,4-Dinitrotoluene 8270B 10 330 
2,6-Dinitrotoluene 8270B 10 330 
bis-(2-Chloroethoxy)methane 8270B 10 330 
bis-(2-Chloroethyl)ether 8270B 10 330 
bis-(2-Chloroisopropyl)ether 8270B 10 330 
2-Chloronaphthalene 8270B 10 330 
2-Chlorophenol 8270B 10 330 
bis-(2-Ethylhexyl)phthalate 8270B 10 330 
2-Methylnaphthalene 8270B 10 330 
2-Methylphenol 8270B 10 330 
2-Nitroanaline 8270B 25 830 
2-Nitrophenol 8270B 10 330 
3 ,3 '-Dichlorobenzadine 8270B 10 330 
3-Nitroanaline 8270B 25 830 
4,6-Dinitro-2-methylphenol 8270B 25 830 
4-Bromophenyl-phenyl ether 8270B 10 330 
4-Chloro-3-methylphenol 8270B 10 330 
4-Chloroanaline 8270B 10 330 
4-Chlorophenyl-phenyl ether 8270B 10 330 
4-Methylphenol 8270B 10 330 
4-Nitroanaline 8270B 25 830 
4-Nitrophenol 8270B 25 830 
Acenaphthene 8270B 10 330 
Acenaphthylene 8270B 10 330 
Anthracene 8270B 10 330 
Benzo( a )anthracene 8270B 10 330 
Benzo( a )pyrene 8270B 10 330 
Benzo( b )fluoranthene 8270B 10 330 
Benzo(g, h, /)perylene 8270B 10 330 
Benzo(k)fluoranthene 8270B 10 330 
Benzoic Acid 8270B 25 830 
Benzyl Alcohol 8270B 25 830 
Butylbenzyphthalate 8270B 10 330 
Carbazole 8270B 10 330 
Chrysene 8270B 10 330 
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Parameter Method 
Aqueous Solid 

(1111/L) (1111/Ke:) 

Di-n-butylphthalate 8270B 10 330 
Di-n-Octylphthalate 8270B 10 330 
Dibenzo( a, h )anthracene 8270B 10 330 
Dibenzofuran 8270B 10 330 
Diethylphthalate 8270B 10 330 
Dimethylphthalate 8270B 10 330 
Fluoranthene 8270B 10 330 
Fluorene 8270B 10 330 
Hexachlorobenzene 8270B 10 330 
Hexachlorobutadiene 8270B 10 330 
Hexachlorocyclopentadiene 8270B 10 330 
Hexachloroethane 8270B 10 330 
Indeno( 1,2,3-c,d)pyrene 8270B 10 330 
Isophorone 8270B 10 330 
Naphthalene 8270B 10 330 
Nitro benzene 8270B 10 330 
N-Nitrosodimethylamine 8270B 10 330 
N-Nitrosodiphenylamine 8270B 10 330 
N-Nitroso-di-n-propylamine 8270B 10 330 
Pentachlorophenol 8270B 25 830 
Phenanthrene 8270B 10 330 
Phenol 8270B 10 330 
Pyrene 8270B 10 330 
RCRAMetals 
Arsenic 6010A 0.005 1.0 
Barium 6010A 0.006 10.0 
Cadmium 6010A 0.0005 1.00 
Chromium 6010A 0.004 1.0 
Lead 6010A 0.03 1.0 
Mercury 7000A 0.002 0.10 
Selenium 6010A 0.005 1.0 
Silver 6010A O.Ql 1.0 
Additional water quality parameters 
Sulfate 300 5 
Chloride 300 2 
Alkalinity 310.1 1 
TDS 60.1 10 
conductivity 20.1 I µmho/cm 
Laboratory pH 150.l 0.01 pH 

2.1. 7 Chemical Data Validation 

Raw laboratory data are typically reduced at the laboratory, resulting in a report containing the 
analytical data and the laboratory QC results. If needed, calibration and internal standards 
information, raw data, and all instrumentation output will be provided by the laboratory. 
Following receipt of chemical laboratory data, the validation process will include the 
following: 
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• Review of laboratory testing methods, detection limits, holding times, data qualifiers, etc. 
• Review of data summaries and reports for transcriptional and typographical errors 
• Review to determine propriety of sampling protocols 
• Review to compare the data against trip blanks to detect contamination from sampling 
• Review to compare field sampling replicates 
• Review to compare field sampling replicates (QC samples) 
• Review of laboratory QC including laboratory blanks, spike recovery and duplicates 
• Review chain-of-custody forms, sample receipt data, damages sample containers, etc. 

2.1.8 Field Data and Measurements 

All field instruments will be properly calibrated and used as directed by the manufacturer. 
Validation of field data will be determined primarily by making several readings and checking 
for reproducibility. All field personnel will be knowledgeable on the use and calibration of 
field instruments, the oversight of field data collection, validation, and record keeping. All 
field data will be recorded in the site logbook and presented in the Investigation 
Summary Report. 

Field measurements will be performed to Level I (USEPA, 1983) standards. These will include 
measurement of pH, conductivity, and temperature on groundwater samples. Precision on field 
measurements will be assessed by duplicate measurements to determine reproducibility. These 
consecutive readings should be ± 1 ° F for temperature, ± 0. 02 uni ts for pH, and ± 10% for 
conductivity. 

2.1.9 Technical Data 

Technical data refers to data of several types, such as potentiometric surface measurements, 
groundwater flow calculations, and lithologic thicknesses generated from geologic and 
geophysical field data, isopleth profiles of contaminants and groundwater models. This 
information will be recorded in the site logbook as it is collected. Anomalous readings or results 
will be rechecked and presented to the Task Manager for verification. Technical data will be 
evaluated and reported in the Investigation Summary Report. 

3.0 RCRA FACILITY INVESTIGATION APPROACH 

Several conclusions can be reached from the field data acquired and these conclusions support 
the rationale for the RFI workplan presented herein. 

• The vertical extent of diesel contamination in the immediate proximity of the leak source 
is 22 meters (72 feet) deep 

• Ground water was not encountered during subsurface drilling to a depth of 32 meters 
(105 feet) 

• The release of diesel fuel is confined to the vadose zone above the clay layer. 
• The lateral extent of contamination has not been delineated. 
• Very fine-grained elastic material (clays and silts) with high porosity absorbed and retain 

a significant volume of diesel fuel 
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Field activities, including six soil borings to 100 feet (30.5 meters), and the installation of three 
down-gradient and one up-gradient water table monitoring wells for this investigation will help 
determine the horizontal and vertical extent of any possible soil and water contamination around 
the perimeter of the releases and determine if any migration of contamination has occurred. In 
addition, it will resolve the question of whether the soil and/or groundwater contain hazardous 
waste and/or hazardous waste constituents. Geotechnical samples collected from the monitoring 
well borehole will provide data for evaluation of remedial alternatives in the Corrective 
Measures Study, should selection of a remedy be warranted. The proposed locations for the 
borings and the monitoring wells are shown in Figure 3-1 below. 
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3.1 Soil Borings 

The soil borings will be drilled using a hollow-stem rig supervised by a qualified scientist using 
industry-standard methods. Each soil boring will be drilled to 100 feet (31 meters) in depth. 
The proposed soil boring locations are shown in Figure 3-1, in addition to the existing three 
locations, also shown. As detailed in Section 1.6, the three existing soil borings provided 
contaminant concentration data at the leak source and along a north-south plane radiating 
outward to a distance of approximately 35 feet (10.7 meters) from the source. The proposal is to 
place soil borings at a similar distance from the source on an east-west plane, and then step out at 
the compass points to ring the leak with soil borings at a distance of approximately 100 feet 
(31 meters) from the leak source. 

Continuous soil cores will be collected. If continuous coring is not possible, split spoon samples 
will be collected over each 5-foot (1.5 m) length of the drill stem using a wireline retrieval 
system for the split-barrel core apparatus. The site geologist will inspect the core as it is 
retrieved for any evidence of diesel contamination. Soil type will be logged from the core by the 
site geologist. An organic vapor analyzer using a flame ionization detector will be used to 
provide additional screening for contaminants, in addition to its primary function of monitoring 
the drill crew breathing space as discussed in the site health and safety program. Where field 
screening indicates no organic contaminants, samples will be collected on a 10-foot (3-meter) 
interval and analyzed for TPH by SW-846 Method 8015-Modified for the diesel fuel range 
hydrocarbons. Wherever diesel fuel is encountered in the drill cuttings or in the core, the 
sampling interval will shift to 5 feet (1.5 meter) for analytical methods SW-846 Methods 8260 
and 8270. The detection levels proposed for the VOC and SVOC constituents to be quantified 
by these methods are listed in Table 2-1. 

If the field screening methods fail to detect the presence of diesel fuel, and if the geology across 
the site is uniform as it was in the first three soil borings, soil samples for SW-846 Methods 8260 
and 8270 will be collected 4 inches (10-centimeters) above and 4 inches below the sand/clay 
contact along which the fuel spread laterally as show by the preliminary subsurface investigation 
(see Section 1.6). If no evidence of contamination is found in a particular soil boring, drilling 
will be halted at a depth of 100 feet (30.5 meters) and the boring will be backfilled with hydrated 
bentonite. In soil borings where diesel contamination is encountered, the staff geologist will drill 
at least 15 feet (4.6 meters) beyond the last field evidence of organic vapors and sample for 
SW-846 Method 8015-Modified on a 5-foot (1.5-meter) interval. The total depth ofborings 
where diesel contamination is encountered will be 100 feet (30.5 m), or greater if contamination 
is encountered below 85 feet (26 m), to ensure samples are collected at least 15 ft (5 meters) 
below the last field evidence of organic vapors. 

Backfilling of the open boreholes will be accomplished using a 5% bentonite grout using a 
tremmie pipe. This method will prevent bridging and ensure that the open borehole is sealed to 
prevent creation of a migration pathway. 

One borehole, of the two to be drilled closer to the location of SB-01, will not be backfilled, but 
will be equipped for soil gas sampling and evaluation. A 10-foot (3 m) length of coarse screen 
will be installed in the zone of the highest readings from the field screening. This soil gas 
monitoring well will be available for the Corrective Measures Study (CMS) for data collection, 
such a soil gas sampling, pressurization studies or a pilot study for vapor extraction. 
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These data could be used during the CMS to evaluate natural attenuation, soil vapor extraction, 
air sparging and other active remediation alternatives, should the preparation of a CMS be 
warranted by the results of this investigation. 

3.2 Ground Water Sampling 

A set of four wells, three down-gradient and one up-gradient, is proposed to determine depth to 
water, the TDS concentration of the first water, and the presence or absence of organic 
contamination. The proposed locations of the wells are shown in Figure 3-1. The three down
gradient wells are to be located approximately 200 feet (61 meters) down-gradient of the diesel 
fuel leak. The up-gradient well will be approximately 200 ft (61 meters) up-gradient. 

Prior to drilling the well a cultural and natural resources survey will be conducted. If required, 
the location for the monitoring well and decon pad will be shifted up to 75-feet (22.9 m) down
gradient (to the southeast) and/or 100 feet (31 m) along the gradient. 

The wells will be constructed as detailed in Appendix F. The wells will be developed a 
minimum of 48 hours after installation and prior to sampling by surging and bailing. When the 
produced water is clear and the physical parameters (pH, specific conductance and temperature) 
have stabilized, an additional seven well volumes will be pumped out and containerized. 
Sampling will be conducted a minimum of 24 hours following well development. 

Groundwater samples will be analyzed for organic contaminants associated with diesel fuel 
according to the list of parameters in Table 2-1 using the aqueous matrix reporting limits. 
Additionally, the ground water constituents will be characterized by using the analyses listed in 
Table 2-1. All parameters will be analyzed as dissolved concentrations except that the samples 
for metals will be analyzed for both total (unfiltered) and dissolved (filtered) concentrations. 

In addition, geotechnical samples will be collected from the middle well of the three down
gradient wells. Samples for geotechnical analysis will be collected every ten feet (3 m), starting 
at 15 feet (4.6 m) below ground surface, and at every 5 feet (1.5 m) from 60 to 80 feet (18.3 to 
24.4m), for a total of 10 samples. The samples will be collected from a borehole drilled with a 
hollow-stem auger drilling rig, using continuous coring, or split-spoon samples if continuous 
coring is not possible. Following collection of the geotechnical samples, the borehole will be 
abandoned as described in Section 3.1. A mud-rotary rig will be used to drill the actual 
monitoring well at a location 10 to 20 feet (3 to 6.1 m) from the borehole. At the judgment of 
the Site Geologist and the drilling contractor, the same borehole location can be used, by 
overdrilling the initial 80 feet (24 m) and then continuing to drill the well. 

No soil samples for laboratory chemical analysis will be collected from this well location. It is 
expected that the location is outside the zone of contamination from the release. If 
contamination is indicated by field screening, samples for laboratory analysis for organics will be 
collected at five foot intervals until 15 feet ( 4.6 m) below the last indication of contamination 
from the field screening. The borehole will be abandoned as described in Section 3.1. A new 
location for the monitoring well will be selected, at least 100 feet (30.5 m) downgradient of 
initial location. 
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4.0 DATA COLLECTION DESIGN AND PROCEDURES 

4.1 Field Activities 

The principal operations of the field investigation will be soil-sampling, installation of 
monitoring wells, groundwater sampling, management of investigation-derived wastes (IDW), 
horizontal and vertical surveying and various field measurements. Due to the location of Launch 
Complex-38, a utility clearance will be obtained before commission of field activities . The field 
investigation will be enveloped by the field QNQC program in order to ensure that the data 
quality objectives are met. 

This section defines, in general terms, the procedures for the identification and collection of soil 
and groundwater samples, installation of monitoring wells, and decontamination of drilling and 
sampling equipment. All field activities will conform to MEVATEC Standard Operating Procedures 
(MSOPS), where applicable. These MSOPS are included in this document in Appendix F. 

4.1.1 Near Surface Soil Sampling Procedures 

Near surface soil samples will be collected using a decontaminated, hand driven, stainless steel 
auger. All sampling equipment will be decontaminated prior to sample collection using 
decontamination procedures presented in Appendix C. Before and during sampling, all 
decontaminated sampling equipment and bottles will be placed on clean plastic sheeting to avoid 
contamination. Soil from the auger will be placed in a stainless steel bowl. Samples will be 
collected in conformance with MSOP 3.0 (Appendix F). 

The soil will be placed into the sampling jars. Excess soil around the top of the sample jars will be 
wiped away with a clean cloth or paper towel to ensure the cap will fit tightly. When all sample jars 
required are filled, excess soil will be containerized with other soil cuttings and properly disposed. 

New, disposable gloves will be worn to collect each soil sample. Prior to leaving the sample 
location, a surveying stake with the location number written on it will be placed at or 
immediately adjacent to the actual sampling location. The boring location coordinates will be 
taken using a Global Positioning System (GPS). 

At a minimum, the following information will be recorded in a bound field logbook for each 
sample collected: 

• Date and time of collection, 
• Sample location, 
• Sample number, 
• Weather conditions, 
• Depth of sample collection, 
• Number of cores collected to obtain adequate sample volume, 
• Sample type (duplicate, split, field blank if applicable), 
• Visual observation of soil (color, layers, Unified Soil Classification System (USGS) 

description, etc.), and 
• Sampler' s name and personnel present. 
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4.1.2 Soil Boring Sampling Procedures 

Subsoil samples for chemical analysis will be collected using continuous coring or split-spoon 
samplers. All sampling and sample composite equipment will be decontaminated according to 
the procedures in Appendix E and applicable MSOPs. All investigation derived waste will be 
managed in accordance with procedures described in Section 4-6 and Appendix E. 

When the split-barrel is removed from the boring and opened, any material appearing to be 
slough will be removed. The remaining material will be mixed in a stainless steel bowl prior to 
filling the sample containers. The sampling team members collecting each sample will wear 
new, disposable gloves. 

4.1.3 Groundwater Sampling And Analysis 

One up-gradient and three down-gradient monitoring wells will be installed in accordance with 
the procedures described in Appendix F and applicable MSOPs. Along with the sample 
collection, the field parameters of pH, temperature, and conductivity will be measured. To 
evaluate groundwater flow direction and aquifer characteristics, a groundwater level 
measurements will be taken in each well. 

4.1.3.1 Groundwater Level Measurements 

Prior to sampling the monitoring well, the water level will be measured to the nearest 0.01 ft. 
with an electronic water level indicator. Measurements in the monitoring well will be measured 
at a mark or notch at the top of the stainless steel casing. The water level indicator probe will be 
decontaminated prior to and after use by rinsing with water meeting requirements of ASTM 
Type II reagent water. The probe and tape will be decontaminated in the same manner as 
sampling equipment if it becomes excessively soiled. Procedures for decontamination are 
contained in Appendix E. 

4.1.3.2 Groundwater Sampling Procedure 

Prior to sampling, the monitoring well will be purged in order to obtain samples of formation 
water. Purging of the well will be performed with a portable, decontaminated, electric, 
submersible pump. Purging of all wells will continue until at least three casing volumes are 
removed and the field parameters of pH, temperature and conductivity are stable. These 
parameters are considered stable when three consecutive readings have a temperature± 0.5° C, 
pH is ± 0.1 units and conductivity is ± 1 %. All purged water will be containerized in approved 
containers at the well location. Investigation derived waste, including purge water, will be 
managed in accordance with the procedures described in Section 4.6 and Appendix E. 

After purging is satisfactorily completed, the water level will be measured with an electronic 
water level indicator and then the well will be sampled as soon as possible with a PVC bailer. 
The bailer will be rinsed with ASTM Type II water prior to sampling. New nylon or poly 
bailer cord will be used with the bailer at each well. If the well recharges slowly, sampling will 
begin as soon as sufficient recharge occurs to fill sampling containers. Sample containers will 
be filled directly from the bailer. All containers will be new and level I certified according to 
USEP A quality assurance cleaning protocols. The sampling team members at each well will 
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wear new, disposable gloves. Preservatives, ifrequired by the analytical method, will be added 
to the containers by the sampling team. It is possible that the laboratory could supply sample 
containers that contain EPA approved preservatives. In this case, additional preservatives will 
not be added. Preservatives are shown in Table 4-1 in Section 4.3.6. 

4.1.3.3 Groundwater Sampling Documentation 

At a minimum, the following information will be recorded in a bound field logbook for each 
sample collected: 

• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 

4.2 

Date and time of collection 
Sample location 
Sample number 
Water level and time of measurement 
Total depth and diameter of the well 
Depth of water column and minimum purge volume 
Sample type (duplicate, split) 
Purging and sampling method (bailer, hand pump, submersible electric pump, etc.) 
Temperature, conductivity, and pH of well water during purging until stable readings are 
obtained 
Color and turbidity of sample (if applicable) 
Volume purged prior to sampling, 
Sample preparation and preservation (filtering, NaOH etc.), 
Instrument calibration check, 
Sampler's name and personnel present, and 
Remarks on any special problems or observations . 

Field Quality Assurance/Quality Control (QA/QC) Procedures 

In order to ensure that sampling equipment is cleaned properly, proper sampling procedures are 
implemented, and that laboratory performance is adequate to produce quality data, several forms 
of QA/QC samples will be collected and analyzed as part of the investigation. QC samples are 
collected in the field and sent to the same laboratory as the rest of the field samples. QC samples 
include trip blanks, field blanks, and replicates. 

4.2.1 Replicate Samples 

Replicate samples are extra samples collected at a location. In theory, they are identical to the 
field sample collected. Care is taken to ensure that all the samples collected from a specific 
location are as identical as possible. Replicate samples are used as duplicates of the field 
samples for QC purposes. Replicate samples will be collected in duplicate at a frequency of 
1 per 20 samples, with a minimum of one per day. The samples will go to the primary laboratory 
as a regular field sample and labeled as a "blind" duplicate. 

4.2.2 Field Measurements 

Field instruments will be required to measure groundwater parameters. Reliable measurements 
are dependent on proper calibration and use. 
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Field equipment for the investigation will include meters to measure groundwater pH, 
temperature, and conductivity of water samples. All meters and monitoring equipment will be 
properly calibrated and used according to manufacturer's instructions. 

Groundwater pH, temperature, and conductivity will be measured following the MSOPs 
presented in Appendix F. Water level indicators to be used are manufactured by Solinst or 
equivalent. All indicators have tapes or cables marked in increments of 0.01 feet. Copies of the 
owner's manual will be kept on-site for reference on the proper calibration, operation, and 
troubleshooting of equipment. 

The pH probe will be calibrated daily, and more often if necessary, using 4.01 , 7.00 and 
10.00 pH buffers. The two buffers expected to bracket the groundwater pH should be used (most 
commonly 4.01 and 7.00). The calibration for pH will be performed using the following steps: 

• Rinse probe with distilled water and shake off excess water. 
• Immerse probe in pH 7.00 buffer. Observe temperature and check chart on buffer bottle 

to see what pH the buffer should be at this temperature. Set temperature knob on meter 
to correct value. 

• Immerse probe in pH 7.00 buffer and allow reading to equilibrate. 
• Tum adjustment knob until correct pH of 7.00 buffer is displayed. 
• Rinse probes with distilled water, shake off excess, and calibrate with either 4.01 or 

10.00 buffer depending on expected pH range of groundwater. 
• Check temperature of second buffer and adjust temperature knob if needed. Determine 

pH of buffer at this temperature from chart on bottle. 
• Immerse probe in buffer and allow reading to equilibrate. 
• Adjust knob labeled "SLOPE" until display reads buffer pH value. 
• Rinse probes off with distilled water and immerse in pH 7.00 buffer and check reading. 

Correct if necessary by adjusting the adjustment knob. Recheck second buffer and 
change adjustment if necessary. 

Field pH buffer solution will be used daily for calibration. The calibration will be checked 
frequently during the day and adjusted if necessary. All pH meter calibrations and checks are 
recorded in the field logbook. 

Conductivity measurements on the Hydac meter cannot be adjusted in the field. However, the 
probe can be checked using standard solutions. At the start of field activities, the conductivity 
probe will be checked according to manufacturer's instructions using a 1,000-microsiemen/cm 
standard solution. The reading obtained will be divided by the conductivity of the standard 
solution to obtain a correction factor for the probe. All readings should then be multiplied by this 
correction factor to obtain the correct reading. The meter will compensate for temperature and 
display the conductivity at 25 ° C that is known as "specific conductance." The programmed 
amount of compensation ( 1. 8-1. 9% I ° C) is accurate unless the water contained total dissolved 
solids of 10,000 mg/L or higher. 

Measurement of all three groundwater parameters will be accomplished by immersing the probe 
in a clean polyethylene container containing at least 250 ml of water. Probes will be moved 
slightly to minimize effects of the container wall on probe performance and to keep the sample 
from stagnating during measurement. 
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4.3 Sample Handling and Testing 

4.3.1 Sample Numbering 

All samples, except trip blanks, collected for this investigation will be assigned sample numbers 
as follows: 

For surface and subsurface soil samples: #### xxyy (zzz.z) $$ 

where: #### = site identification or well number prefix 
xx sample location type 

where: HA = hand auger 
BH =borehole 
MW = monitor well 

yy sample location number 
zzz.z = sample depth interval 
$$ = QC modifier when needed, where: 

QC = QC field replicate for the contract lab 

Trip blanks will be numbered according to the number of the sample it is sent with followed by "TB". 

Monitoring well samples will also have a unique numbering system. The groundwater samples 
collected from the monitoring wells will be labeled according to their site designation, well 
designation, and month/year sampled. 

4.3.2 Sample Labeling and Documentation 

Labeling and field documentation are of great importance in order to identify all sample containers 
and record adequate information about the sample. Samples with no labels or conflicting 
information must often be discarded since their source is unknown or their integrity is 
compromised. hnproper documentation of sample collection may result in data being generated 
that is useless because the location, depth of collection, or other vital information was not recorded. 

All sample containers will be labeled with water-resistant adhesive labels. Black permanent ink 
felt-tipped markers will be used to complete labels. At a minimum, the following information 
will be recorded: 

• Date and Time of Collection, 
• Sampler's Name, 
• Unique Sample Number, 
• Method of Preservation (if applicable), and 
• Requested Analysis. 

All pertinent information about each sample will be recorded in a bound field logbook using 
permanent ink pens. Any procedures performed and problems encountered are documented in 
the logbook. Corrections to items placed in the logbook will be made by a single line through 
the information with the corrector's initials by the line. 
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4.3.3 Sample Containers and Preservation 

The appropriate type and number of sample containers will be used for each class of 
contaminants. These requirements are summarized in Table 4-1. All containers will have 
Teflon-lined caps or septa. All sample containers will be purchased as new containers, cleaned 
according to standard USEP A cleaning protocols, and packaged in custody-sealed boxes. 

4.3.4 Sample Preparation and Shipment 

Sample bottles will be prepared and packaged for shipment to minimize bottle breakage and to 
provide adequate sample temperature. Samples will be sent to all laboratories by overnight 
courier in large, rigid, plastic ice chests or coolers. Arrangements will be made with each 
laboratory, prior to sample shipment so that a person is available to receive and handle the 
samples. This is to ensure that sample temperatures and holding times are not exceeded. 

Prior to shipment, the bottles and coolers will be packed according to the following 
procedures. 

• Vermiculite, foam, or other inert packing material will be placed upon the floor of the 
cooler, 

• Bottles will be wrapped in bubble wrap or placed in plastic sleeves to prevent bottle-to
bottle or bottle-to-cooler contact (no packing materials containing adhesives will be used 
on VOA vials too prevent potential contamination), 

• Bottles or groups of bottles will be placed into clear Ziploc plastic bags and sealed, 
• Bottles will then be placed into coolers in an upright position. Packing material will be 

placed around bottles so that they do not touch during shipment, 
• Ice will be put into Ziploc bags and placed around and among the sample bottles, 
• Adequate packing material will be placed within the empty spaces to prevent potential 

movement of bottles during shipment, 
• The completed chain-of-custody form will be placed into a Ziploc bag, sealed and taped 

to the inside cover of the corresponding cooler, 
• The cooler drain shall be taped shut, 
• The cooler lid will be secured by wrapping the cooler in two different locations with 

strapping tape, 
• The completed shipping label will be attached to the top of the cooler so that it is 

unobscured, and 

The signed custody seal forms shall be affixed upon the front right and back left of each 
cooler/lid interface and covered with clear packing tape. 

4.3.5 Laboratory Receiving 

Upon receipt of the sample coolers at the appropriate laboratory, the laboratory will check the 
following items: 

• The cooler will be checked for damage or leakage and verification that the chain-of
custody seals have not been broken, 
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• Contents of the cooler will be compared with the chain-of-custody to verify that all 
sample numbers and requested analyses match and that no samples are missing, 

• Bottles will be inspected for breakage or leakage and the field personnel will be notified 
immediately so that another sample can be collected (due to site inaccessibility, extra 
caution will be taken to prevent this occurrence), 

• The temperature of the bath ice will be measured (to verify that the contents of the cooler 
were kept below 4°C) and recorded on the chain-of-custody form, 

• The pH of liquid samples will be measured and recorded on the chain-of-custody form, 
• Any discrepancies between cooler contents and chain-of-custody forms will be noted 

and/or comments provided regarding damaged samples or problems in the "Remarks" 
section of the chain-of-custody form, and 

• The date, time, and signature should be recorded on the chain-of-custody form 
acknowledging the condition and receipt of samples. 

Once the laboratory has signed the chain-of-custody, it has assumed responsibility for the proper 
storage, analysis and disposal of the samples. 

4.3.6 Laboratory Test Methods and Detection Limits 

The analytical test methods are derived from SW-846 (USEP A, 1986) or USEP A 600 Series 
(USEPA, 1983). The test required methods, sample containers, preservatives, and maximum sample 
holding times for all chemical parameters and sample matrices are shown in Table 4-1. 

Table 4-1. Sample Containers, Test Methodologies, Hold Times, 
and Preservatives for Soils and Water. 

Soil* Groundwater 
Analytical 

Analytical Parameter 
Method Max.Hold 

Container Time Container Max. Hold Time 

Physical Characteristics 
Specific Conductivity EPA 120.1 

NA NA 
I liter 

7 days 
Laboratory pH EPA 150.1 Polyethyl. 
Total Dissolved Solids EPA 160.1 

Dissolved Chloride EPA 300.0 NA NA 
I liter 

28 days 
Polyehtyl. 

Dissolved Sulfate EPA 300.0 NA NA 
I liter 

28 days 
Polyethyl. 

Alkalinity SM 2320B NA NA 
I liter 

28 days Polyethyl. 

Metals SW 846 6010 8 oz. Glass 180 days 
I liter 

180 days 
Polyethyl. 

voes SW 846 8260 4 oz. Glass 14 days 3-40 ml Glass 14 days 

SVOCs SW 846 8270 4 oz. Glass 14 days 
2-1 Liter 7 days extraction 
Amber Glass I 40 days analysis 

Total Petroleum SW 846 80158 
4 oz. Glass 14 days 3-40 ml Glass 14 days 

Hydrocarbons - DRO Modification 

NA - Not applicable to this analysis 
*preservation for all soil samples is chilling to and maintaining the sample at 4°C (39.2°) 
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Preservative 

None (4 °C) 

None (4 °C) 

None (4 °C) 

None (4 °C) 

HN03 pH<2 

HCI pH<2 

None (4 °C) 

HCLI PH<2 
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4.3. 7 Laboratory Blanks and Standards 

The QA/QC procedures of the laboratory require various blanks and standards to be analyzed 
along with samples. Method blanks and reagent blanks verify the presence of interference and 
background levels of reagents and chemicals used in the analysis. 

Check standards, surrogate standards, internal standards, and standard reference materials 
provide information regarding the level of confidence in reporting a concentration of an 
unknown sample. Matrix spikes and matrix spike duplicates evaluates the effect of the sample 
matrix upon the analytical method. 

4.4 Sample Integrity and Documentation 

Because analytical results are suspect if the integrity of samples is compromised, measures will 
be taken to protect the integrity of samples from the time of collection until analysis is 
complete. Integrity largely involves the security of the sample so that it is known that samples 
have not had an opportunity to be altered nor compromised. A large part of providing a 
program where all samples can be identified and that information about their collection is 
known is the proper documentation of the sample collection and labeling of containers. 
Procedures for protecting the integrity of collected samples and properly documenting their 
collection are described below. 

4.4.1 Security 

Security will entail procedures for protecting monitoring wells from potential tampering by 
unauthorized personnel from the time of collection until analysis is complete. Security 
procedures are described below. 

4.4.1.1 Monitoring Well Security 

To prevent unauthorized access to monitoring wells, No. I or No.3 Master locks (or equivalent) 
will be placed on all well caps. Only authorized personnel will possess keys. As part of the well 
sampling procedures, any signs of tampering or damage to wells will be noted in the field logbook. 

4.4.1.2 Sample Security in the Field 

All samples collected in the field will remain in the possession of the sampling crew until 
shipment. Samples will be promptly placed in coolers. Locked vehicles or trailers will be used 
for interim storage as necessary. If coolers must be left unattended for extended periods of time, 
signed custody seals will be placed on the coolers. 

4.4.1.3 Sample Security in the Laboratory 

Once the sample coolers arrive at the laboratory, intact with unbroken custody seals, sample 
security and integrity will be the laboratory' s responsibility. Upon arrival, the laboratory will 
check the temperature of the cooler contents, verify pH of water samples for metals, check cooler 
contents versus chain-of-custody, inspect contents for damaged or leaking containers, and verify 
the accuracy of paperwork. 
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It will be the responsibility of the laboratory to store the samples in a secure area that is 
accessible only to authorized personnel. 

4.4.2 Custody 

Sample custody consists of the forms and labels that document that the samples have been 
released and received by the proper individuals and that shipping containers have not been 
opened prior to receipt by the laboratory. Chain-of-custody forms and custody seals are 
commonly used to accomplish this as discussed in the following sections. 

4.4.2.1 Chain-of-Custody Forms 

The chain-of-custody form is used to record the sample number, number of containers, date 
and time of collection, requested analyses, and any remarks for each sample collected. It is 
also used to record the signatures of persons releasing and receiving the samples. Typically, 
the chain-of-custody form is filled out and signed by the sampler and then signed again by the 
receiving individual at the laboratory. Both the sampler and the laboratory retain a copy of 
the chain-of-custody form. The laboratory customarily provides these forms. 

4.4.2.2 Custody Seals 

To ensure that unauthorized personnel have not opened sample coolers during shipment, 
signed custody seals will be placed on at least two locations. The individual preparing the 
samples will sign and date the custody seals and place one on the front right and one on the 
back left side of the cooler/lid interface. The seals will be covered with clear packing tape. 
The laboratory will note upon receipt whether or not the seals were intact. Instances of 
broken seals will be noted on the chain-of-custody form. 

4.4.2.3 Bill of Lading 

The shipper's bill of lading can also serve as documentation of sample integrity. It documents 
the transfer of the samples from the sampler to the shipper since the shipper is not able to sign 
the chain-of-custody form. The sampler will retain a copy of the shipper's bill. 

4.5 Corrective Action 

Corrective actions that will be taken in response to nonconformances with established quality 
control procedures are described in USEPA's "A Compendium of Superfund Field Operations 
Methods". 

4.5.1 Field Activities 

Field activities that are improper will be corrected as quickly as possible. The project 
technical coordinator will be responsible to see that corrective action is initiated and 
documented whenever the error has the potential to compromise the quality of the data being 
generated or whenever there is a possibility that the error might be repeated. 
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4.5.2 Field Data 

Corrective action for poor field data quality (as determined by replicate measurements or prior 
expectations) consists ofremeasurement until successive readings agree within reasonable limits . 
Examples of frequently made measurements and limits to which they should agree include the 
following: 

• Temperature - measurements should agree within 0.2°C, 
• pH - measurements should agree within 0.1 pH unit, 
• Conductivity - measurements should agree within 1 %, 
• Depth and water level measurements - readings should agree within 0.01 ft. 

If remeasurement is not successful, then instrument calibration, operation, and the user's 
technique will be evaluated. 

4.5.3 Laboratory 

Laboratory corrective action is described in the analytical method for that analysis. 

4.5.4 Implementation and Reporting 

Following problem identification, the responsible individual, as assigned by the Principle 
Geologist, will identify the root cause(s) of the problem and develop a corrective action. As 
appropriate, a corrective action report will be prepared. The report will describe the problem, 
potential ramifications, the corrective action, implementation, results of the implementation, 
and effectiveness of the corrective action. 

Corrective action should be implemented at the lowest possible level. Corrective action that 
involves correcting a mistake with little potential of repetition need not be reported as long as 
the error is not repeated. For example, an erroneous water level measurement, such as 40 feet 
in a 30-foot well, would be corrected by taking several additional readings that agreed with 
each other and looked reasonable. It would not be necessary to report this error. 

Corrective action involving a potentially repetitive error of one that had been reported should 
be documented in writing. For example, an erroneous water level measurement due to a low 
battery in the water level indicator should be documented because previous suspect water 
levels may need to be flagged and/or checked. 

4.6 Investigation Derived Waste 

Several waste streams will be produced during this investigation. These wastes include drill 
cuttings, monitoring well development and purge water, decontamination wastewater, and 
personal protective equipment (PPE). In order to protect human health and the environment, 
these items will be considered hazardous and managed as such until analysis proves otherwise. 
To minimize waste generation, the following guidelines will be followed: 

• Removal of as much soil or sediment and other contamination from sampling equipment 
as possible before washing to minimize the quantity of wastewater generated. 

32 



Work Plan for the RCRA Facility Investigation at the Launch Comples-38 Site on White Sands Missile Range 

• Avoid excessive travel through areas of known contamination to reduce the need for 
personal and/or vehicle contamination. 

• A void excessive well development and purging of monitoring wells. 

The site specific Decontamination and Investigation Derived Waste Plan (Appendix E) will be 
reviewed and adhered to by MEY ATEC representatives and subcontractors. The following 
sections generally describe IDW management procedures. 

5.0 PROJECT MANAGEMENT 

White Sands will utilize its environmental contractor, MEYATEC Corporation, to execute the 
requirements within this Work Plan. The project organization reflects the relationship between 
Regulatory oversight of the project (NMED), White Sands Technical Inspector (TI), and the 
MEY ATEC team assembled to plan, organize, control, and executes this investigation. Within the 
MEYATEC's project management system, the key positions are the Program Manager, Principal 
Engineer and the Principal Site Geologist. The following sections list the responsibilities within 
the MEY ATEC team. 

5.1 Duties and Responsibilities 

5.1.1 Program Manager 

The Program Manager is the senior MEY ATEC representative on the project, and functions as the 
focal point for White Sands. For this project, the Program Manager's responsibilities include: 

• Overall project management 
• Total planning, organization, and execution of the Workplan 
• Maintaining contact with the WSMR TI throughout the work 
• Directing the Principal Engineer in conducting a successful project 
• Providing resources to the Principal Engineer to accomplish project responsibilities 
• Guiding the Principal Engineer on the approach to a public relations program 
• Reviewing and approving all deliverables 

Dr. Donald K. Emig, P.E. serves as the Program Manager for MEYATEC. 

5.1.2 QA/QC Manager/Deputy Program Manager 

The Deputy Program Manager for this project is responsible for the following: 

• Acting for the Program Manager in his absence 
• Reviewing project progress 
• Ensuring project QC protocols and procedures are followed 
• Conducting audits to ensure that all deliverables are properly reviewed and checked 
• Documenting that all quality objectives have been met 
• Assisting the Principal Engineer in evaluating alternatives to meeting project objectives 
• Providing guidance on the allocation of resources 

I 
Mr. Fred Bourger serves as the Deputy Program Manager and QA/QC Manager for MEY ATEC. 
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5.1.3 Principal Engineer 

The Principal Engineer for this project will be responsible and accountable to the Program 
Manager for overall direction and performance of the project including the following: 

• Developing and executing the W orkplan 
• Directing the Principal Site Geologist 
• Keeping Program Manager and WSMR TI appropriately informed 
• Approving uses of technical resources 
• Coordinating all assigned resources 
• Periodic review of progress and progress reporting 
• Resolving Sampling and Analysis Plan issues 
• Schedule and budget tracking 
• Quality and timeliness of deliverables 
• Work performed by subcontractors 
• Technical liaison between the Principal Site Geologist and the Program Manager 

Ms. Kathy Davis will serve as the Principal Engineer for this project. 

5.1.4 Principal Site Geologist 

The Principal Site Geologist will be responsible for coordinating all site activities, including 
those of the on-site contractors, and all laboratory activities. These include execution of the 
fieldwork in accordance with appropriate sections of this Work Plan. Specific responsibilities 
include: 

• Assist the Principal Engineer with development of the Work Plan 
• Day to day execution of the Work Plan 
• Reporting project progress to the Principal Engineer 
• Coordinating, directing, and overseeing field technical support staff 
• Providing overall direction and supervision of the drilling, well installation, geophysical 

logging, location surveys, surface soil sampling, data validation, and related activities 
• Ensuring that all staff and subcontractors meet White Sands security requirements 
• Completing all appropriate field logs for project activities 
• Providing overall supervision of the collection, handling, and shipping of all samples 
• Monitoring all drilling and sampling operations to ensure that all project site personnel are 

fully implementing and executing the provisions of this Work Plan 
• Understanding the quality requirements of each field task, and bringing to the attention of 

management, conditions which may adversely impact the quality of the data or other work 
product. 

• Execution of all field QC procedures 

The Principal Site Geologist for this project will be Mr. Jeffrey Swanson. 

5.1.5 Site Health and Safety Officer 

The Site Health and Safety Officer will report to the Deputy Program Manager and be 
responsible for: 

34 



Work Plan for the RCRA Facility In vestigation at the Launch Comples-38 Site on White Sands Missile Range 

• Directing all health and safety activities on site 
• Reporting safety-related incidents or accidents to the Deputy Program Manager 
• Temporarily suspending field activities, ifhealth and safety of personnel are endangered 
• Maintaining health and safety equipment on-site 
• Conducting daily health and safety meetings 
• Verifying personnel working on the site have completed medical surveillance and health and 

safety training. 
• Maintaining documentation of health and safety measures taken at the site, including 
• Communication of provisions of the Site Safety and Health Plan 
• Levels of protection and required upgrades 
• Incident reporting 
• Upgrading or downgrading levels of protection in response to field conditions 

Mr. Joel Giblin will also serve as the Site Health and Safety Officer. The Principal Site 
Geologist will perform site-specific health and safety implementation. 

5.2 Data Management and Reporting 

MEVATEC Corporation will provide personnel, services and equipment necessary for the 
completion of the scope of work described in this Work Plan. This section provides a 
description of the work to be performed and the items to be delivered to White Sands 
Missile Range. The work will be performed in general accordance with the approved Phase II 
RFI Work Plan and the site-specific Work Plans contained herein. 

5.2.1 Work Plan 

This Work Plan will be submitted to the New Mexico Environment Department for review and 
approval. The Work Plan contains detailed plans for sampling and analysis for the project sites. 
The Work Plan also contains a Site Specific Health and Safety Plan, Monitoring Well 
Installation Plan, and Decontamination and Investigation Derived Waste Management Plan as 
Appendices B, C and D. 

5.2.2 Site Specific Health and Safety 

MEVATEC prepared a Site Specific Health and Safety Plan for this project to serve as an 
addendum to the Accident Reporting and Safety Program dated 14 September 1995, developed by 
MEVATEC Corporation, for all activities conducted at WSMR. The Accident Reporting and 
Safety Program provides minimum safety standards and accident prevention fundamentals to cover 
a range of activities at WSMR and its satellite installations. To supplement the information in the 
Accident Reporting and Safety Program, this plan describes specific activities to complete this site 
investigation. A copy of the Site Specific Health and Safety Plan is in Appendix D. 

5.2.3 Letter Report of Generated Wastes 

Not later than 60 days following the completion of drilling and sampling activities, a letter report 
will be submitted to White Sands Missile Range that outlines the analytical results of wastes 
generated during field investigation activities. Characterized wastes include drill fluids and 
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cuttings, well development and purge water and wastewater generated during decontamination 
activities. The total quantity of materials will be presented along with recommendations for 
proper disposal. 

5.2.4 Monthly Status Reports 

MEVATEC will submit to WS-ES, a monthly progress report that describes the work performed 
since the previous report, work currently underway, and work anticipated during the next month. 
The monthly status report will also outline any technical problems or other issues that could 
cause project delays. 

5.2.5 Site Characterization Report 

A Site Characterization report will be prepared to summarize the findings of the investigation, 
present conclusions drawn from the findings, and make recommendations for further action at 
the site. These recommendations will provide a basis for the completion of a feasibility study for 
remedial alternatives. 

The format for the Site Characterization Report will consist of, but is not limited to the 
following: 

Executive Summary 

1.0 Introduction 
1.1 Purpose 
1.2 Site Background 

1.2.1 Site Description 
1.2.2 Site History 
1.2.3 Previous Investigations 

2.0 Study Area Investigation (Discussion of field activities conducted for site characterization) 
2.1 Surface Features 
2.2 Contaminant Source Investigations 
2.3 Geological Investigations 
2.4 Hydrological Investigations 
2.5 Soil and Vadose Zone Investigations 
2.6 Groundwater Investigations 

3.0 Physical Characteristics of the Study Area (Results of field activities) 
3.1 Surface Features 
3.2 Meteorology 
3.3 Surface Water Hydrology 
3.4 Geology 
3.5 Soils 
3.6 Hydrogeology 
3.7 Demography and Land Use 
3.8 Land use 
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4.0 Nature and Extent of Contamination 
4.1 Source(s) 
4.2 Soils and Vadose Zone 
4.3 Groundwater 

5.0 Contaminant Fate and Transport 
5.1 Routes of Migration 
5.2 Contaminant Persistence 
5 .3 Contaminant Migration (results of modeling) 

6.0 Baseline Risk Assessment 
6.1 Human Health Evaluation 
6.2 Environmental Evaluation 

7.0 Summary and Conclusions 

8.0 Recommendations 

Appendices 
Laboratory Data and QA/QC Evaluation Results 
Risk Assessment Methods 
Field Data 
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LETTER REPORT 

The following letter report was prepared under Contract DAAD07-95-C-0125, 
W AO No. 700-B2 

1. Initial Field Effort to Delineate Depth of Diesel Contamination at Bldg. 24068 
(LC-38) 

2. Introduction 
The W AO 700-B2 outlines the RCRA corrective action approach for a release of diesel 
fuel discovered in the summer of 2000. This letter report summarizes a preliminary field 
effort designed to obtain information that will guide and focus the RCRA Facility 
Investigation. 

3. Background 
A release of an estimated 31,000 gallons of diesel fuel from an AST was reported to 
WS-ESEC in August 2000. A Work Assignment Order was issued to MEVATEC that 
specified delineation of the extent of environmental contamination, in accordance with 
the corrective action terms in the WSMR RCRA Part B permit for hazardous waste 
management. A WAO response was prepared and approved, however, in a pre-response 
meeting on 11 September WS-ES-EC requested that the delineation of the vertical 
migration of diesel from the source be delineated prior to RH work plan preparation and 
submission to NMED. The vertical delineation was accomplished from 13 February 
through 17 February, 2001. The following discussion describes work accomplished and 
the data collected. 

4. Discussion 
Soil borings were advanced at 3 locations on north-south axis using a hollow-stem auger 
and soil samples were collected for laboratory analysis at 5-foot intervals. The first soil 
boring was located 4 feet from the release source. When field instrumentation indicated 
that, at the 75-foot level, the boring exceeded the depth of diesel contamination, the soil 
boring was extended to 100 feet. Not encountering ground water in this interval, 
MEVATEC collected a soil sample and backfilled the boring with hydrated bentonite 
(314 in. hole plug). 

A second soil boring was drilled 30 feet north of the source and a third was drilled 25 feet 
south of the source. Both encountered similar subsurface geology and contaminated 
intervals. The contaminated zone was from roughly 50 to 70 feet (laboratory verification 
is currently pending analysis of the soil samples collected at 5-foot intervals) in these 
holes, whereas at the source soil was contaminated from the near-surface source to 
70 feet bgs. 

5. Analysis 
Sedimentary geologic strata below the site control the extent of contamination below the 
leak source. Deposition of clay encountered at 60 to 80 feet in the 3 soil borings indicates 
a meandering fluvial system was likely active in the basin during a slightly cooler 
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climatic period. The basin was arid at that time as evidenced by caliche horizons at 
several levels. The sediments above the clay are dominated by very fine sands and silts, 
suggesting a transition from eolian deposition near the surface to fluvial deposition at 
depth. The sediments were unsaturated with respect to water prior to the diesel fuel 
release and, therefore, the forces of liquid-surface tension on the sediment grains are 
opposing the force of gravity which created head driving the diesel down. 

6. Conclusions 
Diesel flowed downward through the permeable, sandy units, which have less grain 
surface area relative to the clay, in somewhat of a columnar pattern. When diesel 
encountered the unsaturated clay, the decrease in permeability caused the diesel to 
migrate laterally (were it was detected in the outer borings at roughly 60 feet bgs). But 
the diesel was also being adsorbed to the individual clay particles by the higher surface 
tension force (relative to sand) caused by the tabular grains. So, while the clay unit 
impeded the vertical migration of the fuel and caused it to spread laterally, it also 
absorbed a significant volume of diesel in an interval approximately 10 to 20 feet thick. 
While it is not known how far the contaminated clay extends laterally, the clay cannot 
release the diesel to coarser-grained sediments below until the clay reaches saturation and 
breakthrough. It is not known if these saturated conditions have been reached away from 
the source, but breakthrough from the clay was not apparent directly below the source. 

7. Recommendations 
The lateral extent of contamination should be delineated and compared with the volume 
of fuel lost to see if the two can be correlated. Delineation of extent was provided for in 
the original tasking from WS-ES-EC that initiated WAO 700-B2. MEVATEC 
recommends proceeding as defined in the original W AO tasking. 

8. MEV ATEC Task Manager and Task Coordinator I phone no.: 
William Little, Task Manager, 678-2853 
Kathy Davis, Task Coordinator, 678-3397 
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Appendix 8 -
Work Plan for the RCRA Facility In vestigation at the Launch Complex-38 Site on White Sands Missile Range 
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Appendix C 
Work Plan for the RCRA Facility Investigation at the Launch Complex-38 Site on White Sands Missile Range 

SAMPLE 
JD 

24068-SBO 1-(0.0)-0201 

24068-SBO 1-(0.0)-0201 

24068-SBOl-(0.0)-0201 

24068-SBO 1-(0.0)-020 I 

24068-SBO 1-(0.0)-020 I 

24068-SBO 1-(0.0)-0201 

24068-SBO 1-(0.0)-0201 

24068-SBOJ-(5.0- 5.5)-0201 

24068-SBO 1-(5.0 - 5.5)-0201 

24068-SBOl-(5.0 - 5.5)-0201 

24068-SBOl-(5.0 - 5.5)-0201 

24068-SBOl-(5 .0- 5.5)-0201 

24068-SBOJ-(5.0 - 5.5)-0201 

24068-SBO 1-(5.0 - 5.5)-0201 

24068-SBOl-(5.0 - 5.5)-0201 

24068-SBOl-(5.0 - 5.5)-0201 

24068-SBOl-(5.0 - 5.5)-0201 

24068-SBOl-(9 .5 - 10.0)-0201 

24068-SBO 1-(17 .5 - 18.0)-0201 

24068-SBOl-(19.5 - 20.0)-0201 

24068-SBOl-(24.5 - 25.0)-0201 

24068-SBOl-(29.5 - 30.0)-0201 

24068-SBO 1-(29.5 - 30.0)-0201 

24068-SBO 1-(29.5 - 30.0)-0201 

24068-SBO 1-(29.5 - 30.0)-0201 

24068-SBO 1-(29.5 - 30.0)-0201 

Positive Result Summary 
LC38 - February 2001 

ANALYTE METHOD DL 

Arsenic, Total S 6010B 0.352 

Barium, Total S 6010B 0.7 

Chromium. Total S 6010B 0.7 

Lead, Total S 6010B 0.352 

Mercury, Total S 6010B 0.03 

Selenium, Total s 60108 0.352 

Naphthalene S 8260B 5.1 

Arsenic, Total s 60108 0.376 

Barium, Total S 6010B 0.75 

Chromium. Total s 60108 0.75 

Lead, Total s 60108 0.376 

Selenium, Total S 6010B 0.376 

2-Methylnaphthalene S 8270C 19000 

1,2,4-Trimethylbenzene S 8260B 2300 

1,3,5-Trimethylbenzene s 82608 2300 

Toluene S 8260B 2300 

Xylene (Total) S 8260B 2300 

Diesel Range Organics S 8015A 2200000 

Diesel Range Organics S 8015A 2600000 

Diesel Range Organics S 8015A 2300000 

Diesel Range Organics S 8015A 2200000 

2-Methylnaphthalene S 8270C 18000 

Dibenzofuran S 8270C 18000 

Fluorene S 8270C 18000 

Naphthalene S 8270C 18000 

Phenanthrene S 8270C 18000 

C-1 

RESULT UNIT QUALIFIER 

1.54 mg/Kg 

110 mg/Kg 

3.3 mg/Kg 

7.3 mg/Kg 

0.1 mg/Kg 

0.384 mg/Kg 

5.4 ug/Kg 

3.68 mg/Kg 

100 mg/Kg 

7.4 mg/Kg 

6.11 mg/Kg 

0.725 mg/Kg 

34000 ug/Kg 

49000 ug/Kg 

160000 ug/Kg 

47000 ug/Kg 

24000 ug/Kg 

14000000 ug/Kg 

11000000 ug/Kg 

11000000 ug/Kg 

17000000 ug/Kg 

61000 ug/Kg 

11000 ug/Kg J 

12000 ug!Kg J 

13000 ug/Kg J 

19000 ug/Kg 



Appendix C 
Work Plan for the RCRA Facility Investigation at the launch Complex-38 Site on White Sands Missile Range 

SAMPLE 
ID 

24068-SBOl-(29.5 - 30.0)-0201 

24068-SBO 1-(34.5 - 35.0)-020 I 

24068-SBO 1-(39.5 - 40.0)-0201 

24068-SBOl-(44.5 - 45.0)-0201 

24068-SBOl-(44.5 - 45.0)-0201 

24068-SBO 1-(44.5 - 45.0)-0201 

24068-SBOl-(44.5 - 45.0)-0201 

24068-SBOl-(44.5 - 45.0)-0201 

24068-SBOl-(49.5 - 50.0)-0201 

24068-SBOl-(49.5 - 50.0)-0201 

24068-SBOl-(49.5 - 50.0)-0201 

24068-S801-(49.5 - 50.0)-0201 

24068-SBOl-(49.5 - 50.0)-0201 

24068-SBOl-(49.5 - 50.0)-0201 

24068-S801-(49.5 - 50.0)-0201 

24068-SBOJ-(49.5 - 50.0)-0201 

24068-SBO 1-(49.5 - 50.0)-020 I 

24068-SBOl-(49.5 - 50.0)-0201 

24068-SBOl-(49.5 - 50.0)-0201 

24068-SBO 1-( 49 .5 - 50.0)-0201 

24068-SBOl-(49.5 - 50.0)-0201 

24068-S801-(49.5 - 50.0)-0201 

24068-SBOl-(49.5 - 50.0)-0201 

24068-SBOl-(49.5 - 50.0)-0201 

24068-S801-(54.5 - 55.0)-0201 

Positive Result Summary 
LC38 - February 2001 

(continued) 

ANALYTE METHOD DL 

Diesel Range Organics S 8015A 2200000 

Diesel Range Organics S 8015A 2400000 

Diesel Range Organics S 8015A 880000 

2-Methylnaphthalene S 8270C 37000 

Fluorene S 8270C 37000 

Naphthalene S 8270C 37000 

Phenanthrene S 8270C 37000 

Diesel Range Organics S 8015A 2300000 

Arsenic, Total S6010B 0.399 

Barium, Total s 60108 0.8 

Chromium. Total S 6010B 0.8 

Lead, Total s 60108 0.399 

Mercury, Total s 60108 0.04 

Selenium, Total s 60108 0.399 

Naphthalene s 82608 5.1 

2-Methylnaphthalene S 8270C 20000 

Phenanthrene S 8270C 20000 

Diesel Range Organics S 8015A 1000000 

1,2,4-Trimethylbenzene S 8260B 4800 

1,3,5-Trimethylbenzene s 82608 4800 

Ethyl benzene s 82608 4800 

Isopropylbenzene s 82608 4800 

Toluene s 82608 4800 

Xylene (Total) s 82608 4800 

Diesel Range Organics S 8015A 2300000 

C-2 

RESULT UNJT QUALIFIER 

21000000 ug/Kg 

16000000 ug/Kg 

14000000 ug/Kg 

100000 ug/Kg 

19000 ug/Kg J 

21000 ug/Kg J 

28000 ug/Kg J 

21000000 ug/Kg 

2.13 mg/Kg 

110 mg/Kg 

4.3 mg/Kg 

6.44 mg/Kg 

0.09 mg/Kg 

1.17 mg/Kg 

5.4 ug/Kg 

38000 ug/Kg 

12000 ug/Kg J 

10000000 ug/Kg 

35000 ug/Kg 

110000 ug/Kg 

44000 ug/Kg 

21000 ug/Kg 

33000 ug/Kg 

30000 ug/Kg 

24000000 ug/Kg 



Appendix C 
Work Plan for the RCRA Facility Investigation at the Launch Complex-38 Site on White Sands Missile Range 

SAMPLE 
lD 

24068-SBOl-(59.5 - 60.0)-0201 

24068-SBOl-(64.5 - 65.0)-0201 

24068-SBOl-(69.5 - 70.0)-0201 

24068-SBO 1-(70.0 - 70.5)-0201 

24068-SBO 1-(70.0 - 70.5)-020 I 

24068-SBO 1-(70.0 - 70.5)-0201 

24068-SBO 1-(70.0 - 70.5)-020 I 

24068-SBO 1-(70.0 - 70.5)-020 I 

24068-SBO 1-(70.0 - 70.5)-020 I 

24068-SBOl-(75.0 - 75.5)-0201 

24068-SBOl-(79.5 - 80.0)-0201 

24068-SBO 1-(104.5 - 105.0)-0201 

24068-SBO 1-(104.5 - 105.0)-0201 

24068-SB02-(4.5 - 5.0)-0201 

24068-SB02-(9.5 - 10.0)-0201 

24068-SB02-(14.5 - 15.0)-0201 

24068-SB02-(19.5 - 20.0)-020 I 

24068-SB02-(24.5 - 25.0)-0201 

24068-SB02-(29.5 - 30.0)-0201 

Positive Result Summary 
LC38 - February 2001 

(continued) 

ANALYTE METHOD DL 

Diesel Range Organics S 8015A 940000 

Diesel Range Organics S 8015A 5000000 

Diesel Range Organics S8015A 250000 

Acenaphthene S 8270C 19 

Fluorene S 8270C 19 

Naphthalene S 8270C 19 

Phenanthrene S 8270C 96 

Pyrene S 8270C 19 

Diesel Range Organics S 8015A 240000 

Naphthalene S 8270C 18 

Diesel Range Organics S8015A 9800 

Naphthalene S 8270C 19 

Diesel Range Organics S 8015A 9400 

Diesel Range Organics S 8015A 9100 

Diesel Range Organics S 8015A 8700 

Diesel Range Organics S 8015A 9200 

Diesel Range Organics S 8015A 8600 

Diesel Range Organics S8015A 8500 

Naphthalene S 8270C 17 

C-3 

RESULT UNIT QUALIFIER 

11000000 ug/Kg 

49000000 ug/Kg 

420000 ug/Kg 

440 ug/Kg 

720 ug/Kg 

580 ug/Kg 

1600 ug/Kg 

49 ug/Kg 

3000000 ug/Kg 

14 ug/Kg J 

2200 ug/Kg J 

10 ug/Kg J 

1100 ug/Kg J 

16000 ug/Kg 

6100 ug/Kg J 

8400 ug/Kg J 

24000 ug/Kg 

14000 ug/Kg 

9.9 ug/Kg J 



Appendix C 
Work Plan for the RCRA Facility Investigation at the Launch Complex-38 Site on White Sands Missile Range 

SAMPLE 
ID 

24068-SB02-(34.5 - 35.0)-0201 

24068-SB02-(39.5 - 40.0)-0201 

24068-SB02-(44.5 - 45.0)-0201 

24068-SB02-(54.5 - 55.0)-0201 

24068-SB02-(57.0 - 57.5)-0201 

24068-SB02-(58.5 - 59.0)-0201 

24068-SB02-(58.5 - 59.0)-020 I 

24068-SB02-(58.5 - 59.0)-020 I 

24068-SB02-(58.5 - 59.0)-0201 

24068-SB02-(58.5 - 59.0)-0201 

24068-SB02-(59.5 - 60.0)-0201 

24068-SB02-( 62.3 - 62. 7)-0201 

24068-SB02-(62.3 - 62.7)-0201 

24068-SB02-(62.3 - 62.7)-0201 

24068-SB02-(62.3 - 62.7)-0201 

24068-SB02-(62.3 - 62.7)-0201 

24068-SB02-(62.3 - 62.7)-0201 

24068-SB02-(62.4 - 62.8)-0201 

24068-SB02-(62.4 - 62.8)-0201 

24068-SB02-(62.4 - 62.8)-020 I 

24068-SB02-(62.4 - 62.8)-020 I 

24068-SB02-(64.5 - 65.0)-0201 

Positive Result Summary 
LC38 - February 2001 

(continued) 

ANALYTE METHOD DL 

Diesel Range Organics S 8015A 8600 

Diesel Range Organics S 8015A 9200 

Diesel Range Organics S 8015A 8600 

Diesel Range Organics S 8015A 9300 

Diesel Range Organics S 8015A 2200000 

2-Methylnaphthalene S 8270C 1900 

Dibenzofuran S 8270C 380 

Fluorene S 8270C 380 

Naphthalene S 8270C 380 

Phenanthrene S 8270C 380 

Diesel Range Organics S 8015A 2400000 

1,2,4-Trimethylbenzene S 8260B 610 

1,3,5-Trimethylbenzene S 8260B 610 

Ethyl benzene S 8260B 610 

Isopropylbenzene s 82608 610 

Toluene S 8260B 610 

Xylene (Total) S 8260B 610 

2-Methylnaphthalene S 8270C 200000 

Fluorene S 8270C 200000 

Naphthalene S 8270C 200000 

Phenanthrene S 8270C 200000 

Diesel Range Organics S 8015A 53000 

C-4 

RESULT UNIT QUALIFIER 

13000 ug/Kg 

1100 ug/Kg J 

820 ug/Kg J 

27000 ug/Kg 

20000000 ug/Kg 

5400 ug/Kg 

660 ug/Kg 

910 ug/Kg 

930 ug/Kg 

1600 ug/Kg 

26000000 ug/Kg 

17000 ug/Kg 

56000 ug/Kg 

13000 ug/Kg 

8300 ug/Kg 

6700 ug/Kg 

8900 ug/Kg 

630000 ug/Kg 

110000 ug/Kg J 

120000 ug/Kg J 

180000 ug/Kg J 

180000 ug/Kg 



Appendix C 
Work Plan for the RCRA Facility Investigation at the Launch Complex-38 Site on White Sands Missile Range 

SAMPLE 
ID 

24068-SB02-(65.0 - 65.1)-0201 

24068-SB02-(65.0 - 65.1 )-0201 

24068-SB02-(65.0 - 65.1)-0201 

24068-SB02-(65.0 - 65. l )-0201 

24068-SB02-(65.0 - 65.1 )-0201 

24068-SB02-(67.0 - 67.5)-0201 

24068-SB02-(69.5 - 70.0)-0201 

24068-SB02-(74.5 - 75.0)-0201 

24068-SB02-(79.5 - 80.0)-0201 

24068-SB03-( 4.5 - 5.0)-0201 

24068-SB03-(9.5 - 10.0)-0201 

24068-SB03-(14.5 - 15.0)-0201 

24068-S803-( 19.5 - 20.0)-0201 

24068-SB03-(24.5 - 25.0)-0201 

24068-SB03-(29.5 - 30.0)-0201 

24068-SB03-(34.5 - 35.0)-0201 

24068-SB03-(39.5 - 40.0)-0201 

24068-SB03-(44.5 - 45.0)-0201 

Positive Result Summary 
LC38 - February 2001 

(continued) 

ANALYTE METHOD DL 

Arsenic, Total s 60108 0.413 

Barium, Total S6010B 0.83 

Chromium. Total s 60108 0.83 

Lead, Total s 60108 0.413 

Mercury, Total s 60108 0.04 

Diesel Range Organics S 8015A 470000 

Diesel Range Organics S 8015A 50000 

Diesel Range Organics S8015A 9800 

Naphthalene S 8270C 19 

Diesel Range Organics S 8015A 9000 

Diesel Range Organics S8015A 9600 

Diesel Range Organics S8015A 8500 

Diesel Range Organics S 8015A 9700 

Diesel Range Organics S 8015A 8600 

Diesel Range Organics S8015A 9000 

Diesel Range Organics S8015A 9700 

Diesel Range Organics S8015A 8600 

Diesel Range Organics S 8015A 920000 

C-5 

RESULT UNIT QUALJFIER 

6.61 mg/Kg 

26 mg/Kg 

8.3 mg/Kg 

10.6 mg/Kg 

0.06 mg/Kg 

6800000 ug/Kg 

160000 ug/Kg 

1400 ug/Kg J 

13 ug/Kg J 

1400 ug/Kg J 

1800 ug/Kg J 

1400 ug/Kg J 

1400 ug/Kg J 

15000 ug/Kg 

3600 ug/Kg J 

4500 ug/Kg J 

3700 ug/Kg J 

5200000 ug/Kg 
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SAMPLE 
ID 

24068-SB03-(49.5 - 50.0)-0201 

24068-SB03-(49.5 - 50.0)-0201 

24068-SB03-(49.5 - 50.0)-0201 

24068-SB03-(49.5 - 50.0)-0201 

24068-SB03-(49.5 - 50.0)-0201 

24068-SB03-(54.5 - 55.0)-0201 

24068-SB03-(53.7 - 54.2)-0201 

24068-SB03-(59.5 - 60.0)-020 I 

24068-5803-(64.5 - 65.0)-0201 

24068-SB03-(64.5 - 64.9)-0201 

24068-SB03-(64.5 - 64.9)-020 I 

24068-5803-(64.5 - 64.9)-020 I 

24068-SB03-(64.5 - 64.9)-020 I 

24068-SB03-(64.5 - 64.9)-0201 

24068-SB03-(64.5 - 64.9)-0201 

24068-SB03-(64.5 - 64.9)-0201 

24068-SB03-(64.5 - 64.9)-0201 

24068-SB03-(64.5 - 64.9)-020 I 

24068-SB03-(64.5 - 64.9)-020 I 

24068-SB03-(64.5 - 64.9)-020 I 

24068-SB03-(64.5 - 64.9)-020 I 

24068-SB03-(64.4 - 64.8)-020 I 

24068-SB03-(64.4 - 64.8)-020 I 

24068-SB03-(64.4 - 64.8)-020 I 

24068-SB03-(64.4 - 64.8)-020 I 

Positive Result Summary 
LC38 - February 2001 

(continued) 

ANALYTE METHOD DL 

2-Methylnaphthalene S 8270C 20000 

Dibenzofuran S 8270C 20000 

Fluorene S 8270C 20000 

Naphthalene S 8270C 2000 

Phenanthrene S 8270C 20000 

Diesel Range Organics S8015A 2300000 

Diesel Range Organics S 8015A 2200000 

Diesel Range Organics S 8015A 2500000 

Diesel Range Organics S8015A 2500000 

1,2,4-Trimethyl benzene S 8260B 290 

1,3,5-Trimethylbenzene S 8260B 290 

Acetone S 8260B 590 

Ethyl benzene S 8260B 290 

Jsopropylbenzene S 8260B 290 

n-Butylbenzene S 8260B 290 

n-Propylbenzene S 8260B 290 

Naphthalene S 8260B 290 

p-lsopropyltoluene S 8260B 290 

sec-Butyl benzene S 8260B 290 

Toluene S 8260B 290 

Xylene (Total) S 8260B 290 

2-Methylnaphthalene S 8270C 7800 

Dibenzofuran S 8270C 2000 

Fluorene S 8270C 2000 

Naphthalene S 8270C 2000 

C-6 

RESULT UNIT QUALIFIER 

72000 ug/Kg 

11000 ug/Kg J 

14000 ug/Kg J 

9600 ug/Kg 

25000 ug/Kg 

21000000 ug/Kg 

30000000 ug/Kg 

5000000 ug/Kg 

12000000 ug/Kg 

3700 ug/Kg 

15000 ug/Kg 

16000 ug/Kg 

9000 ug/Kg 

15000 ug/Kg 

9100 ug/Kg 

5900 ug/Kg 

27000 ug/Kg 

4100 ug/Kg 

9400 ug/Kg 

9100 ug/Kg 

55000 ug/Kg 

41000 ug/Kg 

4500 ug/Kg 

5700 ug!Kg 

6100 ug/Kg 
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SAMPLE 
ID 

24068-SB03-(64.4 - 64.8)-020 I 

24068-SB03-(67.0 - 67.5)-0201 

24068-SB03-(69.5 - 70.0)-0201 

24068-SB03-(73.0 - 73.5)-020 I 

24068-SB03-(73 .0 - 73.5)-0201 

24068-SB03-(74.5 - 75.0)-0201 

24068-SB03-(79.5 - 80.0)-020 I 

Positive Result Summary 
LC38 - February 2001 

(concluded) 

ANALYTE METHOD DL 

Phenanthrene S 8270C 2000 

Diesel Range Organics S8015A 4900000 

Diesel Range Organics S8015A 10000 

2-Methylnaphthalene S 8270C 400 

Phenanthrene S 8270C 400 

Diesel Range Organics S 8015A 51000 

Diesel Range Organics S 8015A 9900 

C-7 

RESULT UNIT QUALIFJER 

11000 ug/Kg 

70000000 ug/Kg 

23000 ug/Kg 

510 ug/Kg 

230 ug/Kg J 

56000 ug/Kg 

1200 ug/Kg J 
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In Case of Emergency, 
contact: 

Fire 
Land Line on WSMR: 11 7 

Land Line/Cell Phone: 678-9128 
Or 678-9129 

OffRange: 911 

Police 
Land Line/Cell Phone: 678-1234 

OffRange: 911 

Main Post Clinic 
Land Line/Cell Phone: 678-2882 
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Aboveground Storage Tank 
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New Mexico Water Quality Control Commission 
Occupational Safety and Health Administration 
Photo-ionization Detector 
Petroleum/Oil/Lubricant 
Quality Assurance/Quality Control 
parts per million 
Site Specific Health and Safety Plan 
Upper Explosive Limit in air by volume at room temperature 
Underground Storage Tank 
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White Sands Missile Range 
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REVIEWS AND APPROVALS 

This plan serves as a site-specific addenda to the Accident Reporting and Safety Program dated 
14 September 1995, developed by MEVATEC Corporation, for all activities conducted at 
White Sands Missile Range (White Sands). The Accident Reporting and Safety Program 
provides minimum safety standards and accident prevention fundamentals to cover a range of 
activities at White Sands. To supplement the information in the Accident Reporting and 
Safety Program, this plan describes specific activities to complete the soil and preliminary 
groundwater investigation at the LC-38 Diesel Spill Site. This Site-Specific Health and 
Safety Plan was approved by the following individuals: 

Joel Giblin 
Health and Safety Officer 
MEV ATEC Corporation 

Jeffrey D. Swanson 
Site Health and Safety Officer 
MEV ATEC Corporation 

William Little 
Task Manager 
MEV A TEC Corporation 

Fred Bourger 
Deputy Program Manager 
MEV A TEC Corporation 

Donald K. Emig, Ph.D., P.E. 
General Manager 
MEV ATEC Corporation 
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SITE SPECIFIC HEALTH AND SAFETY PLAN 
SOIL INVESTIGATION AT LC-38 DIESEL SPILL SITE 

1.0 INTRODUCTION 

A strategic reserve of diesel fuel was stored in a 150,000-gallon aboveground storage tank (AST) 
at Launch Complex 38 (LC-38), just north of Nike Avenue (Figure 1-1 ). Preparatory to retiring the 
facility in the summer of 2000, White Sands personnel could not account for missing fuel 
estimated at 31,000 gallons. Immediately upon discovery that fuel was unaccounted for, product 
lines from the adjacent loading terminal to the AST were uncovered. A leak in the product line 
was apparent and considered the source of the release. The New Mexico Environment 
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Figure 1-1. Site Location Map. 
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Department's (NMED) 
Ground Water Quality 
Bureau was 
immediately notified in 
accordance with 
Section 1203 of the 
New Mexico Water 
Quality Control 
Commission 
(NMWQCC) 
Regulations 
(20 New Mexico 
Administrative 
Code 6.2). In 
August 2000, 
MEVATEC 
Corporation completed 
a preliminary 
assessment of the site to 
determine the location 
and severity of the 
release. The 
preliminary results 
indicate a substantial 
spill did occur at the 
site. Proposed action 
for the diesel spill at 
LC-38 includes an 
investigation to 
delineate the horizontal 
and vertical extent of 
soil and groundwater 
contamination. 
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2.0 HEALTH AND SAFETY ORGANIZATION 

2.1 Project Organization 

The project organizational structure and key project personnel are shown on Figure 2-1. The 
MEY ATEC personnel assigned specific health and safety responsibilities are identified below. 

White Sands Missile Range 
Technical Inspector 

WS-ES-EC 

HECTOR MAGALLANES 

Deputy General Manager I MEVATEC Corporation Environmental 
QA/QC General Manager Services Group (ESG) 

FRED BOURGER Donald K. Emig, Ph.D., P.E. OFFICE SUPPORT 

I 
Health and Safety Officer Task Manager 

JOEL GIBLIN WILLIAM LITTLE, R.G. 

I Task Coordinator 
I 
I KATHY DAVIS i 

Site Geologist I Field Support Staff 

Health and Safety Officer 
MEVATEC Corporation 

JEFFREY D. SWANSON WHITE SANDS OFFICE 

SUBCONTRACTORS 

I I 

DRILLING LABORATORY WASTE TRANSPORT 
SERVICES SERVICES DISPOSAL SERVICES 

Figure 2-1. Project Personnel Organization Chart 
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Donald K. Emig 
General Manager 
MEY ATEC Corporation 

Fred Bourger 
Deputy General Manger (DGM) I 
QA/QC Manager 
MEY ATEC Corporation 

William Little 
Task Manager 
MEY A TEC Corporation 

Kathy Davis 
Task Coordinator 
MEY ATEC Corporation 

Jeffrey D. Swanson 
Site Geologist/Site Health and 
Safety Officer 
MEY A TEC Corporation 

Joel Giblin 
Health & Safety Officer 
MEY A TEC Corporation 

• Overall hazardous material program responsibility. 

• Responsible for oversight of Quality Assurance I 
Quality Control (QA/QC) and Health & Safety 
Programs 

• Responsible for all site activities. 

• Responsible for assembly of the Site Specific 
Health and Safety Plan 

• Responsible for all site coordination issues during 
site activities. 

• Responsible for execution of the Site Specific 
Health and Safety Plan (SSHSP). 

• Responsible for project review of health and safety 
issues and implementation of the SSHSP. 

2.2 Responsibility and Authority of Key Personnel 

The responsibility and authority of key personnel relative to the implementation of this SSHSP 
are described below. 

2.2.1 Task Manager 

The Task Manager has the following responsibilities: 

• Reporting to the Program Manager. 
• Providing oversight of all health and safety matters. 
• Reviewing and recommending approval of the SSHSP. 
• Verifying that the project is performed in a manner consistent with the SSHSP. 
• Approving the Site Health & Safety Officer for the project. 
• Temporarily suspending field activities if the health and safety of personnel are endangered. 
• Reporting all infractions of the SSHSP to the MEVATEC DPM. 

William Little will be the Task Manager for this project. In his absence, the Deputy Program 
Manager will assume his responsibilities. 
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2.2.2 Task Coordinator 

The Task Coordinator has the following responsibilities: 

• Executing the SSHSP for the project. 
• Interfacing with the Site Safety Officer and Task Manager in matters of health & safety. 
• Directing daily site health and safety activities and reporting results to Site Health & Safety 

Officer. 
• Monitoring compliance with the SSHSP. 
• Assisting the Site Safety Officer in maintaining health and safety equipment for the project. 
• Verify personnel working onsite have completed medical surveillance and health & safety 

training. 
• Directing personnel to change work practices if they are deemed hazardous to the health and 

safety of the personnel. 
• Removing personnel from the site if their action or condition endangers their health and 

safety or the health and safety of their co-workers. 
• Performing and recording integrated personal air monitoring to characterize each employee's 

task exposure. 
• Temporarily suspending field activities, ifhealth and safety of personnel are endangered, 

pending further consideration by the Health and Safety Officer. 

Kathy Davis will serve as the Task Coordinator for this project. 

2.2.3 Site Health & Safety Officer 

The Site Health and Safety Officer responsibilities include: 

• Reporting and coordinating with the DPM I QA/QC Manager on health and safety matters. 
• Monitoring ambient conditions at the site during operations. 
• Reporting safety-related incidents or accidents to the highest authority onsite person. 
• Implementing the components of the SSHSP. 
• Maintaining health and safety equipment onsite, as specified in the SSHSP. 
• Maintaining documentation of health and safety measures taken at the site, including: 

- Communication of the SSHSP; 
- Levels of protection and required upgrades; 
- Environmental monitoring results; and 
- Incident reporting. 

• Upgrading or downgrading levels of protection in response to field conditions. 
• Temporarily suspending field activities, if health and safety of personnel are endangered, 

pending further consideration by the DPM. 
• Report all infractions of the SSHSP to the DPM. 

Jeffrey D. Swanson will serve as the Site Health & Safety Officer for this project. 
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3.0 SITE WORK PLAN SUMMARY 

3.1 Project Objective 

This plan serves as site-specific addenda to the Accident Reporting and Safety Program dated 
14 September 1995, developed by MEVATEC Corporation, for all activities conducted at 
White Sands. The Accident Reporting and Safety Program provides minimum safety standards 
and accident prevention fundamentals to cover a range of activities at White Sands. The 
components of this Site-Specific Health and Safety Plan cover site work for the completion of six 
soil borings near the leak source and the installation of one down-gradient groundwater 
monitoring well (Figures 3-1 ). 
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ZEUS SITE 

===~~~====~~===12 
--MAIN POST 

TO OROGRANDE --
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k;wwM I 

METERS 

700b2002 

Figure 3-1. Location of Project Site, LC-38 Diesel Spill. 
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3.2 Project Tasks 

• Drill and sample soil borings 
• Drill and sample one groundwater monitoring well 
• Manage and disposal of investigation derived waste 
• Site restoration 

Personnel Requirements: Minimum four, maximum seven onsite employees 

Note: All personnel on this site shall receive a copy of this site-specific health and safety plan 
and be aware of potential site hazards prior to entering the site, as listed in Sections 4.0 and 6.0 
of this SSHSP. 

4.0 SITE CHARACTERIZATION AND ANALYSIS 

4.1 General Site Information 

The LC-38 Diesel release occurred from tank S-24061 , located immediately south of 
Building 24068. The site is accessed from Nike A venue (Range Road 2) as shown in Figure 3-1. 

White Sands is considered arid, with an average rainfall of only 10.8 inches (27.4 centimeters), 
mostly occurring during late summer as thunderstorms. Average summer high temperature is 
92° F (33 .3° C) with lows of about 65° F (18.3° C). During winter months, the average high is 
57° F (13 .9° C) with an average low of 36° F (2.2° C). Average annual humidity readings are 
about 37 percent. Regional geology is characterized primarily as fine- to medium-grained 
unconsolidated quartz-sands with occasional thin clay or silt stringers. The predominant soil 
type encountered during the hand auger investigation (to 10 feet below ground surface) was a 
sandy loam. 

4.2 Anticipated Hazards 

4.2.1 Chemical Hazards 

Petroleum hydrocarbons, specifically diesel fuel, will be encountered in soils during drilling 
activities. The following section provides a hazard analysis of toxicity and exposure information 
for diesel I petroleum hydrocarbons. The hazard analysis utilizes exposure and toxicity 
information generated by the Occupational Safety and Health Administration (OSHA), American 
Conference of Governmental Industrial Hygienists, the National Institute for Occupational Safety 
and Health, the National Toxicology Program, and International Agency for Research on Cancer 
and accepted industry data. 

Diesel Fuel 
Route of Entry: 
Target Organs: 
Hazard: 

Inhalation, Skin Absorption, Ingestion, Eye Contact 
Eyes, Skin, Respiratory System, Central Nervous System, Liver, Kidneys 
Eye, skin, and mucous membrane irritation; fatigue ; blurred vision; 
dizziness; blurred speech; confusion; convulsions; chemical pneumonia. 
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First Aid: Eye: Irrigate eyes immediately for 15 minutes 
Skin: Soap and water wash immediately 
Breathing: Remove from vicinity to ventilated area. If persistent, seek 
medical attention for respiratory support to stabilize breathing 
Ingestion: Medical attention immediately 

Chemical Properties: Lower Explosive Limit: 1.4% 
Upper Explosive Limit: 7 .6% 

Liquid and vapor are irritating to the eyes, nose, throat, and skin. Repeated skin contact may 
produce a dry, scaly, and fissured dermatitis. Acute exposure to high concentrations may 
produce irritation of the mucous membranes of the upper respiratory tract, nose, and mouth, 
followed by symptoms of narcosis, cramps and death due to respiratory center paralysis. 

4.2.2 Physical Hazards 

Drilling activities include possible physical hazards which could result in cuts or punctures from 
sharp objects, falls from uneven terrain, steep grades or slippery surfaces, sprains and strains 
from lifting activities, noise, and detonation of unexploded ordnance (UXO). Personnel should 
be aware that as the level of personal protective equipment increases, dexterity and visibility may 
be impacted and performing some tasks may be more difficult. 

Rotary drilling and other heavy equipment operations present inherent safety hazards. Employee 
experience in the use of such equipment and awareness to potential hazards will reduce risk. All 
equipment operations must be in accordance with guidelines set forth in applicable OSHA 
regulations. 

The Accident Prevention Plan provided in Section 6.0 contains specific practices used to reduce 
or eliminate anticipated physical hazards (listed below) which may be present and encountered 
during the site operations. Below each indicated hazard is a list of operations and/or tasks that 
may involve the indicated hazard. An "X" indicates specific actions that will be taken to control 
the respective hazards. These control measures may include work practice controls, engineering 
controls, and/or use of appropriate personal protective equipment. 

• Hazards Associated with Potential Exposure to Hazardous Chemicals or Materials 
• Fire Hazards Associated with Handling or Working Near Flammable or Combustible 

Materials 
• Slip, Trip, Fall Hazards 
• Hazards Associated with Elevated Work 
• Hazards Associated with Operation of Heavy Equipment 
• Hazards Associated with Working in Hot Environments 
• Hazards Associated with Working in Cold Environments 
• Hazards Associated with Insects, Snakes, or Wild Animals 
• Hazards Associated with Falling Objects 
• Hazards Associated with Electricity 
• Hazards Associated with Materials Handling 
• Hazards Associated with Limited Communication Due to Location, Distance, or Noise 
• Hazards Associated with Noise 
• Hazards Associated with Underground or Overhead Utilities 
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• Hazards Associated with Unauthorized Personnel Onsite, and in Controlled Work Zones 
• Hazards Associated with Excessive Traffic Through or Near the Work site 
• Hazards Associated with Unexploded Ordnance 

4.2.3 Unexploded Ordnance 

Although the potential is low, there is the potential that UXO or explosive materials may be present 
at the work area. However, this does not eliminate the potential for the presence or absence of 
potential subsurface UXO. All field personnel are required to review the UXO Orientation video 
and sign the orientation sheet prior to the start of field activities. Additionally, all field personnel 
will receive a temporary Visitors Badge that must be kept on hand at all times. The badge will 
indicate that the bearer of the badge has received proper UXO training. Finally, all field personnel 
will be verbally briefed daily regarding procedures to follow if ordnance is discovered. 

4.2.4 Noise 

Noise may be generated during site activities. As a precautionary measure, hearing protection, 
either ear muffs or ear plugs, are mandatory while working adjacent to the drill rig. A noise 
meter will be onsite to monitor noise conditions (see Section 5.0). 

4.2.5 Electrical Hazards 

Electrical shock can occur by direct contact with live wires or with electrical equipment and 
instruments that are wet or have faulty wiring. Any extension cords used with the equipment 
should be checked for cuts or loose connections in the coating protecting the wires prior to use. 
All extension cords will also be connected to ground-fault circuit interrupters. Use of properly 
grounded and/or double insulated tools will also reduce the potential for electric shock. Due to 
the release of unleaded gasoline at the site, a potential exists for electrical induced explosion. 
The site will be monitored by a combustible gas meter to minimize the potential for explosion 
(see Section 5.0). 

4.2.6 Underground Utility Lines 

Underground utility lines will be marked at the surface. In the event of an unmarked buried 
utility line is damaged, work operations shall halt immediately and all fieldwork shall be stopped 
until the nature of the line is discovered, any required repairs completed, and safe drilling 
locations re-established. A copy of the signed utility clearance documentation will be on-hand at 
the site. 

4.2. 7 Biological Hazards 

The field team should be aware that site activities may disturb the local wildlife population. 
Therefore, there is potential for field personnel to be bitten by snakes, animals, and insects. 
Prompt first aid measures are extremely important. All field team members should be properly 
briefed regarding the potential for encountering wildlife, as well as prompt first aid procedures in 
the event of a snake, insect, or animal bite. 
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Normally, the noise created by a person approaching a snake is sufficient to frighten snakes 
away. However, extreme caution is necessary when exploring areas where snakes might be 
found, such as behind rocks, under bushes, or in holes, crevices, and abandoned pipes. The rules 
to follow if bitten by a snake are: 

• Do no cut the bite area, since it will exacerbate the effect of the venom; 
• Do not apply suction to the wound, since this is minimally effective in removing venom; 
• Do not apply a tourniquet since venom is most dangerous when concentrated in a small area; 
• Do not allow the victim to run for help, since this accelerates circulation; 
• Do seek immediate medical attention; 
• Do keep the victim calm and immobile; and 
• Do have the victim hold the affected extremity lower than the body while waiting for medical 

assistance. 

4.2.8 Heat Stress 

Elevated temperatures may be a concern at this site. Heat stress monitoring and prevention 
procedures will be initiated. Heat stress reduction procedures shall consist of the following: 

• Field personnel will be encouraged to drink fluids (chilled, potable water) frequently. 
• When temperatures exceed 90 degrees Fahrenheit, all field personnel working outdoors will 

measure their heart rates no less than hourly. If the heart rate exceeds 110 beats per minute, 
the individual will rest for 10 minutes, drinking fluids throughout the rest period. If the heart 
rate has dropped below 110 beats per minute at the end of the rest period, the individual may 
return to work. If the heart rate exceeds 110 beats per minute, contact the onsite health and 
safety officer. 

• Any personnel displaying signs or symptoms of heat stress will stop work and rest for at least 
15 minutes. If symptoms persist beyond this rest period, the onsite health and safety officer 
will be contacted. Personnel displaying symptoms of heat stroke should immediately be 
taken to the nearest medical facility. 

Symptoms of heat exhaustion included dizziness, light-headedness, nausea, slurred speech, 
fatigue, copious perspiration, cool clammy skin, and an increased resting heart rate. Symptoms 
of heat stroke included delirium, fainting, and hot, dry, flushed skin. Heat stroke is a life 
threatening condition, and immediate medical attention is required if any symptoms of heat 
stroke are observed. 

4.2.9 Cold 

Extreme cold temperatures may also be a concern at this site. Cold stress monitoring and 
prevention procedures will be initiated. Precautionary measures shall consist of the following: 

• Field personnel will be encouraged to wear thermal underwear, long pants, long sleeve shirts, 
sweaters, sweatshirts, gloves, thick socks, and/or jackets to prevent problems related to cold 
exposure. 

• Field personnel will be encouraged to drink fluids frequently. 
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• If temperatures drop below freezing and windchill causes subzero-degree (Fahrenheit) 
working conditions, field work will be limited to the warmest hours of the day or in extreme 
cases all work at the site will cease until temperatures and weather return to a safe level. 

• Any personnel displaying signs or symptoms of hypothermia will stop work and add 
additional layer(s) of warmth to themselves. If symptoms persist beyond this, the onsite 
health and safety officer will be contacted. Personnel displaying symptoms of frostbite 
should immediately be taken to the nearest medical facility. 

Symptoms of hypothermia include reduced feeling or tingling in affected area, especially in the 
fingers , toes, ears and face, slight numbness, and loss of color. Symptoms of frostbite include 
loss of feeling and movement in affected area and extreme change in color. Frostbite is 
preventable with the use proper attire and precautions. Frostbite can result in amputation of the 
affected appendage if medical attention is not administered promptly. 

4.3 Personal Protection for Site Work 

Prior to entering the area of activity, all personnel will be required to read and sign the 
Compliance Agreement (Section 7.0) to verify compliance with the provisions of this SSHSP and 
sign the daily Health and Safety Briefing Compliance Agreement (Section 8.0). The level of 
protection expected for this site work will Level D; gloves (leather and/or latex), hard-hat, steel
toed boots, and safety glasses. Visitors are expected to comply with relevant OSHA regulations 
and provide their own protective equipment. Continuous monitoring will be conducted to verify 
the safety of all site personnel. 

4.4 Emergency Contact Numbers 

Table 4-1 on the following page, provides name and telephone numbers for emergency contact 
personnel. In the event of a medical emergency, personnel will take direction from the onsite 
senior responsible individual and notify the appropriate emergency organization. In the event of 
a fire or spill, the onsite senior responsible individual will notify the appropriate White Sands 
Fire Department followed by the Emergency Operations Center. In the case of a spill of 
hazardous materials, the White Sands Missile Range representative will be responsible for 
notification of the appropriate local, state, and federal agencies. 

Medical emergencies that occur will be taken to the LC-38 Fire Station (Fire Station No. 2), as 
shown on Figure 4-1. From the project site, proceed to Range Road 2, then west to Fire Station 
No. 2. If additional medical attention is required, the injured individual will be transported via 
ambulance to the appropriate medical facility. 

4.5 Smoking 

SMOKING WITHIN 50 FEET OF THE DRILL RIG, CONTAMINATED SOIL, OR AST IS 
PROHIBITED. A SMOKING AREA WILL BE LOCATED GREATER THAN 50 FEET 
FROM THE DRILL RIG. ALL CIGARETTE BUTTS WILL BE PLACED IN A BUCKET 
FILLED WITH SAND, WHICH WILL BE LOCATED AT THE SMOKING AREA. 
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Table 4-1. Emergency Contact Telephone Numbers. 
(Fire and medical emergency numbers are bolded) 

Or2anization Contact Telephone* 
Fire Station #2 Land Line on WSMR: 117 

(Nike Avenue at LC-38) Land Line/Cell Phone: 678-9128 

Off Range: 911 

Fire Station #1 Land Line on WSMR: 117 

(Main Post) Land Line/Cell Phone: 678-1234 

Off Range: 911 

HELSTF Ambulance Service/ Land Line/Cell Phone: 679- 5164 or 

Medical Aid Station 679-5167 

(Building 26020) Off Range: 911 

Post Clinic Emergency Room Land Line/Cell Phone: 678-2882 

(Building 530) 

Memorial Medical Center Emergency Room Land Line/Cell Phone: 521-2286 or 

(Las Cruces, NM) 911 

Police Land Line on WSMR: 118 

Land Line/Cell Phone: 678-1234 

Off Range: 911 

Emergency Operations Center 678-3803 

After Hours - Staff Duty Officer 

White Sands Missile Range 678-2224 

Environment and Safety Directorate 

WS-ES-EC Technical Inspector Hector Magallanes 678-2073 

(desk) 

MEY ATEC Corp. Office, Building 126, Beatriz Delgadillo 678-0263 

White Sands, NM, Front Desk 

Site Safety and Health Representative Jeffrey D. Swanson 678-0297 

MEY A TEC Corporation, William Little 678-2853 

Task Manager 

MEY ATEC Corp. Deputy Program Manager I Fred Bourger 678-3426 

Principal Engineer I QA/QC Manager 

MEY ATEC Corporation, Joel Giblin 678-0910 

Health and Safety Officer 

MEY A TEC Corporation, Donald K. Emig, 678-7907 

General Manager Ph.D., P.E. 

NMED Hazardous Waste Bureau Cheryl Frischkorn (505) 827-1961 

(Project Regulatory Agency) 

* - all phones numbers are within the SOS area code. 
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Figure 4-1. Emergency Route to Medical Facility from the Project Site. 

5.0 SITE MONITORING 

Hazardous materials may be encountered during drilling or monitor well installation. Site 
monitoring will be conducted to verify the safety of workers. Table 5-1 describes the site 
monitoring to be conducted. 

Table 5-1. Site Monitoring Summary. 

Chemical I 
Action Level 

Monitoring Sampling and 
Frequency of Analysis Physical A~ent Equipment Analysis 

Volatile Organic 20 ppma in the 
PID Direct Reading 

During drilling within the 
Compounds breathing zone contaminated zone 

Explosive Conditions 
LEL: 1.4% Combustible Gas 

Direct Reading 
During drilling within the 

UEL: 7.6% Meter contaminated zone 

Noise Levels 85 dBAb Sound Level 
Direct Reading During all drilling activities 

Meter 

Notes a: ppm - parts per million 
B: dBA - decibels, A-weighted 
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In the event that the action level is exceeded for volatile organic compounds or explosive 
conditions, the area will be immediately evacuated and the contaminant allowed to dissipate. 
MEVATEC will contact the WS-ES-EC Technical Inspector prior to commencing with work. 
Following instructions from WS-ES-EC, the field crews will don the appropriate clothing, 
respirator, and retest the site conditions. If levels continue, the MEV ATEC Health and Safety 
representative will contact the WS-ES-EC Technical Inspector for further instructions. In the 
case of noise, exceedance of the action level will trigger the use of hearing protection. 

6.0 ACCIDENT PREVENTION PLAN 

Hazards Associated with Potential Exposure to Hazardous Chemicals or Materials: 

• Drill and sample soil borings 
• Install and sample groundwater monitoring well(s) 
• Handling and disposal of investigation derived waste 
• Site restoration 

Actions to be Taken to Control Hazards: 

x 
x 

Minimize free liquids to reduce airborne vapor concentrations. 
Tops shall be securely attached to chemical containers when not in use to minimize 
airborne vapor concentrations. 
Utilize wet methods to control airborne dusts emissions. 

___x__ Delineate and control access into the Exclusion Zone(s) and Contamination Reduction 
Zone(s). 
Utilize Chemical Protective Clothing and Equipment 
Decontaminate or remove outer protective clothing in the Contamination Reduction 
Zone, prior to entering the Support Zone from the Exclusion Zone. 

X Decontaminate all equipment leaving the Exclusion Zone in the Contamination 
Reduction Zone, prior to entering the Support Zone. 

_x_ Wash hands and face prior to drinking/smoking breaks. 
__ Personnel working in the Exclusion Zone will be required to shower out at the end of the 

workday, prior to leaving the work site to go home. 

Fire Hazards Associated with Handling or Working near Flammable or Combustible 
Materials: 

Operations and/or Tasks Associated with the Above-Referenced Hazards: 

• Drill and sample soil borings 
• Install and sample groundwater monitoring well(s) 
• Handling and disposal of investigation derived waste 
• Site restoration 

Actions to be Taken to Control Hazards: 
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Monitor work environment as necessary with a combustible gas meter to determine the 
percent LEL concentration of combustible gases and vapors. 
Should concentrations exceed 10% of the LEL (see Section 5.0) in a work area, 
operations within the area will cease immediately, and all potential sources of ignition 
removed from the area. 
All "Hot Work" performed in hazardous locations shall require the issuance of a 
Hot Work Permit issued by White Sands Missile Range safety office. Combustible or 
flammable materials shall be purged of combustible gasses and vapors (less than 
10 percent LEL) prior to being cut. 
Smoking shall not be permitted onsite, except in designated areas. 
All containers of flammable or combustible materials must be properly labeled to indicate 
its contents and appropriate fire hazard. 

Slip, Trip, Fall Hazards: 

Operations and/or Tasks Associated with the Above-Referenced Hazards: 

• Drill and sample soil borings 
• Handling and disposal of investigation derived waste 
• Site restoration 

Actions to be Taken to Control Hazards: 

x Workers shall ensure that walking/working surfaces are kept free of potential slip, trip, 
fall hazards. 

x 
_x_ 

Whenever possible, avoid routing cords, ropes, hoses, etc. across isles and walking paths. 
Flag and/or cover inconspicuous holes to protect against accidental trips and falls. 
Delineate and/or guard open excavations to protect against falls. 

Hazards Associated with Operations of Heavy Equipment or Motor Vehicles 

Operations and/or Tasks Associated with the Above-Referenced Hazards: 

• Drill and sample soil borings 
• Handling and disposal of investigation derived waste 
• Site restoration 

Actions to be Taken to Control Hazards: 

X Personnel operating heavy equipment or vehicles shall maintain a constant awareness of 
personnel and stationary objects in the areas adjacent to its operation. 

_x_ Spotters shall be utilized to assist operators in manipulating vehicles and equipment into 
tight or confined areas. 

X Equipment operators shall inspect their equipment prior to and during each use, to ensure 
it is working properly, and that all safety devices are functioning as they should. 

X Ensure operators are adequately trained and/or licensed as necessary to operate their 
equipment or motor vehicles. 
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_x_ All moving heavy equipment must have properly functioning backup alarms. 
X Motor vehicle operators are responsible for conducting a pre-trip vehicle safety inspection 

prior to its use. No motor vehicle with any known mechanical defect which endangers 
the safety of the driver or passengers shall be used. 

Hazards Associated with Working in Hot Environments 

Operations and/or Tasks Associated with the Above-Referenced Hazards: 

• Drill and sample soil borings 
• Site restoration 

Actions to be taken to control heat stress: 

X Drink plenty of fluids, preferably water before, during and after each activity 
Acclimate to site conditions by slowly increasing work loads 

_x_ Use cooling devices to aid natural body ventilation 
Conduct field activities in early morning or evening 
Use shelter to protect against heat stress 
Rotate shifts of workers 

Hazards Associated with Working in Cold Environments 

Operations and/or Tasks Associated with the Above-Referenced Hazards: 

• Drill and sample soil borings 
• Handling and disposal of investigation derived waste 
• Site restoration 

Actions to be Taken to Control Hazards: 
X Adequate protective clothing shall be worn at all times 

Provide shelter from wind and cold temperatures 
Do not remove chemical-protective equipment unless sheltered from wind and cold 
temperatures. 

_x_ Field activities shall be curtailed if equivalent chill temperature is below zero degrees F. 

Hazards Associated with Insects, Snakes, or Wild Animals 

Operations and/or Tasks Associated with the Above-Referenced Hazards: 

• Drill and sample soil borings 
• Handling and disposal of investigation derived waste 
• Site restoration 

Actions to be Taken to Control Hazards: 
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X Ensure that personnel are aware of such hazards, and encourage them to be constantly on 
the lookout. 
Maintain a supply of insecticide sprays to be used as necessary to kill flying or crawling 
insects. 
Utilize heavy equipment to clear areas where high grass and brush have grown, prior to 
accessing these areas on foot. 

Hazards Associated with Falling Objects 

Operations and/or Tasks Associated with the Above-Referenced Hazards 

• Drill and sample soil borings 

Actions to be Taken to Control Hazards: 

x 
_x__ 

Require that hard hats be worn at all times by onsite personnel except in break areas. 
Whenever possible, personnel will avoid walking or working beneath areas where 
overhead work is being performed. 
All overhead work platforms will be equipped with standard toe board to reduce the 
potential of objects falling from them. 

Hazards Associated with Electricity 

Operations and/or Tasks Associated with the Above-Referenced Hazards: 

• Drill and sample soil borings 
• Handling and disposal of investigation derived waste 
• Site restoration 

_x__ 
x 

Ground Fault Circuit Interrupters (GFCis) shall be used whenever possible, to protect 
workers from shock or electrocution while working with electrical equipment. 
Repair or remove from service all damaged electric cords. 
Route extension cords in a manner and/or location that would prevent potential damage to 
the cord. 

_x__ All electrically powered hand tools shall be of the grounded or double-insulated type. 
X Obtain proper utility clearances prior to the start of field activities. 

Hazards Associated with Materials Handling 

Operations and/or Tasks Associated with the Above-Referenced Hazards: 

• Drill and sample soil borings 
• Handling and disposal of investigation derived waste 
• Site restoration 

Actions to be Taken to Control Hazards: 
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X Mechanical equipment (i.e., dolly, hoist, fork lift) shall be utilized whenever possible to 
minimize manual labor. 

X Size up the job before lifting and get help if needed. The maximum weight to be 
manually lifted by MEVATEC and/or subcontractor personnel is 60 pounds (27.2 
kilograms) . 

X Personnel will be reminded during daily safety meeting to utilize proper lifting methods 
to avoid muscle or back strains. 

Hazards Associated with Limited Communication Due to Location, Distance, or Noise 

Operations and/or Tasks Associated with the Above-Referenced Hazards: 

• Drill and sample soil borings 
• Handling and disposal of investigation derived waste 
• Site restoration 

Actions to be Taken to Control Hazards: 

X Where direct verbal communication is limited, portable 2-way radios, and/or hand signals 
shall be utilized to facilitate communication among workers. 

X Where work sites are in remote locations without access to nearby existing telephones, a 
cellular telephone (if service is available) or two-way radios shall be maintained onsite 
for use in the event of an emergency. 

Hazards Associated with Noise 

Operations and/or Tasks Associated with the Above-Referenced Hazards: 

• Drill and sample soil borings 
• Handling and disposal of investigation derived waste 
• Site restoration 

X Appropriate hearing protection shall be provided to and worn by personnel working in 
areas where noise levels are known or suspected to exceed 85 dBA (See Section 5.0). 

X Inspect noise control devices (i.e. , mufflers) on equipment to ensure they are working properly. 
X Periodically inspect pressurized systems (i.e. , compressed air or steam) for leaks that 

create potential noise hazards, and if any are found, repair as soon as possible. 
____x_ Whenever possible, start noise equipment in a remote area to reduce the potential for 

personnel exposure to noise, and to facilitate verbal communication among personnel. 

Hazards Associated with Underground or Overhead Utilities 

Operations and/or Tasks Associated with the Above-Referenced Hazards: 

• Drill and sample soil borings 
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Actions to be Taken to Control Hazards: 

X White Sands Missile Range National Range Support shall be contacted to establish the 
location of underground utilities and communication lines through the area of anticipated 
excavation. 

X When excavating with heavy equipment near underground utilities, personnel on the 
ground will assist in probing to find the exact location of lines, and will use hand shovels 
to carefully remove the soil immediately adjacent to the lines. 

X When operating machinery near overhead electrical distribution and transmission lines, 
refer to 29 CFR 1926.550 (a)(15)(1)-(vii) for minimum clearances, and safe work practices. 

Hazards Associated with Unauthorized Personnel Onsite and in Controlled Work Zones 

Operations and/or Tasks Associated with the Above-Referenced Hazards: 

• Drill and sample soil borings 
• Handling and disposal of investigation derived waste 
• Site restoration 

Actions to be Taken to Control Hazards: 

x 

x 

x 

Install temporary fencing, traffic cones, or other appropriate barriers to delineate the work 
site, and to deter unauthorized personnel from entering the work site. If necessary, post 
security guards at each point of access into the work site. 
Maintain a visitors sign in/out log. 
Post warning signs "Authorized Personnel Only" at all entrances to the work site. 
Utilize badge identification system. 
Delineate controlled work zones with temporary fencing and/or caution tape. 
Post hazard warning sign at the entrances into controlled work zones. 
Utilize security guards to provide site security during off-hours. 
Prior to entry into contaminated zone, ensure that all personnel have a current 40-hour 
OSHA HAZWOPER certification card or appropriate identification. 

Hazards Associated with Traffic Through or Near the Work Site 

Operations and/or Tasks Associated with the Above-Referenced Hazards: 

• Drill and sample soil borings 
• Handling and disposal of investigation derived waste 
• Site restoration 

Actions to be Taken to Control Hazards: 

Personnel working in areas where traffic hazards exist shall wear brightly colored orange 
traffic vest. 
Flagmen will be utilized as necessary to direct traffic through or around the work site. 
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X Barricades and traffic cones and signs shall be utilized as necessary to aid in directing 
traffic through or around the work site. 

Hazards Associated with Unexploded Ordnance 

Operations and/or Tasks Associated with the Above-Referenced Hazards: 

• Drill and sample soil borings 
• Handling and disposal of investigation derived waste 
• Site restoration 

_x_ All field personnel will review the UXO Orientation Video prior to field activities. 
X All field personnel will be required to sign the UXO Orientation sheet following review 

of orientation video. 
X All field personnel will receive a UXO Range Hazards Card and will be required to keep 

the card on-hand at all times. 
_x_ lfUXO is identified, all field personnel will be verbally notified to follow directions 

listed on UXO Range Hazards Card. 
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7.0 COMPLIANCE AGREEMENT 

This SSHSP applies to all MEVATEC personnel and their contractors performing field activities. 
I have read this SSHSP and hereby agree to abide by its provisions and to aid the Site Safety 
Officer and his representative in its implementation. I understand that it is in my best interest to 
see that site operations are conducted in the safest manner possible; therefore, I will be alert to 
site health and safety conditions at all times. 

Name Date 

Name Date 

Name Date 

Name Date 

Name Date 

Name Date 

Name Date 

Name Date 

Name Date 

Name Date 

Name Date 

Name Date 

Name Date 
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8.0 DAILY HEAL TH AND SAFETY BRIEFING COMPLIANCE AGREEMENT 

Topics covered during today's ( ) health and safety briefing: 

I have hereby agree to abide by its provisions of the SSHSP, issues discussed in today's health 
and safety briefing, and to aid the Site Health and Safety Officer or his representative in its 
implementation. I understand that it is in my best interest to see that site operations are 
conducted in the safest manner possible; therefore, I will be alert to site health and safety 
conditions at all times. 

Name Name 

Name Name 

Name Name 

Name Name 

Name Name 
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APPENDIXE 
DECONTAMINATION AND INVESTIGATION DERIVED 

WASTE (IDW) MANAGEMENT PLAN 

1.0 INTRODUCTION 

In order to maintain sample integrity and minimize the spread of contamination between 
samples, well locations, and personnel, the decontamination of all equipment and management of 
investigation derived wastes (IDW) will receive high priority. Equipment requiring 
decontamination will include drill rigs, soil augers, rods and split-barrel samplers, well casing 
material, groundwater purge pumps and bailers, soil samplers, and associated bowls and 
implements. IDW requiring management includes spent drill fluid and cuttings, soil boring 
cuttings, well development and purge water, decontaminated water from cleaning of drill rig and 
sampling equipment. 

2.0 DECONTAMINATION 

Prior to the collection of each sample, all sampling equipment that will come in physical contact 
with the matrix of interest will be thoroughly decontaminated. This will minimize potential 
cross-contamination of samples from different locations. Procedures for decontaminating the 
types of equipment and material anticipated to be used are described below. 

2.1 Drilling Equipment 

Upon arriving at the site, the drill rig will be inspected for leaks (e.g. hydraulic fluid, oil, 
gasoline, diesel fuel, etc.) that could contaminate the boring. All equipment must be free of 
leaks. If necessary, the drill rig will be pressure-washed to remove contamination prior to use 
onsite. No grease will be used on drill pipe joints or other downhole equipment; however, PTFE 
tape or PTFE paste may be substituted. 

To accommodate the cleaning of the drill rig and downhole drilling equipment, a 
decontamination pad will be constructed to collect decontamination wastewater. The pad will be 
temporary and at a minimum consist of a permeable gravel pad that is lined underneath with a 
minimum of two layers of 6-mil polyethylene sheeting. The edges will be folded upward to 
contain water and the bottom will be sloped toward a collection sump. Decontamination 
wastewater will be pumped from the sump into DOT 17E, closed-top 55-gallon drums for 
storage. 

All hollow-stem augers, drill bits and rods, and tremie pipes will be decontaminated between 
borings at the decontamination pad. This equipment and the drill rig itself will be 
decontaminated using a high-pressure hot water washer as determined by the site geologist or 
geotechnical engineer as well as upon entry and exit to the site. Decontaminated equipment will 
be stored on plastic sheeting, sawhorses, or on decontaminated auger racks on the drill rig. 

All split-barrel soil samplers will be decontaminated prior to collection of each sample using the 
following procedure: 
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• Clean any soil residue off by scraping or brushing, 
• Scrub in an Alconox detergent and potable wash water using a brush, 
• Rinse with potable water, 
• Rinse with distilled, and 
• Store split-barrel samplers in plastic or aluminum foil when not in use. Samplers may be 

placed on plastic sheeting or a clean rack prior to use. 

The water rinses may be accomplished by either pouring water directly on the equipment or by 
dispensing the water through all-polyethylene garden sprayers. All waste water from cleaning of 
equipment will be containerized in DOT 17E, closed-top 55-gallon drums. 

As a further protection against sample cross-contamination, the soil samplers will ensure that 
their gloves are clean prior to handling each sample. If non-disposable type gloves are worn, 
they will be cleaned in a manner identical to the sampling equipment. If disposable gloves are 
worn, they shall be changed prior to handling each new sample. 

2.2 Well Casing Decontamination 

In order to prevent aquifer contamination during well installation, only new PVC casings and 
screens will be installed. If not packaged in plastic from the manufacturer, all well casing and 
screen material will be decontaminated prior to installation. Casing, screens and caps will be 
cleaned with a high-pressure hot water washer followed by rinsing with distilled water. When 
necessary to provide a water-tight connection, only PVC tape will be allowed for use on the 
threaded joints. Items will be placed on clean plastic sheeting or racks during assembly and 
while awaiting installation 

2.3 Sampling Equipment Decontamination 

Split-barrel soil samplers and other sampling equipment requiring decontamination including 
well development and purging pumps, stainless-steel bowls and hand tools, and other containers 
or tools used in collection of samples. 

Equipment requiring decontamination for groundwater sampling will include groundwater level 
indicators and hailers. Prior to sampling, the water level in each well will be measured using a 
water level indicator decontaminated by rinsing the probe with ASTM Type II, water and wiping 
the tape with a ASTM Type II water moistened paper towel as the probe is lowered in the well. 
As the probe and tape are removed, the tape will be wiped off once again and the probe rinsed 
off again. 

This well will not have dedicated sampling equipment, therefore the well will first be purged 
using a submersible stainless-steel electric pump. Prior to use, the pump will be cleaned using 
the following procedure: 

• Flush the interior of the pump and hosing out by submerging the pump in a container of 
potable water and running water through it. Pump all remaining water out of the hosing. 

• Clean exterior of the pump motor assembly, hosing and cable with Alconox detergent and 
potable water, 

E-2 



Appendix£ 
Work Plan fo r the RCRA Facility In vestigation at the Launch Complex-38 Site on White Sands Missile Range 

• Rinse the interior and exterior surfaces of the pump with potable water until all traces of 
detergent are gone; 

• Rinse all washed surfaces with ASTM Type II reagent-water prior to use, and 
• Store the decontaminated pump in a clean plastic bag between uses. 

Once the well is adequately purged, the well will be sampled using decontaminated PVC bailers. 
Disposable, pre-cleaned PVC bailers may also be used for sampling. Prior to use, all non
dedicated, non-disposable bailers will be cleaned using the following procedure: 

• Unscrew one end of bailer if possible and scrub interior and exterior with a bailer brush 
and Alconox detergent and potable water. If the bailer cannot be disassembled, clean by 
placing detergent water inside and agitating water back and forth with hands placed over 
ends of bailer. Scrub exterior with a brush. 

• Thoroughly rinse off traces of detergent with potable water. 
• Rinse interior and exterior of bailer thoroughly with ASTM Type II reagent water. 
• Place decontaminated bailer in a clean storage container or plastic bag during periods of 

nonuse. Bailer will not be allowed to come in contact with a contaminated surface prior 
to use. 

• Rinse bailer with ASTM Type II water prior to use whether freshly cleaned or stored 
prior to use. 

• All other hand tools, bowls, containers etc. used during soil and sediment sampling will 
be decontaminated according to the following procedure after each use: 

• Scrape or brush off all excess soil or contamination, 
• Scrub in Alconox detergent and potable water wash using a brush, 
• Rinse thoroughly with potable water to remove detergent, 
• Rinse thoroughly with distilled water, and 
• Place item on plastic sheeting until use or store in clean plastic bag. 

3.0 MANAGEMENT OF INVESTIGATION-DERIVED WASTE (IDW) 

Several waste streams will be produced during this investigation. These wastes include drill 
fluids and cuttings, well development water, well purge water, and decontamination wastewater. 
In order to protect human health and the environment, these wastes will be considered hazardous 
and managed as such until analysis of the waste proves otherwise. To minimize waste 
generation, the following guidelines will be followed: 

• Removal of as much soil and other contamination from sampling equipment as possible 
before washing to minimize the quantity of wastewater generated. 

• Avoid excessive travel through areas of known contamination to reduce the need for 
personal and/or vehicle decontamination. 

• A void excessive well development or purging of monitoring wells. 

3.1 Drill Cuttings and Soil Management 

A significant quantity of drill fluids cuttings will be generated at the monitoring well locations, 
and cuttings at each borehole location. Cuttings from each boring will be placed on surface on 
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top of double-lined 6 mil or greater polyethylene plastic and staged at each of the soil boring and 
well location. All cuttings from the well installation and soil borings will be consolidated in one 
area or container for sampling and disposal. An adhesive backed label will be used to identify 
cuttings with the following information: soil boring/monitoring well identification number, 
contents of the container, and accumulation start date. 

3.2 Development and Purge Water Management 

Development water from the newly installed well will be containerized in DOT 17E, closed-top 
55-gallon drums. An adhesive backed label will be used to label the drum exterior with the 
monitoring well number, contents of drum, and accumulation start date. 

3.3 Decontamination Wastewater 

The cleaning of drill rigs, drilling equipment and sampling equipment will generate quantities of 
decontamination water. Washing of boots at personnel decontamination stations may also 
generate additional water. All wastewater will be containerized in DOT 17E, closed-top 
55-gallon drums. An adhesive backed label will be used to label the drums with the following 
information: drum contents, accumulation start date, and monitoring well identification number. 

3.4 Storage, Testing and Disposal of Wastes 

A plastic-lined (2 layers, 6-mil polyethylene) roll-off box containing drill fluids and cutting will 
be staged at the new monitoring well location. Drums containing cuttings will be staged at each 
of the new borehole locations. Drums containing development water, purge water, and 
decontamination wastewater will be staged in the general vicinity of the waste source location 
(decontamination pad, monitoring well, etc.). Following completion of field activities all IDW 
will be removed from the LC-38 site. 

In order to determine the proper handling, storage and disposal requirements for IDW, a RCRA 
hazardous waste determination must be made. RCRA regulations define hazardous waste as 
possessing characteristic for ignitability, corrosivity, reactivity, or toxicity; or listed under 
40 CFR Part 261 . 

The IDW generated during this investigation will be composed largely of soil cuttings, drilling 
mud and decontamination wastewater, and is not ignitable, corrosive, or reactive. However, the 
IDW may contain constituents that exhibit constituent concentrations exceeding toxicity 
characteristic (TC) levels. 

To determine whether the IDW contains constituents that exceed the TC levels, the toxicity 
characteristic leaching procedure (TCLP, EPA Method 1311) will be run on the auger cuttings 
and purge water. Composite samples will be collected from each waste container and analyzed 
for UDMH, NDMA and DMN and TCLP metals. If analytical results indicate auger wastes 
constituents in excess of EPA Land Disposal Standards, the White Sands Missile Range WS-ES 
TI will be notified to arrange for proper disposal. If analytical results indicate detected 
constituents in concentrations below EPA Land Disposal Standards, the wastes will be disposed 
as non-hazardous, at a location approved by the WS-ES TI. 
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Composite samples will be collected from drums containing purge water from each well site, 
development water, and decontamination wastewater and analyzed for UDMH, NDMA and 
DMN, and TCLP metals. If analytical results indicate levels ofUDMH, NDMA and DMN or 
TCLP metals at concentrations above EPA land disposal Standards, the WS-ES TI will be 
notified to arrange for proper disposal. If analytical results indicate detected contaminants in 
concentrations below EPA Land Disposal Standards, the water will be disposed as non
hazardous, at a location approved by the WS-ES TI. 

A letter report will be submitted to the WS-ES TI that outlines the analytical results of wastes 
generated during field investigation activities. Characterized wastes include auger cuttings, well 
development and purge water, and wastewater generated during decontamination activities. The 
total quantity of materials will be presented along with recommendations for proper disposal. 
Following disposal, records such as trip reports and manifests will be prepared and submitted to 
the WS-ES TI for documentation 
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1 PURPOSE 

MEVATEC CORPORATION 
Standard Operating Procedures 

QUALITY CONTROL PROGRAM 

MSOP NO. 1.0 
REVISION NO. 0 

October 2001 

This Standard Operating Procedure (SOP) describes the Quality Control Program developed to 
implement the quality requirements applicable to the activities at the various sites at White Sands 
Missile Range, New Mexico. 

2 REFERENCES 

None. 

3 RESPONSIBILITIES 

3.1 The Project Manager is responsible for the overall implementation of the Work 
Assignment Orders. He/she should establish and cultivate principles and practices that 
integrate quality requirements into the daily work and provide individuals performing 
the work with proper information, tools, support, and encouragement to properly 
perform their assigned work. He/she will coordinate the preparation of project specific 
Quality Control Project Plans (QCPPs) (i.e., Sampling and Analysis Plans, Field 
Sampling Plans, etc.). 

3.2 The Project Technical Manager, Technical Coordinator, and Project Chemist are 
responsible for assisting the Program Manager to assure that the project's goals and 
objectives are clearly stated and communicated to participating personnel. Each will 
provide direct oversight and coordination of operations in order to assure that they are 
suitably controlled, including acting on the behalf of the Program Manager in his/her 
absence. Each will prepare portions of project specific Quality Control Project Plans 
appropriate to his/her background and experience. 

3.3 The Quality Assurance Officer is responsible for preparing the programmatic documents 
and applicable SOPs that describe the implementation of the requirements of the Work 
Authorization Orders for QC activities. He/she will assign project specific Quality 
Assurance Officers as appropriate, and provide oversight and assistance in the 
implementation of the SOPs. 

4 DEFINITIONS/MATERIALS 

4.1 Quality Control Project Plans 
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MSOPNO. 1.0 
REVISION NO. 0 
October 2001 

5 PROCEDURE 

5.1 The SOPs are designed to implement the quality requirements applicable to the 
program/project specific activities. 

5.2 The SOPs will be reviewed and approved by responsible management prior to their 
implementation. 

5.3 Quality affecting SOPs prepared to perform work assignment orders are prepared and 
revised by technical personnel under the direction of the Project Environmental Engineer 
or Project Geologist and are reviewed and approved by the Program Manager, Quality 
Assurance Officer and as applicable by the Health and Safety Manager. 

5.4 The current revision of SOPs required to implement the work assignment orders is 
maintained in the "Projects" folder on the MEVATEC computer server. 

6 REQUIRED FORMS 

None 
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1 PURPOSE 

MEVATEC CORPORATION 
Standard Operating Procedures 

CHAIN OF CUSTODY 

MSOPNO. 1.1 
REVISION NO. 0 

October 2001 

This Standard Operating Procedure (SOP) establishes the method and responsibilities associated 
with the maintenance and custody of samples that are to be used to provide data that form a basis 
for making project related decisions. It outlines the general procedures for maintaining and 
documenting sample chain of custody from the time of sample collection through sample 
disposition. 

2 REFERENCES 

USEPA, Test Methods for Evaluating Hazardous Waste, (SW-846), current revision. 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager or Technical Coordinator is responsible for ensuring that 
all sample collection activities are conducted in accordance with this SOP and any other 
appropriate procedures. This will be accomplished through staff training and by 
maintaining quality assurance/quality control (QA/QC). 

3.2 The Project Chemist is responsible for assuring that the proper chain of custody is 
initiated at the time the sample(s) are collected and maintained throughout the handling 
and subsequent transportation of the sample(s) to the designated laboratory. 
Additionally, the Project Chemist is the project authority for determining the disposition 
and fate of sample(s) that have identified deficiencies (e.g., missed holding times, 
elevated temperature at receipt, etc.). 

3.3 The Quality Assurance Officer is responsible for periodic review of Chain of Custody 
records generated documentation associated with this SOP. The Quality Assurance 
Officer is also responsible for implementation of corrective action (i.e., retraining 
personnel, additional review of work plans and SOPs, variances to QC sampling 
requirements, issuing nonconformances, etc.) if problems occur. 

3.4 The Sampling Team Leader is responsible for properly documenting and maintaining the 
Chain of Custody from the time of sample collection until the sample is delivered to the 
laboratory. 

3.5 Laboratory Personnel are responsible for receipt and entry of samples into the laboratory 
that have been submitted to the laboratory under a Chain of Custody document. 
Additionally, samples received will be entered into the laboratory Chain of Custody 
procedures by properly documenting and maintaining chain of custody from the moment 
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MSOP NO. 1.1 
REVISION NO. 0 
October 2001 

that they take custody of the sample at the laboratory until the sample is disposed of or 
returned to the client. 

4 DEFINITIONS/MATERIALS 

4.1 Chain of Custody 

The Chain of Custody document sometimes called the "cradle to grave" record is the written 
record that traces the sample possession from the time each sample is collected until its final 
disposition. Chain of Custody is maintained by compliance with one of the following criteria: 

• The sample is in the individual's physical possession. 
• The sample is maintained in the individual's physical view after being in his/her 

possess10n. 
• The sample is transferred to a designated secure area restricted to authorized personnel. 
• The sample is sealed and maintained under lock and key to prevent tampering, after 

having been in physical possession. 

4.2 Waybill 

A waybill is a document that contains a list of the goods and shipping instructions relative to a 
shipment. 

4.3 Common Carrier 

For the purpose of this procedure, the common carrier is any commercial carrier utilized for the 
transportation of the sample(s) from the field to the laboratory. 

5 PROCEDURE 

5.1 General 

5.1.1 The ability to demonstrate that the samples were obtained from the locations stated and that 
they reached the laboratory without alteration is important. Evidence of collection, 
shipment, laboratory receipt, and laboratory custody until disposal must be documented to 
accomplish this. Documentation will be accomplished through a Chain of Custody Record 
that lists each sample and the individuals performing the sample collection, shipment, and 
receipt. 

5 .1.2 The Chain of Custody document is a preprinted form. The original will accompany the 
samples to the laboratory and a copy will be retained in the field project file. 
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5 .2 Field Sample Custody 

MSOPNO. 1.1 
REVISION NO. 0 

October 2001 

5 .2.1 Sampling personnel, upon collection of samples for analysis, will properly complete a 
Chain of Custody record form. The Chain of Custody document will be the controlling 
document to assure that sample maintenance and custody are maintained; thereby 
assuring the sample(s) are representative of the environment from which they were 
collected. At a minimum, the following information will be recorded on the Chain of 
Custody document: 

• The unique identification number assigned to each sample. 
• A brief description of the sampling location and a physical description of the sample 

type. 
• The date and time of the sample collection. 
• Container type (e.g., glass, poly, brass sleeve, etc.). 
• Sample volume and number of containers (e.g., 2 x 40 ml, 3 x 1 liter) 
• Sample preservation (e.g., HN03, H2S04, 4°C). 
• Requested analyses. 
• Special instructions to the laboratory including handling requirements, quality 

assurance/quality control, health and safety, and sample disposition. 
• The project name and number. 
• The date the analytical report is due. 
• The names of all sampling personnel. 
• The name and telephone number of the project contact. 
• The name and telephone number of the laboratory contact. 
• The name of the courier and the waybill number (if applicable). 
• A unique document reference number. 

5 .2.1.1.1 The Chain of Custody document will be initiated in the field by the person collecting 
the sample and signed by each individual who has the samples in their possession. 
Each time that sample custody is transferred, the former custodian must sign over the 
Chain of Custody as "Relinquished By," and the new custodian must sign on to the 
Chain of Custody as "Received By." The date, time, and the name of their project or 
company affiliation must accompany each signature. 

5 .2.1.2 Transferring of Chain of Custody from sampling personnel to the analytical 
laboratory will be performed in accordance with the requirements stated below. 

5 .2.1.2.1 If the sampling personnel deliver the samples to the laboratory, transfer of Chain of 
Custody occurs as follows: 

The sampler delivers the samples to the laboratory and relinquishes the sample directly to a 
laboratory representative. 
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MSOP NO. 1.1 
REVISION NO. 0 
October 2001 

• The collector signs the Chain of Custody listing his/her name, affiliation, the date, 
and time. Any person involved in the collection of the sample may act as the sample 
custodian. 

• The laboratory representative must receive the samples by signing his/her name, 
affiliation, the date, and time of the Chain of Custody Record. The laboratory 
representative may decline to take receipt of the samples if the Chain of Custody 
Record is not properly completed or if the samples are not properly packaged. All 
designated laboratory personnel may act as the sample custodian. 

5.2.1.2.2 If the sampling personnel transfer sample(s) to the laboratory utilizing a common 
carrier, sampling personnel will retain Chain of Custody responsibility and the common 
carrier is not responsible for maintaining sample custody. The samplers are responsible 
for packaging the samples in a manner that meets the Chain of Custody definition 
criteria, that is, the samples are sealed to prevent tampering. When transferring samples 
to the courier for transport, Chain of Custody procedures are maintained as follows: 

• The sampler lists the courier affiliation and waybill number on the Chain of Custody 
Record. 

• The sampler relinquishes custody by signing their name, affiliation, date, and time. The 
collector keeps a copy of the relinquished Chain of Custody Record for the project file. 

• The relinquished original Chain of Custody Record is sealed in a watertight plastic 
bag and taped to the inside of the lid of the transport container. 

• The transportation container is sealed to prevent tampering and given to the courier 
for delivery to the laboratory. 

• The sampler obtains a copy of the waybill from the courier for the project file. 
• The laboratory representative must receive the samples by signing his/her name, 

affiliation, the date, and time on the Chain of Custody Record. This copy is 
maintained with the samples at the laboratory. 

• The laboratory representative obtains a copy of the waybill from the courier for the 
project file. 

5.3 Analytical Laboratory Custody 

5.3.1 Upon receipt at the analytical laboratory, the field generated Chain of Custody 
document will be signed, dated, time marked, temperature marked, and laboratory 
identification will be provided in the appropriate spaces. 

5.3.2 Laboratory receipt personnel will enter the samples into the laboratory by implementing 
the sample custody procedures addressed within their approved Program Plan. 
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MSOP NO. 1.1 
REVISION NO. 0 

October 2001 

5.3.3 After completion of analytical testing, sample remnants not consumed during testing 
may be kept for six months beyond the completion of analysis, unless otherwise 
specified by a notation on the Chain of Custody record that samples are to be returned 
to the project site for disposal. Once this time period has elapsed, the samples will be 
disposed of and the disposal record number will be recorded on the laboratory record 
copy of the Chain of Custody Record. 

6 REQUIRED FORMS (ATTACHED) 

6.1 Chain of Custody Record 
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MSOPNO. 1.1 
REVISION NO. 0 
October 2001 
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1 PURPOSE 

MEV ATEC CORPORATION 
Standard Operating Procedures 

FIELD ACTIVITY DOCUMENTATION 

MSOPNO. 1.2 
REVISION NO. 0 

October 2001 

This Standard Operating Procedure (SOP) defines the minimum requirements for documenting 
field activities in the field logbooks. Field logbooks provide a detailed daily handwritten record, 
kept in real time, of field activities performed at an investigation site. Logbooks are permanently 
bound by glue or thread into a hard cover, and should be waterproof. Field logbooks may be 
assigned to specific activities, positions, or areas within the site. Field logbook covers must be 
sequentially numbered and indicate the position, task, activity, or area assigned to the logbook. 

2 REFERENCES 

None. 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring that 
all sample collection activities and geotechnical measurements are conducted in accordance 
with this SOP and any other appropriate procedures. This will be accomplished through 
staff training and by maintaining quality assurance/quality control (QA/QC). 

3.2 The Quality Assurance Officer is responsible for periodic review of field generated 
documentation associated with this SOP. The Quality Assurance Officer is also 
responsible for implementation of corrective action (i.e., retraining personnel, additional 
review of work plans and SOPs, variances to QC sampling requirements, issuing 
nonconformances, etc.) if problem occur. 

3.3 The Sampling Team Leader is responsible for ensuring that field logbooks are completed 
daily in accordance with this procedure. 

3.4 The Sampling Team Members are responsible for making timely and complete entries in 
the field logbook and for reporting daily activities to the Project Technical Manager, 
Technical Coordinator, or Quality Assurance Officer, as appropriate. 

4 DEFINITIONS/MATERIALS 

4.1 Field Logbook 

The field logbook is a surveyor's book or record book, bound and ruled/gridded, with 
sequentially numbered and water proof pages. 
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MSOPNO. 1.2 
REVISION NO. 0 
October 2001 

4.2 Waterproof black ink pens. 

5 PROCEDURE 

5.1 Field Logbook Cover 

Label the front cover of the field logbook with the project name and number, subcontractor 
name, client name, the start date and, when complete, the finish date. The field logbooks must 
be sequentially numbered. 

5 .2 Field Logbook 

The following steps must be followed when making entries in the field logbook: 

1. Enter the day and date; time the task started; weather conditions; and the names, 
titles, and organizations of personnel performing the task. 

2. Record the name, title and organization, time of arrival, and time of departure of all 
visitors to the task area. 

3. Describe all site activities in specific detail or indicate the forms used to record such 
information (e.g., soil boring log or well completion log). A partial data list is given 
below: 

• Monitoring wells: complete the Monitoring Well Construction Details form 
(attached) 

• Monitoring well development: complete the Monitoring Well Development 
Record (attached) 

• Monitoring well purging and sampling: complete the Groundwater Monitoring 
Well Sampling Data Summary Form (attached) 

• Surface water and sediment/sludge sampling: complete the Drilling Log form 
(attached), annotating as necessary. 

• Subsurface soil sampling: 

• Soil borings: complete the Drilling Log and include borehole size, depth, 
sample equipment, method, and sample collected. Detailed lithologic data 
will be recorded on the boring log. 

• Trenches, and test pits: record the excavation dimensions, sampling 
equipment or method(s), and samples collected. Detailed lithologic data will 
be recorded in the Field Logbook. 

• Soil gas and geophysical surveys: grid or line dimensions, probe or sensor 
spacing, depths, survey and recording equipment type and serial or 
identification number, and location of resulting data (e.g., strip chart, analog 
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MSOPNO. 1.2 
REVISION NO. 0 

October 2001 

data record, computer file, and file name). Sketches are valuable additions to 
field notes and should be used where possible. 

4. Describe in specific detail any field tests that were conducted and instruments used. 
Reference any forms that were used, other data records, and the procedures 
followed in conducting the test. If the final results of any field activity are obtained 
in the field, these data should be annotated in the field logbook. 

5. Changes in procedures or sample locations and reasons for change. 

6. Describe in specific detail any samples collected and whether splits, duplicates, 
matrix spikes or blanks were prepared. 

7. Upgrades or downgrades of personal protective equipment and the rationale for 
such action, and health and safety information such as level of personal protective 
equipment (PPE) used. 

8. List the time, equipment type, and the procedure followed for all decontamination 
actions carried out. Reference the page number(s) in the decontamination log (if 
any) where detailed information is recorded; if not referenced, detailed information 
shall appear in the field logbook. 

9. List all instrument calibrations, person(s) performing calibration, and the page 
number of the calibration log that provided specific information on calibration 
procedures and results when the calibrations occur in the field. 

10. Record all photographs by number and includes a description of the subject, the 
direction the photographer is facing, and the photographer's initials. If the event 
photographed is the collection of a sample, record the sample ID number. 

11. List any equipment failures or breakdowns that occurred, together with a brief 
description of repairs or replacements. 

12. No pages may be removed from the site or field logbooks for any reason. Blank 
pages must be marked with a diagonal, comer to comer line and/or the phrase "This 
page intentionally left blank". 

13. Mistakes must be crossed out with a single line, initialed, and dated. Only persons 
authorized by the Project Technical Manager or Technical Coordinator may make 
entries in the logbook. 

14. The Project Technical Manager, Technical Coordinator, or Sampling Team Leader 
must sign the field logbook at the bottom of each page. 
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REVISION NO. 0 
October 2001 

6 REQUIRED FORMS 

6.1 Monitoring Well Construction Details form 

6.2 Monitoring Well Development Record 

6.3 Groundwater Monitoring Well Sampling Data Summary Form 

6.4 Drilling Log 
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rv'ONITORING V\/ELL Ga\JSTRUCTICX\J DETAILS 

WELL NUMBER: _________ _ 

WELL NAME _________ _ 

KEYED NOTES: 
1. CONCRETE PAD W/ EMBEDDED BRASS MARKER 

ELEVATION FEET (NAVO 1988). 
LAT. __________ _ 

LONG. 

2 TOP OF WELL CASING ELEVATION ____ Feet. 

3. TOTAL DEPTH (fee\ below top of casing) _____ Feet. 

4. CASING DIAMETER _____ Inches. 

5. SCREEN INTERVAL (feet below top of casing): 

----~Feet to _____ Feet. 

GENERAL NOTES: 

1. DRAWING NOT TO SCALE. 

500bb046 
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MONITORING WELL DEVELOPMENT RECORD 

INSTALLATION WELL ID DATE TIME 

PERFORMED BY WATER LEVEL TOTAL DEPTH 

INITIAL FINAL INITIAL FINAL 

DEVELOPMENT METHOD SURGE TECHNIQUE 

FIELD MEASUREMENTS 

Time 
Cum. Volume Water Quality 

Comments 
(gal) Temp pH Cond Turbidity 

TOTAL VOLUME COMMENTS 
REMOVED 

DEVELOPMENT TIME 
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REVISION NO. 0 

October 2001 

GROUNDWATER MONITORING WELL SAMPLING DATA SUMMARY FORM Page 1 of 2 

DATE: -------

WELLID: Personnel: ---------- -----------
0 

AIR TEMP: F RELATIVE HUMIDITY: % ----

WEATHER CONDITIONS -----------------------
WELL PURGE AND SAMPLE 

A. Equipment & Supplies 

1. Pump# 4. HyDac Meter# 

2. Bailer (size/type) 5. Water Level Indicator# 

3. Drums (number) 6. Other 

B. Calculations and Measurements 

1. DEPTH TO WATER (D.T.W.) (feet below top of casing): _________ _ 

2. T.D. Well T.D. (feet below ground surface, from well fact sheet): ---------
3. Top of Casing elevation - Brass Marker Elevation (from well fact sheet): ______ _ 

4. T.D. (ft. bgs) D.T.W. (ft. bgs) Water Column (h, in feet) 

5. COLUMN VOLUME= ft. x Gal/ft. (from table below) 

6. PURGE VOLUME= Column Volume x 3 

7. Sample Parameters (at time of collection): 

CONDUCTIVITY pH -------- -----

CONDUCTIVITY SCALE WATER TEMP °F ----- ------

8. SAMPLE TIME: ________ (24 hr. clock) SAMPLE DATE: ____ _ 

9. SAMPLE ID: (prim) ___________ (QC) 

________ (QC) (MS/MSD) 

For a well with Multiply the water If casing diameter differs from those given in the table, use the formula 
diameter of casing column (h) by: below to calculate the well volume: 
= 
(inches) 
2 0.163 
3 0.367 D2 * h * 0.041 
4 0.653 where: 
5 1.020 D2 = casing diameter (in inches), squared 

6 1.469 h = height (in ft.)= W.C. 

8 2.611 
To calculate the well volume 
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GROUNDWATER MONITORING WELL SAMPLING DATA SUMMARY FORM Page 2 of2 

Sample Date: Personnel: WELL ID: _____ _ 

Time Volume 
24-hr clock (gal) 

Time 
(24-hr. clock) 

FIELD PARAMETERS 
Temp pH Conductivity (µS/CM) Comments 

Op (Scale: ) (clarity, sediment, etc.) 

Notes (problems, observations, deviations from protocol, etc.) 
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DRILLING LOG l°IVISION 

1. PROJECT 

2. LOCATION (Coordinates or Station) 

3. DRILLING AGENCY 

4. HOLE No. (As shown on drawing title and file number) 

5. NAME OF DRILLER 

6 DIRECTION OF HOLE 

D Vertical D Inclined Degrees from Vertical 

7. THICKNESS OF OVERBURDEN 

8. DEPTH DRILLED INTO ROCK 

9. TOTAL DEPTH OF HOLE rO. SIZE 
AND TYPE OF BIT 

INSTALLATION IHOLE No 

11. DATUM FOR ELEVATION SHOWN (TBM oc MSL) 

12. MANUFACTURER'S DESIGNATION OF DRILL 

13. TOTAL No. OF OVERBURDEN SAMPLES TAKEN !DISTURBED 

14. TOTAL NUMBER CORE BOXES 

15. ELEVATION GROUND WATER 

16. DA TE HOLE I STARTED I COMPLETED 

17. ELEVATION TOP OF HOLE 

18. TOTAL CORE RECOVERY FOR BORING 

19. SIGNATURE OF INSPECTOR 

MSOPNO. 1.2 
REVISION NO. 0 

October 2001 

I 
SHEET No. 

OF 

!UNDISTURBED 

ELEVATION DEPTH LEGEND CLASSIFICATION OF MATERIALS % CORE BOX OR REMARKS 
a b c (descr1pt1on) RECOVERY SAMPLE (Drilling time, water loss, depth of 

d e NUMBER weathering, etc., if signiflcent) 

f g 

- -
- -
- -
- -

- -
- -
- ~ 

- ~ 

- ~ 

- 1-----

- ~ 

- ~ 

- f---

- ~ 

- 1-----

- ~ 

- ~ 

- f---

- ~ 

- 1-----

- ~ 

- f---

- ~ 

- f---

- 1-----

- f---

- f---

- ~ 

- f---

- 1-----

- f---

- ~ 

- f---

- ~ 

- 1-----

- f---

- f---

- f---

- f---

- 1-----

- -

- -

- -
- -
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INSTALLATION 

DRILLING LOG (Continuation Sheet) 
1. PROJECT 11. ELEVATION OF TOP HOLE 

ELEVATION DEPTH LEGEND CLASSIFICATION OF MATERIALS 3 CORE 
a b c (description) RECOVERY 

d e 

-
-

-
-

-
-
-
-

-

-
-
-

-
-

-
-
-
-
-

-
-
-
-
-

-
-

-
-
-

-
-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
-

-
-
·-

-

-
-
-

-

-
-
-
-
-

-
-
-
-
-

-
-

-

-

-
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·--

BOX OR REMARKS 

SAMPLE (Drilling time, water loss, depth of 

NUMBER weathering, etc , if significent) 

f g 
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-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-

-
-
-
-
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-
-
-
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MEVATEC CORPORATION 
Standard Operating Procedures 

SAMPLE HANDLING, PACKAGING, AND SHIPPING 

1 PURPOSE 

MSOPN0.2.0 
REVISION NO. 0 

October 2001 

This Standard Operating Procedure (SOP) outlines the methods and responsibilities for field 
personnel to use in the packaging and shipping of environmental samples for chemical and 
physical analysis. This SOP only applies to the packaging and shipping of limited quantity, low 
concentration environmental samples. This procedure does not apply to those samples 
considered hazardous materials, hazardous waste, mixed waste, radioactive waste, and/or 
dangerous goods. Those requirements are specified in the Department of Transportation (DOT) 
49 CFR 114-327 and the International Air Transport Association (IATA) procedures. The 
details within this SOP are only applicable to the general requirements for sample packaging and 
shipping and should only be used as a guide for developing more job-specific work plans. 

2 REFERENCES 

2.1 EPA, September 1987, Compendium ofSuperfund Field Operations Methods, 
EPA 540/P-87/00la, OSWER 9355.0-14. 

2.2 EPA, August 1988, EPA Guidelines for Conducting Remedial Investigation and 
Feasibility Studies under CERCLA, Interim Final OSWER directive 9355.3-01. 

2.3 Code of Federal Regulations, DOT 49 CFR parts 100 to 177, revised October 1, 1992. 

2.4 Dangerous Goods Regulations, IATA, January 1, 1994. 

3 RESPONSIBILITIES 

3.2 The Project Technical Manager and Technical Coordinator are responsible for 
ensuring that all sample collection activities are conducted in accordance with this 
SOP and any other appropriate procedures. This will be accomplished through staff 
training and by maintaining quality assurance/quality control (QA/QC). 

3.3 The Project Chemist is responsible for the development and review of site-specific 
work plans that address the specific sample handling, packaging, and shipping 
requirements for the project. Review the project specific documentation forms to 
ensure they are appropriate for the field activities. The Project Chemist is also 
responsible for seeing that field personnel receive proper training and maintain quality 
assurance/quality control (QA/QC). If problems arise, the Project Chemist is 
responsible for swift implementation of corrective action (i.e., retraining personnel, 
additional review of work plans and SOPs, variances to requirements, issuing 
nonconformances, etc.). 
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REVISION NO. 0 
October 2001 

3.4 The Quality Assurance Officer is responsible for periodic review of documentation 
generated during sample handling, packaging, and shipping and the periodic review 
and audit of field personnel as they perform the work. 

3.5 The Sampling Team Leader(s) is responsible for ensuring that samples are handled, 
packed and shipped in accordance with this procedure. 

4 DEFINITIONS/MATERIALS 

4.2 Environmental Sample 

A limited quantity, low concentration sample that does not require DOT or IA TA hazardous 
waste labeling as a hazardous waste or material. 

4.3 Hazardous Waste Sample 

Medium or high concentration sample requiring either DOT or IATA labeling as a hazardous 
waste or material. 

4.4 Hazardous Waste 

Any substance listed in 40 CFR Subpart D (260.30 et seq.) or otherwise characterized as 
ignitable, corrosive, reactive, or toxic as specified in Subpart C (261.20 et seq.) that would be 
subject to manifest and packaging requirements specified in 40 CFR 262. Hazardous material is 
defined and regulated by the U.S. Environmental Protection Agency (USEPA). 

4.5 Hazardous Material 

A substance or material in a quantity or form that may pose an unreasonable risk to health, 
safety, and/or property when transported in commerce. Hazardous material is defined and 
regulated by DOT (49 CFR 173.2 and 172.101) and IATA (Section 4.2). 

4.6 Sample 

Physical evidence collected from a facility or the environment that is representative of conditions 
at the point and time at which the sample is collected. 

5 PROCEDURE 

5.2 Sample Handling 

5.2.1 Inspect the sampling containers (obtained from the analytical laboratory prior to the 
sampling event) to ensure that they are appropriate for the samples being collected, 
correctly preserved, and undamaged. 
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5.2.2 When collecting a sample always use approved/site specific personal protective 
equipment (e.g., gloves, etc.) to prevent cross-contamination from sample to sample 
but also as a health and safety requirement. 

5.3 Field Packaging 

5.3.1 Collect the samples in accordance with the site-specific work plans and applicable SOPs. 

5.3.2 As soon as possible after sample collection, tightly seal the container, and place a 
piece of custody tape over or around the cap. The custody tape should be placed over 
the cap so that any attempt to remove the cap will cause the tape to be broken. Do not 
place custody tape over a volatile organic analysis (VOA) vial septum. 

5.3.3 Place each container in a separate, appropriately sized, airtight, seam-sealing 
polyethylene bag (e.g., Ziploc™ or equivalent). Seal the bag, removing any excess 
air. 

5.3.4 Place the bagged container inside an insulating shipping container, "cooler". This 
cooler should have frozen blue ice or airtight, seam-sealing polyethylene bags of ice 
inside to assure samples remain cool, 4°C ± 2°C, during transit from field to the 
packaging location. 

5.3.5 Because blue ice does not maintain 4°C standard required for sample shipping, it 
should only be used while in the field collecting samples. 

5 .3 .6 Maintain the samples under chain of custody in accordance with the site-specific work 
plans and appropriate SOPs. 

5 .4 Sample Packaging 

5 .4.1 Inspect the integrity of the shipping container. The container is generally a "cooler" 
constructed of heavy plastic or metal with appropriate insulating properties so that 
variation in temperature during shipping is minimized. Also make sure that the drain 
plug has been sealed with nylon reinforced strapping tape or mailing tape. 

5 .4.2 Place two or four inches of absorbent packaging material (e.g., Styrofoam bubbles, 
Vermiculite TM etc.) in the bottom of the shipping container. 

5.4.3 Carefully check the chain of custody record against the collected sample labels and 
containers to ensure that the sample numbers, sample description, date and time of 
collection, container type and volume, preservative, and the required analytical 
methods are correct and in agreement. 
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5.4.4 Place the samples in the shipping container, allowing sufficient room between the 
samples to place ice and/or packing material. 

5.4.5 Double bag and seal crushed or cubed ice in heavy-duty polyethylene bags (Ziplock™ 
or equivalent). Place these bags of ice on top of and between samples. Blue ice 
should not be used for sample shipping; it does not maintain the 4°C temperature 
necessary for regulatory compliance. Include a VOA vial of tap water clearly labeled 
"temperature blank" so that the laboratory can verify the temperature of the samples 
upon receipt. The remaining space will be filled with packing material. 

5.4.6 All samples requiring temperature preservation stated at 4°C will be acceptable "as is" 
within the range of 4 °C ± 2°C. The laboratory should record the temperature of 
receipt upon the chain of custody report. For all samples received at less than 2°C 
(note not frozen), or at greater than 6°C, the sample(s) and temperature (in 1°C 
increments) will be identified on the chain of custody and the Project Chemist notified 
in order to provide a determination and written authorization to proceed to analysis. 

5.5 Sample Shipping 

5.5. l The laboratory will be contacted two weeks prior to sample shipments. Delivery on 
weekends and holidays will be confirmed in one week in advance, and one day prior to 
shipment. The person in charge of sample custody will time, date, and sign over 
relinquishment of custody on the Chain of Custody. When a common carrier is to be 
used for sample shipment, also record the air/waybill number (tracking number) and 
the name of the carrier on the Chain of Custody record. Place the original copy of the 
Chain of Custody record and a copy of the task specific analyte list in a sealed, clear 
plastic envelop or bag and tape the envelope to the inside lid of the shipping container. 
Retain a copy of the Chain of Custody record for tracking purposes. 

5.5.2 Using nylon reinforced strapping tape or mailing tap, seal the shipping container. 

5.5.3 Place custody tape over opposite ends of the lid. 

5.5.4 Apply a label stating the name and address of the shipper and the receiving laboratory 
on the outside of the cooler. 

5.5.5 If QA split samples are shipped. The Project Chemist shall notify the QA Laboratory 
by telephone at least two weeks in advance of sample shipment (for large numbers of 
samples, greater than 20) and again on the day that samples are forwarded to the QA 
laboratory. 

NOTE: The courier or carrier is not responsible for sample custody and is not required to sign 
the Chain of Custody record. 
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5.5.6 Contact the appropriate laboratory personnel to advise them of the sample shipment. 

5.5.7 Review the chain of Custody and sample collection forms for completeness and tum 
them over to site or project management. 

6 REQUIRED FORMS (ATTACHED) 

6.1 Chain of Custody Record 
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1 PURPOSE 

MEV ATEC CORPORATION 
Standard Operating Procedures 

SAMPLE LABELING 

MSOPNO. 2.1 
REVISION NO. 0 

October 2001 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for sample 
labeling. Sample labeling is required to identify, track and trace samples from the time of 
collection until the time of disposal. Additional specific procedures and requirements will be 
provided in the project work plans. 

2 REFERENCES 

2.1 EPA, September 1987, Compendium of Superfund Field Operations Methods, EPA 
540/P-87/00la, OSWER 9355.0-14. 

2.2 EPA, August 1988, EPA Guidelines for Conducting Remedial Investigation and 
Feasibility Studies under CERCLA, Interim Final OSWER directive 9355.3-01. 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring 
that all sample collection and labeling activities are conducted in accordance with this 
SOP and any other appropriate procedures. This will be accomplished through staff 
training and by maintaining quality assurance/quality control (QA/QC). 

3 .2 The Quality Assurance Officer is responsible for periodic review of field generated 
documentation associated with this sample labeling SOP. The Quality Assurance Officer 
is also responsible for the implementation of corrective action (i.e., retraining personnel, 
additional review of work plans and SOPs, variances to sample labeling requirements, 
issuing nonconformances, etc.) if problems occur. 

3.3 The Sampling Team Leader(s) assigned to sampling and sample labeling activities are 
responsible for completing their tasks to specifications outlined in this SOP and other 
appropriate procedures. All staff members are responsible for reporting deviations from 
the procedures to the Project Technical Manager or Technical Coordinator. 

4 DEFINITIONS/MATERIALS 

4.1 Sample Label 

Sample labels include all forms of sample identification (labels and tags) that are physically 
attached to samples collected and provide, at a minimum, the information required by this SOP 
and project work plans. 
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5 PROCEDURE 

This section contains the procedures involved with sample labeling. Sample labeling is required 
to identify, track and trace samples from the time of collection until the time of disposal. The 
details within this SOP should be used in conjunction with the project work plans. The project 
work plans will commonly provide the following information: 

• Sample collection objectives. 
• Number, types and locations of samples to be collected. 
• Any additional sample labeling requirements or procedures beyond those covered in 

this SOP, as necessary. 

5.1 Sample Labeling 

5 .1.1 Document all the information necessary on the sample label and ensure that the label is 
physically attached to each respective sample. Each sample label must contain at a 
minimum the following information: 

• Project name 
• Project number 
• Date and time of collection 
• Sample location 
• Sample identification number 
• Collector's name 
• Preservative used (if any) 

Additional information may also be required per the project work plans and must accordingly be 
included on all sample labels. 

5 .1.2 Indelible ink should be used in filling out all sample labels. 

5 .1.3 Ensure that each sample collected has a sample label. 

5.1.4 Ensure that the information documented on the sample label corresponds with the 
information documented on the Field Logbook and Chain of Custody Record. 

6 REQUIRED FORMS (ATTACHED) 

6.1 Sample Labels 

6.2 Chain of Custody Record 
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1 PURPOSE 

MEV ATEC CORPORATION 
Standard Operating Procedures 

SAMPLE NUMBERING 

MSOPNO. 2.2 
REVISION NO. 0 

October 2001 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for sample 
numbering. Sample numbering is required to identify, track and trace samples from the time of 
collection until the time of disposal. Additional specific procedures and requirements will be 
provided in the project work plans. 

2 REFERENCES 

2.1 EPA, September 1987, Compendium of Superfund Field Operations Methods, EPA 
540/P-87/00la, OSWER 9355.0-14. 

2.2 EPA, August 1988, EPA Guidelines for Conducting Remedial Investigation and 
Feasibility Studies under CERCLA, Interim Final OSWER Directive 9355.3-01. 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring 
that all sample collection and numbering activities are conducted in accordance with this 
SOP and any other appropriate procedures. This will be accomplished through staff 
training and by maintaining quality assurance/quality control (QA/QC). 

3.2 The Quality Assurance Officer is responsible for periodic review of field generated 
documentation associated with this sample numbering SOP. The Quality Assurance 
Officer is also responsible for the implementation of corrective action (i.e., retraining 
personnel, additional review of work plans and SOPs, variances to sample numbering 
requirements, issuing nonconformances, etc.) if problems occur. 

3.3 The Sampling Team Leader(s) assigned to sampling and sample-numbering activities is 
responsible for completing their tasks according to specifications outlined in this SOP and 
other appropriate procedures. All staff members are responsible for reporting deviations 
from the procedures to the Project Technical Manager or Technical Coordinator. 

4 DEFINITIONS/MATERIALS 

4.1 Sample Number 

A sample number is a unique alphanumeric identification assigned to each and all physical 
samples collected as part of any given project. 
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5 PROCEDURE 

This section contains the procedures involved with sample numbering. Sample numbering is 
required to identify, track and trace samples from the time of collection until the time of disposal. 
The details within this SOP should be used in conjunction with the project work plans. The 
project work plans will commonly provide the following information: 

• Sample collection objectives. 
• Number, types and locations of samples to be collected. 
• Project-specific character string to be used for the sample numbering. 
• Person responsible for issuing sample numbers to field personnel conducting 

sampling activities. 
• Any additional sample numbering requirements or procedures beyond those 

covered in this SOP, as necessary. 

5.1 Sample Numbering 

5 .1.1 The alphanumeric character string will be determined on a project-specific basis and 
stated in the project work plans. The sample numbers should be as simple and preferably 
as short as possible; however, they should also be compatible with the laboratory 
analytical tracking system and the data management system to be used for the project 
sample data. The number will include the site identifier, the sample location identifier, 
the depth of soil sample, the date (month and year) and other identifiers as appropriate. 

5.1.2 A unique sample number will be assigned in the field to each sample to be submitted for 
analysis. 

5.1.3 The sample numbers will be assigned sequentially (e.g., SB-1000, SB-1001) as the 
samples are collected. Both environmental (soil, sediment, groundwater, air, etc.) and 
QC samples will be assigned sequential numbers with the same prefix so that the 
laboratory will be unable to distinguish between QC and non-QC samples. 

5.1.4 The sample number will be recorded, using indelible ink, directly on the sample label 
attached to each sample per MSOP 2.1. 

5.1.5 The sample number must also be recorded on the Field Logbook and Chain of Custody 
Record. 

5.1.6 It is recommended that one person (either the Sampling Team Leader or other designee) 
be responsible for issuing sample numbers to field sampling personnel and ensuring that 
the sample sequence numbers are applied to samples in the sequence in which they are 
collected. 
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6 REQUIRED FORMS (ATTACHED) 

6.1 Sample Collection Log 

6.2 Chain of Custody Record 
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1 PURPOSE 

MEV ATEC CORPORATION 
Standard Operating Procedures 
ON-SITE SAMPLE STORAGE 

MSOPNO. 2.3 
REVISION NO. 0 

October 2001 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for on-site 
sample storage. On-site sample storage may be required for samples collected during a given 
project. Additional on-site sample storage procedures and requirements will be provided in the 
project work plans. 

2 REFERENCES 

2.1 EPA, September 1987, Compendium of Superfund Field Operations Methods, EPA 
540/P-87/00la, OSWER 9355.0-14. 

2.2 EPA, August 1988, EPA Guidelines for Conducting Remedial Investigation and 
Feasibility Studies under CERCLA, Interim Final OSWER directive 9355.3-01. 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring 
that all on-site sample storage activities are conducted in accordance with this SOP and 
any other appropriate procedures. This will be accomplished through staff training and 
by maintaining quality assurance/quality control (QA/QC). 

3.2 The Quality Assurance Officer is responsible for periodic review of field-generated 
documentation associated with this SOP. The Quality Assurance Officer is also 
responsible for the implementation of corrective action (i.e., retraining personnel, 
additional review of work plans and SOPs, variances to sample numbering requirements, 
issuing nonconformances, etc.) if problems occur. 

3.3 The Sampling Team Leader(s) assigned to sample storage activities is responsible for 
completing their tasks according to specifications outlined in this SOP and other 
appropriate procedures. All staff members are responsible for reporting deviations from 
the procedures to the Project Technical Manager or Technical Coordinator. 

4 DEFINITIONS/MATERIALS 

4.1 Field Sample 

A sample that has been collected at a project site, during the execution phase of the project, and 
for the purposes of the project, as defined in the project work plans. 
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4.2 On-site 

For purposes of this SOP, "on-site" is defined as any area within the project site. 
4.3 On-site sample storage 

For purposes of this SOP, "on-site sample storage" applies to samples stored within the project 
site for a temporary period of time. Typically, samples may be stored on-site if they are in transit 
between the project site and a designated laboratory. 

5 PROCEDURE 

This section contains the requirements pertaining to on-site sample storage. Proper storage is 
essential to maintain in the quality and integrity of samples collected during a field project. 
The details within this SOP should be used in conjunction with project work plans. At a 
minimum, the project work plans will provide the following information: 

• Sample collection objectives. 
• Number, types and locations of samples to be collected. 
• Any additional sample numbering requirements or procedures beyond those 

covered in this SOP, as necessary. 

5.1 On-Site Sample Storage 

5.1.1 Samples of all types of media may require being stored on-site. The manner in which 
these samples are stored will be appropriate for individual samples and each sample type. 

5.1.2 Samples collected for chemical analysis are typically required to be stored at 
approximately 4° Centigrade (°C). Therefore, such samples should either be preserved in 
a "cooler" using water ice, or a "Sample-Only" refrigerator until received by the assigned 
laboratory. Blue ice is not recommended for on-site sample storage as is does not 
maintain the 4°C temperature necessary for regulatory compliance. If a refrigerator is 
used to store samples at the project site, this refrigerator will be dedicated for the sole use 
of samples; no food, drinks, or other personal items will be allowed in this refrigerator. 

5.1.3 Samples that do not require refrigeration (e.g., air samples and samples for geotechnical 
or radionuclide analysis) should be stored on-site in a designated, marked area. 

5.1.4 Samples that are stored on-site must be stored in appropriate containers per the project
specific work plans and be maintained under custody per MSOP No. 1.1. 

5.1.5 Samples that are stored on-site must not be stored in a manner in which they may threaten 
the integrity of other samples in the holding location. 
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5.1.6 All samples that are stored on-site must be labeled per MSOP No. 2.1, numbered per 
MSOP 2.2, and appropriately handled per MSOP 2.0. 

5.1.7 It is recommended the Sampling Team Leader or other designee is responsible for 
maintaining a master sample log listing sample numbers and a brief description of 
samples collected. The master log should be reviewed on a daily basis for samples that 
are under storage on site. The samples should then be appropriately shipped, following 
procedures per MSOP No. 2.1, to ensure that holding time is not missed. 

6 REQUIRED FORMS 

None. 

F-33 



Appendix F-
Work Plan/or the RCRA Facility Investigation at the Launch Complex-38 Site on White Sands Missile Range 

MSOPNO. 2.3 
REVISION NO. 0 
October 2001 

THIS PAGE INTENTIONALLY LEFT BLANK 

F-34 



Appendix F~ 
Work Plan for the RCRA Facility Investigation at the Launch Complex-38 Site on White Sands Missile Range 

MEV ATEC CORPORATION 
Standard Operating Procedures 

MSOPNO. 3.0 
REVISION NO. 0 

October 2001 

SURFACE AND SHALLOW SUBSURFACE SOIL SAMPLING 

1 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for use by field 
personnel in the collection and documentation of surface (0 to 6-inch depth) and shallow 
subsurface (6-inch to 6-feet in depth) soil samples for physical and chemical analysis. Proper 
collection procedures are necessary to assure the quality and integrity of all surface and shallow 
subsurface soil samples. Additional specific procedures and requirements will be provided in the 
project work plans. 

2 REFERENCES 

2.1 EPA, September 1987, Compendium of Superfund Field Operations Methods, EPA 
540/P-87/00la, OSWER 9355.0-14. 

2.2 EPA, August 1988, EPA Guidelines for Conducting Remedial Investigation and 
Feasibility Studies under CERCLA, Interim Final OSWER Directive 9355.3-01. 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring 
that all sample collection activities are conducted in accordance with this SOP and any 
other appropriate procedures. This will be accomplished through staff training and by 
maintaining quality assurance/quality control (QA/QC). 

3 .2 The Quality Assurance Officer is responsible for periodic review of field generated 
documentation associated with this SOP. The Quality Assurance Officer is also 
responsible for the implementation of corrective action (i.e., retraining personnel, 
additional review of work plans and SOPs, variances to sample numbering requirements, 
issuing nonconformances, etc.) if problems occur. 

3.3 The Sampling Team Leader(s) assigned to surface and shallow subsurface soils sampling 
activities is responsible for completing their tasks according to specifications outlined in 
this SOP and other appropriate procedures. All staff members are responsible for 
reporting deviations from the procedures to the Project Technical Manager, Technical 
Coordinator, or Quality Assurance Officer as appropriate. 

4 DEFINITIONS/MATERIALS 

4.1 Surface Soil Sample 

Soil collected from the surface to a depth of no more than 6 inches. 
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4.2 Shallow Subsurface Soil Sample 

Soil collected from a depth of 6 inches to 6 feet. 

4.3 Subsurface Soil Sample 

Soil collected at any depth interval greater than 6 inches. 

4.4 Disturbed Soil Sample 

Soil sample whose in situ physical structure and fabric has been disturbed as the direct result of 
sample collection. 

4.5 Undisturbed Soil Sample. 

Soil sample whose in situ physical structure and fabric has not been disturbed as the result of 
sample collection. 

4.6 Grab Samples 

Representative disturbed soil sample that is collected by using such devices as a shovel, stainless 
steel spoon, etc. 

5 PROCEDURE 

This section contains both the responsibilities and procedures involved with surface and shallow 
subsurface soil sampling. Proper surface and shallow soil sampling procedures are necessary to 
insure the quality and integrity of the samples. The details within this SOP should be used in 
conjunction with project work plans. The project work plans will generally provide the 
following information: 

• Sample collection objectives. 
• Locations and depths of soil samples to be collected. 
• Number and volumes of samples to be collected. 
• Types of analyses to be conducted for the samples. 
• Specific quality control (QC) procedures and sampling required. 
• Any additional surface or shallow subsurface soil sampling requirements or 

procedures beyond those covered in this SOP, as necessary. 

At a minimum, the procedures outlined below for surface and shallow subsurface soil sampling 
will be followed. 
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A number of devices are available for the collection of surface soil samples. These include, but 
are not limited to, core samplers, hand augers, spoons, scoops, trowels and, shovels. These 
devices are constructed of a number of materials including, but not limited to, stainless steel, 
brass, glass and, Teflon™. 

The sampling and analytical requirements, as well as site characteristics, must be taken into 
account when determining the proper surface soil sampling equipment to use. 

At present, the method commonly used for the collection of surface samples and shallow subsurface 
samples, both disturbed and undisturbed, is with a core sampler. The core sampler is usually a 
hollow, stainless steel cylinder, tapered at the leading end. A sample sleeve (brass, stainless steel, 
lexan, etc.) is inserted into the trailing end. The trailing end is then connected to a piston-type drive 
hammer. The core is driven into the soil by a hammer so that a relatively undisturbed sample is 
collected in the sleeve. The sample is then handled and shipped in the sample sleeve. 

When a core sample is not feasible or planned, such devices as a stainless steel shovel, hand 
auger, trowel and, spoon, can be used to collect a sample. The soil is transferred from the 
collection device into decontaminated sample containers (commonly glass jars). The project 
work plans will specify the type of sampling equipment containers to be used; the sample to be 
used will be specified in the project work plans. 

5.2 Surface Soil Sample Collection 

5.2.1 Prior to sampling and between sampling locations, decontaminate the sample equipment 
according to MSOP 6.0 and procedures outlined in the project work plans. 

5.2.2 Ensure that all surface and shallow subsurface soil sampling locations have been 
appropriately cleared of all underground utilities and buried objects per the project work 
plans. Review all forms and diagrams documenting the location of the cleared sampling 
locations, as well as that of any underground utilities or lines, or other buried objects. 

5.2.3 As required, calibrate any health and safety monitoring equipment according to the 
instrument manufacturer's specifications. Calibration results will be recorded on the 
appropriate form(s), as specified in the project work plans. Instruments that cannot be 
calibrated according to the manufacturer's specifications will be removed from service 
and tagged. 

5.2.4 Don appropriate personal protection equipment as specified in the project work plans. 

5.2.5 Using equipment that will not be used for sample collection clear the area to be sampled 
of surface debris and vegetation. 
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5.2.6 If using the coring device, place the sleeve into the device and drive the assembly into 
the soil using the drive hammer. Drive the device into the soil until the trailing end of the 
sleeve is at the soil surface. 

5.2.7 Retrieve the device; check to see that soil recovery is adequate in the sample sleeve. If 
there is sufficient recovery, mark or note the leading end of the sample sleeve. 

5.2.8 If using a different sample collection device (other than the coring device), use the other 
device to scoop or collect soil and directly transfer the soil into the sample container (e.g., 
glass jar, brass sample sleeve, etc.). Fill the sample container such that little to no 
headspace exists. 

5.2.9 If using sample sleeves, place Teflon™ squares over each end of the sleeve and seal each 
end with plastic end caps. With a permanent marker, write a "T" for top on the trailing 
end and a "B" for bottom on the leading end. 

5.2.10 Appropriately label and number the sample containers per MSOP 2.1and2.2, 
respectively, and the project work plans. The label will be filled out with waterproof ink 
and will contain, at a minimum, the following information: 

• Project number 

• Sample number 

• Sample location 

• Sample depth 

• Sample type 

• Date and time of collection 

• Parameters for analysis 

• Sampler's initials . 

5.2.11 Document the sampling event on the Field Logbook or an equivalent form as specified in 
the project work plans. Note any pertinent field observations, conditions or problems on 
the Field Logbook. Any encountered problems or unusual conditions should also be 
immediately brought to the attention of the field geologist. 

5.2.12 Appropriately preserve, handle, package, and ship the samples per MSOP No. 2.0 and the 
project work plans. The samples shall also be maintained under custody per MSOP No. 1.1. 

5 .2.13 Fill and abandon the sample hole as required by the project work plans. 

5.3 Subsurface Soil Sample Collection 

5.3.1 The common method to collect shallow subsurface soil samples is to use a hand auger to 
bore to the desired sampling depth and then retrieve the sample with a core sampler. The 
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hand auger might also be used to recover the sample for direct transfer into glass jars. 
The exact methodology to be used will be specified in the project work plans. 

For subsurface soil samples ofless than 18 inches in depth, successive drives of the core sampler 
may potentially be used to recover shallow subsurface soil samples. In all methods cited above, 
borehole stability should be maintained to prevent the recovery of slough in the samples. If 
sloughing cannot be controlled, than another sampling methodology may have to be considered. 

5.3.2 As with surface soil samples, shallow subsurface soil sampling follows the same sample 
collection procedures specified in Section 5 .2.1 through 5 .2.13. 

6 REQUIRED FORMS (ATTACHED) 

6.1 Chain of Custody 
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This Standard Operating Procedure (SOP) establishes guidelines and procedures for subsurface 
soil sampling while drilling. Proper collection procedures are necessary to assure the quality and 
integrity of all subsurface soil samples. Additional specific procedures and requirements will be 
provided in the project work plans, as necessary. 

2 REFERENCES 

2.1 American Society for Testing Materials (ASTM), 1989, Standard Method for Penetration 
Test and Split-Barrel Sampling of Soils, Method D-1586-84, Philadelphia. PA. 

2.2 American Society for Testing Materials (ASTM), 1986, Standard Practice for Thin
Walled Tube Sampling of Soils, Method D-1587-83, Philadelphia. PA, pp. 304-307. 

2.3 American Society for Testing Materials (ASTM), 1986, Standard Practice for Ring
Lined Barrel Sampling of Soils, Method D-3550-84, Philadelphia. PA, pp. 560-563. 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring 
that all sample collection activities are conducted in accordance with this SOP and any 
other appropriate procedures. This will be accomplished through staff training and by 
maintaining quality assurance/quality control (QA/QC). 

3.2 The Quality Assurance Officer is responsible for periodic review of field generated 
documentation associated with this SOP. The Quality Assurance Officer is also 
responsible for the implementation of corrective action (i.e., retraining personnel, 
additional review of work plans and SOPs, variances to sample numbering requirements, 
issuing nonconformances, etc.) if problems occur. 

3.3 The Sampling Team Leader(s) assigned to subsurface soils sampling activities during 
drilling is responsible for completing their tasks according to specifications outlined in 
this SOP and other appropriate procedures. All staff members are responsible for 
reporting deviations from the procedures to the Project Technical Manager, Technical 
Coordinator, or Quality Assurance Officer as appropriate. 
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4 DEFINITIONS/MATERIALS 

4.1 Borehole 

Any hole drilled into the subsurface for the purpose of identifying lithology, collecting soil 
samples, and/or installing a monitor well. 
4.2 Split-Spoon Sampler 

A steel tube, split in half lengthwise, with the halves held together by threaded collars at either 
end of the tube. This device can be driven into resistant (semiconsolidated) materials using a 
drive weight or drilling jars mounted in the drilling rig. A standard split-spoon sampler (used for 
performing standard penetration tests) is 2 inches in outside diameter and 1 % inches in inside 
diameter. This standard spoon typically is available in two common lengths, providing either 20-
inch or 26-inch internal longitudinal clearance for obtaining 18-inch or 24-inch long samples, 
respectively. Six-inch long sleeves (tubes) of brass, stainless steel, or plastic are commonly 
placed inside the sampler to collect and retain soil samples. A five-foot long split-spoon sampler 
is also available. A California modified split-spoon sampler is also commonly used. The design 
is similar to the standard split-spoon except the outside diameter is 2 Yz inches and the inside 
diameter is 2 inches. 

4.3 Shelby Tube Sampler 

A thin-walled metal tube used to recover relatively undisturbed samples. These tubes are 
available in various sizes, ranging from 2 to 5 inches in outside diameter and 18 to 54 inches in 
length. A stationary piston device is included in the sampler to reduce sampling disturbance and 
increase sample recovery. 

5 PROCEDURE 

This section contains both the responsibilities and procedures involved with subsurface soil 
sampling while drilling. Proper subsurface soil sampling procedures are necessary to insure the 
quality and integrity of the samples. The details within this SOP should be used in conjunction 
with project work plans. The project work plans will generally provide the following 
information: 

• Sample collection objectives. 
• Locations of soil boreholes and target horizons or depths of soil samples to be 

collected. 
• Number and volumes of samples to be collected. 
• Types of chemical analyses to be conducted for the samples. 
• Specific quality control (QC) procedures and sampling required. 
• Any additional subsurface soil boring sampling requirements or procedures beyond 

those covered in this SOP, as necessary. 
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There are many different methods that may be used for subsurface soil sample collection during 
drilling. This SOP focuses on the two most common methods of soil sample collection: split
spoon sampling and Shelby tube sampling. At a minimum, the procedure outlined below for 
these two subsurface soil-sampling methods will be followed. If other subsurface soil sampling 
methods are deemed necessary to meet project objectives, the procedures for these methods will 
be updated in this SOP or included in the project work plans. 

5.1 General Sampling Considerations 

The two subsurface soil sampling methods covered in this SOP, split-spoon and Shelby tube, are 
commonly used in conjunction with hollow stem auger, air rotary, and dual tube percussion drilling 
methods. Split-spoon or Shelby tube sampling may be conducted when drilling with mud rotary 
methods. However, when using this drilling method the samples are not generally useful for 
chemical analyses. This is because the samples may become invaded or chemically altered when 
they are tripped through the drilling mud during sample retrieval. In addition, loose unconsolidated 
soils may also literally wash out of the samplers when they are tripped through the mud column. 

The procedures described in the SOP must be used in conjunction with the SOP proscribed for 
the specific drilling method used at the site. These also include, but are not limited to, site 
clearance, site preparation, and health and safety requirements. Consequently, the SOP for the 
specific drilling method to be used at the site, the project work plans, and this SOP must be 
reviewed together before the initiation of drilling and sampling. 

5.2 Split-Spoon Sampling 

Split-spoon samples for chemical analysis will be obtained in brass, plastic, or stainless steel 
sleeves. The types, dimensions and number of sleeves to be used, along with the length and type 
of sampler, will be stated in the project work plans. The split-spoon sampler, lined with the 
brass, plastic, or stainless steel sleeves, is connected to the drill rod string or a wireline sampling 
string. The procedure for collecting samples from the split-spoon sampler will be outlined in the 
project work plans. The standard procedure is described below. 

5.2.1 Calibrate all field analytical and health and safety monitoring equipment according to the 
instrument manufacturer's specifications. Calibration results will be recorded on the 
appropriate form(s) as specified by the project-specific work plans. Instruments that 
cannot be calibrated according to the manufacturer's specifications will be removed from 
service and tagged. 

5.2.2 Wear the appropriate personal protection equipment as specified in the project work plans 
and the applicable drilling method SOP. Personnel protection will typically include a 
hard hat, safety glasses, gloves, steel-toed boots, hearing protection, and coveralls. 

5.2.3 Between each sampling location and prior to each sampling nm, decontaminate the 
sampler, sleeves, and other sampling equipment as described in MSOP No. 6.0. 
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5.2.4 Advance the borehole to the desired depth or target horizon where the sampling run is to 
begin. During drilling, monitor vapors in the breathing zone according to the project 
work plans, and drilling method SOP. 

5.2.5 Insert the sleeves into the split-spoon sampler, connect the halves, and screw together the 
rear threaded collar and front drive shoe. Attach the split-spoon sampler to the bottom 
end of the drill rod string or wireline sampling string. Set up and attach the specified 
weight, if used. 

5 .2.6 Drive the sampler into the soil at the bottom of the borehole. Record the type of sampler 
assembly and hammer weight on the Visual Classification of Soils form and/or other 
appropriate form(s), as specified in the project work plans. To minimize off gassing of 
the volatiles, the sampler should not be driven until the sampling team is ready to process 
the sample. 

5 .2. 7 When conducting penetration testing, observe and record on the Visual Classification of 
Soils form the number of hammer blows as described in MSOP No. 10.0. 

5.2.8 Pull the drill rod or wireline sampling string up from the bottom of the borehole and 
remove the sampler. 

5.2.9 Remove the drive shoe and rear collar from the sampler and open the split barrel. 

5 .2.10 Remove the sleeves one at a time, starting with the sleeve adjoining the drive shoe. 
Observe and record the amount of sample recovery on the Visual Classification of Soils 
form per MSOP No. 10.0. Any observed field problems associated with the sampling 
attempt (e.g., refusal) or lack ofrecovery should be noted on the Visual Classification of 
Soils form. Clean area or stand (table) between samples. 

5.2.11 Select sleeve(s) to be submitted for laboratory analysis. Sample sleeve selection should be 
based on four factors: judgment that the sample represents relatively undisturbed intact 
material, not slough; proximity to the drive shoe; minimal exposure to air; lithology; and 
obvious evidence of contamination. The project work plans will specify the sample sleeve 
to be submitted for specific analyses and confirm the selection criteria. 

5.2.12 Place Teflon™ film over each end of sleeves to be submitted for chemical analysis and 
seal each end with plastic end caps. Place custody tape over each end cap so that any 
attempt to remove the cap will break the tape. 

5 .2.13 Appropriately label and number each sleeve to be submitted for analysis per MSOP No. 
2.1 and 2.2, respectively. The label will be filled out using waterproof ink and will 
contain, at a minimum, the follow information: 

F-44 



Appendix F~ 
Work Plan for the RCRA Facility Investigation at the Launch Complex-38 Site on White Sands Missile Range 

• Project number 
• Boring number 
• Sample number 
• Bottom depth of sleeve 
• Date and time of sample collection 
• Parameters for analysis 
• Sampler's initials. 

MSOPNO. 3.1 
REVISION NO. 0 

October 2001 

5.2.14 Document the sampling event on the Field Logbook or an equivalent form as specified in 
the project work plans. At a minimum, this log will contain: 

• Project name and number 
• Date and time of the sampling event 
• Drilling and sampling methods 
• Sample number 
• Sample location 
• Boring number 
• Sample depth 
• Sample description 
• Weather conditions 
• Unusual events 
• Signature or initials of the sampler. 

5.2.15 Appropriately preserve, package, handle, and ship the sample in accordance with the 
procedures outlined in MSOP No. 2.0 and the project work plans. The samples shall also 
be maintained under custody per MSOP No 1.1. Samples stored on-site will be subject to 
the provisions ofMSOP No. 2.3. 

5.2.16 One of the sample sleeves shall be utilized for lithologic logging per MSOP No. 10.0. 
This sleeve may not then be retained for chemical analysis, as soil must be removed from 
the sleeve to effectively describe the soils/lithology and compile the lithologic log. 

5 .2.17 When VOCs or petroleum hydrocarbons are of concern, remove the soil from one of the 
remaining sleeves and place in a glass mason jar (fill to one half volume of jar) and seal 
for organic vapor screening. Place the jar in a warm water bath or in the sunlight (warm) 
for at least five minutes, shake vigorously for one minute, then using an organic vapor 
probe (e.g., portable photoionization detector, flame ionization detector, or other 
appropriate instrument), monitor the soil for organic vapors. Record the reading on the 
Visual Classification of Soils form, the Field Logbook, and any other form(s) specified in 
the project work plans. 
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5 .2.18 Repeat this sampling procedure at the intervals specified in the project work plans until 
the bottom of the borehole is reached and/or last sample is collected. 

5.3 Thin-walled or Shelby Tube Sampling 

A thin-walled tube, or Shelby tube sampler may be used to collect relatively undisturbed soil 
samples. The procedure for collecting soil samples using a Shelby tube sampler should be 
outlined in the project work plans. The standard procedure is described below. 

5.3.1 Calibrate all field analytical and health and safety monitoring equipment as discussed in 
Section 5.2.1. 

5.3.2 Wear the appropriate personal protective equipment as described in Section 5.2.2. 

5.3.3 Between each sampling location and prior to each sampling run, decontaminate the 
sampler and other sampling equipment as described in MSOP No. 6.0. 

5.3.4 Advance the borehole to the desired depth or target horizon where the sampling run is to 
begin. While drilling, monitor the breathing zone according to the project work plans and 
applicable drilling method SOP. 

5.3.5 Connect the sampling tube to the drill rod string and advance the tube to the bottom of 
the boring. The tube is then pushed about 2 to 2.5 feet into the soil with a continuous, 
rapid motion without impact or twisting. 

5.3.6 Pull the drill rod strip up from the bottom of the borehole and remove the sampling tube 
from the string. Observe and record the amount of sample recovery and any associated 
problems as discussed in Section 5.2.11. 

5.3.7 Place Teflon™ film over each end of the tube if it is to be submitted for chemical analysis 
and seal the ends with plastic end caps. Place custody tape over each end cap so that any 
attempt to remove the cap will break the tape. With a waterproof marker, write a "T" for 
top on the trailing end and a "B" for bottom on the leading end of the tube. 

5.3.8 Appropriately label and number the tube as described in Section 5.2.14. 

5.3.9 Document the sampling event on the Field Logbook as discussed in Section 5.2.15. 

5.3.10 Appropriately preserve, package, handle, and ship the sample in accordance with the 
procedures outlined in MSOP No. 2.0 and the project work plans. The samples shall also 
be maintained under custody per MSOP No. 1.1. Samples stored on-site will be subject 
to the provisions of MSOP 2.3. 
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5.3.11 Repeat this sampling procedure at the intervals specified in the project work plans until 
the bottom of the borehole is reached and/or last sample is collected. 

6 REQUIRED FORMS (ATTACHED) 

6.1 Visual Classification of Soils Form 

6.2 Chain of Custody 
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This Standard Operating Procedure (SOP) describes the requirements for compositing 
techniques. Composite samples, regardless of the media, consist of two or more subsamples 
taken from a specific media and site at different depth intervals. The subsamples are collected 
and mixed. A single average sample is taken from the mixture. 

The composite sampling will be used at sites where hand augered borings are to be performed. 
Composite samples are useful in estimating the overall contamination properties of a specific 
site. They are less expensive than non-composite samples because one sample for analysis 
represents many subsample locations. Composite samples do not provide detailed information of 
contamination variability as a function of the location. 

2 REFERENCES 

None. 

3 DEFINITIONS/MATERIALS 

The equipment required to obtain a composite sample is identical to that for primary media 
sampling. 

4 RESPONSIBILITIES 

4.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring 
that all composite sample collection activities are conducted in accordance with this SOP 
and any other appropriate procedures. This will be accomplished through staff training 
and by maintaining quality assurance/quality control (QA/QC). 

4.2 The Quality Assurance Officer is responsible for ensuring that this procedure is correctly 
implemented and that the quantity and quality of composite samples meet the 
requirements of the project Sample and Analysis Plan. 

4.3 The Sampling Team Leader(s) assigned to composite soil sampling activities is 
responsible for completing their tasks according to specifications outlined in this SOP 
and other appropriate procedures. All staff members are responsible for reporting 
deviations from the procedures to the Project Technical Manager, Technical Coordinator, 
or Quality Assurance Officer as appropriate. 
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5 PROCEDURE 

5 .1 Preparation 

Site preparation for the purpose of composite sampling is not different from that required for any 
of the media/waste sampling activities. 

5.2 Surface Soil Compositing 

The following steps must be followed when compositing surface soil samples: 

• Determine where composite sample(s) will be obtained as indicated in the site
specific sampling plan. 

• Volatile organic compound (VOC) and, in some cases, semivolatile organic 
compound (SVOC) samples of solids (e.g., soils, sludge) must be collected and 
contained immediately as stand-alone samples and, therefore, cannot be 
composited. 

• Collect a minimum of three equal-volume samples from the specific sample 
location. The volume of each sample must be at least the amount required for a 
single sample. 

• Place the samples on an appropriate mixing tray. Thoroughly homogenize the 
pooled samples using the appropriate equipment. 

• Transfer subsamples of the composite sample into the appropriate sample 
containers. Seal, decontaminate, and label sample containers. Use the same care 
in handling these samples as that used for other samples from the site. 

• Document activities. 
• Decontaminate sampling equipment. 

5.3 Subsurface Soil Compositing 

Compositing of subsurface soils refers to a single borehole in which several consecutively 
sampled depths are combined for a single sample. This is done to allow sufficient sample 
volume for the required analysis. 

The following steps must be followed when compositing subsurface soil samples: 

1. Determine where composite sample(s) will be obtained as indicated in the site-specific 
sampling plan. 

2. Obtain samples by the methods: 

• For split-spoon or Shelby tube cores from a specified depth or range of 
depths: 
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• Extract or extrude the sample from the split-spoon or Shelby tube onto an 
appropriate mixing tray, peel sample, and discard ends. 

• Continue with the four-quarters mixing method. 
• Document activities. 
• Decontaminate sampling equipment. 
• For hand auger samples: 
• The sample is acquired directly from the withdrawn auger. 
• Extract or extrude the sample from the bucket to an appropriate mixing tray. 
• Continue with the four-quarters mixing method. 
• Document activities. 
• Decontaminate sampling equipment. 

5.4 Surface Water Compositing 

The following steps must be followed when compositing surface water samples: 

• Determine where composite sample(s) will be obtained as detailed in the site
specific sampling plan. 

• VOC and, in some cases, SVOC samples must be collected and contained 
immediately as stand-alone samples and, therefore, cannot be composited. 

• Collect a minimum of three equal volume samples from the specified sample 
location. The volume of each sample must be at least the amount required for 
a single sample. 

• Place the samples in the appropriate mixing container. Thoroughly 
homogenize the pooled samples using the appropriate equipment. 

• Transfer aliquots of the composited sample into the appropriate sample 
containers. Seal, wipe clean, and label sample container. Handle with the 
same care as that used for other samples from the site. 

• Document activities. 
• Decontaminate sampling equipment. 

5.5 Collection of Replicate Samples 

The following steps must be followed when compositing ground water samples: 

• Determine the well that a composite sample(s) will be obtained as detailed in 
the site-specific sampling plan. 

• VOC and, in some cases, SVOC samples must be collected and contained 
immediately as stand-alone samples and, therefore, cannot be composited. 

• Collect a minimum of three equal volume samples from the specified sample 
location. The volume of each sample must be at least the amount required for 
a single sample. 
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• Place the samples in the appropriate mixing container. Thoroughly 
homogenize the pooled samples using the appropriate equipment. 

• Transfer aliquots of the composited sample into the appropriate sample 
containers. Seal, wipe clean, and label sample container. Handle with the 
same care as that used for other samples from the site. 

• Document activities. 
• Decontaminate sampling equipment. 

6 REQUIRED FORMS 

None. 
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DUPLICATE, SPLIT, AND CO-LOCATED SAMPLE PREPARATION 

1 PURPOSE 

This Standard Operating Procedure (SOP) describes the requirements for the collection and 
preparation of duplicate, split, and/or co-located samples. 
Duplicate, split, and co-located samples are typically obtained for either of two purposes: (1) as a 
means of quality control (QC) from the point of sample collection through all analytical 
processes (if the initial and duplicate samples are not within specification, the reasons for the 
discrepancy must be found and corrected, if possible), or (2) for later laboratory analyses, if 
needed. For MEVATEC Corporation projects, co-located or duplicate samples will be collected 
to provide information on the variability of the contaminants in the field. 

Duplicate or co-located samples are samples collected from a location as close to the primary 
sample location as possible. They are collected to provide a means of assessing the reliability of 
field sampling methods and analytic data resulting from field samples. 
Split samples are normally obtained for the express purpose of submitting identical samples to 
different laboratories for comparative analytical results. Duplicate, split, and co-located samples 
may be collected as composite or grab samples from most media or waste types. 

The same equipment and techniques will be required when obtaining duplicate and/or split 
samples as for primary samples. Briefly, the sampling requirements are: (1) grab samples will be 
collected for surface soil, surface water, ground water, sediment, and sludge, destined for volatile 
organic compound (VOC) analysis, and, (2) composite or grab sampling techniques can be used 
for non-VOCs and for subsurface soils. 

Comparative analyses between laboratories can also be obtained for semivolatile organic 
compounds and/or metals. Duplicate samples can also be obtained for VOC and non-VOC 
contaminated media by careful grab samples. For most duplicate, split, or co-locate sampling for 
non-VOC parameters, in all media, compositing is recommended. 

2 REFERENCES 

None. 

3 DEFINITIONS/MATERIALS 

The equipment necessary to obtain a duplicate, split, and/or co-located sample is identical to that 
for primary media sampling. 
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4 RESPONSIBILITIES 

4.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring 
that all duplicate, split, and co-located sample collection activities are conducted in 
accordance with this SOP and any other appropriate procedures. This will be 
accomplished through staff training and by maintaining quality assurance/quality control 
(QA/QC). 

4.2 The Quality Assurance Officer is responsible for ensuring that this procedure is correctly 
implemented and that the quantity and quality of duplicate and split samples meet the 
requirements of the project Quality Assurance Project Plan. 

4.3 The Sampling Team Leader(s) assigned to duplicate, split, or co-located sampling 
activities is responsible for completing their tasks according to specifications outlined in 
this SOP and other appropriate procedures. All staff members are responsible for 
reporting deviations from the procedures to the Project Technical Manager, Technical 
Coordinator, or Quality Assurance Officer as appropriate. 

5 PROCEDURE 

5.1 Duplicate or Co-located Samples 

The following steps must be followed when collecting duplicate or co-located samples: 

1. Determine the frequency of obtaining duplicate samples as specified in the site
specific sampling plan. 

2. Proceed with site sampling to the point that a duplicate or co-located sample is 
required. 

3. The duplicate or co-located sample is a sample taken at the same time, as close as 
possible, and under the exact conditions as those required for the primary sample. 
Note: any sample or portion of a sample that is to be analyzed for VOCs shall be 
collected and contained immediately. Do not stir, mix, or agitate samples for 
voe analysis before containment. 

4. Follow the specific media-sampling plan. The preparation and disposition of the 
duplicates will be the same as those for the primary samples. 

5. Obtain VOC samples first (without mixing or compositing), then proceed to 
Step 6. Samples for VOCs must be collected and contained immediately. 
Agitation by mixing, stirring, or shaking will cause vaporization of the volatile 
fraction to a significant degree. Resample if agitation has occurred. Mix all non
VOC duplicate samples or when taking duplicates of surface water or ground 
water samples. Mixing may be accomplished by pouring a portion of the sample 
directly from the sampling device into the original container, and then pouring an 
equal portion into the duplicate container, alternating between the two until the 
sample containers are full. 
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6. Place the sample(s) in the appropriate sample container. Duplicate and co-located 
samples will be labeled or tagged according to their intended use as detailed in the 
site-specific sampling plan. If the sampling plan duplicates are to be held for 
possible later analyses, they may be labeled as "sample XXX duplicate", where 
the number "XXX" refers to the primary sample. If the duplicates are intended 
for QC measures, they may be given discrete sample numbers. Duplicate and 
co-located samples must be properly identified in the field logbook. 

7. Seal, pack, and transport duplicate and co-located samples in the same manner as 
that used for other samples from the sampling site. 

8. Decontaminate all equipment. Place all disposable liquids and solids in the 
appropriate receptacles. 

9. Remove personal protective clothing and equipment and place in the designated 
receptacles. Field sampling personnel must be contamination-free before leaving 
the sampling site. 

10. Document activities. 

5.2 Split Samples for Surface Soils, Sediments, and Sludges 

The following steps must be followed when collecting split samples of surface soils, sediments, 
and sludges: 

1. Determine the number and frequency of required sample splits as specified in the 
site-specific sampling plan. 

2. Proceed with site sampling to the point of obtaining split sample(s). 
3. Follow the specific media sampling procedure. 

NOTE: Split samples for VOCs are not recommended. Adequate cross-laboratory checks can be 
obtained by splits of non-VOC samples. If QA is required for VOC samples, obtain duplicates 
as outlined in Section 5.1 of the SOP. All split samples for VOC analysis for the above media 
are grab samples taken as specified in Step (3), Section 5.1 of this SOP. 

4. For non-VOC grab samples, obtain a sufficient volume to fill all required sample 
containers, including those required for splits. 

5. Composite these samples. 
6. Split the composite sample equally and place the required volumes into the 

sample containers. 
7. Seal and decontaminate the outside surfaces of the containers. 
8. Label split samples as specified in the site-sampling plan. Record all pertinent 

information in the field logbook. 
9. Split samples will have a separate chain of custody record. 
10. Split samples will be sealed, packed, and transported in an identical manner as 

that specified for other samples from the site. The difference may be their 
destination (different laboratories) and the extent of analytical work. The site
specific sampling plan specifies the disposition of split samples. 
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11. Decontaminate all equipment. Place all disposables in the appropriate 
receptacles. 

12. Remove personal protective clothing and equipment and place in the designated 
receptacles. Field sampling personnel must be contamination-free before leaving 
the sampling site. 

13. Document activities. 

5.3 Split, Duplicate, or Co-located Volatile Organic Compound Sampling of Subsurface Soils 
with Split-Spoons or Shelby Tubes 

The following steps must be followed when sampling subsurface soils with split-spoons or 
Shelby tubes: 

1. Determine the number and frequency of required sample splits as stated in the 
site-specific sampling plan. 

2. Proceed with site sampling to the point of obtaining split sample(s). 
3. Follow the specific media-sampling plan. 

NOTE: Most split-spoon sampling in the field is accomplished with 2-inch outside diameter 
(OD) split-spoons. When split, duplicate, or co-located samples are required, a 2-inch OD split
spoon will usually not collect sufficient sample volume if a number of analytes are to be 
sampled. In such situations, it is advisable to follow the American Society for Testing Materials 
(ASTM) D-1584 modified method of split-spoon sampling and a 3-inch OD split-spoon. If blow 
counts are not required for engineering purposes, and the site soils permit, attempts may be made 
to drive the 3-inch split-spoon by the 140-lb. weight. This deviation will ensure collection of 
enough sample volume. 

4. Upon retrieval of the split-spoon, the sample should be peeled and the ends 
discarded. Divide the sample into four sections (A, B, C, and D). Sample A 
should be immediately containerized and becomes the original sample for voe 
analysis. Sample B is also immediately containerized and becomes the duplicate 
sample for VOC analyses. Section C and D can be composited for all other non
VOC analyses. 

5. Decontaminate the outside of the sample container after sealing. 
6. Label split samples as specified in the site-specific sampling plan. Record all 

pertinent information in the field logbook. 
7. Split samples will have a separate chain of custody record. 
8. Split samples will be sealed, packed, and transported in an identical manner as 

other samples from the site. The difference may be their destination (different 
laboratories) and the extent of analytical work. The site-specific sampling plan 
specifies the disposition of split samples. 

9. Decontaminate all equipment. Place all disposables in the appropriate 
receptacles. 
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10. Remove personal protective clothing and equipment and place in the designated 
receptacles. Field sampling personnel must be contamination-free before leaving 
the sampling site. 

11. Document activities. 

5.4 Split, Duplicate, or Co-located Non-Volatile Organic Compounds Sampling of 
Subsurface Soils with Split-Spoon or Shelby Tubs 

The following steps must be followed when sampling subsurface soils with split-spoon or Shelby 
tubes: 

1. Determine the number and frequency of required sample splits as stated in the 
site-specific sampling plan. 

2. Proceed with site sampling to the point of obtaining split sample(s). 
3. Follow the specific media-sampling plan. 
4. Peel the sample and composite the sample. 

NOTE: Most split-spoon sampling in the field is accomplished with 2-inch outside diameter 
(OD) split-spoons. When split, duplicate, or co-located samples are required, a 2-inch OD split
spoon will usually not collect sufficient sample volume if a number of analytes are to be 
sampled. In such situations, it is advisable to follow the American Society for Testing Materials 
(ASTM) D-1584 modified method of split-spoon sampling and to use a 3-inch OD split-spoon. 
If blow counts are not required for engineering purposes, and the site soils permit, attempts may 
be made to drive the 3-inch split-spoon by the 140-lb. weight. This deviation will ensure 
collection of enough sample volume. 

5. Seal sample containers and wipe outside surfaces. 
6. Label split samples as specified in the site-specific sampling plan. Record all 

pertinent information in the field logbook. 
7. Split samples will have a separate chain of custody record. 
8. Split samples will be sealed, packed, and transported in an identical manner as 

other samples from the site. The difference may be their destination (different 
laboratories) and the extent of analytical work. The site-specific sampling plan 
specifies the disposition of split samples. 

9. Decontaminate all equipment. Place all disposables in the appropriate receptacles. 
10. Remove personal protective clothing and equipment and place in the designated 

receptacles. Field sampling personnel must be contamination-free before leaving 
the sampling site. 

11. Document activities. 
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5.5 Split Samples for Surface Water and Ground Water 

The following steps must be followed when collecting split samples for surface water and ground 
water: 

1. Determine the number and frequency of required sample splits as stated in the 
site-specific sampling plan. 

2. Proceed with site sampling to the point of obtaining split sample(s). 
3. Follow the specific media-sampling plan. 
4. Split samples for VOCs are not recommended. Adequate cross-laboratory checks 

can be obtained by splits of non-VOC samples. If QA is required for VOC 
samples, obtain duplicates as outlined in Section 5.1 of this SOP. All split 
samples for voe analysis for the above media are grab samples taken as 
specified in Step (3), Section 5.1 of this SOP. 

5. For non-VOC grab samples, obtain a sufficient volume to fill all required sample 
containers, including those required for splits. 

6. Obtain VOC samples first (without mixing or compositing). Samples for VOCs 
must be collected and contained immediately. Agitation by mixing, stirring, or 
shaking will cause vaporization of the volatile fraction to a significant degree. 
Resample if agitation has occurred. Mix all non-VOC duplicate samples or when 
taking duplicates of surface water of ground water samples. Pouring a portion of 
the sample directly from the sampling device into the original container, and then 
pouring an equal portion into the duplicate container, alternating between the two 
until the sample containers are full will accomplish mixing. 

7. Split the composited sample by placing the required volumes in the sample 
containers, including those for split samples. 

8. Seal sample containers and wipe outside surfaces. 
9. Label split samples as specified in the site-specific sampling plan. Record all 

pertinent information in the field logbook. 
10. Split samples will have a separate chain of custody record. 
11. Split samples will be sealed, packed, and transported in an identical manner as 

other samples from the site. The difference may be their destination (different 
laboratories) and the extent of analytical work. The site-specific sampling plan 
specifies the disposition of split samples. 

12. Decontaminate all equipment. Place all disposables in the appropriate receptacles. 
13. Remove personal protective clothing and equipment and place in the designated 

receptacles. Field sampling personnel must be contamination-free before leaving 
the sampling site. 

14. Document activities. 

6 Required Forms (Attached) 

6.1 Chain of Custody Record 

F-58 



Appendix F~ 
Work Plan for the RCRA Facility Investigation at the Launch Complex-38 Site on White Sands Missile Range 

MEV ATEC CORPORATION 
Standard Operating Procedures 

MSOPNO. 4.0 
REVISION NO. 0 

October 2001 

CALIBRATION AND MAINTENANCE OF MEASURING AND TEST EQUIPMENT 

1 PURPOSE 

This Standard Operating Procedure (SOP) establishes the methods and responsibilities associated 
with the calibration, control, and maintenance of measuring and test equipment (M&TE). It 
applies to all tools, gauges, instruments, and other test equipment where the manufacturer requires 
or recommends equipment accuracy to be checked periodically. In the case of commercial devices 
such as rulers, tape measures, and levels calibration controls will not be required. 

2 REFERENCES 

None 

3 RESPONSIBILITIES 

3.1 The Quality Assurance Officer or his/her designee is responsible for monitoring the 
effective implementation of this SOP and/or the M&TE manufacturer's 
recommendations. 

3.2 The Project Technical Manager, Technical Coordinator, and Sampling Team Leader(s) 
are responsible for the selection of M&TE to be used in the field activity and to assure it 
is of the proper type, range, accuracy and tolerance required to meet project objectives. 
Additionally, they are responsible for storage and protection of M&TE. 

3.3 The field personnel performing tests are responsible for assuring that all M&TE is 
properly calibrated prior to and during use, and for documenting the calibration or 
deficiencies of equipment. 

4 DEFINITIONS 

4.1 M&TE 

Measuring and test equipment used to obtain data during the performance of tests or inspections. 

4.2 Calibration 

The comparison of a measurement standard or instrument of a known accuracy with another 
standard or instrument to detect, correlate, report, or eliminate by adjustment, any variation in the 
accuracy of the items being compared within allowable deviations. 
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4.3 Reference Standard 

An item of known and verifiable value that is used to check or establish the basis for tests or 
inspections. 

5 PROCEDURE 

5 .1 Equipment Identification and Control 

5 .1.1 M&TE that requires calibration will be uniquely identified by the manufacturer's serial 
number, or other suitable assigned number. If this should prove to be impractical, an 
identification label will be affixed using materials and methods that provide a clear and 
legible identification and do not detrimentally affect the function or service life of the 
M&TE. This identification will be replaced as needed to provide clear identification of 
the M&TE. 

5.1.2 All M&TE and reference standards shall be stored between uses in a manner that will 
minimize damage or deterioration. 

5.2 Calibration 

5.2.1 Written and approved procedures will be used for calibration of M&TE. Calibration 
procedures that have been previously established and approved by the M&TE 
manufacturer or a nationally recognized authority (i.e., ASTM, EPA) will be used when 
available. If no preexisting procedure is available, procedures will be developed by 
qualified personnel familiar with the M&TE and approved by the Project Technical 
Manager and the Quality Assurance Officer. Development of procedures will take into 
consideration the intended use and objective of the resulting data, equipment 
characteristics, required accuracy and precision of data, location of examination, effects 
of climate or any other parameter that would adversely influence the calibration. The 
procedures will include, as applicable: 

• Name/type of equipment to be calibrated 
• Reference standards to be used 
• Calibration method and sequential actions 
• Acceptance criteria 
• Frequency of calibrations/checks 
• Data recording form/format 
• Data processing methodology 
• Any special instructions 
• Operator training and qualification requirements. 
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5.2.2 Field M&TE will be calibrated prior to use. Calibrations ofM&TE will be performed by 
trained and qualified personnel, approved external agencies or by the equipment 
manufacturer. 

5.2.3 The following types of calibrations and checks will be performed by qualified personnel: 

• Periodic calibrations - are performed at prescribed intervals established for the 
M&TE to assure that the equipment is operating within its designed range and 
accuracy. These are usually performed by outside agencies or the M&TE 
manufacturer. A calibration certificate will be provided documenting the 
operational and functional acceptance of the M&TE. 

• Specific calibrations - are performed for specific measurements or tests and vary 
from instrument to instrument and from procedure to procedure. Specific 
calibrations are performed prior to start of each work shift. 

5.3 Calibration Frequency 

5.3.1 M&TE will be calibrated at prescribed intervals and before each specific use. The 
frequency of periodic calibrations will be based on manufacturer's recommendations, 
national standards of practice, equipment type and characteristics, and past experience. 

5.3.2 A scheduled calibration of M&TE does not relieve the user of the responsibility for 
selecting the appropriate and properly functioning equipment. 

5.3.3 In the event that the calibration has expired, the M&TE will be removed from service and 
tagged as "out-of-service" in order to prevent inadvertent use until it has been 
appropriately recalibrated. 

5.4 Reference Standards and Equipment 

5 .4.1 Calibration reference standards and equipment will have known relationships to the 
National Institute of Standards and Technology (NIST) or other nationally recognized 
standards. If a national standard does not exist, the basis for calibration will be fully 
documented by the Project Technical Manager and approved by the Quality Assurance 
Officer. 

5.4.2 Physical and chemical standards will have certifications traceable to NIST, EPA or other 
recognized agencies. Standards that are repackaged or split will also have traceable lot or 
batch numbers transferred onto the new container. 

5.4.3 It is the responsibility of the user to select, verify and use the correct standard in 
accordance with an approved procedure or established practice. 

5.5 Calibration Failure 
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5. 5 .1 Each individual user of M&TE is responsible for checking the calibration status of 
equipment to be used and confirming the acceptable calibration status prior to use. 
Equipment for which the periodic calibration period has expired, equipment that fails 
calibration, or equipment that becomes inoperable during use will be removed from 
service and tagged as out-of-service. 

5.5.2 Out-of-service M&TE will be segregated from operational M&TE when practical. The 
specific reason for removal from service and the date of removal will also be stated on the 
out-of-service tag. The M&TE will then be repaired and/or recalibrated by the appropriate 
vendor or manufacturer as deemed necessary by the Project Technical Manager. M&TE 
that cannot be repaired will be replaced, as necessary, to provide support to the project. 
Any M&TE consistently found to be out-of-calibration would be replaced. 

5.5.3 The Project Technical Manager and the Quality Assurance Officer will evaluate results of 
activities performed using equipment that has failed recalibration. If the activity results 
are adversely affected, the results of the evaluation will be documented as a 
nonconformance. 

5.6 Calibration Documentation 

5 .6.1 Specific calibration records will be prepared and documented for each calibrated M&TE 
used. Periodic calibration certificates will be maintained and available for review at the 
field office. Calibration data will be recorded on the Field Logbook or other suitable 
form. The Project Technical Manager will be responsible for reviewing the calibration 
data for appropriateness, accuracy, readability, and completeness. 

5.6.2 Calibration records will include, as applicable, the following information: 

• Equipment identification number 
• Calibration procedure used 
• Date/time of calibration 
• Time of calibration checks (if required) 
• Identification of reference standard( s) used 
• Applicable responses or readings of calibration 
• Name of individual performing calibration 
• Item(s) that are being tested or inspected. 

5. 7 Preventive Maintenance 

5. 7 .1 Preventive maintenance of M&TE will be performed in accordance with the 
manufacturers' recommendations to maintain proper M&TE performance, minimize 
equipment failure and to increase measurement reliability. 
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6 REQUIRED FORMS 

6.1 None 
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This Standard Operating Procedure (SOP) defines field requirements for quality 
assurance/quality control (QA/QC), for equipment and instrument calibration, inspection, and 
maintenance. Instruments and equipment used to gather, generate, or measure environmental 
data must be calibrated to ensure that accuracy and reproducibility of results are consistent with 
the manufacturer's specifications. Equipment, instruments, tools, gauges, and other items 
requiring preventive maintenance must be serviced according to the manufacturer's 
specifications. Raw data from the field measurements and sample collection activities must be 
recorded in the appropriate logbook or field form, and standard reporting units must be used for 
comparability and consistency. 

2 REFERENCES 

2.1 EPA, September 1987, EPA Compendium of Superfund Field Operations Methods, EPA 
540/P-87/00la, OSWER 9355.0-14. 

2.2 EPA, August 1988, EPA Guidelines for Conducting Remedial Investigation and 
Feasibility Studies under CERCLA, Interim Final OSWER Directive 9355.3-01 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring 
that all sample collection activities are conducted in accordance with this SOP and any 
other appropriate procedures. This will be accomplished through staff training and by 
maintaining quality assurance/quality control (QA/QC). 

3.2 The Quality Assurance Officer has the responsibility for periodic review of procedures 
and documentation associated with the calibration of field instrumentation. If perceived 
variances occur, the Quality Assurance Officer is also responsible for issuing notices of 
nonconformances and requesting corrective actions. 

3.3 The Health and Safety Officer is responsible for ensuring that calibration is completed 
daily in accordance with this procedure, that equipment and instrument inspection and 
maintenance is conducted, that measurements are taken to the specified accuracy. The 
Health and Safety Officer is also responsible for validation of field data by: 

• Conducting routine checks during the processing of data (e.g. errors in 
identification codes); 
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• Checking the consistency with parallel data sets obtained presumably from the 
same population (e.g., from the same portion of the aquifer or volume of soil). 

3.4 The Sampling Team Leader(s) is responsible for calibrating, inspecting, and maintaining 
instruments, and for taking measurements to the specified precision. 

4 DEFINITIONS/MATERIALS 

3.5 Instruments (to be calibrated, and manufacturer's operating manual) 

• pH Meter 
• Conductivity meter 
• Turbidity meter 
• Photoionization detector 
• Thermometer 
• Water level measurement device 
• Magnetometer 
• Gas chromatograph, equipped with FID and PID (for soil sampling) 

3.6 Other: 

• Maintenance schedule. 
• Field logbook. 
• Indelible black ink pens. 

5 PROCEDURE 

5.2 Equipment and Instrument Calibration 

The frequency of calibration for field instruments will be performed at the intervals specified by 
the manufacturer or more frequently as conditions dictate, but daily as a minimum. Field 
instruments will include a pH meter, thermometer, conductivity meter, organic vapor 
photoionization detector (PID), magnetometer, and a radioactivity meter. Calibration will be 
documented on the Field Logbook. 

The manufacturer's guide will be followed when calibrating the pH meter, thermometer, 
conductivity meter, organic vapor photoionization detector (PID), magnetometer, and 
radioactivity meter 

To ensure comparability between sample data of similar samples and sample conditions, 
standard solutions and material traceable to the National Institute of Standards and Technology 
or EPA-published standards/protocols will be used to calibrate the field instruments. 
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Equipment to be used during field sampling will be examined to ensure that it is in proper operating 
condition. This includes checking the manufacturer's operating manual and the instructions for each 
instrument to ensure that all maintenance requirements are being observed. Field notes for previous 
sampling trips will be reviewed so that the notations on any prior equipment problem are not 
overlooked and all necessary repairs to equipment have been carried out. 

5.2.3 Equipment and Instrument Maintenance 

Equipment, instruments, tools, gauges, and other items requiring preventive maintenance will be 
serviced in accordance with the manufacturer's recommendations. Manufacturer's procedures 
identify the schedule for servicing critical items in order to minimize the downtime of the 
measurement system. It will be the responsibility of the operator to adhere to the maintenance 
schedule and to arrange any necessary and prompt service as required. Service to the equipment, 
instruments, tools, gauges, etc. will be performed by qualified personnel. In the absence of any 
manufacturer's recommended maintenance criteria, the operator based upon experience and 
previous use of the equipment, will develop a maintenance procedure. 

5.3 Field Measurement Precision 

For the pH meter and the conductivity meter, precision will be tested by multiple readings in the 
medium of concern. Consecutive readings should agree within ±0.1 standard units pH and ±0.01 
ohms/cm conductivity. The thermometer will be visually inspected prior to each use. The 
photoionization detector probe will be exposed to a volatile organic compound source prior to 
field use in order to determine if the instrument is working. Water level indicator readings will 
be precise within ±0.01 feet for duplicate measurements. 

The following standard reporting units will be used during all phases of the project: 

• Water levels measured in wells will be reported to the nearest 0.01-foot. 
• Soil sampling depths will be reported to the nearest 0.1-foot. 
• Soil gas results will be reported to two significant figures. 

6 REQUIRED FORMS 

6.2 Field Logbook 
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1 PURPOSE 

MEV ATEC CORPORATION 
Standard Operating Procedures 

WATER LEVEL MEASUREMENTS IN 
MONITORING WELLS 

MSOPNO. 5.0 
REVISION NO. 0 

October 2001 

This Standard Operating Procedure (SOP) establishes guidelines for personnel to use in 
determining the depth to water in monitoring wells. 

2 REFERENCES 

2.1 EPA, 1986, RCRA Groundwater Monitoring Technical Enforcement Guidance 
Document, OSWER-9950.1, U.S. Government Printing Office, Washington, D.C. 

2.2 EPA, 1991, Environmental Compliance Branch, Standard Operating Procedures and 
Quality Assurance Manual, Region IV, Environmental Services Division, Athens, 
Georgia, U.S. Government Printing Office, Washington, D.C. 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring 
that all sample collection activities are conducted in accordance with this SOP and any 
other appropriate procedures. This "".ill be accomplished through staff training and by 
maintaining quality assurance/quality control (QA/QC). 

3.2 The Quality Assurance Officer is responsible for the periodic review of documentation 
generated as a result of this SOP and the periodic review and audit of field personnel as 
they perform the work. If problems arise, the Quality Assurance Officer is also 
responsible for verifying implementation of corrective action(s) (i.e., retraining 
personnel, additional review of work plans and SOPs, variances to requirements, and 
issuing nonconformances) and assuring through monitoring the continued 
implementation of stated corrective actions. 

3.3 The Sampling Team Leader(s) is responsible for ensuring that monitoring well water 
level measurements are properly collected and documented. 

4 DEFINITIONS/MATERIALS 

A number of devices are available for the determination of water level measurements in 
monitoring wells. Those most commonly used and covered in this SOP includes steel tapes, 
electric sounders, and petroleum product probes. The equipment must be capable of recording a 
measurement to the accuracy required by the project plans. 
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5 PROCEDURE 

Water level measurements are commonly taken in each monitoring well immediately prior to, 
during, and following well development, and both before and after well purging and sampling. 
Water level measurements may also be taken where no development or purging is being 
conducted, strictly to monitor or generate water table or piezometric surfaces. When such 
measurements are made to monitor water table or piezometric surfaces, water levels in all wells at 
a given site should be measured within a 24-hour maximum period whenever possible. When 
measuring wells for water for water table or potentiometric surface analysis, and if the contaminant 
history is known for each of the wells, it is advisable to monitor water levels beginning with the 
least contaminated wells first and progressing to the most contaminated wells last. 

5 .1 Equipment Selection 

Project data quality objectives and site characteristics must be taken into account when 
determining the water level measurement equipment to use. The total number of wells to be 
measured, weather, tidal influences, pumping, and construction can all affect water level 
measurements. The project-specific work plans will identify the specific equipment to be used. 

5.2 Determining Water Level Measurements in Monitoring Wells 

The standard procedure for determining depth to water is described below. 

5.2.1 Calibrate all measuring devices according to the manufacturer's specifications. 
Measuring tapes should be checked a minimum of every six months against a surveyor's 
tape to determine if shrinking or stretching has occurred. 

5 .2.2 Prior to taking a water level measurement at each well, decontaminate the measuring 
device according to the procedures outlined in MSOP 6.0. During decontamination, all 
measuring tapes should be inspected for kinks, cracks, or tears and, if present, repaired or 
replaced with undamaged equipment. 

5.2.3 Visually inspect the well to ensure that it is undamaged, properly labeled and secured. 
Any damage or problems with the well head should be noted on the Field Logbook and 
the site superintendent notified for repair or replacement of the equipment. 

5.2.4 Uncap the well and monitor the air space immediately above the open casing per the 
project-specific Health and Safety Plan. Observe if any air is flowing into or out of the 
casing. In the event such conditions are observed, they should be noted on the Field 
Logbook. Lower the electric sounder or equivalent (product probe or steel tape) into the 
well until the water surface is encountered. If air is observed to be entering flowing out 
of the casing, the sounder should not be placed inside the well until the air flow stops and 
pressure equalizes. 
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5.2.5 Measure the distance from the water surface to the permanent reference point. For above 
ground "stickup" completions, the reference point is usually a groove cut into the north 
side of the casing. If no permanent reference point is available for an aboveground 
completion, measure from another permanently fixed structure or from ground level. The 
point of measurement should then be noted on the Field Logbook. For flush mount 
completions, such as street boxes, the water level measurement should be referenced to a 
steel rate placed across the rim of the street box and over the casing. Any aboveground 
completions without permanent reference points or marks should be brought to the 
attention of the appropriate supervisory personnel per the project-specific work plans. 

5.2.6 Collect measurements until two consecutive measurements are identical or within the 
specified tolerance of the project-specific work plan (usually 0.01 ft). Record all 
appropriate information on the Field Logbook. At a minimum, the following information 
must be recorded: 

• project name and number; 
• unique well identification number; 
• date and time of measurement collection; 
• depth to water to the specified tolerance; 
• weather conditions; and 
• any problems encountered. 

5.2.7 If product or other nonaqueous liquid is encountered, follow the procedures outlined in 
MSOP 5.1. 

5.2.8 Cap and relock the well. 

6 REQUIRED FORMS 

6.1 Field Logbook 
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NONAQUEOUS PHASE LIQUID MEASUREMENTS IN MONITORING WELLS 

1 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines for field personnel to use in 
determining the thickness of nonaqueous phase liquid in monitoring wells. The details within 
this SOP should also be used in conjunction with project work plans. 

2 REFERENCES 

2.1 EPA, 1986, RCRA Groundwater Monitoring Technical Enforcement Guidance 
Document, OSWER-9950.1, U.S. Government Printing Office, Washington, D.C. 

2.2 EPA, 1991, Environmental Compliance Branch, Standard Operating Procedures and 
Quality Assurance Manual, Region IV, Environmental Services Division, Athens, 
Georgia, U.S. Government Printing Office, Washington, D.C. 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring 
that all nonaqueous phase liquid in monitoring wells is properly measured and 
documented in accordance with this SOP and any other appropriate procedures. This will 
be accomplished through staff training and by maintaining quality assurance/quality 
control (QA/QC). 

3.2 The Quality Assurance Officer is responsible for the periodic review of documentation 
associated with this SOP and the periodic review and audit of field personnel as they 
perform the work. If perceived variances occur, the Quality Assurance Officer is also 
responsible for issuing notices of nonconformance and requests for corrective action. 

3.3 The Sampling Team Leader(s) is responsible for the proper measurement and 
documentation of the nonaqueous phase liquid measurement in monitoring wells. 

4 DEFINITIONS/MATERIALS 

4.1 Product 

For the purposes of this procedure, product refers to liquid that is petroleum based (e.g., gasoline, 
diesel, or petroleum byproducts) or chlorinated hydrocarbon based (e.g., trichloroethene, 
tetrachloroethene, etc.). 
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4.2 Two types of equipment used to measure nonaqueous phase liquids (NAPLs) in 
monitoring wells: product probes and clear hailers. The type of equipment used will be 
determined on a project specific basis and identified in the Field Sampling Plan. 

5 PROCEDURE 

5.1 Equipment Selection 

5 .1.1 This procedure addresses the operation of two types of equipment used to measure 
nonaqueous phase liquids (NAPLs) in monitoring wells: product probes and clear hailers. 
Clear hailers include both single- and double-check valve hailers. Single check valve 
hailers can only be used for measuring light nonaqueous phase liquids (LNAPLs) or 
floating products. Double check valve hailers can be used for measuring both LNAPLs 
and dense nonaqueous phase liquids (DNAPLs) or sinking product. The equipment must 
be capable ofrecording a measurement to an accuracy of 0.01 foot. 

5 .1.2 Several problems can arise in measuring product thickness with either product probes or 
clear hailers. Product probes can malfunction, particularly when measuring degraded or 
weathered product that sticks to the probe sensors. When the thickness of the product 
layer in a well is greater than the length of the bailer, the product layer cannot be 
accurately measured with the bailer. Consequently, it is recommended that both methods 
be used (one to check the other) to measure product thicknesses in wells. The project 
work plans will identify the specific equipment to be used. 

5.2 Product Probe Procedure 

5.2.1 The product probe, sometimes called an immiscible layer probe, is a device that can 
detect the presence of both LNAPLs and DNAPLs (both "floating" and "sinking" layers) 
in water wells. The device detects the difference in conductivity or specific gravity 
between the aqueous and nonaqueous phases in the well. The device is generally a probe 
connected to a measuring tape with a reel. The device contains a receiver with an audio 
and/or visual signal that indicates when phase changes occur. The standard procedure for 
using a petroleum product probe is described below. 

5.2.2 Check the accuracy of the measuring tape of the petroleum product probe according to 
the manufacturer's specifications. Measuring tapes should be checked at least every six 
months against a surveyor's tape to determine if shrinking or stretching has occurred. 

5.2.3 Prior to taking a measurement and between wells, decontaminate the probe and tape 
measure according to the procedures outlined in MSOP 6.0. It is extremely important to 
conduct thorough decontamination to prevent cross-contamination between wells. 
During decontamination, all measuring tapes should be inspected for kinks, cracks, or 
tears and, if present, repaired or replaced with undamaged equipment. 
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5.2.4 Visually inspect the well to ensure that it is undamaged, properly labeled and secured. 
Any damage or problems with the wellhead should be noted on the Field Activity Daily 
Log and notify the site superintendent per the project work plans. 

5.2.5 Uncap the well and monitor the air space immediately above the open casing per the 
Project Health and Safety Plan. Observe if any air is flowing into or out of the casing. In 
the event such conditions are observed, they should be noted on the Field Logbook. If air 
is observed to be flowing into or out of the casing, the probe should not be placed inside 
the well until the airflow stops and pressure equalizes. Lower the probe into the well 
until the liquid surface is encountered. Continue lowering the probe, recording the depths 
at which any audio or visual changes in the device indicate a phase change. When 
measuring for DNAPL, continue lowering the probe to the bottom of the well. When 
measuring for LNAPL, there is no need to lower the probe further once the product/water 
interface is encountered and measured. 

5.2.6 While lowering the probe, measure the distances to the encountered phase/phases from 
the permanent reference point. For aboveground "stick-up" completions, the reference 
point is usually a groove cut into the north side of the casing. If no permanent reference 
point is available for an aboveground completion, measure from another permanently 
fixed structure or from ground level. The point of measurement should then be noted on 
the Field Logbook and the appropriate form on which the water level is recorded. 

5.2.7 For flush mount completions, such as street boxes, the water level measurement should 
be referenced to a steel rule placed across the rim of the street box and over the casing. 
Any aboveground completions without permanent reference points or marks should be 
brought to the attention of the site supervisor per the project work plans. 

5.2.8 Collect measurements until two consecutive measurements are identical or within 
tolerances specified in the project work plans. Record all appropriate information on the 
field Logbook. At a minimum, the following information must be recorded: 

• project name and number; 
• well identification number; 
• date and time of measurement collection; 
• depth to water to the specified tolerance; 
• depth to and description of any nonaqueous phase liquid encountered; 
• weather conditions; and 
• comments, including any problems encountered. 

5.2.9 Cap and relock the well. 

5.3 Bailer Procedure 
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5.3. l A single check-valve bailer is a cylindrical tube, open at the top and containing a floating 
ball at the bottom. Lowering the bailer into liquid allows the bottom ball to float 
allowing floating product or water to enter the bailer. The design of this type of bailer 
only allows collection of a floating product (LNAPL) sample. 

5.3.2 A double check-valve bailer is an enclosed cylindrical tube containing a floating ball at 
both the top and the bottom. Lowering the bailer into liquid causes both balls to float 
allowing water or product to enter the cylinder. Raising the bailer through the water 
causes both balls to settle, effectively trapping a discrete section of the water so that it 
can be brought to the surface. Since the double check-valve bailer is capable of 
collecting a discrete sample at any depth within the well, it can be used on both "floating" 
and "sinking" nonaqueous liquids. 

5.3.3 The bailers must be constructed of clear material so that any product can be visibly 
measured. Some are also available with graduated markings on the side to allow easier 
measurement. Bailers are commonly used with a thin nylon line or cord made of similar 
material. Some are supplied with a connectable measuring tape. The standard procedure 
for using hailers to measure nonaqueous phase liquids in monitoring wells is described 
below. 

5.3.4 Check the accuracy of the measuring tape to be used with the bailer according to the 
manufacturer's specifications. Measuring tapes should be checked a minimum of every 
six months against a surveyor's tape to determine if shrinking or stretching has occurred. 

5.3.5 Prior to taking a measurement and between wells, decontaminate the bailer and tape 
measure according to the procedures outlined in MSOP 6.0, Sampling Equipment and 
Well Material Decontamination. If a bailer line is used, it is advised to slip, cut, and 
dispose of any line that was used inside a previous well and then decontaminate the 
remaining line. Bailers used for product sampling should never be used for purging or 
collecting water samples. 

5.3.6 If product probe measurements are to be used in conjunction with a bailer, the probe 
measurements should first be made, recorded, and noted by field personnel taking the 
measurements. 

5.3.7 If bailer measurements are to be taken before or without product probe measurements, 
visually inspect and document wellhead conditions per Section 5.2.4 above. Uncap the 
well and monitor and observe the well head per Section 5.2.5 above. 

5.3.8 Lower the bailer into the well until the liquid surface is encountered. Use the measuring 
tape if available to determine the depth to which the bailer should be lowered to recover 
either the LNAPL or DNAPL product. 
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If using bailer cord and attempting to recover DNAPL ("sinking") product, a double 
check-valve bailer may simply be run to the bottom of the well. If attempting to recover 
LNAPL ("floating") product using bailer cord, it is advisable to first note the depths to 
product and water made with the product probe and mark the depths on the bailer cord 
with a rubber band or twine. The bailer (either single or double check-valve) should then 
be lowered such that the bailer retrieves product layer, thereby retrieving only water. 
If no product probe measurements are available, the person attempting to retrieve the 
bailer product sample will then have to "feel" for first contact with the liquid while the 
bailer is descending inside the well. Once the contact is felt, the bailer descent should be 
halted. The bailer should then be slowly lowered no more than % of its total length to 
avoid overtopping. Retrieve the bailer and visually inspect for product. Measure the 
amount of product contained in the bailer with the measuring tape. Note any appropriate 
conditions observed in the bailer such as: 

• Color and clarity of the product 
• Length of product column in bailer compared to overall length of bailer 
• Evidence of any problems with the bailer valves 
• Evidence of overtopping or complete run through the product column. 

5.3.9 Record all appropriate information on the Field Logbook. At a minimum, the following 
information must be recorded: 

• project name and number; 
• well identification number; 
• date and time of measurement collection; 
• depth to water if available to the appropriate tolerance specified in the project 

work plans; 
• measurement and description of any nonaqueous phase liquid encountered; 
• any observations made in 5.2.5 above; and 
• comments, including any problems encountered. 

5.3.10 Cap and relock the well. 

6 REQUIRED FORMS 

6.1.1 Field Logbook 
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This Standard Operating Procedure (SOP) describes the procedures required for decontamination 
of field equipment. Decontamination of field equipment is necessary to ensure the quality of 
samples by preventing cross-contamination. Further, decontamination reduces health hazards 
and prevents the spread of contaminants off site. 

2 REFERENCES 

2.1 EPA, September 1987, EPA Compendium of Superfund Field Operations Methods, EPA 
540/P-87/00la, OSWER 9355.0-14. 

2.2 EPA, August 1988, EPA Guidelines for Conducting Remedial Investigation and 
Feasibility Studies under CERCLA, Interim Final OSWER Directive 9355.3-01. 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring 
that all sample collection activities are conducted in accordance with this SOP and any 
other appropriate procedures. This will be accomplished through staff training and by 
maintaining quality assurance/quality control (QA/QC). 

3.2 The Project Chemist is responsible for ensuring that field personnel are trained in the use 
of this procedure and that decontamination is conducted in accordance with this 
procedure. 

3.3 The Quality Assurance Officer has the responsibility for periodic review of procedures 
and documentation associated with the decontamination of drilling and heavy equipment. 
If perceived variances occur, the Quality Assurance Officer is also responsible for issuing 
notices of nonconformances and requesting corrective actions. Additionally, he/she will 
perform the three phases of inspections and continuous monitoring of the 
decontamination activities. 

3.4 The Sampling Team Leader(s) is responsible for verifying that this procedure is correctly 
implemented. The Sampling Team Leader may also be required to collect and document 
rinsate samples to provide quantitative verification that these procedures have been 
correctly implemented. This SOP and the project work plans should be reviewed before 
implementing decontamination procedures at the project field area. 
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4 DEFINITIONS/MATERIALS 

4.1 Deionized Analyte-Free Water 

Ion-free, analyte-free water produced on site or purchased from a supplier with a deionization 
chamber equipped with a carbon filter. 

4.2 Potable Water 

Treated municipal water. 

4.3 Laboratory Grade Detergent 

A standard brand oflaboratory-grade detergent, such as "Liquinox". 

4.4 Methanol 

Laboratory-grade methyl alcohol, CAS #67-56-1. 

4.5 Hexane 

Laboratory-grade hexane, CAS #110-54-3. 

4.6 HPLC Water 

High purity laboratory-grade water. 

4.7 Non-sampling Equipment 

Non-sampling equipment includes: 

• Field logbook. 
• Drilling rigs, backhoes, augers, drill pipe, bits, casing, and screen. 
• High-pressure pump soap dispenser or steam-spray unit. 
• 2- to 5-gal manual-pump sprayer (pump sprayer material must be compatible with 

the solution used). 
• Stiff-bristle brushes. 
• Gloves, goggles, boots, and other protective clothing as specified in the site

specific Health and Safety Plan. 

4.8 Small Equipment 

Small equipment includes: 
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• Nalgene or Teflon, sprayers or wash bottles or 2- to 5-gal manual-pump sprayer 
(pump sprayer material must be compatible with the solution used) 

• Plastic sheeting 
• Disposable wipes or rags 
• Potable water 
• Appropriate decontamination solutions 
• Gloves, goggles, and other protective clothing as specified in the site-specific 

Health and Safety Plan 

4.9 Pumps and Pump Assemblies 

The required pumps and pump assemblies include: 

• Three or more empty 30-40 gallon containers 
• Plastic sheeting 
• 5-gal (or larger) containers of potable water and other required decontamination 

solutions 
• Disposable wipes or rags 
• Gloves, goggles, and other protective clothing as specified in the site-specific 

Health and Safety Plan. 

5 PROCEDURES 

This section contains responsibilities, requirements, and procedures for sampling equipment and 
well material decontamination. The decontamination is required in order to maintain proper 
quality and integrity of collected samples. 

The details within this SOP should be used in conjunction with the project work plans. The 
project work plans will provide the following information: 

• Types of equipment requiring decontamination under this SOP; 
• Specific materials to be used for the decontamination; and 
• Additional decontamination requirements and procedures beyond those covered in 

this SOP, as necessary. 

All field personnel associated with decontamination of sampling equipment or well materials 
must read both this SOP and the project work plans prior to implementation ofrelated 
decontamination activities. Information and requirements for the decontamination of any and all 
drilling and heavy equipment is provided in MSOP No. 6.1. 
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5.1 Decontamination Facility 

If possible, sampling equipment decontamination will take place in an area designed exclusively 
for decontamination. This area will ideally be located within the contamination reduction zone 
on the project site. Well materials may be decontaminated at the facility set up for 
decontamination of drilling and heavy equipment (see MSOP No. 6.1). 

Each decontamination facility will be constructed so that the equipment, as well as all wastes 
generated during decontamination (e.g.: soil, rinsate, liquid spray, debris, etc.), are fully 
contained. In addition, chemical products used in the decontamination process must be properly 
containerized and labeled. 

5.2 Decontamination of Non-dedicated Sampling Equipment 

Each piece of reusable, small or non-dedicated sampling equipment will be decontaminated 
before mobilization to each site and before each sampling event. The standard procedure will be 
performed as described below. 

5 .2.1 All personnel involved with the task must wear suitable personal protective equipment to 
reduce personal exposure (specified by the project work plans). 

5.2.2 Heavily caked soil and/or other material will be scraped or brushed from equipment. The 
scrapings will be placed into an appropriate container for disposal. Steam cleaning of 
equipment may be required to remove material from samplers. 

5.2.3 Equipment that will not be damaged by water should be placed into a wash tub 
containing a laboratory-grade detergent solution and scrubbed with a brush or clean cloth. 
Rinsing will then be conducted with fresh, potable water, followed by deionized water. 

5.2.4 Methanol, hexane, and HPLC water rinses may then follow for some sampler 
components when specified by the project work plans. 

5.2.5 Any equipment that may be damaged by submersion into water will be wiped clean using 
a sponge and detergent solution. Wiping the equipment with deionized water will follow 
cleaning. 

5.2.6 Air-dry the rinsed equipment. Soil organic vapor sampling equipment should be flushed 
dry with bottled air of known quality and/or as per the project work plans. 

5.2.7 Place decontaminated equipment on clean plastic sheeting to prevent contact with 
contaminated soil. If equipment is not used immediately, cover or wrap the equipment in 
clean plastic sheeting to minimize airborne contamination. 
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Dedicated sampling equipment, such as submersible pumps, will be decontaminated prior to 
installation inside monitoring wells. At a minimum, the procedure outlined below must be 
performed. If factory-cleaned, hermetically sealed materials are used, no decontamination will 
be necessary provided that laboratory certification of decontamination is submitted with the 
equipment. 

5.3.1 All personnel involved in the task will wear suitable personal protective equipment in 
accordance with the project work plans. 

5.3.2 Foot valve and pumping lines will be washed with a laboratory-grade detergent solution. 

5.3.3 The equipment will then be rinsed twice with tap water, followed by a rinse with 
deionized water. 

5.3.4 Air dry. 

5.3.5 Place decontaminated equipment on clean plastic sheeting to prevent contact with 
contaminated soil. If equipment is not used immediately, cover or wrap the equipment in 
clean plastic sheeting to minimize airborne contamination. 

5.3.6 Decontamination activities will be documented on the Field Logbook. 

5.4 Decontamination of Well Materials 

Well materials including well casing, well screens, centralizers, and end caps will be 
decontaminated prior to use in constructing monitoring wells. (If factory-cleaned, hermetically 
sealed materials are used, no decontamination will be necessary provided that laboratory 
decontamination certification is submitted with the equipment.) The standard procedure outlined 
below must be performed when decontaminating well materials. 

5.4.1 All personnel involved in the task will wear appropriate personal protective equipment in 
accordance with the project work plans. 

5.4.2 Materials will be thoroughly sprayed and washed with water using a high-pressure steam 
cleaner. 

5.4.3 Air dry. 
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5.4.4 Decontaminated materials will be placed on clean metal racks or clean plastic sheeting. 
If equipment is not used immediately, cover or wrap the equipment in clean plastic 
sheeting to minimize airborne contamination. 

5.4.5 Decontamination activities will be documented on the Facility Logbook. 

5.5 Pump Decontamination 

The following steps must be followed when decontaminating pumps: 

5.5.1 Set up decontamination area and separate clean storage area using plastic sheeting to 
cover the ground, tables, and other porous surfaces. Set up three 30-40 gallon containers 
in a triangle. The two containers at the base of the triangle will be used to contain dilute 
(non-foaming) soapy water and potable water. The drum at the apex will receive 
wastewater. Place 5-gal cans of potable water adjacent to the water container on the 
same side as the potable water container. 

5.5.2 Pump should be set up in the same configuration as for sampling. Submerge pump intake 
(or pump if submersible) and all downhole wetted parts (tubing, piping, foot valve) in 
soapy water of the first container. Place the discharge outlet in the waste container above 
the level of wastewater. 

Pump soapy water through the pump assembly until it discharges to the waste container. 

5.5.3 Move pump assembly to the potable water container while leaving discharge outlet in the 
waste container. All downhole-wetted parts must be immersed in the potable water rinse. 
Pump potable water through the pump assembly until it runs clear. 

5.5.4 Decontaminate the discharge outlet by hand following the steps outlined in Section 5.2. 
part 2 of this SOP. 

5.5.5 Remove the decontaminated pump assembly to the clean area and allow to air dry. Intake 
and outlet orifices should be covered with aluminum foil to prevent the entry of airborne 
contaminants and particles. 

5.5.6 Record the equipment type and identification, and the date, time, and method of 
decontamination in the appropriate logbook. 

5. 6 Waste Disposal 

The following steps must be followed when disposing of wastes: 

5.6.1 All wash water and rinse water that have come in contact with contaminated 
equipment are to be handled, packaged, labeled, marked, stored, and disposed of as 
investigation-derived waste unless other arrangements are approved in advance. 
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5.6.2 Small quantities of decontamination solutions may be allowed to evaporate. 

5.6.3 If large quantities of used decontamination solutions are generated, segregate each 
type of waste in separate containers. This may permit the disposal of wash water and 
rinse water in a sanitary sewage treatment plant rather than as a hazardous waste. 

5.6.4 Unless required, plastic sheeting and disposable protective clothing may be treated as a 
solid non-hazardous waste. 

6 REQUIRED FORMS 

6.1 Field Logbook. 
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DRILLING, DEVELOPMENT, AND HEAVY EQUIPMENT DECONTAMINATION 

1 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines for use by field personnel in the 
decontamination of drilling, development, and heavy equipment. The details within this SOP are 
applicable as general requirements for drilling and heavy equipment decontamination, and 
should also be used in conjunction with project work plans. 

2 REFERENCES 

2.1 EPA, September 1987, EPA Compendium of Superfund Field Operations Methods, EPA 
540/P-87/00la, OSWER 9355.0-14. 

2.2 EPA, August 1988, EPA Guidelines for Conducting Remedial Investigation and 
Feasibility Studies under CERCLA, Interim Final OSWER Directive 9355.3-01. 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator have the responsibility for 
ensuring that the decontamination of drilling and heavy equipment is properly 
performed through staff training and by maintaining quality assurance/quality control 
(QA/QC). 

3.2 The Quality Assurance Officer has the responsibility for periodic review of procedures 
and documentation associated with the decontamination of drilling and heavy equipment. 
If perceived variances occur, the Quality Assurance Officer is also responsible for issuing 
notices of nonconformances and requesting corrective actions. Additionally, he/she will 
perform the three phases of inspections and continuous monitoring of the 
decontamination activities. 

3.3 The Sampling Team Leader(s) assigned to drilling, development, trenching, or 
construction activities are responsible for ensuring that subcontractors or equipment 
operators properly decontaminate the drilling, development, and heavy equipment 
associated with those tasks. The project staff are also responsible for documenting the 
decontamination activities on the Field Logbook. 

This SOP and the project work plans should be reviewed before implementing decontamination 
procedures at the project field area. 
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4 DEFINITIONS/MATERIALS 

4.1 Laboratory Grade Detergent -
A standard brand of laboratory-grade detergent, such as "Liquinox". 

4.2 Potable Water -
Water dispensed from a municipal water system. 

5 PROCEDURE 

5.1 General 

5.1.1 This section provides requirements for the set up of a decontamination facility for 
drilling, development, and heavy equipment and the decontamination procedures to be 
followed. The project work plans will provide specific information regarding: 

• Types of equipment requiring decontamination under this SOP; 
• Location of the decontamination station; 
• Types and/or specifications on materials to be used in the fabrication of the 

decontamination station; and 
• Types of materials and additional details on the procedures to be used in the 

decontamination process. 

5.1.2 All field personnel associated with either the fabrication of the decontamination station or 
the decontamination of drilling or heavy equipment must read both this SOP and the 
project work plans prior to implementation of related decontamination activities. 
Information and requirements for the decontamination of any and all equipment used 
specifically for sampling is presented in MSOP 6.0. 

5.2 Decontamination Facility 

5.2.1 A decontamination station will be set up in an area exclusively for decontamination of 
drilling, well development, and/or heavy equipment. The location of the decontamination 
station will be specified in the project work plans. All decontamination of drilling, 
development, and heavy equipment will be conducted within the station. 

5.2.2 At a minimum, the station will be constructed such that all rinsates, liquid spray, soil, 
debris, and other decontamination wastes are fully contained and may be collected for 
appropriate waste management and disposal. The station may be as simple as a 
bermed, impermeable polyethylene sheeting, of sufficient thickness, with an 
impermeable sump for collecting rinse water. More sophisticated designs involving 
self-contained metal decontamination pads in combination with bermed polyethylene 
sheeting may also be used, depending on project-specific requirements. 
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These requirements along with specific equipment and construction specifications for 
the decontamination station will be provided in the project work plans. 

5.3 Decontamination ofDownhole Equipment 

5.3.1 All downhole drilling and development equipment (including but not limited to drill pipe, 
drive casing, drill rods, bits, tools, hailers, etc.) will be thoroughly decontaminated before 
mobilization onto each site and between borings or wells at each site or as required in the 
project work plans. The standard procedure will be performed as described below. 
Decontamination will be performed in accordance with this SOP and the project work 
plans. 

5.3.2 All personnel involved with the task must wear appropriate personal protective 
equipment to limit personal exposure (as specified in the project work plans). 

5.3.3 Equipment caked with drill cuttings, soil, or other material will initially be scraped or 
brushed. The scrapings will be containerized and appropriately disposed. 

5.3.4 Equipment will then be sprayed with potable water using a hot water, high-pressure washer. 

5.3.5 Washed equipment will then be rinsed with potable water. 

5.3.6 Decontaminated downhole equipment (such as drill pipe, drive casing, bits, tools, hailers, 
etc.) will be placed on clean plastic sheeting to prevent contact with contaminated soil 
and allowed to air dry. If equipment is not used immediately, it will be covered or 
wrapped in plastic sheeting to minimize airborne contamination. 

5.3.7 Decontamination activities will be documented by the Sampling Team Leader, lead 
geologist, or lead engineer on the Field Logbook. 

5.4 Decontamination of Heavy Equipment 

5.4.1 Heavy equipment (e.g., drill rigs, development rigs, backhoes, and other earthmoving 
equipment) will be decontaminated between drilling sites or inside the contaminant 
reduction area prior to entering and leaving an exclusion zone. Decontamination will be 
performed in accordance with the project work plans. The standard procedure will be 
performed as described below. 

5.4.1.1 All personnel involved in the task will wear appropriate personal protective equipment in 
order to limit personal exposure (as specified in the project work plans). 

5 .4.1.2 Equipment caked with drill cuttings, soil, or other material will be initially scraped or 
brushed. The scrapings will be containerized and appropriately disposed. 
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5.4.1.3 Equipment will then be sprayed with potable water using a hot water, high-pressure 
washer. 

5.4.1.4 Clean equipment will then be rinsed with potable water. 

5.4.2 During the decontamination effort, fluid systems should be inspected for any leaks or 
problems that might potentially result in an inadvertent release at the site, thereby 
contributing to the volume of waste or contamination. Any identified problems should be 
immediately repaired and documented on the Facility Activity Daily Log. 
Decontamination should then be completed before moving the equipment onto the site or 
exclusion zone. 

5.4.3 The Sampling Team Leader, lead geologist, or lead engineer will document 
decontamination activities on the Field Logbook. 

5.4.4 Between boreholes at the same site, the back-end of the drilling rigs will be washed with 
potable water until surfaces are visibly free of soil buildup. 

6 REQUIRED FORMS 

6.1 Field Logbook. 
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This Standard Operating Procedure (SOP) establishes guidelines and procedures for acquiring 
surface geophysical data. This includes the direct use of surface geophysical equipment by 
subcontractors conducting surface geophysical surveys. Additional specific surface geophysical 
procedures and requirements will be provided in the project work plans. 

Surface geophysical surveys image into the subsurface using measuring equipment that is placed 
or located upon or above the ground surface. Common applications of surface geophysics for 
environmental projects include utility clearance, buried waste delineation, plume delineation, and 
geologic or hydrologic characterization. The most common surface geophysical techniques used 
for environmental applications and therefore, covered in this SOP, include electrical resistivity, 
seismic refraction, electromagnetics (EM), ground penetrating radar (GPR), metal detectors, and 
magnetometry. 

2 REFERENCES 

Manufacturer's instructions for the specific instrument utilized shall be consulted for proper 
operation and preventive maintenance requirements. 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring 
that all surface geophysical activities are conducted and documented in accordance with 
this SOP and any other appropriate procedures. This will be accomplished through staff 
training and by maintaining quality assurance/quality control (QA/QC). 

3.2 The Quality Assurance Officer is responsible for periodic review of field-generated 
documentation associated with this SOP. The Quality Assurance Officer is also 
responsible for the implementation of corrective action (i.e., retraining personnel, 
additional review of work plans and SOPs, variances to surface geophysics requirements, 
issuing nonconformances, etc.) if problems occur. 

3.3 The Sampling Team Leader(s) assigned to surface geophysical activities is responsible 
for completing their tasks according to specifications outlined in this SOP and other 
appropriate procedures. All staff members are responsible for reporting deviations from 
the procedures to the Project Technical Coordinator. 
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4 DEFINITIONS/MATERIALS 

4.1 Electromagnetic Induction (EM or EMI) -
A method of sending electromagnetic waves into the ground and measuring the 
responding secondary electromagnetic wave. The secondary wave is generated in the 
proportion to the conductivity of the earth or objects therein. EM may be used to reveal 
utility lines, buried waste dumps, former excavations, and in some specific cases, changes 
in groundwater conductivity. 

4.2 Ground Penetrating Radar -
A method utilizing radar waves generated and propagated into the ground surface. The 
reflected (backscattered) waves are received back as data. GPR is typically used to reveal 
buried manmade objects, such as tanks, pipes, drums, etc. It may also at times be used to 
delineate backfilled excavations and waste cells. 

4.3 Magnetic Survey -
The process of accurately measuring the earth's magnetic field (on the order of 10/50,000 
of the total field). The survey reveals magnetic anomalies that may result from buried 
metal objects or rock-type differences. 

4.4 Metal Detector-
An EM tool with a specialized sensor to detect metallic objects. 

4.5 Resistivity Survey -
A geophysical method of determining the resistivity of the earth's layers. The survey is 
conducted by inducing electrical currents of into the subsurface and measuring electrical 
potential differences at points of secondary electrical fields generated in the earth in 
response to the input of electrical current. Resistivity surveys are typically used to provide 
information on subsurface lithologies and, in certain instances, plume distributions. 

4.6 Seismic Methods -
Seismic surveys are conducted by inducing seismic (acoustic) waves into the around and 

recording the arrival times at varying distances of the refracted waves. They are typically 
used to reveal buried geologic structures and contacts between rock units. 

4. 7 Materials 

• Any oflisted surface geophysical instruments or data collection devices - EM, 
GPR, magnetometer, earth resistivity, seismic. 

• Field logbook 
• Indelible black ink pens and markers 
• Survey measurement documentation forms or data sheets 
• Personal protective equipment and gear 
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• Appropriate surveying equipment for obtaining field measurements as specified in 
site-specific sampling plans 

• Survey stakes 

5 PROCEDURE 

This section contains responsibilities, requirements and procedures for conducting surface 
geophysical surveys. Selection and design of the geophysical surveys to be used on a site must 
be based upon several factors. These include but are not limited to the following: 

• Specific objectives or anticipated use of the survey (e.g., surface clearance, buried 
object identification, waste cell delineation, etc.) 

• Known or expected site-specific conditions 
• Targeted parameters and overall surface areas to be evaluated 
• Potential site-induced effects that may limit specific survey methods 
• Applicability of specific survey methods in meeting above objectives given the 

site-induced effects. 

Consequently these factors must be considered and the tests designed well before generation of 
the project work plans and implementation in the field. The project work plans will specify all 
necessary details to complete the geophysical surveys at a particular site. Surface geophysical 
survey information and specifications to be included in the project work plans will include at a 
minimum the following: 

• Objectives of the surveys 
• Type(s) of surveys to be conducted 
• Equipment to be used 
• Lay-outs of survey grids at each site or location, including sample point spacing 
• Type, duration and frequency of measurements to be made 
• Additional procedures or requirements beyond those covered in this SOP 

Subcontracted geophysical surveys will also be directed by specifications defined in Statements 
of Work for sub-contractor services, as well as the project work plans. 

5 .1 General Requirements 

The following requirements apply to all surface geophysical surveys and should be performed as 
required by the project work plans and the conditions present at each survey site. 

5.1.1 Inspect all equipment and supplies to ensure that they are in proper working order, using 
the equipment manuals provided by the equipment manufacturer. 

F-93 



Appendix F ~ 
Work Plan for the RCRA Facility Investigation at the Launch Complex-38 Site on White Sands Missile Range 

MSOPNO. 7.0 
REVISION NO. 0 
October 2001 

5.1.2 Assure that annual calibration/service by the manufacturer has been conducted as 
recommended by the manufacturer. Calibration/service records should be maintained 
in the office where the instrument is stored between investigations. A copy of the 
calibration records should be kept with the equipment at all times. More frequent 
calibration/services may be necessary if field measurements indicate possible 
instrument malfunction. 

5 .1.3 Prior to mobilization to the site, conduct appropriate decontamination as and ifrequired 
by the project work plans. 

5 .1.4 Perform field calibration checks where required by instrument manufacturer or the 
project work plans. Perform calibration (accuracy and reproducibility) checks in the field 
by reoccupying base stations at periodic time intervals. Perform the calibration checks in 
accordance with manufacturer's specifications or the project work plans. 

The calibration checks should be entered on a Field Logbook. At a minimum, this document 
should contain the following information: 

• Make and model number of the geophysical instrument. 
• Serial number of the instrument. 
• The date and time of calibration or instrument check. 
• All calibration or instrument-check measurements. 
• The name and signature of the person conducting the calibration or instrument 

check 

5 .1.5 Establish grid and stake locations or set up traverses for locations of sampling stations. 

5 .1.6 Make sure all survey and sampling locations are properly staked and the location ID is 
readily visible on the location stake. 

5 .1. 7 Include a diagram of the measurement locations with the data records on a daily basis. 
The diagram should include grid alignment, station numbering (if used), and base station 
location(s). 

5.1.8 At the termination of each survey ensure that all equipment is accounted for, and 
decontaminated as required by project work plans. 

5.1.9 Any unusual conditions or problems encountered during the survey must be recorded on 
the Field Logbook and brought to the attention of the Site Superintendent. 

5.1.10 When the activity is completed, or at the end of the day, return the instrument(s) to a 
secure area. Equipment requiring electrical charging should be placed on charge. 
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5 .1.11 It is recommended that Surface geophysical survey data be stored on diskette for retrieval 
and management. The following information should be included for each stored data field: 

• Site Location 
• Location ID (or station) 
• Date 
• Time 

Base station values and calibration measurements do not necessarily need to be recorded 
on the diskette. However, they must accompany the diskette record in paper copy. 

5.2 Surface Geophysical Surveying 

5 .2.1 Electrical Resistivity 

The electrical resistivity method uses an instrument to measure the apparent electrical resistivity 
of the subsurface. This includes the underlying soil, rock, and groundwater. An electrical 
current is introduced into the ground through surface electrodes. The resulting potential field 
(voltage) is measured at the surface between a second pair of electrodes. The procedure below 
requires the following below in addition to the general requirements listed in Section 4.2. 

5.2.1.1 Set up and operate the geophysical electrical resistivity instrument according to 
manufacturers operating instructions. Record the readings and other pertinent 
information on the appropriate forms per the project work plans. 

5.2.1.2 Calculate apparent resistivities and review plots in the field as a means of quality control. 
Sounding curves should be relatively smooth. Abrupt changes commonly occur in 
sounding and profiling data. Near-surface inhomogeneities, electrode contact problems, 
or changes in hydrogeology may cause unwanted noise. Any changes or noise should be 
identified. Corrective actions may be taken and the survey re-run if significant 
improvement to the survey may be attained. 

5 .2.1.3 Any identified noise problems, corrective actions taken, and re-runs should be noted in 
the Field Logbook. 

5.2.2 Seismic Refraction 

Seismic refraction techniques use instruments to determine the travel time or velocity of seismic 
waves within layers and interpret the thickness and depth of geologic units and other subsurface 
features. Other potential applications include the location of the water table and definition of 
burial pits and trenches. The procedure requires the following elements below in addition to the 
general requirements listed in Section 4.2. 
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5.2.2.1 Verify that factory maintenance and calibration has been conducted as recommended 
by the equipment manufacturer. Manufacturer maintenance should include the 
electronic calibration of the seismograph timing circuits. 

5.2.2.2 Check the seismic signal and noise conditions on the instrument display to verify the 
proper functioning of the source geophones and trigger cables. 

5.2.2.3 If possible, obtain or install boring logs before the survey in order to detect hidden 
layers or velocity inversions. 

5.2.2.4 Set up and operate the geophysical seismic refraction instrument according to 
operating instructions supplied by the manufacturer. Record the readings and other 
pertinent information on the appropriate forms. 

5.2.2.5 Where possible collect seismic data where known geologic information is available to 
establish background responses. This information is useful for evaluating complex 
site conditions. 

5.2.2.6 Make a hard copy of the data if the data output is on paper records. 

5.2.2.7 In cases where paper records are not produced, plot arrival time picks made from the 
electronic display on a time/distance graph in the field. Problems with improper 
picks are often discovered through an early inspection of these plots. 

5.2.2.8 Review all output and records of the survey, identifying any potential problems 
requiring corrective actions. 

5.2.2.9 Implement corrections and re-run the survey as appropriate and if significant 
improvement to the survey may be attained. 

5.2.2.10 Any identified problems, corrective actions taken, and re-runs should be noted in the 
Field Logbook. 

5.3 Electromagnetics 

The EM survey detects lateral and vertical variations of electrical conductivity in the subsurface 
environment. EM is used for the assessment ofhydrogeologic conditions, and identification and 
mapping of contaminant plumes, trench boundaries, buried conductive wastes, steel drums, and 
metallic utility lines. The procedure requires the following elements in addition to the general 
requirements listed in Section 4.2. 

5.3.1 Establish a local standard site in the field. This will provide a reference base station 
to check the instrument's performance and allow correlation between instruments. 
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5.3.2 Check the signal and noise conditions on the instrument display to verify proper 
functioning and assure the correct setting of the instrument. 

5.3.3 Before conducting the survey, select a temporary site on location for daily base station 
measurements and calibration checks. Calibration checks should be made twice daily, 
before and after conducting daily survey operations. Readings will repeat within 
approximately 10 percent. 

Note: Do not make calibration checks in the presence of sources of cultural interference 
like power lines or buried utilities. Make them on a relatively flat surface outside of 
topographic lows and away from areas that may include subsurface waste materials. 

5.3.4 Operate the EM instrument according to operating instructions supplied by the 
manufacturer. Record instrument sensitivity settings, readings and all other pertinent 
information on the appropriate forms. When using an automatic recording device, 
enter the readings from the first and last stations of each traverse. Compare these data 
to data from the automatic recorder at the end of each day. Recorded data and field
transcribed data must agree to within ±5 percent to meet acceptability requirements. 

5.3.5 The field operating party should check instrument stability when there is local or 
distant thunderstorm activity. Electromagnetic radiation from thunderstorms can 
generate noise in the EM system. Operations may have to be postponed during 
thunderstorms. 

5 .3 .6 Review all output and records of the survey, identifying any potential problems 
requiring corrective actions. 

5 .3. 7 Implement corrections and re-run the survey as appropriate and if significant 
improvement to the survey may be attained. 

5.3.8 Any identified problems, corrective actions taken, and re-runs should be noted in the 
Field Logbook. 

5.4 Ground Penetrating Radar 

GPR uses high frequency radio waves to acquire subsurface information. The method produces 
a continuous cross-sectional image or profile of shallow subsurface conditions. The procedure 
below requires the following elements in addition to the general requirements listed in 
Section 4.2. 

5.4.1 Calibration and calibration checks of the radar system requires the process described 
below: 

• Accurately determine the total time window (range) set by the operator. 
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• Determine or estimate the electromagnetic velocity (or travel time) of the local 
soil/rock condition. 

• Calibrate the time window picked for the survey by using a signal calibrator in the 
field. This device is used to produce a series of time marks on the graphic display 
measured in nanoseconds. These pulses are counted to determine the total time of 
the radar unit. A calibration curve can be designed for each radar system. 

• If possible, use known trenches, buried pipes, and road culverts to provide a radar 
target of known depth. The depth of a known target, a radar record taken over the 
known target, and a time scale provided by the signal calibrator will provide a 
basic calibration record. From these data, a velocity can be accurately determined 
at the given target location from the following equation: 

v = 2d/t 

The average dielectric constant of the soil is then calculated using 

Er = c 2 /v 2 = 1 /v 
Where: 

v1 =Average electromagnetic wave velocity, feet/nanosecond 
t = Two-way travel time, nanoseconds 
d =Distance of antenna to the buried object, feet 
Er= Average relative dielectric constant of the soil (unitless) 
c = Velocity of light in air equal to 1 foot/nanosecond 
v2 = Average electromagnetic wave velocity of the soil, feet/nanosecond 

Note: The above assumes a soil with a relative magnetic permeability of 1 (unitless). If 
significant changes in soil type or moisture content occur with depth, velocity will not be the 
same throughout the vertical radar profile. Therefore, the vertical radar depth scale will be 
nonlinear. 

This approach will provide calibration at a specific site, however, this assumes that 
conditions in other areas are the same as the calibration area. Calibration should be 
repeated at each new site. 

5.4.2 Repeat a short GPR traverse twice daily over a known feature before and after conducting 
daily operations to insure those changing soil conditions, rather than the electronics 
causes readings. 

5.4.3 Conduct the GPR traverse at the sites or locations specified in the project work plans. 

5.4.4 Record calibration, instrument settings, measurements and all other pertinent information 
on the appropriate forms. 
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5 .4.5 Print out and review all hardcopies and records of the survey, identifying any potential 
problems requiring corrective actions. 

5 .4.6 Implement corrections and re-run the survey as appropriate and if significant 
improvement to the survey may be attained. 

5.4.7 Any identified problems, corrective actions taken, and re-runs should be noted in the 
Field Logbook. 

5.5 Metal Detection 

Metal detectors are electromagnetic devices designed to locate metallic objects buried near the 
surface. In hazardous waste site investigations, metal detectors are invaluable for detecting 
utility lines, survey markers, steel drums buried at shallow depths, and delineating areas that may 
potentially include metallic waste materials. 

Metal detectors respond to nearby metallic objects in a relative way. For instance, closer or large 
metallic objects create a greater output level than more distant or smaller ones. An experienced 
operator can usually make a reasonably accurate estimate of target size and depth. Metal 
detection survey requirements at a minimum include: 

5 .5 .1 Set up and operate the metal detector according to operating instructions supplied by the 
manufacturer. 

5.5.2 Record the readings and all other pertinent information on the appropriate forms as 
outlined in the project work plans. 

5.5.3 Review all data and records of the survey, identifying any potential problems requiring 
corrective actions. 

5 .5 .4 Implement corrections and re-run the survey as appropriate and if significant 
improvement to the survey may be attained. 

5.5.5 Any identified problems, corrective actions taken, and re-runs should be noted in the 
Field Logbook. 

5.6 Magnetometer 

Magnetometer surveys are used to locate metallic objects buried near the surface such as well 
casings, utility lines, steel drums, and tanks. They may also be used to delineate trenches and 
landfills. Ferrous metal objects carried by the operator will have a detrimental effect on the 
accuracy of the magnetometer data. Therefore, the survey team should not wear metal items like 
rings, watches, belt buckles, coins, and steel-toed boots. 
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Total field and vertical field measurements may be corrected for the diurnal variation of the 
earth's magnetic field by employing a reference base station magnetometer. Changes in the 
earth's field are removed by adding or subtracting variations of fixed base station readings from 
the moving survey data. Gradiometers do not require the use of a base station because they 
inherently eliminate time variation in the data. Requirements are as follows: 

5.6.1 Conduct a swing sensor test with the proton precision magnetometer before initiating 
operations at a site and at least once more during the day. Four readings with the sensor 
oriented 90° to the other readings should be taken with the operator moving with the 
sensor. Variations greater than one gamma should not be observed. Correct any 
directional bias by washing the sensor with ordinary soap and water and maintaining an 
adequate distance between the sensors and battery pack. 

5.6.2 Obtain a daily background reading in the immediate vicinity of the site to be surveyed. 
This reading should be outside the influence of all possible sources of cultural magnetic 
fields (e.g., power lines or pipelines). This daily background reading should repeat to 
within reasonable diurnal variations in the earth's magnetic field. 

5.6.3 Take base station readings to remove the effects of the diurnal variation of the earth's 
magnetic field from the data. Periods of rapid variation may be documented at a 
permanent base station, set up at the site, where continuous readings are automatically 
recorded approximately every 10 to 15 minutes. Alternatively, a base station(s) may be 
reoccupied during the survey at intervals of 45 to 60 minutes. 

5.6.4 Collect survey data and record on the appropriate form per the project work plans. Take 
readings within 10 seconds of each other. Site locations influenced by cultural magnetic 
fields should be recorded in the logbook. Take three to four sequential readings and 
record time when recording data manually. In the absence of magnetic storms, the 
readings should compare within several tenths of a gamma. Repeatability during 
magnetic storms may degrade to one gamma or more. 

5.6.5 The use of automatic recording magnetometers requires recording the magnetometer 
readings for the first and last station of each traverse in a logbook. Compare the data 
recorded in the logbook with data from the automatic recording device. Data recorded in 
the logbook should be within one gamma of the values derived from the recording device. 

5.6.6 During cold weather, maintain the battery pack for a fluxgate magnetometer at a 
relatively warm temperature. This is most easily accomplished by surveying with the 
battery pack beneath the operator's coat or jacket. 

6 REQUIRED FORMS 

6.1 Field Logbook 
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This Standard Operating Procedure (SOP) provides procedures and requirements for the 
installation of monitoring wells using rotary, dual-tube percussion, or hollow-stem auger drilling 
techniques. Monitoring wells are installed to provide access to groundwater for collecting 
samples, as well as for obtaining water level and other data. Because monitoring wells are used 
to collect samples, it is important that construction materials not interfere with sample quality 
either by contributing contaminants or by sorbing contaminants already present. Further, 
construction materials must be compatible with (i.e., not degraded by) contaminants present in 
soils or groundwater. 

Monitoring wells are potential contaminant migration routes between aquifers or from the 
surface to the subsurface. Construction procedures and standards must ensure that neither 
passive nor active introduction of contaminants can occur. Properly installed hydraulic seals and 
locking well covers reduce the potential for cross-contamination of monitoring wells. The 
details within this SOP should be used in conjunction with specific project work plans. 

2 REFERENCES 

2.1 U.S. Environmental Protection Agency (EPA), Manual of Water Well Construction 
Practices, U.S. Environmental Protection Agency, Office of Water Supply, U.S. 
Government Printing Office, Washington D.C. 

2.2 U.S. Environmental Protection Agency (EPA), 1986, Resource Conservation and 
Recovery Act (RCRA) Ground Monitoring Technical Enforcement Guidance Document, 
OSWER-9950.1, U.S. Environmental Protection Agency, Office of Solid Waste and 
Emergency Response, U.S. Government Printing Office, Washington D.C. 

2.3 U.S. Environmental Protection Agency (EPA), 1987, A Compendium of Superfund Field 
Operations Methods, EPA-500/P-87/001, U.S. Government Printing Office, Washington 
D.C. 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring 
that all monitoring well installation activities are conducted and documented in 
accordance with this and any other appropriate procedures. This will be accomplished 
through staff training and by quality assurance/quality control (QA/QC) monitoring 
activities. 
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3.2 The Quality Assurance Officer is responsible for periodic review of well installation 
activities to assure implementation of this SOP. The Quality Assurance Officer is also 
responsible for the review and approval of corrective action (i.e., retraining personnel, 
additional review of work plans and SOPs, variances to monitoring well installation 
requirements, issuing nonconformances, etc.) identified during the performance of these 
activities. 

3.3 The Sampling Team Leader(s) assigned to monitoring well installation activities is 
responsible for completing their tasks according to specifications outlined in this SOP 
and other appropriate procedures. All staff members are responsible for reporting 
deviations from the procedures to the Project Technical Manager or Technical 
Coordinator. 

4 DEFINITIONS/MATERIALS 

4.1 Cuttings 

Pieces of soil, sediment, or rock cut by a bit in the process of drilling borings. 

4.2 Borehole 

Any hole drilled into the subsurface for the purpose of identifying lithology, collecting soil 
samples, and/or installing groundwater wells. 

4.3 Grout 

For the purposes of this SOP, the term "grout" consists of a neat cement grout generally 
containing three to five percent bentonite powder to water by weight. The grout is emplaced as a 
slurry, and once properly set and cured, is capable ofrestricting movement of water. 

4.4 Hollow-Stem Auger Drilling 

A drilling method using augers with open centers. The augers are advanced with a screwing or 
rotating motion into the ground. Cuttings are brought to the surface by the rotating action of the 
augers, thereby clearing the borehole. 

4.5 Air Rotary Casing Hammer Drilling 

A drilling method using a non-rotating drive casing that is advanced simultaneously with a 
slightly smaller diameter rotary bit attached to a string of drill pipe. The drive casing is a heavy
walled, threaded pipe that allows for pass-through of the rotary drill bit inside the center of the 
casing. Air is forced down through the center drill pipe to the bit, and then upward through the 
space between the drive casing and the drill pipe. The upward return stream removes cuttings 
from the bottom of the borehole. 
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For the purposes of this monitoring well installation SOP, the term "mud rotary drilling" refers to 
direct circulation (as opposed to reverse circulation) mud rotary drilling. Mud rotary drilling 
uses a rotating drill bit that is attached to the lower end of a string of drill pipe. Drilling mud is 
pumped down through the inside of the drill pipe and out through the bit. The mud then flows 
upward in the annular space between the borehole and the drill pipe, carrying the cuttings in 
suspension to the surface. 

4.7 Dual-tube Percussion Drilling 

A drilling method using non-rotating drive casing with a bit on the bottom of the casing string. 
A smaller diameter tube or drill pipe is positioned inside the drive casing. The drive casing is 
advanced by the use of a percussion hammer, thereby causing the bit to cut or break up the 
sediment or soil at the bottom of the boring. Air is forced down the annular space between the 
drive casing and inner drill pipe and cuttings are forced up the center of the inner drill pipe. 

4.8 Monitoring Well 

A well that provides for the collection of representative groundwater samples, the detection and 
collection of representative light and dense nonaqueous phase organic liquids, and the 
measurement of fluid levels. 

4.9 Annular Space 

The space between: 

• Concentric drill pipes; 
• An inner drill pipe and outer drive casing; 
• Drill pipe or drive casing and the borehole wall; or 
• Well screen or casing and the borehole wall. 

4.10 Filter Pack 

Granular filter material (sand, gravel, etc.) placed in the annular space between the well screen 
and the borehole to increase the effective diameter of the well and prevent fine-grained material 
from entering the well. 

4.11 Well Screen 

A perforated, wire wound, continuous wrap or slotted casing segment used in a well to maximize 
the entry of water from the producing zone and to minimize the entrance of sand. 
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4.12 Tremie 

A tubular device or pipe used to place grout, bentonite, or filter pack in the annular space. 

5 PROCEDURES 

5 .1 Well Installation Procedures 
This section contains the procedures for monitoring well installation activities. The procedures 
described herein are applicable as requirements for monitoring well installations using mud rotary, 
air rotary, air rotary casing hammer, dual tube percussion, or hollow-stem auger drilling techniques. 
Site-specific factors need to be considered in the selection of well construction and completion 
materials, specification of well designs, and choosing well drilling methods. These factors will be 
incorporated in project planning activities and the compilation of specific project work plans. The 
project work plans will contain the following information related to monitoring well installation: 

• Objectives of the monitoring well 
• Specific location of the well to be installed 
• Zone or depth well is to be installed 
• Drilling method(s) to be used 
• Well construction materials to be used 
• Specification of well design(s) including Well Construction Diagrams. 
• Additional procedures or requirements beyond this SOP. 

5.1.1 Before mobilization of a rig to the well site, ensure that the monitoring well location 
has been appropriately cleared of all underground utilities, buried objects, and that 
drill permits have been issued per the project work plans. Review all forms and 
diagrams documenting the location of the cleared monitoring well site and the location 
of any identified underground utility lines or other buried objects. 

5.1.2 Decontaminate all downhole equipment and well construction materials before 
monitoring well installation, as described in MSOP 6.0. Decontaminate the drilling rig 
and all drilling equipment before monitoring well installation per MSOP 6.1. 

5 .1.3 Clear the work site of all brush and minor obstructions and then mobilize the rig to the 
monitoring well location. The rig geologist or engineer should then review with the 
driller the proposed well design and details of the well installation including any 
anticipated potential drilling or completion problems. 

5.1.4 Calibrate health and safety monitoring equipment according to the instrument 
manufacturer's specifications. Document the calibration results on the appropriate 
form(s). Instruments that cannot be calibrated according to the manufacturer's 
specifications will be removed from service and tagged. 
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5.1.5 Workers will be provided with, and don, the appropriate personal protective equipment 
as specified by the project work plans. Typically, the minimum personal protection 
will include a hard hat, safety glasses, gloves, steel-toed boots, hearing protection, and 
coveralls. 

5.1.6 Commence drilling and advance the borehole while conducting health and safety 
monitoring according to the project work plans. Perform readings as often as 
necessary to ensure the safety of workers. Record all measurements on the Field 
Logbook. Record all other pertinent information (date, site, well or boring number, 
and location) on the Field Logbook. Also note and record observed field conditions, 
any unusual circumstances, and weather conditions. Drilling of the borehole should be 
conducted in conformance with applicable SOPs, as appropriate. 

5.1. 7 During drilling, collect representative cutting and soil samples as required by the project 
work plans. Compile a boring or lithologic log from the cuttings and samples per MSOP 
10.0. 

5.1.8 At total depth, remove soil cuttings through circulation or rapidly spinning the augers 
prior to constructing the well. Review logs and notes with the driller for any zones or 
depths exhibiting drilling problems that may affect the well installation. Condition the 
hole or take other actions mutually agreed upon by the rig geologist (or engineer), lead 
technical personnel, and the driller to ensure or aid in the well development. 

5.1.9 Remove the drill pipe and bit if using rotary techniques, or remove the center bit boring if 
using the hollow-stem auger technique. The well construction materials will then be 
installed inside the open borehole or through the center of the drive casing or augers. 

5 .1.10 Measure the total depth of the completed boring using a weighted sounding line. The 
borehole depth is checked to assure that formation material has not heaved to fill the 
borehole. If heaving has taken place, options for cleaning, re-drilling, or installation in 
the open section of the boring should be discussed with lead technical personnel. 

5 .1.11 In the event that the hole was over-drilled, grout, bentonite pellets, or bentonite chips (as 
specified in the project work plans) may be added to the bottom of the boring to raise the 
bottom of the hole to the desired depth. The grout should be pumped through a tremie 
pipe and fill from the bottom of the boring upward. During grouting, the tremie pipe 
should be submerged below the top of the grout column in the borehole to prevent free
fall and bridging. Ifbentonite is used, it should be added gradually to prevent bridging. 
Grout or bentonite addition will stop when its level has reached no closer than 
approximately one foot below the desired base of the well string (casing, screen, end plug 
or sump, etc.). The bentonite plug will be hydrated for at least one hour before 
installation of a filter pack. 
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5.1.12 Calculate volumes of filter pack, bentonite pellets/slurry, and grout required, based on 
borehole and well casing dimensions. If required by the project work plans, determine 
the filter pack and well screen slot size for the monitoring well. 

5.1.13 Place a layer of filter pack (one to two feet, unless otherwise specified in the project
specific work plans) at the bottom of the borehole. The filter pack will be installed 
through the center of the drive casing/augers. Filter pack will be added slowly while 
withdrawing the drive casing/augers. 

5 .1.14 Inspect the casing, screen, and any other well construction materials prior to installation 
to assure that no damage has occurred during shipment and decontamination activities. 

5 .1.15 Connect and carefully lower the well string through the open borehole, drive casing, or 
inside of the augers until the well string is at the desired depth. The well string should be 
suspended by the installation rig and should not rest on the bottom of the boring. In the 
event the well string was dropped, lowered abruptly, or for any other reason suspected of 
being damaged during placement, the string should be removed from the boring and 
inspected. In certain instances, the well string may rise after being placed in the borehole 
due to heaving sands. If this occurs, the driller must not place any drilling equipment 
(drill pipe, hammers, etc.) to prevent the casing from rising. The rig geologist or 
engineer shall note the amount of rise and then shall consult the lead technical personnel 
for an appropriate course of action. 

5.1.16 Record the following information on the As-Built Well Completion Form and/or other 
appropriate forms per the project work plans: 

• Length of well screen 
• Total depth of well boring 
• Depth from ground surface to top of grout or bentonite plug in bottom of borehole 

(if present) 
• Depth to base of well string 
• Depth to top and bottom of well screen. 

5.1.17 When using the mud rotary drilling technique, tremie the filter pack into the annular 
space around the screen. Clean, potable water may be used to assist with the filter pack 
tremie operation. For all other drilling techniques, the filter pack may be allowed to free
fall or be tremied per the project work plans. If using drive casing or augers, the drive 
casing or augers should be pulled slowly during filter pack installation in increments no 
greater than five feet. 

5 .1.18 Filter pack settlement should be monitored by initially measuring the sand level 
(before beginning to withdraw the drive casing/augers). In addition, depth soundings 
using a weighted tape shall be taken repeatedly to continually monitor the level of the 
sand. The top of the well casing shall also be monitored to detect any movement due to 
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settlement or from drive casing/auger removal. If the top of the well casing moves 
upwards at any time during the well installation process, the driller should not be allowed 
to set drilling equipment (downhole hammers, drill pipe, etc.) on the top of the casing to 
prevent further movement. 

5 .1.19 Filter pack should be added until its height is approximately two feet above the top of the 
screen (unless otherwise specified in the project work plans), and verification of its 
placement (by sounding) should be conducted. The filter pack should then be gently 
surged using a surge block or swab in order to settle the pack material and reduce the 
possibility of bridging. 

5 .1.20 The height of the filter pack will then be re-sounded and additional filter pack placed as 
necessary. Once the placement of the filter pack is completed, the depth to the top of the 
pack is measured and recorded on the As-Built Well Completion Form or other 
appropriate forms per the project work plans. 

5.1.21 A three-foot thick (unless otherwise specified in the project work plans) bentonite seal is 
then installed on top of the filter pack. If pellets or chips are used, they should be added 
gradually to avoid bridging. Repeated depth soundings will be taken using a weighted 
tape to ascertain the top of the bentonite seal. The seal should be allowed to hydrate for 
at least one hour before proceeding with the grouting operation. 

5 .1.22 After hydration of the bentonite seal, grout is then pumped through a tremie pipe and 
filled from the top of the bentonite seal upward. The bottom of the tremie pipe should be 
maintained below the top of the grout to prevent free fall and bridging. When using drive 
casing or hollow-stem auger techniques, the drive casing/augers should be raised in 
incremental intervals, keeping the bottom of the drive casing/augers below the top of the 
grout. Grouting will cease when the grout level has risen to within approximately one to 
two feet of the ground surface, depending on the surface completion type (flush mount 
versus aboveground). Grout levels should be monitored to assure that grout taken into 
the formation is replaced by additional grout. If settling of the grout occurs, additional 
topping off of the grout may be necessary. 

5.1.23 For aboveground completions, the protective steel casing will be centered on the well 
casing and inserted into the grouted annulus. Prior to installation, a 2-inch deep 
temporary spacer shall be placed between the PVC well cap and the bottom of the 
protective casing cover to keep the protective casing from settling onto the well cap. 

5.1.24 After the protective casing has set, a drainage hole may be drilled into the protective 
casing ifrequired by the project work plans. The drainage hole is positioned 
approximately two inches above ground surface. The protective casing will be painted 
with a rust-preventive colored paint. 
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5.1.25 The well head will be labeled to identify, at a minimum, the well number. 

5 .1.26 A minimum of 24 hours after grouting should elapse before installation of the concrete 
pad and steel guard posts for aboveground completions, or street boxes or vaults for flush 
mount completions. 

5.1.27 For aboveground completions, a concrete pad, usually 3-foot by 3-foot by 4-inch thick, is 
constructed at ground surface around the protective steel casing. The concrete is sloped 
away from the protective casing to promote surface drainage from the well. 

5.1.28 For aboveground completions, where traffic conditions warrant extra protection, three 
steel bucking posts will be embedded to a depth approximately 1.5 feet below the top of 
the concrete pad. The posts will be installed in concrete filled postholes spaced equally 
around the well at a distance of approximately 1.5 feet from the protective steel casing. 
Where removal of bucking posts is required for well access, mounting sleeves should be 
imbedded into the concrete. 

5 .1.29 For flush mount (or sub grade) completions, a street box or vault is set and cemented in 
position. The top of the street box or vault will be raised slightly above grade and the 
cement sloped to grade to promote surface drainage away from the well. 

5.1.30 Following well completion and demobilization of the rig, the well site should be cleared 
of all debris and trash and restored to a neat and clean appearance per the project work 
plans. All investigation-derived waste generated at the well site should be appropriately 
contained and managed per the project work plans. 

6 REQUIRED FORMS 

6.1 Well Construction Diagram 

6.2 Field Logbook 

6.3 Lithologic/Soil Boring Log 

6.4 As-Built Well Completion Form 
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This Standard Operating Procedure (SOP) establishes guidelines for specifying, assessing and 
documenting the well development process. Additional specific well development procedures 
and requirements will be provided in the project work plans. Monitoring wells are developed to 
remove skin (i.e., near-well-bore formation damage), well drilling fluids, sediments, and to settle 
and remove fines from the filter pack. Wells should not be developed within 48 hours after 
completion when a cement bentonite grout is used to seal the annular space, or within 7 calendar 
days beyond internal mortar collar placement. 

2 REFERENCES 

2.1 U.S. Environmental Protection Agency (EPA), August 1988, Guidance for Conducting 
Remedial Investigation and Feasibility Studies under CERCLA, Interim Final OSWER 
Directive 9355.3-01. 

2.2 U.S. Environmental Protection Agency (EPA), 1987, A Compendium o(Superfund Field 
Operations Methods, EPA-540/P-87/00la, U.S. Government Printing Office, Washington D.C. 

2.3 ASTM, 1988, Standards Technology Training Program - Groundwater and Vadose Zone 
Monitoring, Nielsen, et al. 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring 
that monitoring wells are properly developed and that the development process is 
properly documented. This will be accomplished by staff training and by maintaining 
quality assurance/quality control (QA/QC). 

3.2 The Quality Assurance Officer is responsible for periodic review of field generated 
documentation associated with well development. If deviations from project 
requirements occur, the Quality Assurance Officer is also responsible for issuing notices 
of nonconformances and requests for corrective action. 

3.3 The Sampling Team Leader(s) is responsible for conducting monitoring well 
development and documentation in accordance with the specifications outlined in this 
SOP and by the project work plans. 
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4 DEFINITIONS/MATERIALS 

4.1 Well Development -
The act of removing fine grained sediment and drilling fluids from the sand pack and 
formation in the immediate vicinity of the well, thus increasing the porosity and 
permeability of the materials surrounding the intake portion of the well. 

4.2 Eductor Pipe -
The pipe used to transport well discharge water to the surface. 

4.3 Materials 

• Submersible pump or bailer. 
• Power source (e.g., generator), ifrequired. 
• Electronic water level indicator and/or oil/water interface probe. 
• Temperature, conductivity, pH, and turbidity meters. 
• Personal protective equipment as specified in the project Health and Safety Plan. 
• Organic vapor meter (MicroTip, OVM, HNU, etc.). 
• Teflon-coated stainless steel cable or acceptable material. 
• Monitorin Well Development Record (attached). 

5 PROCEDURE 

5.1 General 

5 .1.1 The most common methods used to develop monitoring wells consist of surging and 
bailing, surging and pumping, or combinations of all these. 

5.1.2 The project work plans will identify the specific well development procedure to be 
followed. The standard procedure for field personnel to use in assessing and 
documenting well development is described below and is intended only for development 
methods listed above. 

5 .2 Well Development 

5.2.1 Decontaminate the rig and development equipment in accordance with MSOPs 6.0 and 
6.1, respectively. 

5.2.2 Calibrate all field analytical test equipment (pH, temperature, conductivity, and turbidity) 
according to the instrument manufacturer's specifications and MSOP No. 4.0. Specific 
test equipment to be used should be identified in the project-specific work plans. 
Instruments that cannot be calibrated according to the manufacturer's specifications will 
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be removed from service, tagged with an out of calibration label, and segregated (when 
possible) from the calibrated equipment area. 

An exception to the daily calibration requirements will be made in the case of the water 
level meters. The tape of these instruments will be checked prior to the beginning of the 
project and each succeeding six months using a steel surveyor's tape. 

5.2.3 Visually inspect the well to ensure that it is undamaged, properly labeled and secured. 
Any observed problems with the well head should be noted in the Field Logbook and 
reported to the Sampling Team Leader(s). 

5.2.4 Unlock the well and obtain a depth to water level measurement according to the 
procedures outlined in MSOP No. 5.0. Calculate the volume of water in the well (cased 
well volume) as follows: 

7r x ( d/2 )2 x (h1 - h2) x 7.48 = cased well volume (in gallons) 
Where 
d =inside diameter of well casing (in feet) 
h1 =depth of well from top of casing (in feet) 
h2 =depth to water from top of casing (in feet) 

5.2.5 The depth to the bottom of the well should be sounded and then compared to the 
completion form or diagram for the well. If sand or sediment is present inside the well, it 
should first be removed by surging and bailing. Do not insert hailers, pumps, or surge 
blocks into the well if obstructions, parting of the casing, or other damage to the well is 
suspected. Instead report the conditions to the Site Superintendent and obtain approval to 
continue or cease well development activities. 

5.2.6 Begin development by first gently surging followed by bailing or pumping. This is then 
continued with alternate surging and bailing or pumping. At no time should the surge 
block be forced down the well if excessive resistance is encountered. During 
development, the bailer should not be allowed to free-fall or descend rapidly such that it 
becomes lodged in the casing or damages the end cap or sediment trap at the bottom of 
the well. 

5.2.7 While developing, take periodic water level measurements (at least one every five 
minutes) to determine if drawdown is occurring and record the measurements on the 
Monitoring Well Development Record. 

5.2.8 While developing, calculate the rate at which water is being removed from the well. 
Record the volume on the Monitoring Well Development Record. 
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5.2.9 While developing, water is also periodically collected directly from the eductor pipe or 
bailer discharge and readings taken of the indicator parameters: pH, specific conductance, 
and temperature. The water color and clarity will be noted and recorded. Development 
is considered complete when the indicator parameters have stabilized (i.e., three 
consecutive pH, specific conductance, and temperature readings are within tolerances 
specified in the project work plans), and a minimum of three well volumes of water have 
been removed. In certain instances, for slow recharging wells, the parameters may not 
stabilize. In this case, well development is considered complete upon removal of the 
minimum of three well volumes. In some cases, the project work plans may also specify 
a maximum turbidity requirement for completion of development. 

5.2.10 Obtain a water level and turbidity measurement at the completion of development. 

5.2.11 Complete documentation of the well development event on the Monitoring Well 
Development Record form. At a minimum this record must contain: 

• Project name and number 
• Well identification number 
• Well depth, casing size, and completion date 
• Method of development 
• Volume of water removed 
• Water levels (including the time of measurement) 
• Physical description of the water (e.g., discoloration, turbidity, odor, etc.) and 

solids removed from the well 
• Test equipment readings for pH, conductivity, temperature and turbidity 

(including the time of collection) 
• Signature of the well development observer. 

5.2.12 Collect and appropriately transport and dispose of water removed from the well in 
accordance with criteria listed in the project-specific work plans and regulatory 
requirements. 

5.2.13 Allow the well to recover for at least 24 hours prior to sampling. 

6 REQUIRED FORMS 

6.1 Well Development Record Form 
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MONITORING WELL DEVELOPMENT RECORD 

INSTALLATION WELL ID DATE TIME 

PERFORMED BY WATER LEVEL TOTAL DEPTH 

INITIAL FINAL INITIAL FINAL 

DEVELOPMENT METHOD SURGE TECHNIQUE 

FIELD MEASUREMENTS 

Time 
Cum. Volume Water Quality 

Comments 
(gal) Temp pH Cond Turbidity 

TOTAL VOLUME COMMENTS 
REMOVED 

DEVELOPMENT TIME 
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This Standard Operating Procedure (SOP) establishes guidelines and procedures for use by field 
personnel in the collection and documentation of ground water samples for chemical analysis. 
Proper collection procedures are necessary to assure the quality and integrity of all ground water 
samples. Additional specific procedures and requirements will be provided in the project work 
plans, as necessary. 

2 REFERENCES 

2.1 EPA, September 1987, Compendium o(Super(und Field Operations Methods, EPA 
540/P-87/00la, OSWER 9355.0-14. 

2.2 EPA, August 1988, EPA Guidance (or Conducting Remedial Investigation and 
Feasibilitv Studies Under CERCLA, Interim Final OSWER Directive 9355.3-01. 

2.3 ASTM, 1988, Standards Technology Training Program - Groundwater and Vadose Zone 
Monitoring, Nielsen, et al. 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring 
that all sample collection activities are conducted in accordance with this SOP and any 
other appropriate procedures. This will be accomplished through staff training and by 
maintaining quality assurance/quality control (QC/QC). 

3.2 The Quality Assurance Officer is responsible for periodic review of field generated 
documentation associated with this SOP. The Quality Assurance Officer is also 
responsible for implementation of corrective action (i.e., retraining personnel, additional 
review of work plans and SOPs, variances to QC sampling requirements, issuing 
nonconformances, etc.) if problems occur. 

3.3 The Sampling Team Leader(s) assigned to ground water sampling activities is 
responsible for completing their tasks according to specifications outlined in this SOP 
and other appropriate procedures. All staff members are responsible for reporting 
deviations from procedures to the Project Technical Coordinator. 

4 DEFINITIONS/MATERIALS 
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4.1 Bladder Pump 

A bladder pump is an enclosed cylindrical tube containing a flexible membrane bladder. Well 
water enters the bladder through a one-way check-valve at the bottom. Gas is forced into the 
annular space (positive displacement) surrounding the bladder through a gas supply line. The gas 
displaces the well water through a one-way check-value at the top. The water is brought to the 
surface through a water discharge line. Compressors or cylinders provide gas (air or nitrogen). 

4.2 Peristaltic Pump 

A peristaltic pump is a self-priming, low volume pump consisting of a rotor and a ball bearing 
roller. The rotors squeeze tubing placed around the rotor as they revolve. The squeezing 
produces a wavelike contractual movement that causes water to be drawn through the tubing. 
The peristaltic pump is limited to sampling at depths of less than 25 feet. 

4.3 Electric Submersible Pump 

An electric submersible pump is an enclosed cylindrical tube containing a motor with rotary 
attachments. Well water enters the cylinder through a one-way check valve. Electrical power to 
the motor causes rotors or impellers to tum and pump the groundwater to the surface. 

4.4 Bailer 

A bailer is an enclosed cylindrical tube containing a ball check-valve at the bottom. Lowering 
the bailer into water causes the ball to move off of it's seal allowing water to enter the cylinder. 
Raising the bailer through the water causes the ball to settle, creating a seal so as to trap the 
water in the bailer so that it can be brought to the surface. 

4.5 Dedicated Ground Water Monitoring Equipment 

Dedicated ground water monitoring equipment is used to purge and sample only one well. The 
equipment is installed and remains in the well for the duration of the monitoring program. 
Dedicated equipment does not need to be decontaminated between sampling events. 

4.6 Materials: 

• Clean rope or wire line of sufficient length for conditions. 
• Appropriate sample containers with labels and preservatives, as required. 
• Hard plastic or steel cooler with cold packs (or ice) for samples. 
• Temperature, pH, conductivity, and turbidity meters. 
• Equipment calibration standards. 
• Electronic water level indicator. 
• Organic vapor meters. 

F-116 



Appendix F~ 
Work Plan for the RCRA Facility Investigation at the Launch Complex-38 Site on White Sands Missile Range 

• Plastic sheeting, if needed. 
• 55-gallon drums for purge water. 
• Decontamination supplies, as required. 

MSOPNO. 9.1 
REVISION NO. 0 

October 2001 

• Personal protective clothing and equipment, if required by the project Health and 
Safety Plan. 

• Field logbook, Groundwater Monitoring Well Sampling Data Summary Form, 
and Monitoring Well Development Record 

5 PROCEDURE 

This section contains the procedures involved with groundwater sampling. Proper ground water 
sampling procedures are necessary to insure the quality and integrity of the samples. The details 
within this SOP should be used in conjunction with project work plans. The project work plans 
will generally provide the following information: 

• Sample collection objectives 
• Locations of ground water samples to be collected 
• Numbers and volumes of samples to be collected 
• Types of chemical analyses to be conducted for the samples 
• Specific quality control (QC) procedures and sampling required 
• Any additional groundwater sampling requirements or procedures beyond those 

covered in this SOP, as necessary. 

At a minimum, the procedures outlined in this SOP for ground water sampling will be followed. 

5 .1 Ground Water Sampling Requirements 

5.1.1 Equipment Selection and Sampling Considerations 

Purging and sampling equipment is constructed from a variety of materials. The most inert 
material (e.g., Teflon™, stainless steel), with respect to known or anticipated contaminants in the 
well(s), should be used whenever possible. The project work plans will describe the type of 
equipment to be used. 

If non-dedicated sampling equipment is to be used and the contaminant histories of the wells are 
known, it is advisable to establish a sampling order starting with the least contaminated well and 
progressing to the most contaminated last. 

5.2 Ground Water Purging and Sampling with a Bladder Pump 

Pre-sample purging and sampling should be conducted in accordance with the project work 
plans. The standard procedure for purging and sampling using a bladder pump will be conducted 
as described below. 
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5.2.l Inspect the equipment to ensure that it is in good working order. 

5.2.2 Calibrate all field analytical test equipment (e.g., pH, temperature, and conductivity) 
according to the instrument manufacturer's specifications. Calibration results will be 
recorded on the appropriate form(s) as specified by the project work plans. Instruments 
that cannot be calibrated according to the manufacturer's specifications will be removed 
from service and tagged. 

An exception to the daily calibration requirements will be made in the case of the water 
level meters. These instruments will be calibrated at the beginning of the project and 
then every six months using a steel surveyors tape. 

5.2.3 If non-dedicated sampling equipment is being used, decontaminate according to MSOP 
No. 6.0. During decontamination, the equipment should again be inspected for damage 
and, if present, repaired or replaced with undamaged equipment. 

5.2.4 Visually inspect the well to ensure that it is undamaged, properly labeled and secured. 
Damage or other conditions that may affect the integrity of the well will be recorded in 
the Field Logbook and brought to the attention of the Sampling Team Leader. 

5.2.5 Uncap the well and monitor the air space immediately above the open casing per the 
Health and Safety Plan. Observe if any air is flowing into or out of the casing. In the 
event such conditions are observed, they should be noted on the Groundwater Monitoring 
Well Sampling Data Summary Form (attached). 

5.2.6 Obtain a depth to water level measurement according to the procedures outlined in MSOP 
5.0. Calculate the volume of water in the well (cased well volume) as follows: 

7r x ( d/2 )2 x (h1 - _ h2) x 7.48 = cased well volume (in gallons) 
Where 
d =inside diameter of well casing (in feet) 
h1 =depth of well from top of casing (in feet) 
h2 =depth to water from top of casing (in feet) 

Record static water level measurement and calculations on the Groundwater Monitoring 
Well Sampling Data Summary Form. 

5.2.7 If using non-dedicated sampling equipment, lower the pump and associated tubing and/or 
lines into the well. 

5.2.8 Attach the compressor or cylinder to the controller and the controller to the gas supply line, 
making sure that the compressor is downwind of the monitoring well. Attach the sampling 
tube to the discharge supply line. Adjust the pressure/discharge cycle on the controller. 
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5.2.9 Begin purging. Collect, transport, and dispose of purge water in accordance with the 
criteria specified by the project work plans. 

5 .2.10 Physical parameters (pH, specific conductance, and temperature) of the purge water will 
be measured when purging begins and then periodically throughout the purging 
procedure. These measurements will be recorded on the Groundwater Monitoring Well 
Sampling Data Summary Form. Purging is considered complete when a minimum of 
three casing volumes have been removed and pH, specific conductivity, and temperature 
measurements have stabilized (i.e., three consecutive pH, specific conductance, and 
temperature readings are within tolerances specified in the project work plans). If 
stability is not reached within the removal of three well volumes then purging is 
continued until a maximum of five cased well volumes have been removed. 

For slowly recharging wells, the parameters may not stabilize. In this case, purging will 
be considered complete upon removal a minimum of three well volumes. 

5.2.11 Allow the well to recover to at least 80 percent of the initial cased well volume prior to 
sampling. 

5.2.12 Inspect the sampling bottles (obtained from the analytical laboratory prior to the sampling 
event) to be used to ensure that they are appropriate for the samples being collected, are 
undamaged, and have had the appropriate types and volumes of preservatives added. The 
types of sample containers to be used and sample preservation requirements will be 
provided in the project work plans. 

5.2.13 Tum on the pump and adjust the pressure/discharge cycle on the pump controller so that 
the water will flow smoothly and without agitation into the sample containers. 

5 .2.14 Collect the sample directly into the provided sample bottle (container), allowing the 
discharge to flow gently down the inside of the bottle, minimizing aeration of the sample. 
Completely fill the bottle. Samples collected for metals and general water chemistry 
analysis should be filled to the base of the bottleneck. 

5.2.15 The samples should be collected in the order of volatility, collecting the most volatile 
samples first, followed by the least volatile samples. The volatile samples should be 
collected during one full discharge cycle. Do not partially fill a volatile sample during 
one cycle and complete the filling during the next cycle. 

5.2.16 Samples that require filtering should be collected last. The samples should preferably be 
filtered using a disposable vacuum filterization unit. The required filter mesh should be 
stipulated in the project work plans. 

F-119 



Appendix F~ 
Work Plan for the RCRA Facility Investigation at the Launch Complex-38 Site on White Sands Missile Range 

MSOPNO. 9.1 
REVISION NO. 0 
October 2001 

5.2.17 Cap the bottle and attach custody tape across the cap so that any attempt to remove the 
sample or open the sample bottle will be evident. Fill out and attach the sample label to 
the bottle per MSOP No. 2.1. The sample will be assigned a sample number per MSOP 
No. 2.2. 

5.2.18 Document selected details of the sampling event in the Field Logbook, and record all 
appropriate sampling data in the Groundwater Monitoring Well Sampling Data Summary 
Form. 

5.2.19 As soon as possible after sample collection, place the sample in a separate, appropriately 
sized, airtight, seam sealing, polyethylene bag (i.e., Ziplock™ or equivalent). Seal the 
bag, removing any excess air. Place the bagged sample inside the shipping container. 

5.2.20 Handle and ship the sample according to the procedures outlined in MSOP No. 2.1, 
following appropriate custody procedures described in MSOP No. 1.1. Samples stored 
temporarily on site will be maintained per MSOP No. 2.3. 

5.3 Ground Water Purging and Sampling with a Peristaltic Pump 

Purging and sampling will be conducted per the project work plans. The standard 
procedure for ground water purging and sampling using a peristaltic pump will be 
conducted as described below. 

5.3.1 Inspect the equipment to ensure that it is in good working order. 

5.3.2 Conduct all field analytical test equipment (pH, temperature, and conductivity) 
calibration as discussed in Section 5.2.2. 

5.3.3 Conduct equipment decontamination as described in Section 5.2.3. However, the old 
Tygon™ tubing should not be decontaminated. New tubing should be used for each well. 

5.3.4 Conduct wellhead inspection and air space monitoring as discussed in Sections 5.2.4 and 
5.2.5. 

5.3.5 Obtain a water level measurement and calculate the cased well volume per Section 5.2.6. 

5.3.6 Connect new Tygon™ tubing to the rotor head of the pump motor and tighten until snug. 

5.3.7 Run a short section of the tubing from the discharge side of the pump head to a collection 
vessel. 

5.3.8 Insert the free end of the influent tubing into the well and lower it to the middle of the 
well screen. 
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5.3.10 Purging will be considered complete per Section 5.2.10. Once purging is completed, allow 
the well to recover to at least 80 percent of the initial cased well volume prior to sampling. 

5.3.11 Inspect the sampling bottles to be used per Section 5.2.12. 

5.3.12 Tum on and adjust the rotor speed of the pump so that the water will flow smoothly and 
without agitation into the sample bottles. 

5.3.13 Collect the sample directly into the provided sample bottle (container), allowing the 
discharge to flow gently down the inside of the bottle, minimizing aeration of the sample. 
Completely fill the bottle. Samples collected for metals and general water chemistry 
analyses should be filled to the base of the bottleneck. 

5 .3 .14 The samples should be collected in the order of volatility as described in Section 5 .2.15. 
VOC samples should not be collected with a Peristaltic Pump. 

5 .3 .15 Samples that require filtering should be collected last. The samples should preferably be 
filtered using a disposable vacuum filterization unit. The required filter mesh should be 
stipulated in the project work plans. 

5.3.16 Appropriately cap, label, and number the samples as discussed in Section 5.2.17. 

5.3.17 Document selected details of the sampling event in the Field Logbook, and record all 
appropriate sampling data in the Groundwater Monitoring Well Sampling Data Summary 
Form. 

5.3.18 Appropriately seal, store, handle, and ship the samples per Sections 5.2.19 and 5.2.20. 

5.4 Ground Water Purging and Sampling with an Electric Submersible Pump 

Purging and sampling will be conducted in accordance with the project work plans. The 
standard procedure for purging and sampling using a submersible pump is described below. 

5 .4.1 Inspect the equipment to ensure that it is in good working order. 

5.4.2 Conduct field analytical test equipment (pH, temperature, and conductivity) calibration as 
discussed in Section 5.2.2. 

5.4.3 Conduct equipment decontamination as described in Section 5.2.3. 

5.4.4 Conduct wellhead inspection and air space monitoring as discussed in Sections 5.2.4 
and 5.2.5. 
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5.4.5 Obtain a water level measurement and calculate the cased well volume per Section 5.2.6. 

5.4.6 If using non-dedicated sampling equipment, lower the pump and associated lines into the 
well. 

5.4.7 Place the generator downwind of the well. Start the generator, and then plug the pump 
into the generator. 

5.4.8 Begin and conduct purging as described in Sections 5.2.9 and 5.2. l 0. 

5.4.9 Purging will be considered complete per Section 5.2.10. Once purging is completed, 
allow the well to recover to at least 80% of the initial cased well volume prior to 
sampling. 

5.4.10 Inspect the sampling bottles to be used per Section 5.2.12. 

5.4.11 Tum on and adjust the flow rate of the pump by using the check-valve on the discharge 
line so that the water will flow smoothly and without agitation into the sample bottles. 

5.4.12 Collect the sample directly into the provided sample bottle (container), allowing the 
discharge to flow gently down the inside of the bottle, minimizing aeration of the sample. 
Completely fill the bottle. Samples collected for metals and general water chemistry 
analyses should be filled to the base of the bottle neck. 

5.4.13 The samples should be collected in the order of volatility, as described in Section 5.2.15. 
An electric submersible pump is not recommended for collecting volatile organic 
samples. 

5.4.14 Samples that require filtering should be collected last. The samples should preferably be 
filtered using a disposable vacuum filterization unit. The required filter mesh should be 
stipulated in the project work plans. 

5.4.15 Appropriately cap, label, and number the samples as discussed in Section 5.2.17. 

5.4.16 Document the sampling event on the Field Logbook. 

5.4.17 Appropriately seal, store, handle and ship the samples per Sections 5.2.19 and 5.2.20. 

5.5 Ground Water Purging and Sampling with a Bailer 

Purging and sampling will be conducted in accordance with the project work plans. The 
standard procedure for purging and sampling with a bailer is described below. 
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5.5.2 Conduct field analytical test equipment (pH, temperature, and conductivity) calibration as 
discussed in Section 5.2.2. 

5.5.3 Decontaminate purging and sampling equipment according to MSOP No. 6.0. 

5.5.4 Conduct wellhead inspection and air space monitoring as discussed in Sections 5.2.4 and 
5.2.5. 

5.5.5 Obtain a water level measurement and calculate the cased well volume per Section 5.2.6. 

5.5.6 Attach the bailer to the bailing line. 

5.5.7 Begin purging by slowly lowering the bailer into the groundwater. Allow the floating 
ball valve to seat, and slowly retrieve the bailer. Repeat this procedure to purge the well. 
Collect, transport, and dispose of purge water in accordance with the criteria specified in 
the project work plans. 

During purging, the descent of the bailer should be controlled to prevent free fall inside 
the well. In the event the bailer encounters an obstruction inside the well, no attempts 
may be made to push the bailer beyond the obstruction. If the bailer becomes lodged in 
the well, the line should not be pulled with such force that it would part from the bailer. 
Such conditions should also be noted in the Field Logbook or the Groundwater 
Monitoring Well Sampling Data Summary Form and brought to the immediate attention 
of the field geologist or engineer. 

5.5.8 Purging will be considered complete per Section 5.2.10. Once purging is completed, 
allow the well to recover to at least 80% of the initial cased well volume prior to 
sampling. 

5.5.9 Inspect the sampling bottles to be used per Section 5.2.12. 

5.5.10 Lower the sample collection bailer and submerge into the water column as above. 
Retrieve the bailer and insert a bottom-emptying device into the bailer so that the water 
will flow smoothly and without agitation into the sample bottles. 

5.5.11 Collect the sample water directly into the provided sample bottles (containers), allowing 
the discharge to flow gently down the inside of the bottles, minimizing aeration of the 
sample. Completely fill the bottles. Samples collected for metals and general water 
chemistry analyses should be filled to the base of the bottleneck. 

5.5.12 The samples should be collected in the order of volatility as described in Section 5.2.15. 
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5.5.13 Samples that require filtering should be collected last. The samples should preferably be 
filtered using a disposable vacuum filterization unit. The required filter mesh should be 
stipulated in the project work plans. 

5.5.14 Appropriately cap, label, and number the samples as discussed in Section 5.2.17. 

5.5.15 Document selected details of the sampling event in the Field Logbook, and record all 
appropriate sampling data in the Groundwater Monitoring Well Sampling Data Summary 
Form. 

5.5.16 Appropriately seal, store, handle, and ship the samples per Sections 5.2.19 and 5.2.20. 

6 REQUIRED FORMS 

6.1 Field Logbook 

6.2 Groundwater Monitoring Well Sampling Data Summary Form 
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DATE: ------

WELLID: 

GROUNDWATER MONITORING WELL 

SAMPLING DATA SUMMARY FORM 
SWMU# 

----------

---------
0 

AIR TEMP: ___ F RELATIVE HUMIDITY: ___ % 

WEATHER CONDITIONS __________________ _ 

WELL PURGE AND SAMPLE 

A. Equipment & Supplies 

1. Pump# ________ _ 4. HyDac Meter# ______ _ 

5. Water Level Indicator# 

MSOP NO. 9.1 
REVISION NO. 0 

October 2001 

2. Bailer (size/type) _____ _ -----
3. Drums (number) _____ _ 6. Other -----------

B. Calculations and Measurements 

I. DEPTH TOW ATER (D.T.W.) (feet below top of casing): _________ _ 

2. T.D. Well T.D. (feet below ground surface, from well fact sheet): _______ _ 

3. Top of Casing elevation - Brass Marker Elevation (from well fact sheet): _____ _ 

4. T.D. (ft. bgs) D.T.W. (ft. bgs) Water Column (h, in feet) 

5. COLUMN VOLUME= ft. x Gal/ft. (from table below) 

6. PURGE VOLUME= ___ Column Volume x 3 

7. Sample Parameters (at time of collection): 

CONDUCTIVITY ______ _ pH ___ _ 

CONDUCTIVITY SCALE WATER TEMP °F ---- -----

SAMPLE DA TE: -----8. SAMPLE TIME: _______ (24 hr. clock) 

9. SAMPLE ID: (prim) ___________ (QC) 

_________ (QC) (MS/MSD) 

For a well with Multiply the water If casing diameter differs from those given in the table, use the 
diameter of column (h) by: formula below to calculate the well volume: 
casing= 
(inches) 
2 0.163 
3 0.367 D2 * h * 0.041 
4 0.653 where: 
5 1.020 D2 = casing diameter (in inches), squared 

6 1.469 h = height (in ft.)= W.C. 

8 2.611 
To calculate the well volume 

Sample Date: ________ Personnel: ________ WELL ID: _____ _ 

F-125 



Appendix F-
Work Plan for the RCRA Facility Investigation at the Launch Complex-38 Site on White Sands Missile Range 

MSOPNO. 9.1 
REVISION NO. 0 
October 2001 

Time Volume 
24-hr clock (gal) 

Time 
(24-hr. clock) 

FIELD PARAMETERS 
Temp PH Conductivity (µS/CM) Comments 

OF (Scale: ) (clarity, sediment, etc.) 

Notes (problems, observations, deviations from protocol, etc.) 
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CONE PENETRATION TESTING (CPT) AND HYDROPUNCH® 
GROUND WATER SAMPLING 

1. PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines for conducting cone penetration 
testing (CPT), soil sampling using a CPT rig, and Hydropunch® groundwater sampling. The 
details within this SOP should also be used in conjunction with project work plans. 

2. REFERENCES 

2.1. ASTM, 1988, Standard Method for Deep, Quasi-Static, Cone and Friction-Cone 
Penetration Tests of Soil, Designation: D 3441-86, Volume 4.08 Soil and Rock, Building 
Stones: Geotextiles, pp.409-414. 

2.2. Manchon, B., 1992, Introduction to Cone Penetrometer Testing and Groundwater 
Samplers, Sixth National Outdoor Action Conference on Aquifer Restoration, 
Groundwater Monitoring and Geophysical Methods, May 1992. 

3. RESPONSIBILITIES 

3.1. The Project Technical Manager and Technical Coordinator are representative is 
responsible for ensuring that all CPT, soil sampling, and Hydropunch® activities are 
conducted and documented in accordance with this and any other appropriate procedures. 
This will be accomplished by staff training and by maintaining quality assurance/quality 
control (QA/QC). 

3 .2. The Quality Assurance Officer is responsible for periodic review of field activities and 
documentation associated with this SOP. The Quality Assurance Officer is also 
responsible for the implementation of corrective action (i.e., retraining personnel, 
additional review of work plans and SOPs, generation of variances to CPT and sampling 
requirements, issuing nonconformances, etc.) if problems occur. 

3.3. The Sampling Team Leader(s) and sampling personnel assigned to CPT, soil sampling, 
and Hydropunch® activities are responsible for completing their tasks according to this 
and other appropriate procedures. All staff members are responsible for reporting 
deviations from the procedure to the Project Technical Coordinator. 

4. Definitions/Materials 

4.1. Cone - the cone-shaped point of the penetrometer tip, upon which the end-bearing 
resistance develops. 
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4.2. Cone penetrometer -
An instrument in the form of a cylindrical rod with a conical point, designed for 
penetrating soil and soft rock and for measuring the end-bearing component of 
penetration resistance. 

4.3. Cone resistance or end-bearing resistance -
The resistance to penetration developed by the cone, equal to the vertical force applied to 

the cone divided by its horizontally projected area. 

4.4. Hydropunch® -
A device used to collect groundwater samples using CPT or drill rig technology. Various 
forms of the Hydropunch® exist; they vary in the method used for sample collection. 
Hydropunch® I uses the body of the hydropunch to collect and retrieve the sample. 
Hydropunch® II allows for the collection of water samples using a bailer lowered within 
the CPT rods or drill stem. 

4.5. Sounding-
The entire series of penetration tests performed at one location. 

4.6. Friction Ratio -
The ratio of friction resistance to cone resistance, expressed in percent. 

4. 7. Friction Resistance -
The resistance to penetration developed by the friction sleeve, equal to the vertical force 
applied to the sleeve divided by its surface area. This resistance consists of the sum of 
friction and adhesion. 

4.8. Differential Pore Pressure Ratio -
A calculated parameter equal to the excess pore pressure measured behind the tip divided by 
the sum of the tip resistance (corrected for pore pressure effects and the total overburden 
stress). Used in combination with the end-bearing resistance to infer lithology. 

4.9. Pore Pressure -
Water pressure in the formation. 

4.10. Push Rods -
The thick-walled tubes, or other suitable rods, used for advancing the penetrometer tip or 
Hydropunch® to the required test depth. 

5. PROCEDURE 

Depending on the sampling activities to be performed, CPT/Hydropunch® testing may require 
multiple runs to complete the desired tests. The first run is generally conducted to generate 
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stratigraphic or hydro geologic information. The stratigraphic or hydro geologic data is then 
evaluated to determine optimum depth intervals to obtain soil and ground water samples that will 
be collected in subsequent runs. 

An experienced contractor under the direction of the prime contractor or their subcontractors will 
perform CPT soundings, and soil and groundwater sampling. All CPT, soil sampling, and 
Hydropunch® techniques covered in this SOP will be performed in accordance with the project 
work plans. The project work plans will identify the following: 

• Testing and sampling objectives 
• Locations and depths of CPT and sampling points 
• Numbers and volumes of soil or groundwater samples to be collected 
• Types of chemical analyses to be conducted for the samples 
• Specific quality control (QC) procedures and sampling required 
• Specific procedures to be performed in addition to those covered in this SOP. 

At a minimum, the procedures outlined below for CPT, soil sampling, and Hydropunch® 
groundwater sampling will be followed. 

5.1 Preparation Procedures 

5.1.1 Prior to commencement ofCPT activities ensure that all CPT, soil sampling, and 
Hydropunch® locations have been appropriately cleared of all underground utilities and 
buried objects per the project work plans. Review all forms and diagrams documenting 
the location of the cleared sampling and CPT locations, as well as that of any 
underground utility lines or other buried objects. 

5 .1.2 Perform a specific calibration of air monitoring equipment required for air space 
monitoring according to the instrument manufacturer's specifications. Calibration results 
will be recorded on the appropriate form(s), as specified in the project work plans. 
Instruments that can not be calibrated according to the manufacturer's specifications will 
be removed from service and tagged. 

5.1.3 Don the appropriate personal protection equipment specified in the project-specific work 
plans. 

5.2 Cone Penetration Testing 

In general, the CPT is the first run to be conducted. The CPT rig is normally truck-mounted and 
contains a hydraulic push system (20 ton is typical). The depth of investigation will typically be 
less than 100 feet below ground surface (bgs ). Lighter weight rigs can be utilized for shallow 
surveys up to approximately 15 feet bgs. 
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Some CPT rigs are equipped with an automatic decontamination system featuring an enclosed 
chamber that may be mounted beneath the CPT rig (project-specific decontamination 
requirements are specified in the project work plans). This chamber contains scrubbers and 
spray nozzles for pressure washing of the CPT probe as it is retrieved from the ground. In this 
type of system, all activities are conducted within the enclosed CPT rig. 

The standard procedure for conducting stratigraphic and hydrogeologic investigations is 
described below. 

5 .2.1 Obtain specifications on the type and dimensions of the probes and equipment, along 
with the results of current shop calibrations from the CPT subcontractor. 

5.2.2 With the CPT subcontractor, inspect all equipment to ensure that it is in proper working 
order. 

5.2.3 Examine data from adjacent soil borings, if available. Initial correlation of the CPT data 
with site lithologies will be accomplished by comparison with existing boring logs, 
geophysical logs, and CPT logs. 

5.2.4 Before moving onto the site, decontaminate the outside of the rig per MSOP No. 6.1 and 
the project work plans. For those rigs that do not have an automatic decontamination 
system, the CPT probe and rods should also be decontaminated per MSOP No. 6.1. 

5.2.5 Calibrate the CPT cones at zero load reading in air and water, shielding the cone from 
direct sunlight before commencement of testing at each location. 

5.2.6 Commence the test and advance the CPT probe into the subsurface at a consistent, 
controlled rate of 0.03 to 0.07 feet per second (1 to 2 centimeter per second), unless 
conditions prevent that rate. 

5 .2. 7 Record real-time field plots consisting of depth, cone tip resistance, sleeve friction 
resistance, and friction ratio. Pore pressure and differential pore pressure ratio may be 
included in some cases. 

5.2.8 Pore pressure dissipation tests may be conducted to determine relative flow rates at 
specific depths. The CPT probe is held stationary at a given depth and data are recorded 
for a set time interval. The time interval is dependent on the lithology of the zone being 
tested. 

5.2.9 Once the CPT is pushed to the maximum desired depth, data collection is terminated. 
The CPT is retracted from the hole and the tip and rods are wiped down during 
extraction. 

F-130 



Appendix F~ 
Work Plan for the RCRA Facility Investigation at the Launch Complex-38 Site on White Sands Missile Range 

MSOPNO. 9.1 
REVISION NO. 0 

October 2001 

5.2.10 Upon completion of a test, calibrate the piezocone again to zero load reading and 
compare this to the initial reading. 

5.2.11 Abandon the hole in accordance with the project work plans. 

5.2.12 The rig geologist or engineer will record all pertinent information observed during the 
investigations. Information will be recorded on the Field Logbook. Any and all 
problems or unusual conditions encountered should also be noted on the above forms and 
brought to the attention of the site superintendent. 

5.3 Soil Samples 

If required, soil sampling will follow the CPT analysis run. Soil sampling locations will be 
placed updip relative to the location of the previous CPT testing run. The standard procedure is 
described below. 

5.3.1 Assemble and check the necessary sampling equipment before soil sampling. 
Decontaminate all downhole sampling equipment before sampling, as described in 
MSOP 6.0. The rig should also be decontaminated per MSOP No. 6.1. 

5.3.2 Deploy and advance the soil sampling probes with the CPT rods to collect soil samples at 
the sample intervals specified in the project work plans. The sample intervals may be 
identified from the adjacent CPT data and any other subsurface data available. The 
sampling device contains removable liners that fit inside the drive tip mechanism. 

5.3.3 Retrieve the sampler and remove the liners containing the soil. Cover the ends of each 
liner to be submitted for chemical analysis with Teflon™ film and then cap with plastic 
end caps. 

5.3.4 Each liner to be submitted for analysis will be appropriately labeled. The label will be 
filled out using waterproof ink and will contain, at a minimum, the following 
information: 

• Project number 
• Sample point (or boring) number 
• Bottom depth of liner 
• Date and time of sample collection 
• Parameters for analysis 
• Sampler's initials. 

5.3.5 As soon as possible after sample collection, place the sample in an appropriately sized, 
airtight, seam-sealing polyethylene bag (e.g., Ziploc ™or equivalent). Seal the bag, 
removing any excess air, and tape the bag with custody tape so that any attempt to 
remove the sample will cause the tape to be broken. 
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5.3.6 Document the sampling event on the Field Logbook. 

5.3.7 Handle the sample according to the procedures outlined in MSOP No. 2.1. For samples 
submitted to a laboratory for analysis, a task-specific Analyte List and Chain-of-Custody 
Record shall be completed and maintained per MSOP No. 1.1 and the project work plans. 

5.3.8 Abandon the hole following the procedure outlined in the project work plans. 

5.4 Hydropunch® Ground Water Samples 

The Hydropunch® sample locations, if conducted in conjunction with CPT data collection, will 
be located a few feet in the estimated up gradient direction from the previous CPT location. 
Hydropunch® sampling will be conducted in accordance with the project work plans. The 
standard procedure for Hydropunch® sampling is described below. 

5.4.1 Decontaminate the Hydropunch® probe and push/drive rods in accordance with MSOP 
No. 6.0. If the Hydropunch® model is being used with a small diameter bailer, the bailer 
and associated equipment must also be decontaminated in accordance with MSOP 
No. 6.0. 

5.4.2 Advance the probe to the target depth, which will commonly be a permeable layer as 
defined from the adjacent CPT or other stratigraphic information. Depth control is 
maintained br6' counting the number of whole and partial push or drive rods used. The 
Hydropunch R is measured at the tip of the tool and zeroed at the ground surface. 

5.4.3 To obtain a ground water sample, retract the outer jacket of the Hydropunch® probe to 
allow ground water inflow into the sample chamber. An optional technique, used to 
determine when the sample chamber is full as follows: 

• Place a surgical glove over the end of the push rod before the outer jacket of the 
sampler is retracted. 

• As water enters the sample chamber and displaces air, the glove will inflate. 
• Once the glove stops inflating, water has ceased flowing into the chamber and the 

sample may be retrieved . 

• 
The length of time required for the sample chamber to fill is a function of the relative 
permeability of the formation and the presence or absence of materials which may clog the filter 
screen, thereby inhibiting the flow of water. 

5.4.4 Retract the probe from the hole, disconnect the push rods from the Hydropunch®, and 
remove the upper valve. Replace the upper valve with a Teflon TM stopcock valve and a 
disposable tube (Hydropunch® I). Tum the sampler upside down, open the cock valve 
and decant the sample into the sample container. 

F-132 



Appendix F~ 
Work Plan for the RCRA Facility Investigation at the Launch Complex-38 Site on White Sands Missile Range 

MSOP NO. 9.1 
REVISION NO. 0 

October 2001 

5.4.5 If using the Hydropunch® II model with a small diameter bailer, the water sample is 
retrieved by lowering the bailer through the inside of the push rod into the sample 
chamber. The water recovered in the bailer is then decanted directly into the appropriate 
sample containers. 

5.4.6 If collecting samples for analysis of volatile organic compounds (VOCs) first completely 
fill the VOC sample vials. Each filled, capped vial will be inverted to ensure no air 
bubbles are present. If an air bubble is present, the vial will be opened and refilled with 
an additional sample. The vial will be immediately capped and checked again for 
bubbles. If air bubbles are still present, the voe sample vial will be discarded and a new 
vial used. The VOC sample vial filling procedure is then repeated until no air bubbles 
are present. 

5.4.7 If other sample analyses are required, fill the other sample containers after the VOC 
sample vials are filled. Samples collected for metals and general minerals analysis will 
be filled to the base of the bottle neck. Care will be taken not to aerate the sample during 
transfer from the bailer to the sample bottles and not to overfill bottles containing 
preservatives. All samples shall be appropriately preserved per the project work plans. 

5.4.8 Each sample container to be submitted for analysis will be appropriately labeled. The 
label will be filled out using waterproof ink and will contain, at a minimum, the 
following information: 

• date and time sample was collected 
• sample location 
• the initials of the individual conducting the sampling 
• any additional required information. 

5.4.9 Document the sampling event on the Field Logbook. 

5.4.10 Place the labeled vials in seam-sealing plastic bags (i.e., Zip lock or equivalent). Seal the 
bag, removing any excess air, and tape the bag with custody tape so that removal of the 
sample will cause the tape to be broken. 

5 .4.11 Conduct a visual inspection of the turbidity of samples and record on the Field Logbook 
to provide a qualitative record of results. 

5.4.12 Handle the samples according to procedures outlined in MSOP No. 2.1. For samples 
submitted to a laboratory for analysis, a task-specific Analyte List and Chain-of-Custody 
Record shall be completed and maintained per MSOP No. 1.1 and the project work plans. 

5.4.13 After samples are collected, water levels may be measured. For water level measurements 
using the Hydropunch®, allow enough time for ground water to fill the sample chamber 
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and the push rods. After static water level conditions are achieved, an electric tape is 
lowered through the push rods and the water level is measured. Document results on the 
appropriate form, as specified by the project-specific work plans. 

5.4.14 Abandon the hole following the procedure outlined in the project work plans. 

5.5 Reporting 

The CPT contractor should provide a field survey report of the test data before demobilizing 
from each location. The CPT contractor should record on the survey report the operator's name, 
date of the survey, and the CPT location number. The report should include the following: 

• descriptions of the various probes and equipment, and the results of calibrations 
performed; 

• profiles of cone tip resistance, sleeve friction resistance, friction ratio, inclination, 
pore pressures, and differential pore pressure ratio versus depth; and 

• a list of the derived geotechnical parameters related to the subsurface conditions, 
including soil types, standard penetration test blow counts, relative density, and 
shear strengths. 

The report should then be reviewed, approved, and signed by the Project Geologist as identified 
in the project work plans. 

6 REQUIRED FORMS 

6.1 Field Logbook 

6.2 Task-Specific Analyte List 

6.3 Chain-of-Custody Record 
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This Standard Operating Procedure (SOP) establishes guidelines and procedures for use by field 
personnel in the collection and documentation of surface water samples for chemical analysis. 
Proper collection procedures are necessary to assure the quality and integrity of all surface water 
samples. Additional specific procedures and requirements will be provided in the project work 
plans, as necessary. 

2 REFERENCES 

2.1 EPA, September 1987, Compendium ofSuperfund Field Operations Methods, EPA 
540/P-87/00la, OSWER 9355.0-14. 

2.2 EPA, August 1988, EPA Guidance for Conducting Remedial Investigation and 
Feasibility Studies Under CERCLA, Interim Final OSWER Directive 9355.3-01. 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring 
that all sample collection activities are conducted in accordance with this SOP and any 
other appropriate procedures. This will be accomplished through staff training and by 
maintaining quality assurance/quality control (QC/QC). 

3.2 The Quality Assurance Officer is responsible for periodic review of field generated 
documentation associated with this SOP. The Quality Assurance Officer is also 
responsible for implementation of corrective action (i.e., retraining personnel, additional 
review of work plans and SOPs, variances to QC sampling requirements, issuing 
nonconformances, etc.) if problems occur. 

3.3 The Sampling Team Leader(s) assigned to surface water sampling activities is 
responsible for completing their tasks according to specifications outlined in this SOP 
and other appropriate procedures. All staff members are responsible for reporting 
deviations from procedures to the Project Technical Coordinator. 

4 DEFINITIONS/MATERIALS 

4.1 Materials: 

• Appropriate sample containers with labels and preservatives, as required. 
• Hard plastic or steel cooler with cold packs (or ice) for samples. 
• Temperature, pH, conductivity, and turbidity meters. 
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• Equipment calibration standards. 
• Organic vapor meters. 
• Plastic sheeting, if needed. 
• Decontamination supplies, as required. 
• Personal protective clothing and equipment, if required by the project Health and 

Safety Plan. 
• Field logbook and sample forms 

5 PROCEDURE 

This section contains the procedures involved with surface water sampling. Proper sampling 
procedures are necessary to insure the quality and integrity of the samples. The details within 
this SOP should be used in conjunction with project work plans. The project work plans will 
generally provide the following information: 

• Sample collection objectives 
• Locations of samples to be collected 
• Numbers and volumes of samples to be collected 
• Types of chemical analyses to be conducted for the samples 
• Specific quality control (QC) procedures and sampling required 
• Any additional sampling requirements or procedures beyond those covered in this 

SOP, as necessary. 

At a minimum, the procedures outlined in this SOP for surface water sampling will be 
followed. 

5.1 Surface Water Sampling Requirements 

5 .1.1 Equipment Selection and Sampling Considerations 

Sampling equipment is constructed from a variety of materials. The most inert material (e.g., 
Teflon, stainless steel), with respect to known or anticipated contaminants, should be used 
whenever possible. The project work plans will describe the type of equipment to be used. 
If non-dedicated sampling is to be used and the contaminant histories of the sites are known, it is 
advisable to establish a sampling order starting with the least contaminated site and progressing 
to the most contaminated last. 

5 .1.2 Sampling with a Bailer or Dipper 

Sampling should be conducted in accordance with the project work plans. The standard 
procedure for sampling using a bailer or dipper will be conducted as described below. 
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5.1.2.2 Calibrate all field analytical test equipment (e.g., pH, temperature, and conductivity) 
according to the instrument manufacturer's specifications. Calibration results will be 
recorded on the appropriate form(s) as specified by the project work plans. Instruments 
that cannot be calibrated according to the manufacturer's specifications will be 
removed from service and tagged. 

5.1.2.3 If non-dedicated sampling equipment is being used, decontaminate according to 
MSOP No. 6.0. During decontamination, the equipment should again be inspected for 
damage and, if damage is present, the equipment should be repaired or replaced with 
undamaged equipment. 

5 .1.2.4 Inspect the sampling bottles (obtained from the analytical laboratory prior to the 
sampling event) to be used to ensure that they are appropriate for the samples being 
collected, are undamaged, and have had the appropriate types and volumes of 
preservatives added. The types of sample containers to be used and sample 
preservation requirements will be provided in the project work plans. 

5.1.2.5 Using the bailer or dipper, collect water directly from the surface water body being 
monitored. Care should be taken to avoid disturbing the sample surroundings, e.g., 
stirring up sediment form the bottom of a stream or pond. 

5 .1.2.6 Collect the sample directly into the provided sample bottle (container), minimizing 
aeration of the sample. Completely fill the bottle. Samples collected for metals and 
general water chemistry analysis should be filled to the base of the bottle neck. 

5.1.2.7 The samples should be collected in the order of volatility, collecting the most volatile 
samples first, followed by the least volatile samples. 

5.1.2.8 Samples that require filtering should be collected last. The samples should preferably 
be filtered using a disposable vacuum filterization unit. The required filter mesh 
should be stipulated in the project work plans. 

5 .1.2.9 Cap the bottle and attach custody tape across the cap so that any attempt to remove the 
sample or open the sample bottle will be evident. Fill out and attach the sample label 
to the bottle per MSOP No. 2.1. The sample will be assigned a sample number per 
MSOP No. 2.2. 

5.1.2.10 Document the sampling event on the Field Logbook. 
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5 .1.2.11 As soon as possible after sample collection, place the sample in a separate, 
appropriately sized, airtight, seam sealing, polyethylene bag (i.e., Ziplock™ or 
equivalent). Seal the bag, removing any excess air. Place the bagged sample inside 
the shipping container. 

5.1.2.12 Handle and ship the sample according to the procedures outlined in MSOP No. 2.1, 
following appropriate custody procedures described in MSOP No. 1.1. Samples stored 
temporarily on site will be maintained per MSOP No. 2.3. 

5.1.3 Sampling with a Peristaltic Pump 

Sampling will be conducted per the project work plans. The standard procedure for 
surface water sampling using a peristaltic pump will be conducted as described below. 

5 .1.3 .1 Inspect the equipment to ensure that it is in good working order. 

5.1.3.2 Conduct all field analytical test equipment (pH, temperature, and conductivity) 
calibration as discussed in Section 5.1.2.2. 

5.1.3.3 Conduct equipment decontamination as described in Section 5.1.2.3. However, the old 
Tygon ™ tubing should not be decontaminated. New tubing should be used for each 
site. 

5 .1.3 .4 Connect new Tygon™ tubing to the rotor head of the pump motor and tighten until 
snug. 

5.1.3.5 Run a short section of the tubing from the discharge side of the pump head to a 
collection vessel. 

5.1.3.6 Insert the free end of the influent tubing into the surface water site and lower it to the 
middle of the water column. 

5.1.3.7 Inspect the sampling bottles to be used per Section 5.1.2.4. 

5.1.3.8 Tum on and adjust the rotor speed of the pump so that the water will flow smoothly 
and without agitation into the sample bottles. 

5 .1.3 .9 Collect the sample directly into the provided sample bottle (container), allowing the 
discharge to flow gently down the inside of the bottle, minimizing aeration of the 
sample. Completely fill the bottle; however, samples collected for metals and general 
water chemistry analyses should be filled to the base of the bottle neck. 
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5.1.3.10 The samples should be collected in the order of volatility as described in 
Section 5.1.2.7. VOC samples should not be collected with a Peristaltic Pump. 

5.1.3.11 Samples that require filtering should be collected last. The samples should preferably 
be filtered using a disposable vacuum filterization unit. The required filter mesh 
should be stipulated in the project work plans. 

5.1.3.12 Appropriately cap, label, and number the samples as discussed in Section 5.1.2.9. 

5.1.3.13 Document the sampling event in the Field Logbook. 

5.1.3.14 Appropriately seal, store, handle, and ship the samples per Sections 5.1.2.11 and 
5.1.2.12. 

6 REQUIRED FORMS 

6.1 Field Logbook 
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The purpose of this procedure is to define the requirements necessary for borehole and sample 
logging. The major objective of this procedure is to provide a uniform set of guidelines that will 
aid in developing consistency among sample descriptions and sample techniques. The 
importance of accurate, complete, clear, and concise logs cannot be overemphasized. 

2 BACKGROUND 

Borehole logging is used to determine the geologic relationships of subsurface soil and rock 
formations. The relationship of geologic formations and features is important in describing 
groundwater flow and in determining probable contaminant migration pathways. 

3 RESPONSIBILITIES 

3.1 The Field Geologist is responsible for on-site monitoring of drilling and soil sampling 
operations, for recording (logging) pertinent information regarding the geologic materials 
penetrated during the operations, and for ensuring that the well and sample numbering 
system is consistent with the site specific sampling and analysis plan. 

4 EQUIPMENT 

4.1 Required Equipment 

1. Clipboard 
2. Drilling log forms 
3. Portable organic vapor detector 
4. Field logbook, straight edge and black permanent ink 
5. Weighted engineer's tape 
6. Folding rule or tape measure 
7. Sand gauge 
8. Color chart 
9. Acid bottle 
10. Water level indicator 
11. Site map 
12. Copy of drilling contract 
13. Waterproof marking pen 
14. Sample jars or bags 
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4.2 Optional Equipment 

1. Hand lens 
2. Brunton or equivalent compass 
3. Pocket penetrometer 
4. Equipment pouch 
5. Flagging tape 
6. Cooler and water bottles 
7. Flashlight 
8. Rock hammer 

5 PROCEDURE FOR FILLING OUT DRILLING/WELL LOG 

This form is intended for use in the field during the drilling, sampling, and logging process for 
soil borings and wells. Most of the items can be neatly and legibly included in the field; 
however, some items, such as the graphic log column, may be reserved for completion in the 
office. The purpose of the log is to clearly document the events and findings of the drilling 
activity. All pertinent data related to boring/drilling operations must be concisely recorded as 
objectively as possible. The geologist or engineer has the option to resubmit this form in a 
deliverable as a completely redrafted/typed form, or as a combination of information applied in 
the field and in the office. Regardless, the original field log should be retained in the permanent 
file. Any alterations or changes between the office copy and the original should be justified. To 
complete the boring or well logs: 

• Fill out information on header of the log noting either boring or well number, if 
well is to be installed. Use the sampling site identification number. 

• Note number under "Location". 
• Note start and end date of boring or well installation under "Date", use 

MM/DD/YY format. 
• Briefly describe wind direction, speed, and temperature under "Weather". 
• The logging geologist or engineer should include his name under "Logged by", 

include three initials. 
• The driller's name and drilling company should be included under "Drilled by", 

include three initials for the driller's name. 
• "Drilling method" should contain information such as hollow-stem auger and 

auger inside diameter. If using rotary methods, include size of bit and rotary 
method used. 

• "Sampling method" should be described as length of sampler and type, i.e., 2.5' 
split spoon. The sampling method should be described such that it is easily 
translatable to one of the following codes at time of data entry: 
• B Bail 
• C Composite grab 
• G Single grab 
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• p Pump 

• s Split-spoon core sampling 

• T Shelby tube core sampling 

• u Soil auger 

• x Composite core sample 

• z Scraping from physical surface 

• 1 Magnetometer (UXO survey) 

• 2 Well sampler 

• 9 Trip and rinse blanks 

• "Gravel pack" should include the depth interval of gravel pack installation, sieve 
filter size, and type, e.g., 50'-39', 20-40 Colorado silica. 

• "Seal" The seal should describe the depth interval of seal above the gravel pack 
and type. The seal should also describe the depth interval of grout slurry, e.g., 
39' - 34' - Bentonite pellets, 34' - O' - Bentonite/grout slurry 

Under the header of casing, the casing description will require the following: 

• "Type" Schedule 40 polyvinyl chloride (PVC), stainless steel etc. 
• "Diameter" The information supplied here will be reported in inches (usually 4 

inch). 
• "Length" The length of casing or riser should include stick-up at the surface. 

Under the heading of screen, the well screen will require the following information: 

• "Type" Schedule 40 polyvinyl chloride (PVC), stainless steel etc. 
• "Slot" The screen slot size. For silts and fine-grained sands, the slot size will be 

0.01 inch. For sands medium to coarse grained, the slot size will be 0.02 inch. 
• "Diameter" The diameter for well screens reported in inches (usually will be 4 

inch). 
• "Length" The length of the well screen in reported feet. 
• "Hole Diameter" The diameter of hole cut by either a rotating bit or auger cutting 

head. Reported in inches. 
• "Total Depth" The total depth drilled (in feet). If sampled deeper than depth 

drilled, this should be noted at the bottom of the log. 
• "Location Map" A sketch of the boring location should be constructed in this 

comer. 
• Topographical setting will be one of the following: 

• DEPR 
• DTCH 
• DUNE 

Local depression 
Drainage ditch 
Dunes (mound, ridge, or hill of windblown sand; bare or 
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• FLAT 
• HLSD 
• HLTP 

covered with vegetation) 
Flat surface 
Hillside slope 
Hilltop 

• PDMT 
• TRCH 
• VALY 

Pediment (broad, gently sloping erosion surface) 
Trench (a long, narrow excavation, natural or artificial) 
Valley - flat valleys of all sizes 

• "Surface cover" will be bare, wooded, or grassy. 

Below the header are lithology/remarks and sample classifications. The following sample 
classifications should be described as follows: 

• "Moisture Content" (Clays and Sands) 

• Dry 

• Damp 

• Moist ( compactable) 

• Wet (not compactable) 

• Saturated 

• "Sorting" (Sands only) 

• Very well 

• Well 

• Moderately 

• Poorly 

• Very poorly 

• "Density" or consistency (CONSS) (Sands and Clay) Density is described by the 
number of drops required by a 140 lb. hammer over 30 inches to drive a 2-inch 
outside diameter, 1 3/8 inch inside diameter, split-spoon 6 inches. The following 
is a description of soil consistency (density): 

Sand or Gravel 
Blows per 

Silt or Clay 
Blows per Thumb Penetration 

Foot Foot 

VL (Very Loose) 0-4 VSO (Very Soft) 0-2 Very easy-inches 

L (Loose) 4-10 SO (Soft) 2-4 Easily inches 

MD (Medium Dense) 10-30 M (Medium Soft) 4-8 Moderate effort-inches 

D (Dense) 30-50 ST (Stiff) 8-15 Indented easily 

VD ( Very Dense > 50 VST (Very Stiff) 15-30 Indented by nail 

H (Hard) > 30 Difficult by nail 
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• Other descriptions may include: 

• 
• 

NC 
PC 

(Non-cemented) 
(Poorly cemented) 

• "Plasticity" Plasticity refers to the case in which cohesive soils are molded. The 
following describes the plasticity terms. 
• EXTREMELY HARD, resistant to pressure, not broken by hand 
• NONPLASTIC, not wire formable 
• SLIGHTLY PLASTIC, wire formable but soil remains easily deformed 
• PLASTIC, wire formable, moderate pressure required 
• VERY PLASTIC, wire formable, much pressure required 

• "Sample Number" In this column, record the number order that the sample was 
taken. 

• "TIP Reading" Refers to "Total Ionizables Present". Record the headspace 
reading here and the type of instrument used, i.e., HNU, OVM, etc. 

• "Sample Recovery" After obtaining a split-spoon sample or Shelby sample, 
measure the length ofrecovered sample to the nearest 0.01' and record level. 

• "Penetration Resistance" The blow counts for every 6 inches of driving the 
sample are to be recorded under this heading. 

• "Color" The Munsell soil color or Geological Society of America soil color codes 
(COLOR) are a combination of the hues, values, and colors listed below: 

• Hue: 

• Value: 

• Color: 

2Y, 2YR, 5B, 5BG, 5G, 5GY, 5P, 5PB, 5R, 5RP, 5Y, 5YR, 
7R, 7YR, lOG, lOGY, lOR, lOY, lOYR, N 
0-9 
0 - 8 (not used when hue is "N"). A Munsell color chart 
will be available for color determination. 

• "USCS Classification/Lithology/Grain Size, Modifications/Remarks". The 
predominant lithology or lithologies should be identified first in capital letters, 
followed by qualifying adjectives that define grain size, color (using a Munsell 
chart), mineralogy, structural/textural features, bedding and laminations. For mixed 
lithologies within a common interval, provide relative percentages of the two or 
more lithologies within parenthesis following the lithologic name. For example, 
Sand (fine-medium [60%]) brownish yellow (10 yr. 6/6), and Gravel coarse (40%) 
very pale brown (10 yr. 7 /3). Any obvious features related to evidence for 
contamination, such as odor or staining, should be documented. Drilling comments 
and occurrences should also be noted under this section. The acceptable codes, 
based on Unified Soil Classification System (USCS) augmented by lithology and 
special codes, are identified in Table 1. Codes for grain size (soil) are listed below: 
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Action or Measurement 
Code Description 

GRAIN Grain size (soil) 

Acceptable Entries 
Code Description 

For soils: 

c Coarse 

CF Coarse to fine 

F Fine 
FM Fine to medium 
LG Large 
vM Medium 
MC Medium to coarse 

SMALL Small 

vc Very coarse 

VF Very fine 

Rock texture codes are available, but have not been included here since they are not expected. 

Table 1 Soil Classification and Lithology. 

Action or Measurement Acceptable Entries 

Code Description Code ·. Description 
Unified Soil Classification System 

Separate dual USCS codes by a uses augmented by lithology and special 
hyphen. 

codes 
uses 
Codes: 

CH 
Fat clay, inorganic clay of high 

plasticity 

CL 
Lean clay, sandy clay, silty clay, or 

low to medium plasticity 

GC 
Clayey gravel, gravel-sand-clay 

mixtures 

GM 
Silty gravel, gravel-sand-silt 

mixtures 

GP 
Gravel, poorly graded, gravel-sand 

mixtures, little or no fines 

GW 
Well graded gravel-sand mixture, 

little or no fines 

MH 
Silt, fine sandy or silty soil with 

high plasticity 
Silty and very fine sand, silty or 

ML clayey fine sand or clayey silt with 
slight plasticity 

OH 
Organic clays of medium to high 

plasticity, organic silts 

OL 
Organic silts and organic silty clays 

of low plasticity 
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Action or Measurement 
l)escription Code 

PT 
SC 
SI 

SM 
SP 
SW 
WD 

Special: 
ASH 

ASPHLT 
CONC 

CRLMSN 

FILL 

LC 
NR 

NTLOGD 

RUBBLE 

VOID 

Final status of the well CB 

FB 
FC 
FG 
FS 
NC 
0 

OP 

WD 
Lithology modifications B 

BDWX 
CAL 

CARB 
cc 

CEM 

CHE 

CL 
cs 

DCOLOR 
FAULT 
FECC 
FILL 
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Acceptal:>le Entries 
.. Description 

Peat or other highly organic soil 
Clayey sand, sand-clay mixtures 

Shells 
Silty-sand, sand-silt mixtures 

Sand, poorly-graded, gravelly sands 
Sand, well-graded, gravelly sands 

Wood 

Ash 
Asphalt (road material 

Concrete 
Crushed limestone 

Unknown man-made landfill 
material 

LC Lost core 
NR No recovery 

Not logged 
Construction debris rubble or 

demolition fill 
Void or cavity 

Well filled with grout: cement-
bentonite 

Well filled with bentonite 
Well filled with concrete 
Well filled with gravel 

Well filled with soil 
Well filled with grout: neat cement 

Open well 
Open well with piezometer or 

observation well installed 
Well damaged 

Boulders 
Badly weathered 

Calcareous 
Carbonaceous 
Concretions 
Cemented 

With chemicals (based on headspace 
reading) 
Clayey 

Clay strata or lenses 
Discolored 

Faulted 
Iron concentrations 

Disturbed soil 
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ActiOn .or Measurement 

Code Description 

MODIF Lithology modifications 
(continued) 

6 REQUIRED FORMS 

6.1 Drilling Log Forms 
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Code 
FRACT 
FRIA 

G 
HPL 

IRNST 
LIG 

MICA 
ML 

MOT 
0 

ODOR 
ox 
PL 

ROUND 
RT 
s 

SDL 
SDS 
SH 

SHLN 
SHLY 

SIS 
SL 

SLF 
SLWX 

so 
THSK 

TR 
TRCL 
TRG 

TRML 
TRMN 

TRS 
WCL 
WFE 
WG 

WGML 
WLAM 
WML 
ws 
wx 

Acceptable Entries 

Description 
Fractured 

Friable 
Gravelly 

Highly plastic 
Ironstained 

Lignite fragments 
Micaceous 

Silty 
Mottled 

Organic matter 
Odiferous 
Oxidized 
Plastic 

Rounded 
Rootlets 
Sandy 

Sandstone lenses 
Sandstone fragments 

Shale fragments 
Shale lenses 

Shaly 
Silt strata or lenses 

Slickensides 
Shell fragments 

Slightly weathered 
Solid 

Thin streaks 
Trace 

Trace of clay 
Trace of gravel 

Trace of silt 
Trace of manganese 

Trace of sand 
With clay 

With iron oxide 
With gravel 

With gravel and silt 
With laminations 

With silt 
With sand 
Weathered 
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This Standard Operating Procedure (SOP) establishes guidelines for stockpiling of excavated soils. 
The details within this SOP should be used in conjunction with project work plans. The work 
plans may present additional project-specific requirements and procedures for soil stockpiling. 

2 REFERENCES 

None. 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator are responsible for assigning 
project staff to complete soil stockpiling activities, and for ensuring that this and any 
other appropriate procedures are implemented by project personnel. This will be 
accomplished through staff training and by maintaining quality assurance/quality control 
(QA/QC). 

3.2 The Quality Assurance Officer is responsible for the periodic review of field generated 
documentation associated with soil stockpiling. If perceived variances occur, the Quality 
Assurance Officer is also responsible for issuing notices of nonconformance and requests 
for corrective action. 

3.3 The Sampling Team Leader(s) assigned to this task is responsible for performing the task 
according to this SOP and other appropriate procedures identified in the project work 
plans. All staff members are responsible for reporting deviations from the procedures to 
the Project Technical Coordinator. 

4 DEFINITIONS/MATERIALS 

None. 

5 PROCEDURE 

5.1 General 

5 .1.1 Stockpiling of soils is overseen by various regulatory agencies. Prior to initiating 
excavation activities, ensure that the procedures and requirements for compliance with 
applicable federal, state, and local regulations regarding stockpiling of soils have been 
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reviewed and understood. The standard procedures for short-term and long-term 
stockpiling are described below. The project work plans will also present the following 
information pertaining to soil stockpiling: 

• Any additional requirements or procedures to be followed 
• Equipment to be used 
• Stockpile locations. 

5.2 Short-term Stockpiling 

5.2.1 Upon initiation of excavation activities, soil will be segregated on a site-specific basis. 
Potentially clean soils will be stored in a separate short-term stockpile at the site. Soil 
that is suspected or known to be contaminated will be short-term stockpiled at the site 
separately from the clean soil. 

5.2.2 The short-term stockpiles will be placed upon two layers of impermeable sheeting (such 
as polyvinyl chloride, polyethylene, etc.). For short-term storage, the separated soils may 
also be placed in bins or drums for subsequent transport to long-term stockpiles, per the 
project work plans. 

5.2.3 Each pile will be covered with impermeable sheeting at the end of each workday. The 
covering will be secured at both the top and base of the stockpile. Plastic sheeting will be 
utilized to limit soil aeration and the release ofwindbome dust and particulates. The 
cover will also limit access by rainwater, resulting in possible contamination of surface 
water runoff from the stockpile. If bins or drums are used for short-term storage, 
impermeable sheeting should be used to cover the bins and the covers to the drums 
should be secured and seated at the end of each workday. 

5.2.4 Short-term stockpiling activities will be documented by the Project Technical 
Coordinator or field geologist on the Field Logbook. 

5.3 Long-term Soil Stockpiling 

5.3.1 When space and logistics allow, long-term stockpiles will be constructed on a concrete or 
asphalt base. Two layers of impermeable sheeting will be placed on top of the concrete 
or asphalt. All sheeting will be folded at joining edges with a three-foot overlap to 
prevent seepage. 

5.3.2 A berm will be erected around each stockpile. Boards or hay bales can be used to 
construct the berm. The material used to construct the berm will be placed under the two 
layers of impermeable sheeting to provide containment of any liquids that might leach 
from the soil. 
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5.3.3 Soil will be segregated by contaminant type (i.e., separate stockpiles for storage of soils 
impacted by gasoline, diesel, halogenated hydrocarbons, metals, etc.). 

5.3.4 Each stockpile will be visibly labeled. 

5.3.5 Covering of each pile with impermeable sheeting will be completed at the end of each 
workday. The covering will be secured at both the top and base of the stockpile. The 
sheeting will be utilized to limit soil aeration and the release of windborne dust and 
particulates. This cover will also limit access by rainwater, resulting in possible 
contamination of surface water runoff from the stockpile. 

5.3.6 The Project Technical Coordinator or field geologist will document on the Field Logbook 
long-term stockpiling activities. 

6 REQUIRED FORMS 

6.1 Field Logbook 
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MEVATEC CORPORATION 
Standard Operating Procedures 

HOLLOW STEM AUGER DRILLING 
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This Standard Operating Procedure (SOP) establishes guidelines and procedures for field 
personnel to use during the supervision of drilling operations involving hollow stem auger 
techniques. Additional specific hollow stem auger drilling procedures and requirements will be 
provided in the project work plans. 

2 REFERENCES 

None 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring 
that all hollow stem auger-drilling activities are conducted and documented in accordance 
with this SOP and any other appropriate procedures. This will be accomplished through 
staff training and by maintaining quality assurance/quality control (QA/QC). 

3.2 The Quality Assurance Officer is responsible for periodic review of field generated 
documentation associated with this SOP. The Quality Assurance Officer is also 
responsible for the implementation of corrective action (i.e., retraining personnel, 
additional review of work plans and SOPs, variances to hollow stem auger drilling 
requirements, issuing nonconformances, etc.) if problems occur. 

3.3 The Sampling Team Leader(s) assigned to hollow stem auger drilling activities is 
responsible for completing their tasks according to specifications outlined in this SOP 
and other appropriate procedures. All staff members are responsible for reporting 
deviations from the procedures to the Project Technical Coordinator. 

4 DEFINITIONS/MATERIALS 

4.1 Hollow Stem Auger Drilling 

A drilling method using rotating auger flights (typically in 5-foot joints) with a bit on the bottom 
of the lead flight (sometimes called the "lead auger"). The flights consist of a hollow pipe and 
an outer spiral plate, that when rotated, forces soil cuttings upward along the borehole wall to the 
surface. The auger string is advanced by rotation, with pressure exerted by the rig, forcing the 
bit to cut the soil at the bottom and direct cuttings to the augers. 

A retractable plug with a pilot bit is placed at the bottom of the auger string to prevent cuttings 
from entering the hollow stem. When the plug is retracted, a sampler may be sent through the 
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hollow center to sample soil at the bottom of the borehole without requiring the augers to be 
removed. A wireline sampler may also be attached to the inside of the lead auger for coring as 
the borehole is advanced. 

This method is commonly used for drilling and sampling of soil borings, collection of soil gas 
and screening-level water samples, and installation of some smaller diameter wells. The well 
casing string may be placed through the hollow stem. 

The hollow stem auger drilling method has advantages over other drilling techniques in certain 
circumstances, and disadvantages in others. This method is highly suitable for unconsolidated 
and consolidated fine-grained soils. Hollow-stem auger drilling can achieve the most rapid rates 
of penetration in soft sticky clay-dominated soils. However, coarse and consolidated gravels and 
hard bedrock may be too dense for adequate drill penetration. Soil cuttings are typically 
disaggregated and remolded, making bedding, fabric, and soil property determination difficult. 
The most reliable method for logging of soils during hollow stem auger drilling is by collecting 
relatively intact samples through the hollow stem. An advantage of the hollow stem auger 
method is that soil samples can be readily obtained from the bottom of the hole without requiring 
the removal of the auger string (unlike air or mud rotary methods). 

This drilling method may be used to install monitoring wells (limited by diameter) as there is 
good depth control, and the auger can be progressively pulled as well construction materials are 
added to the borehole. The methodology may also be used to drill out monitoring wells for 
abandonment. 

Another advantage of the hollow stem auger method is that air or mud is not required as 
circulating media. Therefore, there is limited to no potential for flushing of soil samples 
collected for chemical analyses, and a reduction in volumes of investigated derived wastes 
requiring costly handling and management procedures. Auger-type rigs can be significantly 
smaller than other types of rigs, making them the most suitable for some jobs with significant 
space constraints, including overhead clearance. 

Disadvantages of the hollow stem auger method include a typical maximum depth of 100 to 200 
feet (may be less depending on soil conditions). Hard soil horizons or very coarse gravel 
(cobbles and boulders) may be impenetrable with this method. 

5 PROCEDURE 

This section contains procedures and requirements for hollow stem auger drilling. The selection 
and implementation of hollow stem auger drilling techniques must incorporate site specific 
conditions and requirements. Consequently, the project work plans will identify the following: 

• The purpose of each borehole (e.g., to install monitoring well, soil sampling, well 
abandonment, etc.) 
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• Specific methodology for drilling, including equipment and cuttings/fluid 
containment 

• Specific locations, depths, and diameters of boreholes 
• Objectives and types of sampling and/or logging of borehole 
• Details of mobilization/demobilization and decontamination of equipment 
• Appropriate health and safety guidelines and personnel protective equipment 
• Additional procedures or requirements beyond those covered in this SOP 

5 .1 Drilling Site Mobilization 

5 .1.1 Rig Decontamination and Preparation 

5.1.1.1 All drilling and sampling equipment should be decontaminated before drilling as per 
MSOP Nos. 6.0 and 6.1, and the project work plans. 

5 .1.1.2 The driller and rig geologist/engineer should inspect the drilling equipment for proper 
maintenance and appropriate decontamination prior to each time the rig is mobilized to a 
site. All clutches, brakes and drive heads should be in proper working order. All cables 
and hydraulic hoses should be in good condition. All auger joints and bits should also be 
in good condition (e.g., no cracked or bent blades, bits are not excessively worn, etc.). 

5 .1.1.3 Any observed leakage of fluids from the rig should be immediately repaired and the rig 
decontaminated again before it is allowed to mobilize. 

5.1.2 Site Preparation 

5 .1.2.1 The logistics of drilling, logging, sampling, cuttings/fluid containment, and/or well 
construction should be determined before mobilizing. The site should be prepared as per 
the project work plans. 

5.1.2.2 Before mobilization, the Field Geologist should assess the drilling site with the driller. 
This assessment should identify potential hazards (slip/trip/fall, overhead power lines, 
etc.), and determine how drilling operations may impact the environment (dust, debris, 
and noise). Potential hazards should be evaluated and corrected, or the borehole location 
changed or shifted, as per the project work plans. 

5.1.2.3 The Project Technical Coordinator or appropriate designee should ensure that all 
identifiable underground utilities around the drilling location have been marked and the 
borehole location appropriately cleared per the project work plans. At a minimum, copies 
of the site clearance documents should be kept on-site. 

5 .1.3 Mobilization and Set-Up 
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5.1.3.1 Once the site is prepared, the rig is mobilized to the site and located over the borehole 
location. The rig is leveled with a set of hydraulic pads attached to the front and rear of 
the rig. The driller should always raise the mast slowly and carefully to prevent tipping 
or damaging the rig, arid avoiding obstructions or hazards. 

5.1.3.2 Appropriate barriers and markers should be in place prior to drilling, as per the site 
Health and Safety Plan. Visqueen (plastic, 6-mil thickness minimum) will be placed 
beneath the rig to contain any leakage of hydraulic fluids. 

5.1.3.3 Appropriate cuttings and other investigation-derived waste containment should be set on 
site prior to commencement of drilling. 

5.1.4 Health and Safety Requirements 

5.1.4.1 Tailgate Safety Meetings should be held in the manner and frequency stated in the Health 
and Safety Plan. All personnel at the site should have appropriate training and 
qualifications as per the Health and Safety Plan. 

5.1.4.2 During drilling all personnel within the exclusion zone should pay close attention to rig 
operations. The rotating auger blades can snag or catch loose clothing and literally screw 
someone into the ground. 

5 .1.4.3 Establishing clear communication signals with the drilling crew is mandatory since 
verbal signals may not be heard during the drilling process. The entire crew should be 
made aware to inform the rig geologist/engineer of any unforeseen hazard or when 
anyone is approaching the exclusion zone. 

5 .2 Drilling Procedures 

5.2.1 Breaking Ground 

5.2.1.1 Prior to the commencement of drilling, all safety sampling and monitoring equipment 
will be appropriately calibrated per the project work plans. 

5 .2.1.2 The Field Geologist should inform the driller of the appropriate equipment (e.g., cookie 
cutter, etc.) to be used for penetration of the surface cover (e.g., asphalt, concrete, cement, 
etc.). In the event of breaking ground where a shallow subsurface hazard may exist 
(unidentifiable utility, trapped vapors, etc.), the driller should be informed of the potential 
hazard and drilling should commence slowly to allow continuous visual inspection and/or 
monitoring and, if necessary, to stop for probing. 
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During drilling operations, and as the borehole is advanced, the rig geologist/engineer will 
generally: 

• Observe and monitor rig operations; 
• Conduct all health and safety monitoring and sampling, and supervise health and 

safety compliance; 
• Prepare a lithologic log from soil samples or cuttings; and 
• Supervise the collection of, and prepare soil, soil vapor, and groundwater samples. 

5.2.2.1 As drilling progresses the rig geologist/engineer should observe and be in frequent 
communication with the driller regarding drilling conditions. This includes relative rates 
of penetration (indicative of fast or slow drilling) and chattering or bucking of the rig. 
These conditions, including the relative drilling rate, should be recorded on the boring log 
per MSOP No. 10.0. Drilling should not be allowed to progress faster than the rig 
geologist/engineer could adequately observe conditions, compile boring logs, and 
supervise safety and sampling activities. 

The Field Geologist should also observe the rig operations, including the make-up and 
tightening of connections as additional auger joints are added to the auger string. Any 
observed problems, including significant down time, and their causes are recorded on the 
Field Logbook. 

5.2.2.2 Cuttings and fluids containment during drilling should be observed and supervised by the 
Program Geologist, as per specifications in the project work plans. 

5.2.2.3 The Field Geologist will oversee or conduct appropriate health and safety sampling and 
monitoring. If any potentially unsafe conditions are evident from the above drilling 
observations and the health and safety sampling and monitoring, the Field Geologist may 
suspend drilling operations at any time and take appropriate actions as per the Health and 
Safety Plan. In the event suspension of drilling activities occur: 

• The Project Technical Manager must be informed of the situation; 
• Appropriate corrective action must be implemented before drilling may be 

continued; and 
• The observed problem, suspension, and corrective action are entered on the Field 

Logbook. 

5.2.2.4 During drilling the rig geologist/engineer will compile a boring log as per MSOP 
No. 10.0. The log will be compiled preferably from soil samples recovered while 
drilling. Logs should only be compiled from cuttings if this is the only option. 
Observations of drilling conditions are also entered on the log as discussed above and in 
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MSOP No. 10.0. If total depth was reached prematurely due to refusal, the cause of 
refusal should be noted on the boring log and the Field Logbook. 

5.2.2.5 Subsurface soil samples may be collected with a split spoon sampler or Shelby tube 
during drilling per MSOP No. 3.1. The Field Geologist will supervise the sampling. Soil 
samples (drive samples) can be readily obtained at discrete intervals with these methods. 

5.2.2.6 Soil organic vapor (SOY) sampling may be conducted at discrete intervals during hollow 
stem auger drilling. This is done by stopping at the desired depth and driving a sample 
probe through the hollow stem into the soil ahead of the bit and then collecting a vapor 
sample. The sampling should be supervised by the rig geologist/engineer. 

5.2.2.7 Ground water screening (grab) samples can be obtained at discrete intervals during 
drilling. One method is to auger to the bottom of the selected interval or zone and pull 
the auger back to the top of the interval, allowing ground water through the open 
borehole. A water sample is then collected with a bailer run through the inside of the 
augers. Another method is to stop the augers at a selected interval or zone and advance a 
hydropunch sampler beyond the lead auger to retrieve a water sample. 

5.2.3 Borehole Abandonment 

If the borehole is to be abandoned once drilling is completed, the abandonment will follow 
procedures outlined in the project work plan. The abandonment will be supervised by the rig 
geologist/engineer. 

5.2.4 Monitoring Well Completion 

If a monitoring well is to be installed in the borehole, the well completion will follow procedures 
outlined in MSOP No. 8.1. The rig Field Geologist will supervise the well installation activities. 

5.3 Demobilization/Site Restoration 

After drilling, sampling, well installation or borehole abandonment is completed the hollow stem 
rig is rigged down and removed from the borehole location. The rig geologist/engineer or 
appropriate designee will supervise the demobilization/site restoration. 

5.3.1 All debris generated by the drilling operation will be removed and appropriately 
disposed. 

5.3.2 The site should be cleaned (ground washed if necessary) and surface conditions restored 
as per the project work plans. 
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5.3.3 All abandoned borings should be topped off and completed as per the project work plans. 
All monitoring wells will also have their surface completions finished as per the project 
work plans. 

5.3.4 Any remaining hazards as a result of drilling activities will be identified and appropriate 
barriers and markers put in place, as per the Health and Safety Plan. 

5.3.5 All soil cuttings and fluids will be properly contained, clearly labeled, and maintained as 
per the project work plans. 

5.3.6 The Field Geologist or appropriate designee should inspect the site to make sure that 
post-drilling site conditions are in compliance with the project work plans. 

6 REQUIRED FORMS 

6.1 Field Logbook 

6.2 Boring Log 
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This Standard Operating Procedure (SOP) establishes guidelines and procedures for conducting 
field quality control (QC) sampling. Field QC sampling is required to assist in verifying the 
quality and integrity of samples collected during a given sampling event. Additional specific 
field QC sampling procedures and requirements will be provided in the project work plans. 

2 REFERENCES 

2.1 EPA, September 1987, Compendium ofSuperfund Field Operations Methods, EPA 
540/P-87/00la, OSWER 9355.0-14. 

2.2 EPA, August 1988, EPA Guidance for Conducting Remedial Investigation and 
Feasibility Studies Under CERCLA, Interim Final OSWER Directive 9355.3-01. 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring 
that all sample collection activities are conducted in accordance with this SOP and any 
other appropriate procedures. This will be accomplished through staff training and by 
maintaining quality assurance/quality control (QA/QC). 

3.2 The Quality Assurance Officer is responsible for periodic review of field-generated 
documentation associated with this SOP. The Quality Assurance Officer is also 
responsible for implementation of corrective action (i.e., retraining personnel, additional 
review of work plans and SOPs, variances to QC sampling requirements, issuing 
nonconformances, etc.) if problems occur. 

3.3 The Sampling Team Leader(s) assigned to environmental and QC sampling activities is 
responsible for completing tasks according to specifications outlined in this SOP and 
other appropriate procedures. All staff members are responsible for reporting deviations 
from procedures to the Project Technical Coordinator. 

4 DEFINITIONS/MATERIALS 

4.1 Field QC Sample 

A field QC sample is a physical sample collected during or for a specific sampling event. The 
purpose of this sample is to evaluate the quality and integrity of original samples collected 
during the specific sampling event. 
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5 PROCEDURE 

This section contains the requirements for field QC sampling. Field QC sampling is required to 
provide data to verify the quality and integrity of environmental samples collected during a given 
sampling event. 

The details within this SOP should be used in conjunction with project plans. These plans will 
generally provide the following information: 

• Sample collection objectives 
• Numbers, types and locations of environmental (non-QC) samples to be collected 
• Numbers and types of supportive QC samples to be collected 
• Any additional QC sampling requirements or procedures beyond those covered in 

this SOP, as necessary. 

5.1 Quality Control Sampling Requirements 

5.1.1 Field QC samples may consist of different media. Typical QC samples are as follows: 

• Trip blank (TB) 
• Equipment rinsate (ER) 
• Field blank (FB) 
• Field duplicate (FD) 

5 .1.1.1 Trip blanks are analyte-free water, shipped from and returned unopened to the laboratory 
in the same shipping containers for volatile organic, and at times gasoline hydrocarbons. 
The blanks are prepared at the laboratory using ASTM Type II DI Water, sent to the 
project location, carried with the sampling team(s) during sampling, and shipped to the 
laboratory for analysis with the environmental samples. 

Trip blank samples are commonly collected and analyzed at a rate of one per sample cooler 
containing samples for volatile organic analyses or the gasoline fraction of petroleum 
hydrocarbons. The number or rate of trip blanks to be collected and the specific analyses to be 
conducted for the trip blanks will be provided in the project work plans. 

5.1.1.2 Equipment rinsate samples are collected from the final rinse water during 
decontamination of groundwater, soil, or waste sampling equipment. This type of 
equipment includes hailers, split-spoon samplers, soil sample sleeves, hand augering 
equipment, surface soil sampling equipment, purge and sample pumps, etc. 

Rinsate samples are generally collected at a rate of one per day per sampling team during 
the sampling event. Equipment rinsates are usually collected from dedicated sampling 
equipment only upon installation. The number or rate of equipment rinsate samples to be 
collected for a particular project will be specifically developed and documented in the 
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project work plans. The specific chemical analyses to be conducted for the rinsate 
samples will also be developed and documented in the project work plans. 

5.1.1.3 Field blanks are prepared from the water that is used for decontamination. One sample 
from each sampling event and each water source or lot number is generally collected and 
analyzed for all parameters of interest for the project. Upon collection, a description of 
the water source for the field blank sample should be documented in the Field Logbook. 
The number or rate of field blank samples to be collected for a particular project will be 
specifically developed and documented in the project work plans. The specific chemical 
analyses to be conducted for the field blank samples will also be developed and 
documented in the project work plans. 

5.1.1.4 For soils, field duplicate samples are generally collected by co-located sampling (e.g., 
using successive sample tubes from the same split-spoon sampling run) or by splitting 
samples. Field duplicate water samples are commonly collected by retaining consecutive 
samples from the sampling device (e.g., bailer or sample pump discharge line). Field 
duplicate water samples may also be generated by splitting a collected volume; however, 
this practice may lead to a loss in volatile organic compounds and is not common practice 
for volatile analyses. 

Field duplicate samples are commonly collected at a rate of 10 percent per media 
sampled. However, the number or rate of field duplicate samples to be collected for a 
particular project will be specifically developed and documented in the project work 
plans. The specific chemical analyses to be conducted for the field duplicates will also be 
developed and documented in the project work plans. 

5.1.2 The type and number of QC samples collected for a particular project is based on 
specifications provided in project specific documents, i.e., the project work plans. Field 
QC samples are to be collected at appropriate times during a sampling event. 

5.1.3 All field QC samples will be collected in proper containers with appropriate preservation 
per the project work plans. 

5.1.4 The collection of field QC samples consisting of various media (e.g., soil, groundwater, 
etc.) will follow procedures in sample collection SOPs for the respective media and any 
other applicable procedures in the project work plans. For example, the collection of a 
groundwater field duplicate QC sample will follow procedures specified in the 
groundwater sampling SOP (MSOP No. 9.0). Equipment rinsate samples are collected 
directly while rinsing the sampling equipment following appropriate procedures in MSOP 
No. 9.0 and the project work plans. Field blank samples are collected by pouring 
decontamination water directly into sample containers following appropriate protocol in 
MSOP No. 9.0 and the project work plans. 
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5.1.5 Field QC samples will be labeled and numbered as described in MSOP Nos. 2.1 and 2.2 
respectively and the project work plans. 

5 .1.6 The field QC samples will also be maintained under custody per MSOP No. 1.1, and be 
appropriately stored, handled and shipped per MSOP Nos. 2.0 and 2.3. 

6 REQUIRED FORMS 

6.1 Field Logbook 

6.2 Chain of Custody Form 
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Standard Operating Procedures 
MANAGEMENT OF INVESTIGATION-DERIVED WASTE 

1 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for the proper 
handling and disposal of investigation-derived waste. 

During environmental investigations at White Sands Missile Range, sampling crews may 
generate potentially contaminated Investigation-Derived Waste, including but not limited to the 
following types of materials: 

• Saturated and unsaturated soil 
• Groundwater 
• Decontamination water 
• Personal Protective Equipment (PPE) and miscellaneous refuse 

2 REFERENCES 

2.1 EPA, 1992, Guide to Management of Investigation Derived Wastes, EPA Publication 
Number 9345.3-03FS. 

3 RESPONSIBILITIES 

3.1 The Project Technical Manager and Technical Coordinator are responsible for ensuring 
that all investigation-derived waste is managed in accordance with this SOP and any 
other appropriate procedures. This will be accomplished through staff training and by 
maintaining quality assurance/quality control (QA/QC). 

3.2 The Quality Assurance Officer is responsible for periodic review of field generated 
documentation associated with this SOP. The Quality Assurance Officer is also 
responsible for implementation of corrective action (i.e., retraining personnel, additional 
review of work plans and SOPs, variances to QC sampling requirements, issuing 
nonconformances, etc.) if problems occur. 

3.3 The Sampling Team Leader(s) assigned to environmental and QC sampling activities is 
responsible for completing tasks according to specifications outlined in this SOP and 
other appropriate procedures. All staff members are responsible for reporting deviations 
from procedures to the Project Technical Coordinator. 

4 REQUIRED MATERIALS 

• Field logbook: surveyor's book or field book, bound and ruled/gridded, record 
book with sequentially numbered and waterproof pages. 
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• Indelible black ink pens. 
• Paint pens for marking drums 
• Drum Tracking Form. 

5 PROCEDURES 

5 .1 Waste Minimization Procedures 

To the extent that it is practical, environmental investigations will follow waste minimization 
procedures. Guidelines for waste minimization are: 

• Minimize materials that are introduced into any exclusion zone in an investigation 
area. 

• Combine similar wastes throughout an investigation area in a single container 
wherever possible. 

• Combine decontamination water from multiple sites in one container. 
• Use a container of the appropriate size (e.g., use a 5-gallon drum for small 

amounts of waste unless a 55-gallon drum is needed to hold all the waste). 
• Decontaminate and reuse material and equipment whenever practical. Minimize 

the volume of decontamination water generated. 
• With solid environmental media and materials, ensure that waste is tightly packed 

to minimize the number of containers. 
• Use less hazardous substances whenever possible. 

5 .2 Waste Management Procedures Overview 

Management of each IDW type will be discussed separately in Section 5.5. General IDW 
management procedures for all waste categories are subject to the procedures outlined below. 

5.3 Waste Containerization Procedures 

Container specifications are discussed in Section 5.5. Drums will not be completely filled. At 
least 6 inches of space will be left at the top of each drum to allow for expansion of waste due to 
freezing. All drums will be closed after receiving waste, and properly labeled and numbered as 
specified in Section 5.6.2. 

Container accumulation points are associated with the location of each field activity. Separate 
container accumulation points will be designated for liquid and solid IDW. When the total IDW 
volume exceeds 55 gallons, or use of container is determined to be complete, the drum(s) will be 
sampled, labeled according to Section 5.6.2, and then moved to a Less Than 90-Day Storage 
Area while awaiting analysis and characterization. 
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Obtain adequate IDW characterization data within 45 days after transfer ofIDW to a Less Than 
90-Day Storage Area. This information will be furnished to White Sands Missile Range on or 
before the 45-day deadline. Data from three sources may be used to characterize an IDW. These 
sources are: 

• Analytical Data from Environmental Samples Associated with ID W This data 
could identify chemicals associated with a listed hazardous waste. The data 
would support assigning a listed hazardous waste code to IDW associated with the 
environmental sample. In certain situations this data could prove useful in 
determining whether an IDW should have a characteristic hazardous waste code. 
(Note that this data could also be obtained from total constituent analysis of a 
sample of IDW.) 

• Analytical Data from RCRA Characteristic Testing on Samples of ID W This data 
can be directly used to identify a characteristic hazardous waste. 

• Historical Knowledge of Processes Which Generated Wastes Disposed in an 
Investigation Area. This information identifies possible listed hazardous waste 
codes that might apply to IDW. 

To expedite movement ofIDW through the system, all IDW will be considered hazardous and 
managed as such, pending receipt of initial analytical results. If initial analyses support a non
hazardous designation, it is more time effective to remove a drum from the system than adding a 
new drum to the system. 

5.5 Waste Management Procedures for Specific Types of Investigation Derived Waste 

Due to the variable properties and/or regulatory requirements and guidelines for different types 
of IDW, certain specific procedures are required for each IDW type. 

5.6 Unsaturated Soil IDW 

Unsaturated soil cuttings will be classified into three categories that are managed separately. 
• Unsaturated soils from soil removal areas will be placed in DOT Specification 

1A2 open head drums for storage. Containerized IDW will be transferred to a 
Less Than 90-Day Storage Area in accordance with procedures outline in 
Section 4.1. Analytical samples will be collected prior to transfer. 

• Unsaturated soil cuttings from borings will be returned to the test hole after 
completion of the boring. 

• Unsaturated soil cuttings from monitor wells installed outside the area of 
investigation will be spread on the ground in the immediate vicinity of the 
monitoring well. 
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5.7 Saturated Soil Cuttings 

All saturated soil cuttings will be placed in DOT Specification 1A2 open head drums for storage. 
Containerized IDW will be transferred to a Less Than 90-Day Storage Area in accordance with 
procedures outlined in Section 4.1. Analytical samples will be collected prior to transfer. 

5. 8 Purged Groundwater 

Any purged groundwater generated during monitoring well development or prior to groundwater 
sampling will be placed in DOT Specification 1 A2 closed head drums, or applicable alternate 
container designated within the Work Plan, for storage. Containerized IDW will be transferred 
to a Less Than 90-Day Storage Area in accordance with procedures outlined in Section 4.1. 
Analytical samples will be collected prior to transfer. 

5.9 Decontamination Water 

Decontamination water will be placed in DOT Specification 1A2 closed head drums, or 
applicable alternate container designated within the Work Plan, for storage. Containerized IDW 
will be transferred to a Less Than 90-Day Storage Area in accordance with procedures outline in 
Section 4.1. A composite analytical sample will be collected prior to transfer. The container 
will be labeled as to the investigation area(s) at which the equipment was used. When 
combining decontamination water from multiple sites into one container, it is important that the 
container be marked with all the site identification numbers where the decontamination fluids 
were used. 

5.10 Personal Protective Equipment and Miscellaneous Refuse Generated within an 
Investigation Area 

No hazardous waste is expected to be generated from PPE. Any anticipated hazardous IDW PPE 
would be addressed within the Project Work Plan. Maximum effort will be made to minimize 
the amount of refuse generated within an investigation area. Arrangement for disposal of refuse 
will be the responsibility of the Investigation Contractor. 

5 .11 Drum Management 

Drum inventory and tracking will be managed through a three-step process. The process 
includes proper drum labeling, proper assignment of drum numbers, and accurate documentation 
on the Field Logbook. 

5 .12 Drum Labeling 

All drums used to store potentially contaminated IDW at White Sands Missile Range will be 
labeled by the end of each workday. Drums must be covered and sealed daily before field 
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personnel leave the site. No unlabeled drums in use will be left on site. Drums will be labeled 
on the side and lid using a paint marker. Duplicate drum numbers will be avoided by reviewing 
the Field Logbook before assigning a number to an IDW drum. Drum labeling will include the 
following: 

• Drum number 
• Dates of first use and last use 
• Investigation area number 
• Site Identification (include SWMU #,sample type, sample No.) 
• Waste type (e.g., purge water, unsaturated soil cuttings) 
• Level of PPE worn when IDW was generated 
• The phrase "Awaiting Analysis" 

5.13 Drum Number 

All drums ofIDW will be numbered to aid in drum management through the Field Logbook. 
Drum number will comply with the following: 

• Drum numbers will be sequential, using an "XX" two-character designation 
specific for the Investigation Contractor, followed by four numbers. 

• Drum numbers will begin with XXOOOl and end with the last drum used during 
the investigation. 

• An adequately trained Investigation Contractor field team member will track the 
drums using the Field Logbook. 

• The field team member will return the Field Logbook to the field operations 
leader responsible for tracking at the end of each workday. 

5.14 Field Logbook 

The field operations leader will keep all drum inventory information on the Field Logbook. The 
Field Logbook will contain the following information: 

1. Unique drum ID number (as described in Section 5.6.2) 
2. Site ID 
3. Drum contents 
4. Dates: 

• Drum filled 
• Sample collected 
• Drum transfer to Less Than 90-Day Storage Area 
• Analytical results must received by 
• Analytical results actually received 
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5. Hazardous waste determination decision 
6. Date information was entered into HWTS 
7. Date Tum-in is complete for acceptance by the White Sands Missile Range 
8. Date drum is moved from a Less Than 90-Day Storage Area to approved TSD 
facility 

Drums are moved from the investigation area to a Less Than 90-Day Storage Area with a copy 
of the Field Logbook. 

5 .15 Recordkeeping 

The Investigation Contractor will maintain completed Field Logbooks and waste characterization 
data packages that they generate. 

6 REQUIRED FORMS 

6.1 Field Logbook 
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PREPARATION, REVISION, AND APPROVAL OF PLANS AND PROCEDURES 

1 PURPOSE 

This Standard Operating Procedure (SOP) establishes the methods and responsibilities associated 
with the preparation, revision, and approval of quality-affecting documents. 

2 REFERENCES 

None. 

3 RESPONSIBILITIES 

3 .1 The Program Manager has the responsibility to assure that standard operating procedures 
and plans that are required for work assignment orders are prepared by qualified 
personnel and are reviewed and approved by authorized personnel, prior to the 
implementation of the work assignment order activities. 

3.2 The Quality Assurance Officer is responsible for the preparation and maintenance of 
SOPs. He/she reviews and approves SOPs. He/she is also a part of the approval cycle 
for the technical planning documents (e.g., Work Plan, Sampling and Analysis Plan, etc.). 

4 DEFINITIONS 

4.1 Standard Operation Procedures (SOP) 

A set of implementing procedures that prescribe the actions necessary to complete a work 
operation in accordance with accepted practices for quality and safety. 

5 PROCEDURE 

5 .1 Preparation 

5.1.1 The Program Manager determines the need for establishing a procedure describing how 
to perform quality-affecting activities. He/She also initiates revisions to these documents 
due to programmatic requirement changes, audit findings, or corrective actions, as 
applicable. 

5.1.2 Procedures, fieldwork variance, and drawings will include appropriate qualitative and 
quantitative acceptance criteria for determining satisfactory work performance and 
quality compliance. 
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5.2 Format 

5.2.1 The SOPs will adhere to a consistent format in accordance with the following guidelines. 

5.2.2 Revision Block - This area will contain the document identification, section or procedure 
number, revision number, date, and pages. This information will appear consistently on 
each page of the document in the upper right-hand comer. 

5.2.3 Title Block - This area will contain the title of the SOP and will appear on the first page only. 

5.3 Contents 

5.3.1 Procedures required to implement work assignment order activities will include the 
information listed below. When any of these items are not required or are inappropriate 
to the SOP, they will be noted by the word "none". 

1.0 Purpose - Describe the purpose of the SOP. Be as specific as possible; do not 
generalize. 

2.0 References - Identify pertinent documents or procedures that interface with the 
SOP being prepared. Reference to specific documents that are directly applicable 
to the SOP (e.g., Chemical Data Quality Management Plan (CDQMP), Sampling 
and Analysis Plan (SAP), Field Sampling Plan (FSP), Health and Safety Plan 
(HSP) etc.) is acceptable. 

3.0 Responsibilities - Assign responsibility for accomplishing activities, be specific in 
context. Include appropriate reporting requirements for assuring that important 
activities have been satisfactorily accomplished. 

4.0 Definitions/Materials - Define words and phrases having a special meaning of 
application within the SOP. List materials and equipment required for the 
procedure( s) being performed. 

5.0 Procedure - Identify the sequence of activities to be followed for accomplishing 
activities, be specific in context. Incorporate examples of forms or documents 
that are required to be completed as a result of the procedure implementation. 

6.0 Required Forms - List all forms that are required for the successful 
implementation of the specific SOP. 

5.4 Approval 

5.4.1 The signature of the Program Manager, Quality Assurance Officer and others as deemed 
necessary on the Table of Contents/Log of Revisions or cover page will signify the 
documents and revisions listed are authorized for use. For SOPs, the Program Manager 
and Quality Assurance Officer will sign the Table of Contents/Log of Revisions Page of 
the procedure manual indicating their approval. 
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5.5.1 Personnel responsible for complying or interfacing with the requirements of the approved 
plans, SOPs may request revisions to these documents via a Manual Change Request 
memo. Manual Change Requests are different from fieldwork modifications, as they are 
used to suggest improvements to existing processes or systems and are not structured to 
adjust the plans and procedures based on changing site conditions. 

5.5.2 Originators of the Manual Change Request are responsible for forwarding a Manual 
Change Request to the Program Manager for dispositioning. 

5.5.3 The Program Manager is responsible for reviewing all Manual Change Requests and 
either accepting or rejecting them. If a Manual Change Request is accepted, the Program 
Manager will indicate this acceptance by signing and dating the Manual Change Request. 
He/she will forward a copy of the signed Manual Change Request to the originator for 
their files. The Program Manager will maintain a copy of accepted Manual Change 
Request for logging and revision inclusion. 

5.5.4 If a Manual Change Request is not accepted, the Program Manager will indicate this by 
marking, signing and dating the Manual Change Request. Non-accepted Manual Change 
Requests will be maintained in the project files. 

5.6 Revisions 

5.6. l Revisions to approved plans will be documented and will receive the same level of 
review, approval, and control as the original document. 

5.6.2 The Program Manager using the Fieldwork Variance form will issue fieldwork variances. 
When twelve (12) months have elapsed for a Field Work Modification Form or six (6) 
have been issued, whichever comes first, the Program Manager will issue new revisions 
to the affected documents to incorporate the Field Work Variances. 

6 REQUIRED FORMS 

6.1 Manual Change Request 
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QUALITY INSPECTIONS AND INSPECTION RECORDS 

1 PURPOSE 

This Standard Operating Procedure (SOP) establishes the methods and responsibilities for the 
performance and documentation of Quality Control inspection of activities performed during 
delivery order activities to ensure compliance with established requirements. 

2 REFERENCES 

None. 

3 RESPONSIBILITIES 

The Program Manager and the Quality Assurance Officer will select the most qualified 
individual(s) to perform the QC inspection. This determination will be made based on the nature 
of QC inspection. 

4 DEFINITIONS 

4.1 Inspection -
Examination or measurement to verify whether an item or activity conforms to a 
specified requirement(s). 

5 PROCEDURE 

5 .1 Qualification of Inspectors 

5 .1.1 Personnel performing inspection activities will have the necessary expertise in the area to 
be inspected but will be sufficiently independent of the activity performed. 

5.1.2 Prior to performance of inspection activities, personnel designated for that responsibility 
would review and be thoroughly familiar with the procedures, regulations, etc., governing 
the activities to be inspected. 

5 .2 Field Inspection Plans and Reports 

5.2.1 Activities requiring inspection (i.e., Preparatory Phase, initial Phase and Follow-up 
Phase) will have a definable features of work matrix prepared for that activity. 
Inspection(s) will be performed for definable features of work that are identified for each 
delivery order and will be performed consistent with ongoing delivery order activities. 
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5.2.1.1 The definable features of work matrix will identify the items and activities to be 
inspected and will provide or reference the specification section and paragraph which 
specifies the requirements for each activity or item. 

If a Nonconformance Report is required for activities being inspected, a reference will be 
provided on the Daily QC Report. 

5.2.1.2 The Daily QC Reports will be issued identifying inspections performed. The report will 
be completed by the Quality Assurance Officer (or designee) and will address each 
inspection performed during the course of the daily activities and submitted to the 
Program Manager. 

5.2.1.3 Items or activities not conforming to inspection acceptance criteria will be resolved and 
when determined necessary documented on a Nonconformance Report. Daily QC 
Reports will be logged and sequentially numbered. Each Daily QC Report will be signed 
by the inspector certifying that the activities listed within the report have been completed 
in accordance with the project planning documents to the best of his/her knowledge, and 
submitted for review by the Program Manager. 

6 REQUIRED FORMS 

6.1 Definable Features of Work Matrix 

6.2 Daily QC Report 

F-176 



APPENDIXG 
MONITORING WELL DESIGN AND INSTALLATION PLAN 



Appendix G~ 
Work Plan for the RCRA Facility Investigation at the Launch Complex-38 Site on White Sands Missile Range 

APPENDIXG 

MONITORING WELL DESIGN AND INSTALLATION PLAN 

1.0 WELL DESIGN AND INSTALLATION 

1.1 General Requirements 

One groundwater monitoring well will be installed as part of this investigation, downgradient of the 
release site. The well will be installed to monitor the vadose zone/groundwater interface (estimated 
to be approximately 225 feet, or 68.6 m). 

MEY ATEC shall provide all drilling equipment, materials and personnel required to install the 
wells, as well as a qualified geologist or geotechnical engineer, who will be on site for all drilling, 
installation, development and testing operations. 

Petroleum based lubricants, such as grease or oil, on drill rod joints shall not be permitted. 
Dispersing agents (such as phosphates) or acids shall not be used. No attempt shall be made to 
chemically disinfect the well. The drill tools and associated equipment will be decontaminated prior 
to commencement of drilling at each well and boring location. It is expressly required that toxic 
and/or contaminating substances shall not be used during any part of the drilling, well installation or 
well development processes. 

1.2 Protection of Water Yielding Zones 

All drilling activities and methods shall be performed in a manner intended to reduce the potential 
for the introduction of contaminants from one water-bearing stratum to another via the well bore or 
completed well. 

1.3 Boring Diameter 

The borehole for the monitoring well will be drilled using mud-rotary drilling techniques. Drilling 
fluid will consist of bentonite and/or biodegradable polymer and water, which will not interfere with 
the development of the well or introduce contaminants. The borehole widths for the well will not 
exceed 8 inches (20.32 cm) in diameter. 

MEVATEC will have the responsibility of selecting and placing the well screen in the appropriate 
location in the borehole so that the completed monitoring well functions satisfactorily. The 
placement will take into consideration the sampling objectives of the well and the site-specific 
hydrogeologic conditions encountered during boring advancement. The screen interval will be 
placed so that approximately 5 feet (1.52 m) of the screen is above the water surface to account for 
any seasonal groundwater level fluctuations. 
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1.4 Well Installation 

One monitoring well will be installed at a depth of approximately 245 ft (74.7 m) with a total screen 
length of 20-ft (6.1 m) from approximately 220-ft bgs (67.l m) to 240-ft bgs (73.2 m). The 
groundwater flow direction is to the southeast. The well will be installed as described in the 
following sections. 

1.5 Well Riser and Screen 

The well screen for the groundwater interface monitoring well will consist of 20 foot (6.1 m) length, 
new, threaded, flush joint, nominal 4-inch diameter ASTM-Dl 785 Schedule 40 PVC material. 
This material will be non-contaminating, factory constructed, machine slotted. Field slotted or cut 
screen will not be used. The slot size for the well screen is No. 10 size (0.010 inch), or finer, to be 
compatible with the aquifer and gravel pack material. 

The well riser will consist of new threaded, flush joint, polyvinyl chloride (PVC) (ASTM-D 1785 
Schedule 40) pipe of 4-inch (10.16 cm) nominal diameter. A five-foot sump (sand trap), with a 
bottom cap, shall be located at the base of the screen. Screen and riser sections will be joined by 
threaded flush-joint couplings, to form water-tight unions that retain 100% of the strength of the 
screen. Solvent glues, cements, or adhesive tapes may not be used to join two sections of pipe and 
screen. Stainless steel centralizers will be placed at the bottom of the well screen, directly above the 
well screen, and at 50-foot intervals along the length of each well. Figure 1-1 (shown on next page) 
provides a typical schematic for the groundwater interface monitoring well. 

1.6 Filter Pack 

Filter pack material will consist of clean, washed, well graded, rounded to subrounded silica sand. 
Grain size will be selected so as to exclude the majority of the material in the aquifer. (20-40 mesh 
size with uniformity coefficient in the range of 1.1-1.6). 

Filter pack will be placed 5 feet below the base of the sand trap to five feet above the top of the 
screened interval. To construct the upper seal, bentonite chips or pellets shall be added to at least 
five feet above the top of the gravel pack. 

1. 7 Bentonite Seal and Grout 

A minimum 5-foot (1.5 m) seal, consisting ofbentonite pellets or chips, shall be placed into the 
annular space between the riser and boring wall. The bentonite seal will be installed above the filter 
pack and if necessary, be hydrated by charging the hole with approved potable water. 

To seal the upper borehole annulus, grout will be emplaced with a tremie pipe from the top of the 
bentonite seal to the land surface. The grout mixture will consist of a mixture of Portland cement 
(ASTM-C-150), bentonite powder (without additives) and potable water in the proportions of not 
more than 7 gallons (26.5 liters) of water per 94 pounds (42kg) of Portland cement per 3 pounds 
(1.3 kg) of bentonite powder. The grout will be prepared by first thoroughly mixing the bentonite 
and water and then mixing in the Portland cement. 
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WELL CONSTRUCTION DIAGRAM 

WELL NUMBER: TBD 
WELL NAME: TBD 
GEOLOGIST: Kathy Davis 

KEYED NOTES: 
1. PROTECTIVE STEEL OUTER SURFACE CASING W/LOCK. 

2. CONCRETE PAD (36 INCH X 36 INCH X 6 INCH) WITH 
EMBEDDED BRASS SURVEY MARKER 

3. WELL CASING: 4-INCH DIAM. SCHED. 40 PVC. 

4. ANNULUS BACKFILL: CEMENT /5% BEN TONI TE SLURRY. 

5. UPPER SEAL: HYDRATED BENTONITE CHIPS. 

6. FILTER PACK: 20-40 MESH SIZE SILICA SAND. 

7. WELL SCREEN : 4-INCH DIAM. NO. 10 SIZE MACHINE 

SLOTTED SCHEDULE 40 PVC. 

8. WELL SUMP: 4-INCH DIAM. SCHED. 40 PVC. 

2 

215 feet ---~ 
220 feet-~~ 

240 feet---+<-

----+--{ 8 
2 4 5 feet ---+___.,_,_______, 

GENERAL NOTES: 
1. TOTAL BOREHOLE DEPTH 245 ft. 
2. BOREHOLE DIAMETER: 8 INCHES 
3. ALL DEPTHS MEASURED FROM GROUND SURF ACE. 

4. DRAWING NOT TO SCALE. 

LC380004 

Figure 1-1. Proposed Well Construction Diagram. 
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2.0 WELL DEVELOPMENT 

After the well is constructed, the well shall be developed by pumping and/or surging using such 
methods as surge block and bailing. Selection of the method used shall be dependent upon the 
aquifer characteristics; including depth, yield and water quality, and in-situ characteristics; however, 
air lift methods shall not be used. 

Development shall continue until the groundwater removed from the well shows a visual reduction 
in turbidity (reduced sand and silt content) and temperature, pH and conductance have stabilized. 
Stability is defined as three consecutive sets of temperature and conductance values within± 5 
percent of each other, and pH within 0.1 units. The minimum volume of water removed between 
measurement sets is 5 gallons. If the development parameters have stabilized (by the above 
definition) and the total volume of water removed is less than five (5) well casing volumes, then 
development will continue until five (5) well casing volumes of water are removed from the well. 
Therefore, the minimum volume of water that would ever be developed from a well would be the 
greater of either 15 gallons or 5 well casing volumes. No water or other liquid may be introduced 
into the well other than formation water from that well. 

The site geologist shall record the following data during well development: 

• Date and time well development started, 
• Initial static water level 
• Volume of water removed 
• Color and turbidity 
• Temperature, pH and conductance 
• Date and time well development finished 
• Well development methods and equipment 

3.0 WELL ACCEPTANCE 

Each well is to be installed using the proper materials and methods, such that it yields samples of 
the water-bearing strata monitored by the well. The following criteria will be used to evaluate the 
acceptability of the monitoring well installation 

All risers and screens will be set round, plumb and true to line. Monitoring well primary filter 
packs and screened intervals will not be cemented. Monitoring well casing and screen must not be 
collapsed, broken, damaged, obstructed or contaminated during drilling. All casings, screens, grout 
and filter packs will be set to depths as directed by the site geologist, in coordination with the 
WS-ES Technical Inspector. 

3.1 Protection of Well 

At all times during the progress of the work, precautions shall be taken to help prevent tampering 
with the well or the entrance of foreign material into it. Upon completion of the well, a suitable 
cap will be installed to help prevent material from entering the well. A protective above-grade 
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steel casing with a locking cap will be centered around the well and embedded into the three ft of 
Portland cement-sand grout (no bentonite) before it has set up. The protective well casing shall 
rise approximately 3 ft (0.9 m) above ground level. It will be of sufficient size and positioned such 
that the monitoring well cap can be easily removed. A mark will be made on the top of the riser 
pipe to provide a standard measuring point for performing groundwater level measurements. 

A minimum 3-foot (0.9 m) square, 24-inch (61 cm) thick concrete pad, sloped away from the well, 
will be constructed around the well casing at the final ground level elevation. A survey marker 
shall be permanently placed in each pad. Each survey marker shall be marked with the identifying 
number of the well and the elevation of the survey marker (to the closest 0.1 foot/0.03m). The 
ground immediately surrounding the top of the well shall be sloped away from the well. There 
shall be no openings in the protective casing wall below its top. 

3.2 Temporary Capping 

Any well that is to be temporarily removed from service, or left incomplete due to delay in 
construction, shall be capped with a watertight cap and equipped with a "vandal proof cover 
satisfying applicable state or local regulations or recommendations. 

3.3 Field Logs 

The site geologist shall maintain suitable field logs detailing augering and well construction 
practices and any down-hole geophysical surveys. For each soil boring/monitoring well installed, 
a field-boring log and detailed lithologic log will be completed. The Field Log will include, but 
not limited to the following: 

• Sampling method, 
• Sample drive, recovery blow counts, hammer weight and length of fall, 
• Sample numbers, 
• Depth interval from which each formation sample was taken, 
• Field screening results, 
• Depth at which hole diameter (bit sizes) change, 
• Depth at which groundwater is first observed, 
• Depth to the static water level and any noted changes in static water level with well depth, 
• Total depth of completed well or soil boring, 
• Location of observed fractures, joints, faults, cavities or weathered zones, 
• Depth of any grouting or sealing, 
• Nominal hole diameters, 
• Amount of cement used for grouting or sealing, 
• Depth and type of well casing (Description to include length, location, diameter, slot size, 

material and manufacturer of well screen), 
• Static water level upon completion of the well and after development, 
• Drilling date or dates, 
• Construction details of monitoring well, and 
• Type of drill rig and method of drilling. 
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4.0 LOCATION SURVEYS 

Following well installation and surface completions, all wells will be located horizontally and 
vertically by surveying. A permanent brass survey marker, stamped with the well number, will 
be embedded into the concrete well pad. Vertical locations for the brass marker and measuring 
point (mark on the top of the casing) will be surveyed to an accuracy of plus/minus 0.01 feet. 
Horizontal locations at the brass marker will be provided in latitude/longitude and UTM 
(Universal Transverse Mercator Coordinate) format. Horizontal position will be based upon 
North American Datum of 1983. Elevations will be based upon the North American Vertical 
Datum of 1988. All data will meet or exceed the accuracy requirements of the National Geodetic 
Survey for a Third Order - Class I Survey. Well location data will be provided on well 
construction diagrams and in the Site Characterization Report. 
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SWMU Assessment Report for the LC-38 Diesel Spill on WSMR 

EXECUTIVE SUMMARY 

A strategic reserve of diesel fuel was stored for the Defense Fuels Agency in a 150,000-gallon 
above-ground storage tank (AST) at Launch Complex 38 (LC-38) on White Sands Missile Range 
(WSMR). During an annual evaporative loss measurement conducted in the summer of 2000, 
WSMR personnel could not account for missing fuel estimated in the amount of 31,000 gallons. 
The tank was dedicated exclusively to diesel fuel storage throughout its service life at WSMR. 
Upon discovery of the fuel leak, WSMR notified the New Mexico Environment Department's 
(NMED) Ground Water Quality Bureau in accordance with section 1203 of the New Mexico 
Water Quality Control Commission (WQCC) Regulations (20 New Mexico Administrative Code 
6.2). Following a preliminary investigation at the site conducted in February 2001, the NMED 
Hazardous Waste Bureau (HWB) took the regulatory lead for this investigation and required a 
Solid Waste Management Unit (SWMU) Assessment be performed. 

The purpose of this SWMU Assessment is to further characterize the geology and hydrology of 
the diesel spill site, the extent of contamination in soils and ground water, and determine future 
actions for the site based on a Risk Based Decision Making Analysis. Activities for this 
investigation were completed according to the NMED approved work plan titled "Work Plan for 
the RCRA Facility Investigation at the Launch Complex 38 Site on White Sands Missile Range." 

' Results of this SWMU Assessment indicate that a significant amount of diesel fuel leaked into 
the subsurface at LC-38 from a 150,000 gallon diesel AST. Contamination resulting from this 
release has reached a maximum depth of approximately 75 ft bgs. The contaminant plume is 
supported by the thick laterally continuous clay layer approximately 20 ft thick. The thick, 
continuous clay layer has prevented further downward migration of the diesel fuel. Ground
water monitoring wells installed and sampled during this investigation show that depth to 
regional ground water is greater than 230 ft bgs. Analytical results from ground-water samples 
indicate contamination has not reached the regional water table. 

Based on analysis using the Risk Based Decision Making Process (RBDMP) developed by the 
NMED Underground Storage Tank Bureau (UST) Bureau, it was determined that the current land 
use exposure scenario for off-site residents and commercial workers is incomplete. All 
construction worker scenarios were well below Risk Based Screening Levels (RBSL) indicating 
contaminant concentrations are below levels of concern for potential current and future, on-site 
construction workers. 

In evaluating future land use, the indoor inhalation pathway for vapor migration from subsurface 
soils could be complete if a facility or residence is constructed over the contaminated site. 
Representative concentrations for the majority of observed contaminants of concern (COC) 
exceeded RBSLs for future land use scenarios for both on-site commercial and on-site residents. 
The groundwater ingestion pathway is incomplete because no drinking or irrigation water wells 
are located within a 10-mile radius of the site and due to total dissolved solids in the area 
exceeding 8,000 mg/L. 
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The AST at LC-38 will remain part of the Defense Fuels Agency Military Ready Reserve Pool. 
There are no plans for removal of the AST at this time. The AST is currently empty and will 
remain so until it is made ready for use. WSMR will maintain this site as an industrial site for 
the foreseeable future. 

Based on current land use, no exposure pathways are considered complete at this time. No 
residential areas will be built for the foreseeable future and no construction activities are planned 
for this site. Based on these findings, the site is currently protective of human health and 
ecological exposure. 

WSMR proposes No Further Remedial Action at this site. The WSMR Real Property Planning 
Board will zone this site as off limits for future commercial/residential use. Additionally, 
WSMR will annotate the Real Property Inventory to reflect that should the AST be removed, any 
remaining contaminated materials within 15 feet of the final land surface would be subject to 
remediation . 
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SWMU ASSESSMENT REPORT FOR THE LC-38 DIESEL SPILL 
ON WHITE SANDS MISSILE RANGE 

INTRODUCTION 

A strategic reserve of diesel fuel for the Defense Fuels Agency was stored in a 150,000-gallon 
above-ground storage tank (AST) at Launch Complex 38 (LC-38),just north ofNike Avenue, 
13 miles east of the White Sands Missile Range (WSMR) Post Headquarters. During an annual 
evaporative loss measurement at the AST, White Sands Missile Range (WSMR) personnel could 
not account for missing fuel estimated in the amount of 31,000 gallons. 

Immediately upon discovery that fuel was unaccounted for, product lines from the adjacent 
loading terminal to the AST were uncovered. The piping emerged from the north side of the 
AST and elbowed towards the west berm. Most of the pipeline was concealed underground; at 
the west berm, the piping angled up and reemerged at the loading terminal. A leak in the 
product line was apparent and is considered as the source of the fuel release. The New Mexico 
Environment Department's (NMED) Ground Water Quality Bureau was notified in accordance 
with section 1203 of the New Mexico Water Quality Control Commission (WQCC) Regulations 
(20 New Mexico Administrative Code 6.2). Corrective action for the diesel spill required under 
WQCC Regulations and the terms of the White Sands Missile Range Hazardous Waste 
Management permit (#NM 2750211235) includes an investigation to delineate the horizontal and 
vertical extent of soil and groundwater contamination. 

In February 2001 a preliminary investigation was performed to assess the vertical extent of 
contaminant migration and characterize the geologic materials below the site. Soil samples 
collected from the leak site and at locations immediately north and south of the source were 
analyzed for Total Petroleum Hydrocarbons (TPH), Volatile Organic Compounds (VOC), and 
Semi-Volatile Organic Compounds (SVOC). This preliminary fact-finding effort also served to 
define whether a perched or regional aquifer was impacted with diesel product. The 
investigation determined that the vertical extent of diesel contamination extended to 
approximately 75 ft below ground surface (bgs). Lateral extent of contamination was not 
determined. The regional aquifer was not encountered during the preliminary investigation nor 
were any perched water bearing zones. 

1.1 Objectives and Scope 

The purpose of this Solid Waste Management Unit (SWMU) Assessment is to supplement the 
preliminary investigation by obtaining information to further characterize the geology and 
hydrology of the diesel spill site, the extent of contamination in soils and ground water, and 
determine future actions for the site based on a Risk Based Decision Making Process (RBDMP). 
The scope of work for this investigation was completed as outlined in the NMED approved Work 
Plan titled "Work Plan for the RCRA Facility Investigation at the Launch Complex 38 Site on 
White Sands Missile Range." The Work Plan followed the guidance set forth for conducting a 
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Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI). Although this 
site has not formally been designated as a SWMU, the RFI guidance was chosen as the 
appropriate guidance to .follow. Based on the NMED letter dated 10 November 2003 (Subject: 
Work Plan for the RCRA Facility Investigation at the Launch Complex 38 Site on White Sands 
Missile Range), results of this SWMU Assessment will be used by the NMED Hazardous Waste 
Bureau (HWB) to make a determination of whether additional investigation and remediation is 
necessary and whether to modify WSMR's RCRA Permit to add the LC-38 diesel spill. 

1.2 Approach and Implementation 

This investigation was conducted to further determine the extent of soil and/or ground-water 
contamination, determine possible contaminant transport pathways, and evaluate the potential for 
human exposure using RBDMP. Field activities to support these objectives consisted of the 
completion of 7 soil borings and the installation and sampling of three down-gradient and one 
up-gradient groundwater monitoring wells. 

Soil samples were collected and analyzed for organic compounds (VOCs by Method 8260 and 
SVOCs by Method 8270), and TPH, by Method 8015 modified for diesel range organics (DRO). 
Groundwater samples were collected and analyzed for total and dissolved metals, VOCs, 
SVOCs, TPH, and standard groundwater physical parameters and dissolved anions. In addition, 
geotechnical samples were collected from one down-gradient monitoring well location to support 
determination of potential remedial actions. 

1.3 White Sands Missile Range Background 

The majority of the installation is situated within the Tularosa Basin; with areas along the 
western and northwestern boundary extending into the Jomada del Muerto Basin. WSMR is 
located in Dofia Ana, Socorro, Lincoln, Otero, and Sierra Counties, New Mexico. The Main Post 
area ofWSMR is located at the southwestern comer of the installation, approximately 27 miles 
east-northeast of Las Cruces, NM and 45 miles north of El Paso, TX. The WSMR headquarters 
and most installation support activities are located at the Main Post area. The location of LC-38 
in relation to WSMR and surrounding areas is shown in Figure 1-1 (on following page). 

The WSMR was established July 9, 1945 as White Sands Proving Ground (the name was 
changed in 1958), to be America's testing range for the new concept of missile weapons. The · 
WSMR now functions as an outdoor laboratory consisting of a large complex of test ranges, 
launch sites, impact areas and instrumentation sites required to develop and test tactical and 
strategic weapons and weapons systems. WSMR is designated as a national range whose 
mission is the support of missile development and test programs for the Army, Navy, Air Force, 
NASA and other government agencies. 
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2.0 WSMR PHYSICAL DESCRIPTION 

2.1 Regional Geology 

WSMR lies within the Mexican Highland Section of the Basin and Range Province. This 
province is characterized by a series of tilted fault blocks forming longitudinal, asymmetric 
ridges, or mountains, and broad intervening basins. The geology ofWSMR consists 
predominantly of the Tularosa Basin and surrounding mountain ranges. Figure 2-1 is a cross
section through the Tularosa Basin and surrounding mountain ranges. The San Andres 
Mountains, San Augustin, and Oscura Mountains border the Tularosa Basin on the west while 
the Sacramento Mountains form the eastern border. A narrow region of north-south-trending, 
large-displacement normal faulting separates the mountains from the basin resulting in the 
change in relief across the missile range. The average elevation of the Tularosa Basin is 4,000 ft 
above mean sea level. The majority of WSMR property including LC-38 is located within the 
Tularosa Basin (WSMR, 1998). 
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Figure 2-1. 
Mexican Highland Section, Basin and Range Province, Tularosa Basin Cross Section. 

The San Andres Range trends north-south for approximately 85 miles along the western border 
ofWSMR and varies in elevation from approximately 5,700 ft at San Augustin Pass, where 
Highway 70 crosses the mountains, to over 9,000 ft at Salinas Peak, the highest point on WSMR. 
The San Andres Mountains form the westward dipping limb of a broad anticlinal structure whose 
axial plane follows the Tularosa Valley. The mountains are composed of a thick sequence of 
sedimentary rocks [Mississippian to Pennsylvanian limestones, sandstones, and shales] which dip 
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westward on the western limb of the anticline (Kottlowski et al., 1956). The Organ Mountain 
fault and Artillery Range fault zones extend from El Paso, Texas to the Mockingbird Gap along 
the eastern base of the San Andres Mountains. These fault zones are composed of large
displacement normal faults which promoted the uplift of the fault block mountain ranges 
(San Andres and Oscura) above the Tularosa Basin and are the result of continued extension in 
the Rio Grande Rift (Seager, 1981 ). 

The Sacramento Mountains form an asymmetrical ridge with a steep escarpment on the west and 
a broad alluvial apron on the east. The escarpment marks a major fault zone along the eastern 
edge of the Sacramento Mountains overlooking the downthrown Tularosa Valley. The fault zone 
is composed of normal faults where the Sacramento Mountains were uplifted relative to the 
downdropped Tualrosa Basin. The Sacramento Mountains contain a series of strike valleys that 
cut into well exposed rocks ranging from Precambrian granites to Paleozoic through tertiary 
sedimentary rocks [limestones, sandstones, and shales] (Kottlowski, 1956). These sedimentary 
rocks, along with those in the San Andres Mountains, provide the source for gypsum and other 
evaporite minerals (mineral salts) prevalent within the Tularosa Basin. 

The Tularosa Basin contains thick sequences of Tertiary and Quaternary age alluvial and bolson 
fill deposits. These sediments, more than 5,000 ft thick in some areas, consist mainly of silt, sand, 
gypsum and clay weathered from the surrounding mountain ranges. The average elevation of the 
basin floor is 4,000 ft above mean sea level and surface features consist of flat sandy areas, sand 
dunes, basalt flows, and playas (dry lake beds). 

The nature of the bolson-fill deposits varies both laterally and vertically throughout the 
Tularosa Basin. Coarse-grained, poorly sorted sediments deposited near mountain fronts grade 
into fine-grained, well sorted sediments towards the center of the basin (Kelly, 1973). Sediments 
further from the mountain fronts also contain a greater percentage of clay and gypsum. Vertically, 
the sediments are reported to become finer-grained and more consolidated until reaching a 
laterally continuous clay unit at about 1,000 ft below ground surface (Kelly and Hearne, 1976). 

In general, the stratigraphy is represented by unconsolidated to partially consolidated, fine to 
medium-grained sand with subordinate amounts of clay. Caliche is present as discrete layers and 
nodules throughout the stratigraphic section. Although no faults within the basin fill are mapped 
within the immediate area, Quaternary faulting is known to exist within the region. These faults 
are reported to occur within the unconsolidated bolson sediments, trend north to south, and are 
most common near the mountain fronts . Orr and Myers (1986) divide the Tularosa Basin fill 
deposits into 5 distinct mappable units which include: 

• Coarse to fine-grained deposits occur in gently sloping alluvial fans along the basin margin. 
The alluvial fans spread outward from the surrounding mountain slopes and coalesce into 
flat alluvial plains toward the basin interior. These fan deposits interfinger with lacustrine 
(lake) and alluvial deposits of the central part of the Tularosa Basin. 

• Fine-grained sediments formed from lacustrine deposition extend throughout most of the 
Tularosa Basin. These deposits consist mainly of clay and evaporites with minor sand beds 
and occur near surface in the northern part of the basin and at depth in the southern part of 
the basin. 
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• Fluvial-eolian sand, gravel, and clay deposits occur in the southern part of the basin, near 
Fort Bliss, extending from the Organ and Franklin Mountains and south to the 
Hueco Mountains. 

• Gypsiferous evaporite deposits of the Lake Lucero-White Sands area occupy the 
White Sands National Monument (WSNM) and areas administered by WSMR including 
the Lake Lucero area and the alkali flats north of Lake Lucero. These deposits occur as 
dense recrystallized gypsum, gypsum sand dunes, and alluvial deposits. Hard caliche 
(cemented with recrystallized gypsum) is present at or near surface in the dry lake gypsum 
deposits of the central portion of the basin. 

• The last depositional unit is described as composed of coarse-grained deposits saturated 
with saline water in the central portion of the Tularosa Basin. 

2.2 Regional Hydrology 

2.2.1 Climatology 

Average annual precipitation at a gauging station in the Tularosa Basin, east of the WSMR 
Main Post, is 10.8 inches per year. About 50 percent of the annual precipitation in southern 
New Mexico occurs during the months of July through September. The average high temperature in 
the summer is approximately 92 degrees Fahrenheit with the lows reaching 65 degrees Fahrenheit. 
During the winter months the average high is approximately 57 degrees Fahrenheit and the average 
low is approximately 36 degrees Fahrenheit. Average annual relative humidity readings are 37 
percent. Wind is a climatic factor at WSMR from February to about May. Westerly winds can reach 
approximately 40 miles per hour with gusts over 65 miles per hour (U.S. Army, 1998). 

2.2.2 Surface Water 

Natural surface waters on WSMR are primarily ephemeral due to the semi-arid climate. Most 
watercourses flow during and shortly after intense, localized storm events. These arroyos are 
typically incised on the alluvial fans shed from the San Andres Mountains and the Oscura Mountain 
Range and terminate in the Tularosa and Jornada del Muerto Basins. Water that reaches the basin 
seeps into the subsurface and/or evaporates. No surface water flows out of the Tularosa Basin. 

2.2.3 Ground Water 

The fault-bounded basins of the Tularosa Basin and Range Physiographic Province are filled 
with sediments eroded from the surrounding mountains as the basins subside. Groundwater 
flows from the mountainous recharge areas toward the central portions of the basins. The 
groundwater flows in unconsolidated basin sediments, also known as bolson deposits. Travel 
and residence time in the bolsons allows the groundwater to dissolve the bolson deposit minerals. 
Groundwater that has traveled from the mountain recharge areas to the center of the 
Tularosa Basin is generally non-potable due to high total dissolved solids (TDS) concentrations. 

Groundwater within the basement-cored uplifts in the Basin and WSMR region of New Mexico 
generally occurs under unpredictable fracture-flow conditions in the Precambrian basement rock. 
Faults defining the boundaries between ranges and basins are major sites ofrecharge to the 
regional groundwater aquifer. 
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Unconsolidated clay, silt, sand, and gravel strata overlie this regional aquifer, with the 
finer-grained lithologies predominating, and caliche layers and nodules are prevalent throughout 
the stratigraphic section. The finer-grained strata and caliche deposits act to impede the vertical 
migration of free liquids and to help to isolate the unconfined aquifer from the effects of 
activities at the land surface. 

Recharge to the regional aquifer is from precipitation falling on the mountain ranges and alluvial 
fans, which border the bolson on the west. This precipitation infiltrates the unconsolidated, 
relatively coarse deposits of the alluvial fans, and the resultant groundwater flows toward the 
center of the Tularosa Bolson, generally to the east-southeast. However, groundwater flow 
direction may be altered locally, because of the pumping of water supply wells. The groundwater 
within the western Tularosa Bolson region is presumed to discharge to the south as underflow into 
the contiguous, northern Hueco Bolson of western Texas. No surface expressions of groundwater 
discharge have been reported within the western Tularosa Bolson. Dissolved constituents in 
groundwater increase with distance eastward from the mountain front, reflecting the increased 
residence time of groundwater moving from the western bolson margin toward the center of the 
Tularosa Bolson (U.S. Army, 1998). 

Wells completed within the alluvial fans of the western Tularosa Bolson supply fresh water 
to satisfy the entire water needs ofWSMR. 

2.3 LC-38 Diesel Spill Site Description 

"") LC-38 was developed to sustain missile-testing operations. The infrastructure at LC-38 included a 
stored reserve supply of diesel fuel contained in a 150,000 gallon AST (Figure 2-2). In the 
summer of 2000 it was determined that approximately 31,000 gallons of fuel could not be 
accounted for. Immediately upon the discovery of the missing inventory, the product lines from 
the adjacent loading terminal to the AST were uncovered. A leak in the product line was apparent 
and considered as the source of the fuel release. The AST and leaking fuel line are shown in 
photographs attached to Figure 2-2. 

) 

3.0 SUMMARY OF PREVIOUS INVESTIGATIONS 

Prior to this SWMU Assessment, a preliminary investigation was performed at the site to help 
determine the extent of contamination at the site. A summary of the preliminary investigation is 
provided in a Letter Report prepared under Contract DAAD07-95-C-0125, WAO No. 700-B2. 
Drilling for the preliminary investigation at the LC-38 AST diesel release site began on 
February 13, 2001 and concluded on February 16. Three exploratory holes were drilled for the 
preliminary investigation as listed below: 

Site Name 
Soil Boring 1 (BH-01) 
Soil Boring 2 (BH-02) 
Soil Boring 3 (BH-03) 

Location 
4:ft north ofleak 
30ft south of leak 
3 7ft north of leak 

7 

Total Depth 
TD at 105ft 
TD at 80ft 
TD at 82.5ft 
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Figure 2-2. Location of the Diesel Fuel AST at LC-38. 
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The locations of these borings are shown below in Figure 3-1. Subsurface soil samples were 
collected and analyzed for TPH. Additionally, a few samples were analyzed for VOCs and 
SVOCs at the discretion of the sampling team. 

PARKING 
LOT 

LEGEND 

@ FIRE HYDRANT 

0 BORE HOLES {PRELIMINARY INVESTIGATION) 

0 10 20 k; __ _. I 

METERS 

LC380026 

24068 

I 
I 
I 
I 
I 
I 
I 
I 
I 

®---- ... -..I 

Figure 3-1. Soil borings locations at LC-38, February 2001. 

The TPH results are sllIIllharized in Table 3-l(on following page). Note that the data is presented 
showing the boreholes as they are laid out from north to south. Where data is not presented for a 
depth, it is due to the fact that sampling was not always at the same depth in each hole. 

All analytical results from this investigation are tabluated in Appendix A. The data from the 
preliminary investigation shows that the diesel fuel flowed v.ertically to a depth of approximately 
75 feet before it ran out of sufficient head force to drive it further. The investigating team 
encountered no ground water over this interval or to a depth of 105 feet bgs. TPH analysis 
documented the mass distribution of contamination at approximately 5-foot intervals. The more 
compound-specific analyses, SW-846 8260 and 8270, were run on samples strategically spaced 
to maximize cost-benefit, but also verify the :rPH results and provide for future risk screening . 
Results from this preliminary investigation were included in the preparation of the Baseline Risk 
Assessment provided in Section 5.0 of this SWMU Assessment Report. 
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Table 3-1. Preliminary Investigation TPH DRO. 

4.5 - 5.0 1.4 16 

9.5 - 10.0 1.8 14,000 6.1 

14.5 - 15.0 1.4 8.4 

17.5 - 18.0 11,000 

19.5 -20.0 1.4 11,000 24 

24.5 - 25.0 15 17,000 14 

29.5 - 30.0 3.6 21,000 

34.5 - 35.0 4.5 16,000 13 

39.5 - 40.0 3.7 14,000 1.1 
44.5 - 45.0 5,200 21,000 0.8 

49.5 - 50.0 10,000 

53.7 - 54.2 30,000 

54.5 - 55.0 21,000 24,000 27 

57.0 - 57.5 20,000 

59.5 - 60.0 5,000 11 ,000 26,000 

64.5 - 65.0 12,000 49,000 180 

67.0 - 67.5 70,000 6,800 

69.5 - 70.0 23 420 160 

70.0- 70.5 3,000 

74.5 - 75.0 56 1.4 

79.5 - 80.0 1.2 2.2 

104.5 - 105.0 1.1 

Note: The soil borings for the February 2001 sampling event were originally labeled as SB-01, 
SB-02, and SB-03 at the time of sample collection. However, due to mislabeling in the workplan 
(February 2002) for the November 2003 event, the soil borings were renamed BH-01, BH-02, 
and BH-03, respectively. This nomenclature for the 2001 soil borings was used through the 
SWMU Assessment (November 2003) sampling event for planning purposes. Soil borings for 
the November 2003 event were numbered SB-001 through SB-007. To keep the nomenclature 
for both sampling events from further confusion, soil borings for the preliminary investigation 
(February 2001) event will continue to be referred to with the "BH" prefix. 

4.0 SWMU ASSESSMENT 

4.1 Field Investigation 

4.1.1 Borehole Completion/Soil Sample Collection 

On 3-13 November 2003, 7 soil borings were augered using hollow-stem drilling techniques at 
the LC-38 diesel spill site for the collection of subsurface soil samples and installation of one soil 
gas monitoring well. Figure 4-1 (on following page) shows soil boring and monitoring well 
locations at the LC-38 site. SB-001 was completed in the down-gradient direction (near location 
for MW-003) for collection of geotechnical samples. Geotechnical analysis included sieve, 
hydrometer, and total organic carbon (TOC) analysis. The remaining soil borings were 
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completed for collection of chemical samples related to the diesel spill including TPH, VOes, 
and SVOes. As outlined in the work plan, samples for TPH were collected approximately every 
10 feet down hole. When field readings (VOes by photoionization detector (PID) and/or 
staining and odor) indicated the presence of hydrocarbons, samples were collected approximately 
every 5 ft for VOes and SVOes. Table 4-1 lists all soil borings completed for this SWMU 
Assessment including soil boring identification, sample identification, sample depths (in 
parentheses in sample l.D.), and sample analyte collection. 

PARKING 
LOT 

LEGEND 

® FIRE HYDRANT 

SB-003 e 

e SOIL BORING (SWMU ASSESSMENT) 

0 BORE HOLES (PRELIMINARY INVESTIGATION) 

+ MONITORING WELL 

0 10 20 

~-- I METERS 

LC380002D 

24068 

I 
I 
I 
I 

SB-004 e I 
I 
I 
I 
I 

®------..J 

I 

BERM 

e SB-002 

~W-002 

Figure 4-1. 

SB-001 • 
+MW-003 

MW-004 

+ 

Location of all Soil Borings and Monitoring Wells Completed at LC-38. 
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Table 4-1. LC-38 Diesel Spill Soil Borings. 

l fr~,Soil Boling r:f.~ 1 ·:~r. , i; .sample <· .:- . ,, ... , I 
,~~- Soil Bo~iilt~ '.~~~~~~-~.-:~f,' ~8mpl,~t -·(, .,~: -~:~- ~~ri~sa1nP.1e.. ,l. ti·~,;i1~ · ;i ~'. ·Ide~tificati~~£ -~:, 

··t. .. ""f ~Sf<amp e , 
J~·tf'#rrfr:, 

"°'td .Ir~.. • • •, ·, 

\·;l:~~ 11rr:J)!,_..~,-M~"~ :!fa cofie~ted Ror:""' ; ;i . ' !Identificatio11'fftr~v. llect.ed Fo.r: :O'if.IJ, 

SB-001/100 ft 
Le-38-DSPL-SB-OO 1-

geotechnical SB-005/ 110 ft 
Le38-DSPL-SB-005-

TPH 
(2 .0-3.0) (8.5-9.0) 

Le-38-DSPL-SB-OO 1-
geotechnical 

Le38-DSPL-SB-005-
TPH 

(9.0-10.0) (20-20.5) 
Le-38-DSPL-SB-OO 1-

geotechnical 
Le3 8-DSPL-SB-005-

TPH 
(19 .0-19 .5) (30-30.5) 

LC-38-DSPL-SB-001-
geotechnical 

Le38-DSPL-SB-005-
TPH 

(22.0-23.0) (40-40.5) 
LC-38-DSPL-SB-001-

geotechnical 
Le38-DSPL-SB-005-

TPH, voe, svoe 
(29.0-30.0) (49.5-50.5) 

LC-38-DSPL-SB-001-
geotechnical 

Le38-DSPLSB-005-
voe, svoe 

(34.0-35.0) (53 .5-54.0) 
Le-38-DSPL-SB-OO 1-

geotechnical 
Le38-DSPLSB-005-

TPH, voe, svoe 
(39.0-40.0) (59.0-59.2) 

Le-38-DSPL-SB-OO 1-
geotechnical 

Le38-DSPLSB-005-
TPH, voe, svoe (49.0-50.0) (63.-63.5) 

Le-38-DSPL-SB-OO I-
geotechnical 

Le38-DSPLSB-005-
voe, svoe (52.0-53.0) (64.5-64.7) 

Le-38-DSPL-SB-OO 1-
geotechnical 

Le38-DSPL-SB-005-
TPH, voe, svoe (59.0-60.0) (73 .5-74) 

Le-38-DSPL-SB-OO 1-
geotechnical 

Le38-DSPL-SB-005-
TPH, voe, svoe (69.0-70.0) (77.5-77 .8) 

Le-38-DSPL-SB-001-
geotechnical 

Le38-DSPL-SB-005-
TPH (75.0-77.0) (84.9-85.0) 

Le-38-DSPL-SB-OO I-
geotechnical 

Le38-DSPL-SB-005-
TPH 

(79.0-80.0) (89.8-90.0) 
Le-38-DSPL-SB-OO I-

TPH 
Le38-DSPL-SB-005-

TPH, voe, svoe (84.0-84.5) (92.9-93 .2) 
Le-38-DSPL-SB-OO I-

geotechnical 
Le38-DSPL-SB-005-

TPH, voe, svoe (89.0-90.0) (97.5-97.7) 
Le-38-DSPL-SB-OO 1-

geotechnical 
Le38-DSPL-SB-005-

TPH, voe, svoe 
(96.5-97.5) (103-103 .2) 

LC-38-DSPL-SB-OO I-
TPH 

Le38-DSPL-SB-005-
TPH, voe, svoe (99.0-99.5) (I 08-108.5) 

SB-002/99 .5 ft 
Le38-DSPL-SB-002 

TPH SB-006/ I 00 ft 
Le38-DSPL-SB-006-

TPH (6.0) (7.0-7.3) 
Le38-DSPL-SB-002-

TPH 
Le38-DSPL-SB-006-

TPH 07.0) (20.0-20.5) 
LC38-DSPL-SB-002-

TPH 
Le38-DSPL-SB-006-

TPH (27.0-27.5) (30.0-30.5) 
Le38-DSPL-SB-002-

TPH 
Le38-DSPL-SB-006-

TPH (39 .5-40.0) (39.0-39.5) 
LC38-DSPL-SB-002-

TPH 
Le38-DSPL-SB-006-

TPH (49.5-50.0) (50.0-50.5) 
LC38-DSPL-SB-002-

TPH 
Le38-DSPL-SB-006-

TPH (59.5-60.0) (59 .5-60.0) 
Le38DSPLSB-002- TPH, voe, Le3 8-DSPL-SB-006-

TPH (65 .7-66.8) svoe (69.5-70.0) 
Le38-DSPL-SB-002- TPH, voe, Le38-DSPL-SB-006-

TPH (70.0-70.5) svoe (79 .5-80.0) 
Le38-DSPL-SB-002- TPH, voe, Le38-DSPL-SB-006-

TPH (74.5-75.0) svoe (89 .5-90.0) 
Le38-DSPL-SB-002- TPH, voe, Le38-DSPL-SB-006-

TPH, voe, svoe 
(78.0-78.5) svoe (99.0-99.5) 

Le38-DSPL-SB-002-
TPH SB-007/109 ft 

Le38-DSPL-SB-007-
TPH 

(86.5-87.0) (I 0.0-10.5) 
Le38-DSPL-SB-002-

TPH 
Le38-DSPL-SB-007-

TPH, voe, svoe (91.0-91.5) (20-20.5) 
Le38-DSPL-SB-002-

TPH 
Le3 8-DSPL-SB-007-

voe, svoe 
(95 .0-95.5) (25.0-25.5) 

Le38-DSPL-SB-002-
TPH 

Le3 8-DSPL-SB-007-
TPH, voe, svoe 

(99.0-99.5) (30.0-30.5) 
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) 
:;l;'SoTBO' ' , · "" S~mple ,· ;. "' '~'' ·"'~.,,,· Sample l7:Vi, k~'So'l ~~~~i~~j~J s .. _, .. 't'"~'i '" """' "'"" '''~"'·"'" 1 nng •·;. • 1, Bo , , ampe ."" .. o.:' ~~"·•,,;i-i;:;,' Sample •1:· ·"' '-" 

cf,,,. #rto ·r.::,J; '"•"<Jdentifi~atlon· , ;;. ~(Collected For: ''-it ·, #/T<D,1 . .;)!;4;,•,Jdentification ::;, 
~11! ·.cl' ~11. ' .. 1 • ·'f'' 
~;,~;,Collected For: ;>: )1'(.. 

SB-003/100 ft 
Le38-DSPL-SB-003-

TPH 
Le38-DSPL-SB-007" 

VOe,svoe 
(l.5-1.8) (35.0-35.5) 

.Le38-DSPL-SB-003-
TPH 

Le38-DSPL-SB-007-
TPH, voe, svoe 

(10.0-10.5) (40.0-40.5) 
Le38-DSPL-SB-003-

TPH 
Le3 8-DSPL-SB-007-

voe,svoe 
(20.0-20.5) (45.0-45 .5) 

Le38-DSPL-SB-003-
TPH 

Le3 8-DSPL-SB-007-
TPH, voe, svoe 

(30.0-30.5) (50-50.5) 
LC38-DSPL-SB-003-

TPH 
Le3 8-DSPL-SB-007-

voe, svoe 
(40.0-40.5) (55-55.5) 

Le38-DSPL-SB-003-
TPH 

Le38-DSPL-SB-007-
TPH, voe, svoe 

(50.0-50.5) (59-59.5) 
Le38-DSPL-SB-003-

TPH 
Le3 8-DSPL-SB-007-

TPH, voe, svoe 
(60.0-60.5) (61.3-62) 

Le38-DSPL-SB-003- TPH, voe, Le3 8-DSPL-SB-007-
TPH, voe, svoe 

(66.-66.5) svoe (62-62.5) 
Le38-DSPL-SB-003- TPH, voe, Le3 8-DSPL-SB-007-

TPH, voe, svoe 
(67.0-67.5) svoe (69.5-70.0) 

LC38-DSPL-SB-003-
voe, svoe 

Le3 8-DSPL-SB-007-
TPH, voe, svoe 

(71.3-71.5) (70-70.5) 
LC38-DSPL-SB-003- TPH, voe, Le38-DSPL-SB-007-

voe, svoe 
(78.0-78.5) svoe (74.0-74.5) 

Le38-DSPL-SB-003-
TPH 

Le38-DSPL-SB-007-
TPH 

(84.0-84.5) (79-79.5) 
Le38-DSPL-SB-003-

TPH 
Le38-DSPL-SB-007-

TPH, voe, svoe 
(88.0-88.5) (83-83.3) 

Le38-DSPL-SB-003-
TPH 

Le38-DSPL-SB-007-
TPH 

(94.0-94.5) (84.5-85) 

· ) 
Le38-DSPL-SB-003-

TPH 
Le38-DSPL-SB-007-

TPH, voe, svoe 
(98.5-99.0) (89-89.3) 

SB-004/100 ft 
Le38-DSPL-SB-004-

TPH 
Le38-DSPL-SB-007-

voe,svoe 
(6.0-6.5) (94.0-94.3) 

Le38-DSPL-SB-004-
TPH 

Le38-DSPL-SB-007-
TPH, voe, svoe 

(14.0-14.2) (97.0-97.3) 
LC38-DSPL-SB-004-

TPH 
Le38-DSPL-SB-007-

TPH 
(20.0-20.5) (103.3-103) 

LC38-DSPL-SB-004-
TPH 

Le38-DSPL-SB-007-
TPH, voe, svoe 

(30.0-30.5) (108.5-108.8) 
Le38-DSPL-SB-004-

TPH 
(40.0-40.5) 

Le38-DSPL-SB-004-
TPH 

(50.0-50.5) 
Le38DSPLSB-004- TPH, 

( 63 .3-63 .8) VOe,svoe 
LC38-DSPL-SB-004-

TPH, SVoe 
(64.0) 

Le38-DSPL-SB-004- TPH, 
(68.0-68.5) VOe,svoe 

Le38-DSPL-SB-004-
TPH, SVOe 

(69.2) 
LC38-DSPL-SB-004-

TPH 
(75.0) 

Le38-DSPL-SB-004-
TPH 

(80.0-80.5) 
LC38-DSPL-SB-004-

TPH 
(84.0-85.0) 

LC38-DSPL-SB-004-
TPH 

(90.0) 
LC38-DSPL-SB-004-

TPH 
(95 .0) 

Le38-DSPL-SB-004-
TPH 

(96.5-97.0) 
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Soil borings were completed using a continuous-flight, hollow-stem auger mounted on a CME-75 
truck mounted drill rig (Photograph 4-1 ). The soil borings were augered using 4.25 inch inside 
diameter, 5 ft length auger flights (Photograph 4-2). Carbon steel 5 ft long 4 inch O.D. split
barrels were used to collect samples for chemical analysis. The split-barrel samplers were driven 
through continuous coring. 

Photograph 4-1. CME-75 Drill Rig. Photograph 4-2. Auger Flight with 
Split Barrel Sampler Protruding. 

When the split-barrel was removed from the boring and opened, any material appearing to be 
slough was removed. All samples were collected directly from the split-barrel sampler without 
compositing and placed directly into the sample jar. After the split-barrel sampler was opened, 
volatile samples were collected as quickly as possible following field screening and selection of 
sample zone. Excess soil around the top of the sample jars was wiped away with a clean paper 
towel to ensure the cap would fit tightly. 

When the split-barrel was removed from the boring and opened, it was carefully transferred to a 
clean polyvinyl chloride (PVC) tray for photographing (Photograph 4-3 on following page) 
lithologic logging by the field geologist (Photograph 4-4 on following page) and for collection of 
chemical samples (Photograph). All soil cores were photographed for documentation and 
inclusion in the SWMU Assessment project files. Chemical samples were placed in clean, new 
glass jars with Teflon-lined caps provided by the laboratory and packed with zero headspace 
where possible. Lithologic logs for all soil borings are included in Appendix B. 

14 



SWMU Assessment Report for the LC-38 Diesel Spill on WSMR 

Photograph 4-3. 
Example of Photographic Documentation of Soil Boring Core. 

Photograph 4-4. Lithologic Logging of Soil Boring Core. 
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Photograph 4-5. Soil Sample Collection. 

Following completion of each soil boring, the boring was backfilled using a bentonite/cement 
grout. Drill cuttings were placed in 20 cubic yard roll-off containers, labeled as non-hazardous, 
and secured. The location of each soil boring was surveyed using a Global Positioning System 
(GPS) unit to an accuracy of plus or minus 1 meter. GPS coordinates collected at the LC-38 
diesel spill site are included in Table 4-2. 

Table 4-2. 
GPS Coordinates of Soil Borings and Monitoring Wells at LC-38. 

GPS Point Northing UTM NAD 83 Easting UTM NAD 83 

SB-001 3586142.725 381763.844 

SB-002 3586170.175 381726.967 

SB-003 3586198.208 381705.425 

SB-004 3586228. 726 381730.23 

SB-005 3586195.399 381714.275 

SB-006 3586199.726 381748.408 

SB-007 3586201.015 381729.763 

MW-001 3586246.449 381681.625 

MW-002 3586129.780 381737.586 

MW-003 3586141.289 381767.536 

MW-004 3586167 .830 381786.756 
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Work Plan for the RCRA Facility Investigation at the Launch Comples-38 Site on White Sands Missile Range 

the southwestern comer of the installation, approximately 27 miles (43.4 km) east-northeast of 
Las Cruces, NM and 45 miles (72.4 km) north of El Paso, TX (Figure 1-1). The WSMR 
headquarters and most installation support activities are located at the Main Post area. The 
location ofLC-38 in relation to Main Post is shown in Figure 1-2. The WSMR is the largest 
land-area military installation in the United States, comprised of nearly 3,200 square miles 
(5,631 sq. km) ofland. The installation is approximately 99 miles (159 km) long and 25 to 
40 miles ( 40.22 to 64.4 km) wide. 
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Figure 1-1. 
Location of Launch Complex-38 on White Sands Missile Range. 
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The WSMR was established July 9, 1945 as White Sands Proving Ground (the name was 
changed in 1958), to be America's testing range for the new concept of missile weapons. The 
New Mexico desert was selected to be the nation's testing range for several reasons: the desert is 
sparsely populated, has almost year-round clear weather and unlimited visibility, and as such, 
affords relatively easy recovery of spent missiles. 

The WSMR now functions as an outdoor laboratory consisting of a large complex of test ranges, 
launch sites, impact areas and instrumentation sites required to develop and test tactical and 
strategic weapons and weapons systems. WSMR is designated as a national range whose 
mission is the support of missile development and test programs for the Army, Navy, Air Force, 
NASA and other government agencies. 

White Sand Missile Range is located in the Tularosa Basin, about 25 miles east of Las Cruces, 
New Mexico. The Tularosa Basin is bounded on west side by the Organ, San Andres Mountains 
and on the eastern limit, which is outside the Range, is formed from the north by the Jarilla, 
Sierra Blanca, and Sacramento Mountains. 
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All soil samples collected for this investigation were assigned sample numbers as follows: 

For subsurface soil samples: ff###-****- xx-yyy (zzz.z) 

where: ff### 
**** 
xx 

=Area Identifier (LC38) 
= Site Type (DSPL - Diesel Spill) 

sample location type 
where: SB = Soil Boring 

MW = Monitoring Well 

yyy sample location number 
zzz.z = sample depth interval 

4.1.2 Monitoring Well Installation 

4.1.2.1 Ground-Water Monitoring Wells 

The design for the monitoring well installation (MW-001 through MW-004) (Figure 4-1) was 
based on the need to confirm the direction of ground-water flow at the site and to provide 
monitoring wells for ground-water sampling and analysis. MW-001 was designed to be the up
gradient monitoring well while MW-002, MW-003, and MW-004 were designed to be spread out 
down-gradient. Monitoring well locations were chosen (as outlined in the work plan) based on 
ground-water contouring and 3-point problems calculated from existing wells in the region. The 
ground-water flow direction was believed to be from the north-west to the south-east. Depth to 
ground water was estimated to be 240 ft bgs. As shown in Figure 4-1, the wells were installed to 
reflect the assumed flow direction. Monitoring well construction data is included in Table 4-3. 

Table 4-3. Monitoring Well Construction Data. 

MW-001 1,000.00 4 
sch 40 pvcl0.010 

261 235-255 2.57 
fine sand wlsilt and 1 gal/2-3 min; 3.5 hrs to reach 

wirewra SS cla lenses static after bailin d 

MW-002 1,003.92 4 
sch 40 pvcl0.010 

254 225-245 2.42 
clay wlsilty sand very slow; approx I day to 

wirewra SS lenses reach static after bailin d 

sch 40 pvcl0.010 sandy silt, sand and 
5 gal/hour; 

MW-003 1,003.56 4 255 227-247 2.39 approx 2 hrs to get back to 
wire wrap SS clay lenses 

static after bailin d 

MW-004 1,003.37 4 
sch 40 pvcl0.010 . 

257 229-249 2.36 
229-240 silty clay; 

2.5 gal/min 
wirewra SS 241-249 fine sand 

TW-001** NIA 2 
sch 40 pvcl0.010 

68 58-68 :::: 3 
clay with few sand 

NIA 
sch40 VC lenses 

Relative Elevation to MW-00 I. Arbitrary Elevation for MW-00 I chosen as 1,000 ft. Actual Elevation unknown. Ground surface elevation in area is around 
4,040 ft. .. TW-001 is a test well not screened in the water table. Screened in the vadose zone impacted by the diesel spill . 
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Drilling of the monitoring wells was accomplished using a 1500 Gardner Denver mud rotary 
equipped drill rig (Photograph 4-6) with an 8-inch tri-cone drill bit. All drilling activities 
were performed with potable water from a water point located near the site. No drilling 
fluids (such as E-Z Mud) other than the potable water were used in case ofTPH interference. 
There was sufficient formation clay to create a thick drilling mud when mixed with the 
potable water. 

The well riser for the monitoring wells installed for this investigation consisted of new 
threaded, flush joint, PVC Schedule 40 pipe of 4-inch nominal diameter (Photograph 4-7 on 
following page). A 5 ft section of riser pipe (sand trap), with a bottom cap, was constructed 
at the base of the screen (Photograph 4-8). Screen and riser sections were joined by threaded 
flush-joint couplings, to form water-tight unions that retain 100% of the strength of the 
screen. Solvent glues, cements, or adhesive tapes were not used to join sections of pipe and 
screen. 

The well screen for the groundwater monitoring wells consisted of new, threaded, flush joint, 
nominal 4-inch diameter Schedule 40 stainless steel (20 ft length) (Photograph 4-7). The 
screens we~e non-contaminating, factory constructed, of "continuous wrap" design. Field 
slotted or cut screen was not used. The slot size for the well screen used is 0.010 inch so that 
it would be compatible with the gravel pack material. 

Photograph 4-6. 
Mud Rotary Drilling of Monitoring Wells at LC-38. 
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Photograph 4-7. PVC Riser and Stainless Steel Screen Materials. 

Photograph 4-8. Screen and Sand Trap Section of Monitoring Well. 
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A 2 ft to 6 ft seal consisting ofbentonite pellets and chips was placed into the annular space 
between the riser and boring wall. The bentonite seal was installed above the filter pack and 
hydrated with formation water. 

Filter pack material consisted of clean, washed, well graded, rounded to subrounded silica sand. 
Grain size (20-40 mesh size with uniformity coefficient in the range of 1.1-1.6) was selected so 
as to exclude the majority of the material in the aquifer. The filter pack was placed 1 foot below 
the base of the sand trap to at least 2 ft above the top of the screened interval. The filter pack was 
put in place using a 1.25-inch tremie pipe. 

Upon completion of the well, a PVC cap was installed to help prevent material from entering the 
well. A protective above-grade aluminum shroud with a locking cap was centered around the 
well. The protective well casing rises approximately 2 ft above ground level. The well surface 
completions consist of a 4 ft x 4 ft cement pad with bollards cemented in place. The well 
construction completion diagrams lithologic logs for the monitoring wells are included in 
Appendix C. 

All wells were developed following installation. Due to the amount of clay material in the 
screened zone, potable water was used in the development process for surging. The amount of 
potable water put into each well was noted so that the same amount would be removed. 
Following removal of potable water from each well, development continued until the pH, 
temperature, and conductance of the groundwater had stabilized. Stability was defined as three 
consecutive sets of temperature and conductance values within± 5 percent of each other, and pH 
within 0.1 units. The volume of water removed between measurement sets was 5-10 gallons. 
All development water was containerized in lined 20 cubic yard roll-off containers. 

With the exception ofMW-002, all wells were developed until parameters were relatively stable 
and the ground water had cleared. TDS concentrations analyzed from MW-002 are half the 
concentrations of the other monitoring wells indicating that all potable water used in 
development may not have been fully removed. The formation materials surrounding the 
screened interval in MW-002 contain considerably more clay than the other monitoring wells. 
The clay in the screened interval ofthis monitoring well impedes sufficient ground-water flow 
such that the well recharges slowly (approximately 1 day for 1 well volume). 

4.1.2.2 Soil Gas Monitoring Well 

The soil gas monitoring well was installed in the SB-007 borehole for future testing if needed to 
determine remediation alternatives. The borehole was backfilled with bentonite chips to 
approximately 69 ft bgs. The borehole was screened from 58 ft to 68 ft bgs using 0.010 inch slot 
size, schedule 40 PVC (2-inch outside diameter) screen. This zone was chosen because it 
appeared to be the most contaminated using the field screening methods discussed earlier. Riser 
used in the construction is 2-inch diameter schedule 40 PVC. A 10-20 mesh size quartz sand 
was emplaced around the screened interval as a filter pack. A 3.5 ft bentonite seal was placed 
above the filter pack and charged with potable water. The borehole was grouted to the surface 
from 52.5 ft bgs using a neat bentonite cement grout. The surface completion included a locking 
aluminum shroud. A well completion diagram for the soil gas monitoring well is included in 
Appendix B. 
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4.1.3 Ground-Water Sample Collection 

Prior to ground-water sample collection on 26 January 2004, a hydrocarbon/water interface probe 
was used in each well (MW-001 through MW-004) for determination if diesel product was 
present at the water table. The probe was lowered through each well and water column with no 
indication of product. Additionally, as the probe was removed from the well, it was cleaned 
using a dry paper towel. No indication of hydrocarbon odors were present on the paper towel 
following this procedure. 

Ground-water samples were collected on 26-27 January 2004. Ground-water sample collection 
was accomplished using an electric submersible pump for monitoring wells MW-001 and 
MW-004. Due to the slow recharge ofMW-002 and MW-003, a disposable bailer (I liter 
capacity) was used for purge and sample collection. 

Prior to monitoring well sampling, ground water was purged from each well to obtain a 
representative groundwater sample. The desired volume of water to be removed was three well 
volumes as calculated from well construction diagrams and the water level information collected 
during the sampling event. However, due to the slow recharge nature ofMW-002, it was not 
possible to obtain the target water volume from all of the wells within a reasonable amount of 
time. MW-002 was sampled the following morning following sufficient time to recharge. 
MW-003 produced formation: water better than originally expected. Three well volumes were 
removed for MW-003 prior to sample collection. 

Water level information and water quality measurements taken during the collection of each 
sample are provided in Table 4-4. Table 4-5 outlines the purging history conducted at the wells 
during this sampling event. 

Table 4-4. 
January 2004 Field Measurements from LC-38 Monitoring Wells. 

I ~; 
I ,, ,; ' " Water Sample Ii! ·water Sample 

Well# 
Depth to GW Water Sample ., 

. TOCft Temperature °F · s Conductivity (µSiem) pH 

MW-001 235.14 72.3 11,110 7.38 
MW-002 239.50 -- 8,250 7.24 
MW-003 239.18 58.0 11,660 7.24 
MW-004 238.90 68.8 11, 750 6.89 

µSiem Microsiemens per centimeter. 
Temperature listed by sampling team was 32 ' F, which is suspected as instrument or human error. 

Table 4-5. 
January 2004 Purge History for the LC-38 Monitoring.Wells. 

!/ Target Purge Date/Time 
., 

Actual Purge Date/Time 
Well# 

... 

Volume gal P.ufged V:olume gal . _Sampled . ;< 

MW-001 57 1-26-04/1100-1244 57 1-26-04/ 1244 
MW-002 34 1-26-04 9 1-27-04/0920 
MW-003 37 1-27-04/1045-1359 37 1-27-04/ 1359 
MW-004 41 1-27-04/0929-1030 41.5 1-27-04/1032 
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4.1.4 Monitoring Well/Soil Boring Survey 

A professional survey of the monitoring wells and soil borings had not been completed at the 
time of this report. However, a relative survey was completed on 3 February 2004 (monitoring 
wells) and 10 February 2004 (soil borings) to provide data on ground-water flow direction and 
vertical offset of the soil borings. The survey was completed using a Topcon ATG3 Auto level 
and stadia rod. Surface elevations for all soil borings were surveyed relative to MW-001. 
MW-001 was assigned an arbitrary relative elevation of 1,000 ft above sea level (approximate 
elevation based on contour map is 4,040 ft). With this determination, all other monitoring wells 
and soil borings were surveyed as either higher or lower (to nearest 0.01 ft) than the arbitrary 
1,000 ft elevation of MW-001. The survey data (Table 4-6) for each soil boring provides a 
relatively accurate surface profile to vertically orient all soil borings and monitoring wells for this 
investigation. 

Table 4-6. 
Relative Survey of Monitoring Wells and Soil Borings at LC-38. 

Backsight to Foresight to I' Calculation Relative 
'.:: Boring 

MW-001 ft Boring/Well ft ft 
I >. •. 

Elevation ft 
' ... 

"' 
3 February 2004 

MW-001 (brass marker) 8.95 NA NA 1,000 
TOC 8.95 6.38 8.95-6.38=+2.57 1,002.57 

MW-002 (brass marker) 8.95 5.03 8.95-5.03=+ 3.92 1,003.92 
TOC 8.95 2.61 8.95-2.61 =+6.34 1,006.34 

MW-003 (brass marker) 8.95 5.39 8.95-5.39=+ 3.56 1,003.56 
TOC 8.95 3.00 . 8.95-3.00=+6.95 1,006.95 

MW-004 (brass marker) 8.95 5.58 8.95-5.58=+3.37 1,003.37 
TOC 8.95 3.22 8.95-3.22=+5.73 1,005.73 

JO February 2004 

BH-01 (location estimated) 8.14 7.42 8.14-7.42=+0.72 1,000.72 
BH-02 (location estimated) 8.14 8.44 8.14-8.44=-0.30 999.70 
BH-03 (location estimated) .8.14 8.02 8.14-8.02=+0. l 2 1,000.12 

SB-001 8.14 5.51 8.14-5.51=+2.36 1,002.36 
SB-002 8.14 3.95 8.14-3.95=+4.19 1,004.19 
SB-003 8.14 5.64 8.14-5.64=+2.5 1,002.50 
SB-004 8.14 7.72 8.14-7. 72=+0.42 1,000.42 
SB-005 8.14 4.35 8.14-4.35=+3.79 1,003.79 
SB-006 8.14 7.85 8.14-7 .85=+0.29 1,000.29 
SB-007 8.14 8.78 8.14-8.78=-0.64 999.36 

4.1.5 Deviations from Work Plan 

There were no significant deviations from the NMED approved work plan titled "Work Plan for 
the RCRA Facility Investigation at the Launch Complex 38 Site on White Sands Missile Range." 
However, minor deviations were noted and are listed below. 

• Laboratory reporting limits for TPH, VOCs, and SVOCs varied from those proposed in the 
work plan by limited amounts. In some instances, the actual reporting limits were slightly 
higher or slightly lower than those proposed. 
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• Additional TPH samples were collected in some zones of contamination along with the 
planned voe and svoe samples. 

• MW-002, due to slow recharge and time considerations, was not developed to the extent 
specified in the work plan. 

• Soil samples were not composited as outlined in the work plan. The majority of samples 
were collected directly from the split spoon and placed in sample jars to minimize volatile 
loss. 

• Two monitoring wells (MW-001 and MW-004) were purged and sampled using a 
decontaminated submersible pump instead of bailing based on good recharge rates and 
amount of water required for purging. 

4.2 Data Analysis 

Soil samples for analysis ofTPH, voes, and SVOes were delivered by Federal Express to 
Laucks Testing Laboratories (940 South Hamey Street; Seattle, Washington 98108). Ground
water samples for analysis of TPH, voes, SVOes, physical characteristics, metals, dissolved 
chloride, dissolved sulfate, and alkalinity were signed over to a laboratory courier with Trace 
Analysis (6701 Aberdeen Avenue, Suite 9; Lubbock, Texas 79424) for shipment. All samples 
collected for the SWMU Assessment arrived at their respective laboratories in good condition 
and within temperature requirements (2° e to 6° e). 

All chemical samples were extracted and analyzed within Environmental Protection 
Agency (EPA) maximum holding times for each analyte. Requirements for the soil/water 
sampling and analysis are included in Table 4-7. 

Table 4-7. 
Sample Containers, Test Methodologies, Hold Times, and Preservatives 

for Soils and Water. 

·.; 

"" ,, '"': Soil* - "'" - Groundwater 
."t"""f' ... -- , .•• 

\, Analytical Analytical 
f' 

Max.Hold ' ::_I'} #l Parameter Method Container Container Max. Hold Time ' ~reservative 
·1· Time '" ~ 

Physical Characteristics 
EPA 120.l 

Specific Conductivity 
EPA 150.l NA NA 

I liter 
7 days 4°C 

Laboratory pH 
EPA 160. l 

Polyethyl. 
Total Dissolved Solids 

Dissolved Chloride EPA 300.0 NA NA 
I liter 

28 days 4°C 
Polyehtyl. 

Dissolved Sulfate EPA 300.0 NA NA 
I liter 

28 days 4°C 
Polyethyl. 

Alkalinity SM 2320B NA NA I liter Polyethyl. 28 days 4°C 

Metals SW 846 6010 NA NA 
I liter 

180 days HN03 pH<2 
Polyethyl. 

voes SW 846 8260 4 oz. Glass 14 days 3-40 ml Glass 14 days HCI pH<2 

SVOCs SW 846 8270 4 'oz. Glass 14 days 
2-1 Liter Amber 7 days extraction I 

4°C 
Glass 40 days analysis 

Total Petroleum SW 846 8015B 
4 oz_ Glass 14 days 3-40 ml Glass 14 days HCLpH<2 

Hydrocarbons - ORO Modification 

Perchlorate EPA314.0 NA NA 500 ml Polyethyl. 28 days None 

NA - Not applicable to this analysis 
•preservation for all soil samples is chilling to and maintaining the sample at 4°C (39.2°) 
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4.2.1 Site Specific Geology 

The geology of the LC-38 site is characterized by 5 major lithologic facies determined from the 
lithologic logging of cores from 7 soil borings across the LC-38 site. Figure 4-2 is a north-south 
cross-section showing interpreted lithology across the site. The lithologic facies are listed as 
follows: A) Clay Facies; B) Intermixed Facies; C) Clay Facies; D) Intermixed Facies; and 
E) Sand Facies. 

LC-38 Interpreted Cross-Section 
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Figure 4-2. LC-38 Interpreted Cross-Section. 

A) Clay Facies 
The clay facies is located from approximately 100 ft to 110 ft bgs (maximum depth augered) 
and consists of a lean, hard, dry clay. Minor discontinuous silt lenses are evident in this 
facies. The depositional environment is likely a meandering fluvial system. The clay was 
potentially deposited as oxbow lake deposits or back flood plain deposits from crevasse splay 
during flood stage. 

B) Intermixed Facies 
The intermixed facies, from approximately 82 ft to 100 ft bgs, consists of well-sorted fine
grained sand and silt layers with minor discontinuous silt and clay lenses. The 
depositional environment is likely that of a meandering fluvial system. The fine-grained 
sands were likely deposited as either point bar deposits within the stream or more likely as 
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overbank deposits close to the stream. The silts and clay deposits likely represent finer 
overbank sediments deposited increasingly farther away from the fluvial source. The 
vertically intermixed nature of the sands, silts, and clays shows the meandering nature of 
the fluvial system over time. 

C) Clay Facies 
The clay facies, from approximately 60 ft to 82 ft bgs, consists of a lean, hard, dry clay 
with very minor well-sorted, fine-grained sand and silt lenses. The clay was potentially 
deposited as oxbow lake deposits or back flood plain deposits from crevasse splay during 
flood stage. 

D) Intermixed Facies 
This intermixed facies, from approximately 33 ft to 60 ft bgs, consists of well-sorted fine
grained sand deposits with major discontinuous silt and clay lenses. As described in the 
intermixed facies above, this facies is likely the result of a meandering fluvial system. 

E) Sand Facies 
The sand facies, from the surface to approximately 33 ft bgs, is dominated by well-sorted, 
fine-grained quartzose sand. Minor medium-grained sands and trace silt are present in this 
unit. Very minor discontinuous silt, clay, and caliche lenses are present. This facies likely 
shows the transition from fluvial deposition to eolian deposition. 

4.2.2 Site Specific Hydrogeology 

Prior to sampling monitoring wells, the water level was measured to the nearest 0.01 ft with an 
electronic water level indicator. Water levels in the monitoring wells were measured from a 
mark at the top of the casing (north side of the casing). The water level indicator probe was 
decontaminated prior to and after use by rinsing with water meeting requirements of ASTM 
Type II reagent water. Table 4-8 lists all depth to water measurements including surveyed 
(relative) elevation of brass cap and top of casing. A three-point problem, indicating ground
water flow direction, has been completed and overlays the LC-38 monitoring wells on Figure 
4-3 (on following page). Based on the January 2004 depth to water (DTW) measurements and 
ground-water elevation, the ground-water flow direction is to S45°E. The ground-water 
gradient across the site is calculated to be 0.001. 

Table 4-8. Depth to Water Measurements. 

·• TOC Elevation Brass Cap .Elevation o'fw rrom.Toc DTWBGS 
Groundwater 

Welll.D. (Relative) (Relative) 
LOC 

(January 2004). (Janu~i-y 2004) 
Elevation (Relative) 

ft (January 2004) 
I ft ft ft ft 

ft 

MW-001 1,002.57 1,000 2.57 235.14 232.57 767.43 

MW-002 1,006.34 1,003.92 2.42 239.50 237.08 766.84 

MW-003 1,006.95 1,003.56 2.39 239.18 236.79 766.77 

MW-004 1,005.73 1,003.37 2.36 238.90 236.54 766.83 

TOC Top ofCasmg. 
DTW Depth to Water. 
LOC Length of Casing. 
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Figure 4-3. Ground Water Flow Direction (three-point problem). 

Soil Data Chemical Analysis 

Laboratory analytical results for the soil sample collection and analysis for VOCs and SVOCs are 
included in Appendix D. Results are tabulated (detects and non-detects) and compared to each 
analytes NMED Soil Screening Level (SSL) or NMED TPH Screening Guideline. TPH DRO 
results are shown in Table 4-9 (on following page). For analytes having no NMED SSL, an 
EPA Human Health Screening Level is used. A discussion of contaminant detections follows in 
this section. Nature and extent of contamination is discussed in Section 4.3. 
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Table 4-9. SWMU Assessment TPH DRO. 

Sample Identification 
Oil Range Organics mg/kg Diesel Range Organics mg/kg 

November 2003 

NMED Screening Level 880 
LC38-DSPL-SB-OOl-84.0-84.5 110 u 27 
LC38-DSPL-SB-001-99.0-99.5 120 u 29 u --
LC38-DSPL-SB-002-6.0 110 u 28 u 
LC38-DSPL-SB-002-l 7.0 120 u 31 u 
LC38-DSPL-SB-002-27.0-27.5 100 u 26 u 
LC38-DSPL-SB-002-39.5-40.0 110 u 28 u 
LC38-DSPL-SB-I 02-39.5-40.0 110 u 28 u 
LC38-DSPL-SB-002-49.5-50.0 120 u 31 u 
LC38-DSPL-SB-002-5~.:5::--60.-0, 110 u 27 u 
LC38DSPLSB-002--65. 7-66.8 ) 740 l !Oj)OO D 
LC38-DSPL-SB~002-70,Jb7-0:5 120 u 31 u 
LC38-DSPL-SB-102-70.0-70.5 120 u 31 u 
LC38-DSPL-SB-002-74.5-75.0 120 u 30 u 
LC38-DSPL-SB-002-78.0-78.5 110 u 27 u 
LC38-DSPL-SB-002-86.5-87.0 110 u 140 
LC38-DSPL-SB-002-9 l .0-91.5 100 u 26 u 
LC38-DSPL-SB-002-95.0-95.5 100 u 26 u 
LC38-DSPL-SB-002-99.0-99.5 110 u 26 u 

-- LC38-DSPL-SB-003-l .5-l .8 100 u 26 u -
LC38-DSPL-SB-003-10.0-10.5 120 u 30 u 
LC38-DSPL-SB-003-20.0-20.5 120 u 29 u 
LC38-DSPL-SB-003-30.0-30.5 110 u 27 u 
LC38-DSPL-SB-003-40.0-40.5 110 u 29 u 
LC38-DSPL-SB-003-50.0-50.5 100 u 26 u 
LC38-DSPL-SB-003-6QJJ-6-0...5 120 u 30 u 
LC38DSPL-Ss;]03-66.-66.5 '1 2800 u 110,000 D 
LC38-DSPL-SB-003-67.0~67.5 120 u 170 
LC38-DSPL-SB-003-78.0-78.5 120 u 76 
LC38-DSPL-SB-003-84.0-84.5 110 u 28 u 
LC38-DSPL-SB-003-88.0-88.5 110 u 28 u 
LC38-DSPL-SB-003-94.0-94.5 110 u 28 u 

-·- LC38-DSPL-SB-003-98.5-99.0 110 u 27 u ---.. , 

LC38-DSPL-SB-004-6.0-6.5 110 u 59 
LC38-DSPL-SB-004- I 4.0- I 4.2 110 u 28 u 
LC38-DSPL-SB-004-20.0-20.5 110 u 27 u 
LC38-DSPL-SB-004-30.0-30.5 110 u 26 u 
LC38-DSPL-SB-004-40.0-40.5 110 u 27 u 
LC38-DSPL-SB-104-40.0-40.5 110 u 27 u 
LC3 8-DSPL-SB-004:~5JlJ)·30. 5 110 u 27 u 
LC38DSPLSB-OcM"'.63.3-63.8 ) 1100 u 38000 D 
LC38-DSPL-SB-004-64.0 - 120 u 1900 
LC38-DSPL-SB-004-68.0-68.5 120 u 31 u 
LC38-DSPL-SB-004-69.2 110 u 39 
LC38-DSPL-SB-004-75.0 120 u 29 u 
LC38-DSPL-SB-004-80.0-80.5 120 u 30 u 
LC38-DSPL-SB-I 04-80.0-80.5 120 u 30 u 
LC38-DSPL-SB-004-84.0-85.0 110 u 27 u 
LC38-DSPL-SB-004-90.0 120 u 31 u 
LC38-DSPL-SB-004-95.0 110 u 28 u 
LC38-DSPL-SB-004-96.5-97.0 110 u 28 u 

- LC38-DSPL-SB-005-8.5-9.0 110 u 27 u 
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Sample Identification 
Oil Range Organics mg/kg Diesel Range Organics mg/kg 

November 2003 

LC38-DSPL-SB-005-20-20.5 100 u 26 u 
LC38-DSPL-SB-005-30-30.5 100 u 26 u 
LC38-DSPL-SB-005-40-40.5 110 u 28 u 
LC38-DSPL-SB-005-',l95·:565-"- 110 u 26 u 
LC38-DSPLSB-!')Q5:59.0-59.2 \ 570 u 10000 D \ 

LC38-DSPLSB-005-63.-63.5 f 530 u 26000 D 
LC38-DSPL-SB-cyo5-73.~=14 .. "./

1 
530 u 8400 D 

LC38-DSPL-SB-Qes.:77 .5-77.8 110 u 100 
LC38-DSPL-SB-005-84.9-85.0 110 u 28 u 
LC38-DSPL-SB-005-89.8-90.0 110 u 27 u 
LC38-DSPL-SB-005-92.9-93.2 120 u 33 
LC38-DSPL-SB-005-97.5-97.7 100 u 26 u 
LC38-DSPL-SB-005-l 03-103.2 110 u 26 u 
LC38-DSPL-SB-005-l 08-108.5 120 u 29 u -·-·-
LC38-DSPL-SB-105-108-108.5 120 u 29 u 
LC3 8-DSP L-SB-006-7. 0-7.3 100 u 26 u 
LC38-DSPL-SB-006-20.0-20.5 110 u 26 u 
LC38-DSPL-SB-006-30.0-30.5 100 u 26 u 
LC38-DSPL-SB-006-39.0-39.5 120 u 30 u 
LC38-DSPL-SB-006-50.0-50.5 110 u 27 u 
LC38-DSPL-SB-006-59.5-60.0 100 u 26 u 
LC38-DSPL-SB-006-69.5-70.0 130 u 32 u 
LC38-DSPL-SB-006-79 .5-80.0 120 u 30 u 
LC38-DSPL-SB-006-89.5-90.0 110 u 27 u 
LC38-DSPL-SB-106-89.5-90.0 110 u 27 u 
LC38-DSPL-SB-006-99.0-99.5 110 u 26 u 
LC38-DSPL-SB-007-10.0-10.5 110 u 27 
LC38-DSPL-SB-007-20-20.5 110 u 26 u 
LC38-DSPL-SB-007-30.0-30.5 100 u 26 u 
LC38-DSPL-SB-007-40.0-40.5 110 u 53 
LC38-DSPL-SB-007-50•'50:5 110 u 37 
LC38-DSPL-SB-OQ7~59-59.5 \ 600 u 20000 D 
LC38-DSPL-SB-Q07-61.3-62 '1 3000 u 120000 D 
LC38-DSPL-SB-007-62-62.5 J 120 u 1400 D 
LC38-DSPL-SB-OO'H9.5-7pl) 120 u 1000 
LC38-DSPL-SB-007-70-:70.5 120 u 630 
LC38-DSPL-SB-007-79-79.5 110 u 29 u 
LC38-DSPL-SB-007-83-83.3 110 u 27 u 
LC38-DSPL-SB-007-84.5-85 110 u 27 u 
LC38-DSPL-SB-007-89-89 .3 110 u 27 u 
LC38-DSPL-SB-007-97. 0-97 .3 100 u 25 u 
LC38-DSPL-SB-007-l 03.3-103 120 u 29 u 
LC38-DSPL-SB-l 07-103.3-103 120 u 29 u 
LC38-DSPL-SB-007- l 08.5-108.8 120 u 30 u 

U Not detected at the md1cated laboratory reportmg hnnt. 
J Detected below the laboratory reporting limit. 
D The sample was diluted by the laboratory. 

4.2.3.1 SB-001 

SB-001 is located approximately 240 ft southeast of the leak source. SB-001 was completed 
outside of the zone of soil contamination for the collection of geotechnical samples. Sample 
identification numbers for SB-001 and sample depth intervals are included in Table 4-1. 
Geotechnical samples were analyzed for TOC, % solids, soil pH, sieve, and hydrometer analysis. 
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Results for TOC and soil moisture are included in Table 4-10. Results for the sieve and 
hydrometer analysis are included in Appendix E. TOC, as a percentage of dry base, ranged from 
not detected to 0.3 %. Soil pH ranged from 7.4 to 9.1. Total solids ranged from 81.7 % to 
97 .9 % with total moisture ranging from a high of 19 .3 % to a low of 2.1 %. Results from the 
geotechnical analysis may be used in the future for determination of potential remedial 
alternatives at the LC-38 diesel spill. 

Table 4-10. 
TOC, Soil pH and % Solids Results from SB-001 Soil Samples . 

.. 

sarhp1~; Iden~f!¥11ti~n Totid Organic Carbon 
Total Solids % Soil pH 

. NoveJi)~er ~oo~, (%,dry base) 
' 

LC38-DSPL-SB-001-4.5-5.0 0.2 93.5 7.4 
LC38-DSPL-SB-001-9.0-10.0 0.1 u 97.9 8.1 
LC38-DSPL-SB-001-19.0-19.5 0.1 u 91.9 8.7 
LC38-DSPL-SB-OO 1-22.0-23.0 0.1 u 95.1 8.8 
LC38-DSPL-SB-001-29.0-30.0 0.2 89.9 8 
LC38-DSPL-SB-OO 1-34.0-35.0 0.3 91.2 8.3 
LC38-DSPL-SB-OOl-39.0-40.0 0.2 93.2 7.7 
LC38-DSPL-SB-OO 1-49.0-50.0 0.1 u 92.2 8.2 
LC38-DSPL-SB-OOl-59.0-60.0 0.1 u 97.3 9.2 
LC38-DSPL-SB-OOl-69.0-70.0 0.2 81.7 8.7 
LC38-DSPL-SB-OOl-75.0-77.0 0.2 92.1 9.1 
LC38-DSPL-SB-OO I-79.0-80.0 0.2 90.2 9.1 
LC38-DSPL-SB-001-89.0-90.0 0.1 u 96.2 8.7 
LC38-DSPL-SB-OO 1-96.5-97.5 0.2 86.3 8 

U Analyte was not detected above the laboratory reporting limit. 

Due to a PID detection of 1 to 2 ppm VOC measured during field screening, two TPH samples 
were collected from SB-001 that were not planned for in the approved work plan. One sample 
collected at 84.0 to 84.5 ft bgs had a minor detection ofTPH at 27 mg/kg. The second sample 
collected at 99.0 to 99.5 ft bgs was not detected at a reporting limit of 29 mg/kg. The 27 mg/kg 
detection is so close to the laboratory reporting limit for TPH that the result is suspect. The 
NMED TPH Screening Guideline (for residential direct exposure) for diesel fuel #2 is 
880 mg/kg. 

4.2.3.2 SB-002 

SB-002 is located approximately 114 ft south of the leak source. Sample identification numbers 
for SB-002 and sample depth intervals are included in Table 4-1. TPH results (Table 4-9) for 
this boring indicate non-detects from near surface down to approximately 65 ft bgs. The sample 
from the 65.7-66.8 ft interval had a TPH DRO concentration of 110,000 mg/kg, well above the 
screening guideline of 880 mg/kg. This interval corresponds to a well-sorted sand lens as 
interpreted from the soil boring lithologic log. There were no other TPH detections down hole to 
approximately 100 ft bgs, with the exception of the 86.5-87.0 ft interval. TPH was detected at 
140 mg/kg at this depth. 
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VOe (Table D-lA and -lB) and SVOe (D-2A, -2B, and -2e) sample collection began at the 
65.7-66.8 ft interval due to no field evidence for hydrocarbons above this interval. voe 
analytical results, for the 65.7-66.8 ft interval, indicate detections of benzene, toluene, 
ethylbenzene, and xylenes (BTEX) at concentrations of 19,000 µg/kg (NMED SSL 1,900 µg/kg), 
80,0000 µg/kg (NMED SSL 180,000 µg/kg), 76,000 µg/kg (NMED SSL 68,000 µg/kg), and 
165,000 µg/kg (NMED SSL 63,000 µg/kg), respectively. The benzene, ethylbenzene, and 
xylenes detections exceeded their respective NMED SSLs. Low concentrations ofVOes were 
detected in a sample collected from the 70.0-70.5 ft interval. Additional VOe samples were 
collected at 74.5 ft and 78.0 ft with no detections of note. 

SVOe detections mirrored the voe analytical results. From the 65.7-66.7 ft sample, 
2-methylnaphthalene, dibenzofuran, fluorene, naphthalene, and phenanthrene were detected at 
320,000 µg/kg (NMED SSL not established), 55,000 µg/kg (NMED SSL 290,000 mg/kg), 
87,000 µg/kg (NMED SSL 2,100,000 µg/kg), 69,000 µg/kg (NMED SSL 53,000 µg/kg), and 
120,000 µg/kg (NMED SSL 1,800,000 µg/kg), respectively. Of the SVOes detected, only 
naphthalene exceeded its NMED SSL. 

4.2.3.3 SB-003 

SB-003 is located approximately 65 ft west-southwest of the leak source. Sample identification 
numbers for SB-003 and sample depth intervals are included in Table 4-1. As in SB-002, TPH 
(Table 4-9) results for SB-003 indicate non-detects from near surface down to approximately 
66 ft bgs. The sample from the 66.0-66.5 ft interval had a TPH DRO concentration of 
110,000 mg/kg, well above the screening guideline of 880 mg/kg. This interval corresponds to a 
silty-sand lens as interpreted from the soil boring lithologic log. Minor TPH levels of 170 mg/kg 
and 76 mg/kg were detected in the 67.0 ft and 78.0 ft intervals. TPH was not detected deeper 
than the 78.0 ft interval. 

voe (Table D-lA and -lB) and SVOe (D-2A, -2B, and -2e) sample collection began at the 
66.0-66.5 ft interval due to no field evidence for hydrocarbons above this interval. voe 
analytical results, for this interval, indicate detections of BTEX at concentrations of 9,800 µg/kg 
(NMED SSL 1,.900 µg/kg), 52,000 µg/kg (NMED SSL 180,000 µg/kg), 40,000 µg/kg (NMED 
SSL 68,000 µg/kg), and 86,000 µg/kg (NMED SSL 63,000 µg/kg), respectively. The benzene 
and xylenes detection exceeded their respective NMED SSLs. No voes were detected in the 
67.0 ft interval. Significant concentrations ofBTEX, though well below NMED SSLs, were 
detected in the 71.3-71.5 ft interval. voes were analyzed by not detected below this interval. 

SVOe detections mirrored the VOe analytical results. From the 66.0-66.5 ft sample, 
2-methylnaphthalene, dibenzofuran, fluorene, naphthalene, and phenanthrene were detected at 
310,000 µg/kg (NMED SSL not established), 52,000 µg/kg (NMED SSL 290,000 mg/kg), 
76,000 µg/kg (NMED SSL 2,100,000 µg/kg), 52,000 µg/kg (NMED SSL 53,000 µg/kg), and 
110,000 µg/kg (NMED SSL 1,800,000 µg/kg), respectively. No SVOes from this sample were 
detected above the NMED SSLs. Very low levels of SVOes were detected at the 67.0 ft interval, 
but were flagged by the laboratory as being less than the laboratory reporting limit. As in the 
case of the voes for this sample, significant concentrations of SVOes, though below NMED 
SSLs, were detected in the 71.3-71.5 ft interval. No significant detections of SVOes were found 
below this depth in SB-003. 
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4.2.3.4 SB-004 

SB-004 is located approximately 95 ft north-northeast of the leak source. Sample identification 
numbers for SB-004 and sample depth intervals are included in Table 4-1. TPH results 
(Table 4-9) for this boring indicate mostly non-detects from near surface down to approximately 
65 ft bgs. An anomalous TPH detection of 59 mg/kg was detected at the 6.0 to 6.5 ft interval. 
The sample from the 63.3-63.8 ft interval had a TPH DRO concentration of38,000 mg/kg, well 
above the screening guideline of 880 mg/kg. This interval corresponds to a well-sorted sand lens 
as interpreted from the soil boring lithologic log. The 64.0 ft interval had a TPH concentration of 
1,900 mg/kg. There were no other TPH detections down hole to approximately 100 ft bgs, with 
the exception of the 69.2 ft interval. TPH was detected at 39 mg/kg at this depth. 

VOe (Table D-lA and -lB) and SVOe (D-2A, -2B, and -2e) sample collection began at the 
63.3-63.8 ft interval due to no field evidence for hydrocarbons above this interval. voe 
analytical results, for this interval, indicate detections of BTEX at concentrations of 14,000 µg/kg 
(NMED SSL 1,900 µg/kg), 160,0000 µg/kg (NMED SSL 180,000 µg/kg), 160,000 µg/kg 
(NMED SSL 68,000 µg/kg), and 380,000 µg/kg (NMED SSL 63,000 µg/kg), respectively. The 
benzene, ethylbenzene, and xylenes detections exceeded their respective NMED SSLs. 
Additional voe samples were collected below the 63.3-63.8 ft interval with no detections of 
note. 

SVOe detections mirrored the VOe analytical results. From the 63.3-63.8 ft sample, 
2-methylnaphthalene, dibenzofuran, fluorene, naphthalene, and phenanthrene were detected at 
120,000 µg/kg (NMED SSL riot established), 20,000 µg/kg (NMED SSL 290,000 mg/kg), 
30,000 µg/kg (NMED SSL 2,100,000 µg/kg), 23,000 µg/kg (NMED SSL 53,000 µg/kg), and 
42,000 µg/kg (NMED SSL 1,800,000 µg/kg), respectively. No SVOe from this interval 
exceeded its NMED SSL. No SVOes of note were detected below the 64.0 ft interval. 

4.2.3.5 SB-005 

SB-005 is located approximately 40 ft southwest of the leak source. Sample identification 
numbers for SB-005 and sample depth intervals are included in Table 4-1. TPH results 
(Table 4-9) for this boring indicate non-detects from near surface down to approximately 59 ft 
bgs. The sample from the 59.0-59.2 ft interval had a TPH DRO concentration of 10,000 mg/kg, 
well above the screening guideline of 880 mg/kg. A TPH concentration of 26,000 mg/kg was 
detected in the sample from the 63.0-63.5 ft interval. The concentration ofTPH at the 73.5-
74.0 interval is 8,400 mg/kg. At 77.5 to 77.8 ft bgs, the TPH concentration is 100 mg/kg. There 
were no other TPH detections down hole to approximately 100 ft bgs, with the exception of the 
92.9-93.2 ft interval. TPH was detected at 33 mg/kg at this depth. This detection is suspect 
based on its closeness to the laboratory reporting limit. 

VOe (Table D-lA and -lB) and SVOe (D-2A, -2B, and -2e) sample collection began at the 
49.5-50.5 ft interval due to no field indications for hydrocarbons above this interval. Due to a 
field indication ofVOes present at 49.5 ft and 53.5 ft bgs, Voe and SVOe samples were 
collected. No voes were reported by the laboratory for these two sample intervals. voe 
analytical results

1 
for the 59.0-59.2 ft interval, indicate detections of TEX at concentrations of 
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2,300 µg/kg (NMED SSL 180,000 µg/kg), 3,200 µg/kg (NMED SSL 68,000 µg/kg), and 
7,200 µg/kg (NMED SSL 63,000 µg/kg), respectively. Significant VOe concentrations, though 
lower than applicable NMED SSLs, were detected in the samples collected from the 63.0 ft, 
64.5 ft, 68.0 ft, and 73.5 ft intervals. Additional voe samples were collected from the 77.5 ft, 
92.9 ft, 97 .5 ft, and 108.0 ft depth intervals with no voe detections of note. 

SVOe detections mirrored the VOe analytical results. From the 59.0--59.2 ft sample, 
2-methylnaphthalene, dibenzofuran, fluorene, naphthalene, and phenanthrene were detected at 
45,000 µg/kg (NMED SSL not established), 5,500 µg/kg (NMED SSL 290,000 mg/kg), 
5,900 µg/kg (NMED SSL 2,100,000 µg/kg), 7,400 µg/kg (NMED SSL 53,000 µg/kg), and 
16,000 µg/kg (NMED SSL 1,800,000 µg/kg), respectively. No SVOe exceeded its NMED SSL 
from this sample. Samples from the 63.0 ft, 64.5 ft, 68.0 ft, and 73.5 ft intervals had SVOe 
concentrations similar to the 59.0 ft interval. No SVOes of note were detected below the 73.5 ft 
interval. Some SVOes were reported below this depth by the laboratory but flagged as also 
detected in the sample blank indicating laboratory cross-contamination. 

4.2.3.6 SB-006 

SB-006 is located approximately 89 ft from the leak source. Sample identification numbers for 
SB-006 and sample depth intervals are included in Table 4-1. TPH (Table 4-9) was not detected 
in samples from this soil boring. One voe (Table D-lA and -lB) and SVOe (D-2A, -2B, and 
-2e) sample was collected at the 99.0-99.5 ft interval to ensure no hydrocarbons could be 
detected in this boring. No hydrocarbons were identified using the field screening methods in 
SB-006. voes and SVOes were not detected in the 99.0-99.5 ft interval. 

4.2 .. 3. 7 SB-007 

SB-007 is located approximately 27 ft from the leak source. Sample identification numbers for 
SB-007 and sample depth intervals are included in Table 4-1. Low concentrations of TPH 
(Table 4-9) were detected in samples from the 10.0 ft, 40.0 ft, and 50.0 ft intervals in SB-007. 
Detections in these intervals were 27 mg/kg, 53 mg/kg, and 37 mg/kg, respectively. A TPH 
concentration of20,000 mg/kg was detected in the interval from 59.0-59.5 ft bgs. TPH increases 
to 120,000 mg/kg in the 61.3-62.0 ft interval. TPH concentrations decrease to 1,400 mg/kg, 
1,000 mg/kg, and 630 mg/kg in the samples from the 62.0 ft, 69.5 ft, and 70.0 ft intervals, 
respectively. TPH was not detected below 70.5 ft in SB-007. 

Based on PID readings for VOes read in the field, samples for voes (Table D-lA and -lB) and 
SVOes (D-2A, -2B, and -2e) were collected and analyzed from SB-007 every 5 ft down hole 
beginning at the 20 ft interval. No VOes were detected until the 55.0 ft interval. Increasing 
levels of volatiles (BTEX) are present from the 55.0-55.5 interval to the 61.3-62.0 ft interval. 
BTEX concentrations in this interval are 16,000 µg/kg (NMED SSL 1,900 µg/kg), 76,000 µg/kg 
(NMED SSL 180,000 µg/kg), 53,000 µg/kg (NMED SSL 68,000 µg/kg), and 115,000 µg/kg 
(NMED SSL 63,000 µg/kg), respectively. The benzene and xylenes detections exceeded their 
respective NMED SSLs. Decreased concentrations ofVOes were detected from 62.0 ft bgs to 
70.5 ft bgs. voes were not detected below this interval. 
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SVOC detections mirrored the VOC analytical results. Increasing levels of SVOCs are present 
from the 55.0-55.5 ft interval to the 61.3-62.0 ft interval. SVOC concentrations in this interval 
(61.3-62.0 ft) for 2-methylnaphthalene, dibenzofuran, fluorene, naphthalene, and phenanthrene 
were detected at 420,000 µg/kg (NMED SSL not established), 50,000 µg/kg (NMED SSL 
290,000 mg/kg), 63,000 µg/kg (NMED SSL 2,100,000 µg/kg), 89,000 µg/kg (NMED SSL 
53,000 µg/kg), and 140,000 µg/kg (NMED SSL 1,800,000 µg/kg), respectively. The 
concentration of naphthalene exceeded its NMED SSL. Decreased concentrations of SVOCs 
were detected from 62.0 ft bgs to 70.5 ft bgs. SVOCs were not detected below this interval. 

4.2.4 Ground-Water Data Chemical Analysis 

All ground-water samples were analyzed for the constituents listed in Table 4-7. Results for the 
January 2004 sampling event are tabulated in Tables 4-10, 4-11, and 4-12 as compared to their 
respective NMED Water Quality Control Commission (WQCC) Standards. 

Various analytes (Table 4-11 on following page) including dissolved cadmium, TDS, chloride, 
and sulfate were detected above their respective WQCC Standards (detections shown in bold). 
These detections are likely representative of natural ground-water conditions at the site. With the 
exception of dissolved cadmium, all analytes exceeding the WQCC Standards were detected at 
similar concentrations in the up-gradient (MW-001) and down-gradient (MW-002 through 
MW-004) monitoring wells. Dissolved cadmium was detected only in MW-002. 

Based on results from the TPH DRO (Table 4-11), VOC (Table 4-12), and SVOC (Table 4-13) 
sample analysis, there is no indication that diesel contamination has reached ground water. All 
samples collected from the monitoring wells were non-detect for TPH DRO and SVOCs. Two 
voes (bromodichloromethane and dibromochloromethane) were detected just above their 
respective laboratory reporting limits in MW-002. Bromodichloromethane was detected at 
1.16 µg/l, above its laboratory reporting limit of 1 µg/1. Dibromochloromethane was detected at 
1.57 µg/l, above its laboratory reporting limit of 1 µg/l. An NMED WQCC Standard has not 
been established for these analytes. Both of these VOCs are trihalomethanes and are likely 
formed as a by-product of chlorination of drinking water. Since these analytes were only 
detected in MW-002, it is reasonable to assume they are associated with the potable water used 
during development of the well. An EPA Maximum Contaminant Level (MCL) for drinking 
water has been established for total trihalomethanes at 80 µg/l. As described in section 4.1.2.1, 
well development ofMW-002 may not have removed all potable water used. No VOCs were 
detected in the remaining monitoring wells. 

4.3 Nature and Extent of Contamination 

As discussed in Section 3.0, the preliminary sampling event was conducted in February 2001 and 
consisted of the completion and sampling of three soil borings, shown as BH-01, BH-02, and 
BH-03 on Figure 4-1. The three soil borings were completed on a north-south axis near to the 
source leak (BH-01 was closest to source leak shown in Photograph 2-2). Due to only three 
borings completed in February 2001, a complete lateral extent of contamination was not 
determined. An additional 7 borings were planned and completed for the November 2003 event 
(SWMU Assessment) to further characterize the extent of contamination. 
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Table 4-11. 
LC-38 Ground-Water Sample Results for Metals, Alkalinity, Physical Characteristics, 

Anions, Perchlorate, and TPH DRO . 
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Metals 

Dissolved Silver S 6010B 0.05 <0.013 <0.013 <0.013 <0.013 <0.013 

Total Silver S 6010B NE <0.0125 <0.0125 <0.0125 <0.0125 <0.0125 

Dissolved Arsenic S 6010B 0.1 <0.01 <0.01 <0.01 <0.01 <0.01 

Total Arsenic S 6010B NE <0.01 <0.01 <0.01 <0.01 <0.01 

Dissolved Barium S 60JOB 1.0 <0.1 <0.1 <0.1 <0.1 <0.1 

Total Barium S 6010B NE <0.1 0.134 <0.1 <0.1 <0.1 

Dissolved Cadmium S 6010B 0.01 <0.025 0.338 <0.025 <0.025 <0.025 

Total Cadmium S 60lOB NE <0.005 0.59 <0.005 <0.005 <0.005 

Dissolved Chromium S 60JOB 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 

Total Chromium S 6010B NE 0.011 1.76 0.19 0.206 0.037 

Dissolved Lead S 6010B 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 

Total Lead S 6010B NE <0.01 <0.01 <0.01 <0.01 <0.01 

Dissolved Selenium S 6010B 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Total Selenium S 6010B NE <0.05 <0.05 <0.05 <0.05 <0.05 

Dissolved Mercury S 7470A 0.002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

Total Mercury S 7470A NE <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

Alkalinity 

Bicarbonate Alkalinity SM2320B NE 102 96 100 96 104 

Carbonate Alkalinity SM 2320B NE <l <l <l <l <l 

Hydroxide Alkalinity SM2320B NE <l <l <) <) <I 

Total Alkalinity SM 2320B NE 102 96 100 96 104 

Physical Characteristics 

Specific Conductance (µmhos/cm) SM 2510B NE 11900 6120 10300 10300 11400 

Total Dissolved Solids SM 2540C 1,000 8700 4710 7840 7730 8370 

pH (s.u.) SM 4500-H+ 6-9 7.6 7.5 7.5 7.6 7.6 

Anions 

Chloride E 300.0 250 2500 765 1950 2070 2590 

Sulfate E 300.0 600 2910 2300 3080 3120 3200 

Ammonium Perchlorate (µg/l) E314.0 NE <3.54 6.4 4.17 3.18 <3.54 

Total Petroleum Hydrocarbons - ORO Mod. 8015B NE <5 <5 <5 <5 <5 

< Less than the indicated laboratory reporting limit. 
NE Not Established. 
bold Contaminant concentrations is above the NMED WQCC Standard. 
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Table 4-12. LC-38 Ground-Water Sample Results for VOCs. 
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I, I, 1,2-Tetrachloroethane NE <I <I <I <I <I 

I, I, I-Trichloroethane 0.06 <I <I <I <I <I 

I, 1,2,2-Tetrachloroethane o.oi <l <I <l <l <I 

1, 1,2-Trichloroethane 0.01 <l <I <l <l <I 

1, 1-Dichloroethane 0.025 <l <l <l <I <l 

I, 1-Dichloroethene 0.005 <l <I <l <I <l 

1, 1-Dichloropropene NE <I <l <I <l <l 

1,2,3-Trichlorobenzene NE <5 <5 <5 <5 <5 

1,2,3-Trichloropropane NE <I <l <l <l <I 

1,2,4-Trichlorobenzene NE <5 <5 <5 <5 <5 

1,2,4-Trimethylbenzene NE <l <l <l <I <I 

1,2-Dibromo-3-chloropropane NE <5 <5 <5 <5 <5 

1,2-Dibromoethane (EDB) 0.0001 <I <I <I <I <I 

1,2-Dichlorobenzene (ortho) NE <l <l <l <l <l 

1,2-Dichloroethane (EDC) 0.01 <l <I <I <I <l 

1,2-Dichloropropane NE <l <I <I <l <I 

1,3,5-Trimethylbenzene NE <l <l <l <l <I 

1,3-Dichlorobenzene (meta) NE <l <l <I <I <I 

1,3-Dichloropropane NE <l <l <l <l <l 

1,4-Dichlorobenzene (para) NE <I <I <I <I <I 

2,2-Dichloropropane NE <I <I <I <I <l 

2-Butanone (MEK) NE <5 <5 <5 <5 <5 

2-Chloroethyl vinyl ether NE <5 <5 <5 <5 <5 

2-Chlorotoluene NE <I <l <I <I <l 

2-Hexanone NE <5 <5 <5 <5 <5 

4-Chlorotoluene NE <I <l <I <l <I 

4-Methyl-2-pentanone (MIBK) NE <5 <5 <5 <5 <5 

Acetone NE <10 <10 <JO <JO <10 

Acrylonitrile NE <I <I <I <I <l 

Benzene 0.01 <l <I <l <I <I 

Bromobenzene NE <I <I <I <l <I 

Bromochloromethane NE <I <I <I <I <I 

Bromodichloromethane NE <I 1.16 <I <I <I 

Bromofonn NE <I <I <I <I <I 

Bromomethane (methyl bromide) NE <5 <5 <5 <5 <5 

Carbon Disulfide NE <l <I <I <I <I 

Carbon Tetrachloride 0.01 <I <I <I <I <I 
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Chlorobenzene NE <I <I <I <I <I 

Chloroethane NE <I <I <l <l <! 

Chloroform 0.1 <I <! <! <I <I 

Chloromethane (methyl chloride) NE <I <I <1 <I <1 

cis-1,2-Dichloroethene NE <I <1 <I <I <I 

cis-1,3-Dichloropropene NE <I <! <! <I <I 

Dibromochloromethane NE <l 1.57 <1 <I <I 

Dibromomethane (methylene bromide) NE <l <1 <1 <I <1 

Dichlorodifluoromethane <I <I <I <I <I 

Ethylbenzene 0.75 <I <I <I <I <I 

Hexachlorobutadiene NE <5 <5 <5 <5 <5 

Iodomethane (methyl iodide) NE <5 <5 <5 <5 <5 

Isopropylbenzene NE <l <I <I <I <1 

m,p-Xylene 0.62* <I <I <I <I <I 

Methylene chloride 0.1 <5 <5 <5 <5 <5 

MTBE 0.1 <I <! <! <I <I 

Naphthalene NE <5 <5 <5 <5 <5 

n-Butylbenzene NE <I <1 <1 <I <1 

n-Propylbenzene NE <l <I <I <I <I 

o-Xylene 0.62* <l <1 <I <I <I 

p-lsopropyltoluene NE <l <1 <I <1 <I 

sec-Butylbenzene NE <I <! <I <! <! 

Styrene NE <I <I <I <I <I 

tert-Butylbenzene NE <I <1 <I <I <I 

Tetrachloroethene (PCE) 0.02 <I <I <I <I <I 

Toluene 0.75 <I <I <I <I <1 

trans 1,4-Dichloro-2-butene NE <10 <10 <10 <10 <IO 

trans-1,2-Dichloroethene NE <I <I <I <I <1 

trans-1,3-Dichloropropene NE <I <1 <I <I <1 

Trichloroethene (TCE) 0.1 <I <! <I <I <1 

Trichlorofluoromethane NE <I <! <I <I <I 

Vinyl Chloride 0.001 <l <1 <1 <I <1 

< Less than the indicated laboratory reportmg hmit. 
NE Not Established. 

Standard is for total Xylenes. 
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Table 4-13. LC-38 Ground-Water Sample Results for SVOCs. 
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1,2,4,5-Tetrachlorobenzene <0.005 <0.005 <0.005 <0.005 <0.005 

1,2,4-Trichlorobenzene <0.005 <0.005 <0.005 <0.005 <0.005 

1,2-Dichlorobenzene (ortho) <0.005 <0.005 <0.005 <0.005 <0.005 

1,3-Dichlorobenzene (meta) <0.005 <0.005 <0.005 <0.005 <0.005 

1,4-Dichlorobenzene (para) <0.005 <0.005 <0.005 <0.005 <0.005 

1-Chloronaphthalene <0.005 <0.005 <0.005 <0.005 <0.005 

1-Methylnaphthalene <0.005 <0.005 <0.005 <0.005 <0.005 

1-Naphthylamine <0.005 <0.005 <0.005 <0.005 <0.005 

2,3,4,6-Tetrachlorophenol <0.005 <0.005 <0.005 <0.005 <0.005 

2,4,5-Trichlorophenol <0.005 <0.005 <0.005 <0.005 <0.005 

2,4,6-Trichlorophenol <0.005 <0.005 <0.005 <0.005 <0.005 

2,4-Dichlorophenol <0.005 <0.005 <0.005 <0.005 <0.005 

2,4-Dimethylphenol <0.005 <0.005 <0.005 <0.005 <0.005 

2,4-Dinitrophenol <0.02 <0.02 <0.02 <0.02 <0.02 

2,4-Dinitrotoluene <0.005 <0.005 <0.005 <0.005 <0.005 

2,6-Dichlorophenol <0.005 <0.005 <0.005 <0.005 <0.005 

2,6-Dinitrotoluene <0.005 <0.005 <0.005 <0.005 <0.005 

2-Chloronaphthalene <0.005 <0.005 <0.005 <0.005 <0.005 

2-Chlorophenol <0.005 <0.005 <0.005 <0.005 <0.005 

2-Methylnaphthalene <0.005 <0.005 <0.005 <0.005 <0.005 

2-Methylphenol <0.005 <0.005 <0.005 <0.005 <0.005 

2-Naphthylamine <0.005 <0.005 <0.005 <0.005 <0.005 

2-Nitroaniline <0.005 <0.005 <0.005 <0.005 <0.005 

2-Nitrophenol <0.005 <0.005 <0.005 <0.005 <0.005 

2-Picoline <0.005 <0.005 <0.005 <0.005 <0.005 

3,3-Dichlorobenzidine <0.005 <0.005 <0.005 <0.005 <0.005 

3-Methylcholanthrene <0.005 <0.005 <0.005 <0.005 <0.005 

3-Nitroaniline <0.005 <0.005 <0.005 <0.005 <0.005 

4,6-Dinitro-2-methylphenol <0.005 <0.005 <0.005 <0.005 <0.005 

4-Aminobiphenyl <0.005 <0.005 <0.005 <0.005 <0.005 

4-Bromophenyl-phenylether <0.005 <0.005 <0.005 <0.005 <0.005 

4-Chloro-3-methylphenol <0.005 <0.005 <0.005 <0.005 <0.005 

4-Chloroaniline <0.005 <0.005 <0.005 <0.005 <0.005 

4-Chlorophenyl-phenylether <0.005 <0.005 <0.005 <0.005 <0.005 

4-Methylphenol I 3-Methylphenol <0.005 <0.005 <0.005 <0.005 <0.005 

4-Nitroaniline <0.005 <0.005 <0.005 <0.005 <0.005 

4-Nitrophenol <0.005 <0.005 <0.005 <0.005 <0.005 

7,12-Dimethylbenz(a)anthracene <0.005 <0.005 <0.005 <0.005 <0.005 

a,a-Dimethylphenethylamine <0.005 <0.005 <0.005 <0.005 <0.005 

Acenaphthene <0.005 <0.005 <0.005 <0.005 <0.005 

Acenaphthylene <0.005 <0.005 <0.005 <0.005 <0.005 

Acetophenone <0.005 <0.005 <0.005 <0.005 <0.005 

Aniline <0.005 <0.005 <0.005 <0.005 <0.005 

Anthracene <0.005 <0.005 <0.005 <0.005 <0.005 

Benzi dine <0.015 <0.015 <0.015 <0.015 <0.015 

Benzo( a )anthracene <0.005 <0.005 <0.005 <0.005 <0.005 
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Benzo( a )pyrene <0.005 <0.005 <0.005 <0.005 <0.005 

Benzo(b )fluoranthene <0.005 <0.005 <0.005 <0.005 <0.005 
Benzo(g,h,i)perylene <0.005 <0.005 <0.005 <0.005 <0.005 

Benzo(k)fluoranthene <0.005 <0.005 <0.005 <0.005 <0.005 

Benzoic acid <0.02 <0.02 <0.02 <0.02 <0.02 

Benzyl alcohol <0.005 <0.005 <0.005 <0.005 <0.005 

bis(2-chloroethoxy)methane <0.005 <0.005 <0.005 <0.005 <0.005 

bis(2-chloroethyl)ether <0.005 <0.005 <0.005 <0.005 <0.005 

bis(2-chloroisopropyl)ether <0.005 <0.005 <0.005 <0.005 <0.005 

bis(2-ethylhexyl)phthalate <0.01 <0.01 <0.01 <0.01 <0.01 

Butylbenzylphthalate <0.005 <0.005 <0.005 <0.005 <0.005 

Chrysene <0.005 <0.005 <0.005 <0.005 <0.005 

Dibenzo( a,h)anthracene <0.005 <0.005 <0.005 <0.005 <0.005 

Dibenzo( a,j)acridine <0.005 <0.005 <0.005 <0.005 <0.005 

Dibenzofuran <0.005 <0.005 <0.005 <0.005 <0.005 

Diethylphthalate <0.005 <0.005 <0.005 <0.005 <0.005 

Dimethylphthalate <0.005 <0.005 <0.005 <0.005 <0.005 

Di-n-butylphthalate <0.005 <0.005 <0.005 <0.005 <0.005 

Di-n-octylphthalate <0.005 <0.005 <0.005 <0.005 <0.005 

Diphenylamine <0.005 <0.005 <0.005 <0.005 <0.005 

Diphenylhydrazine <0.005 <0.005 <0.005 <0.005 <0.005 

Ethyl methanesulfonate <0.005 <0.005 <0.005 <0.005 <0.005 

Fluoranthene <0.005 <0.005 <0.005 <0.005 <0.005 

Fluorene <0.005 <0.005 <0.005 <0.005 <0.005 

Hexachlorobenzene <0.005 <0.005 <0.005 <0.005 <0.005 

Hexachlorobutadiene <0.005 <0.005 <0.005 <0.005 <0.005 

Hexachlorocyclopentadiene <0.005 <0.005 <0.005 <0.005 <0.005 

Hexachloroethane <0.005 <0.005 <0.005 <0.005 <0.005 

Indeno( 1,2,3-cd)pyrene <0.005 <0.005 <0.005 <0.005 <0.005 

Isophorone <0.005 <0.005 <0.005 <0.005 <0.005 

Methyl methanesulfonate <0.005 <0.005 <0.005 <0.005 <0.005 

Naphthalene <0.005 <0.005 <0.005 <0.005 <0.005 

Nitrobenzene <0.005 <0.005 <0.005 <0.005 <0.005 

n-Nitrosodimethylamine <0.005 <0.005 <0.005 <0.005 <0.005 

n-Nitroso-di-n-butylamine <0.005 <0.005 <0.005 <0.005 <0.005 

n-Nitrosodi-n-propylamine <0.005 <0.005 <0.005 <0.005 <0.005 

n-Nitrosopiperidine <0.005 <0.005 <0.005 <0.005 <0.005 

p-Dimethylaminoazobenzene <0.005 <0.005 <0.005 <0.005 <0.005 

Pentachlorobenzene <0.005 <0.005 <0.005 <0.005 <0.005 

Pentachloronitrobenzene <0.005 <0.005 <0.005 <0.005 <0.005 

Pentachlorophenol <0.005 <0.005 <0.005 <0.005 <0.005 

Phenacetin <0.005 <0.005 <0.005 <0.005 <0.005 

Phenanthrene <0.005 <0.005 <0.005 <0.005 <0.005 

Phenol <0.005 <0.005 <0.005 <0.005 <0.005 

Pronamide <0.005 <0.005 <0.005 <0.005 <0.005 

Pyrene <0.005 <0.005 <0.005 <0.005 <0.005 

Pyridine <0.005 <0.005 <0.005 <0.005 <0.005 

< Less than the md1cated laboratory reporting hnut. 
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The SWMU Assessment sampling event, conducted in November 2003, consisted of the 
completion and sampling of seven soil borings, shown as SB-001 through SB-007 on Figure 4-1. 
SB-002 through SB-007 were completed on a north-south and east-west axis out from 27 ft to 
over 100 ft from the leak source. 

Contaminant detects/non-detects from the February 2001 preliminary sampling event were 
tabulated and are presented in Appendix A. Samples from this event were collected for TPH 
(Table A-1) in soil borings BH-01, BH-02, and BH-03 approximately every 5 to 10 ft down the 
boreholes at the discretion of the sampling team. Additional samples were collected at various 
depths and analyzed for VOCs (Table A-2), SVOCs (Table A-3), PAHs (Table A-4), and RCRA 
metals (Table A-5). The bulk of this sampling effort concentrated on TPH concentrations only. 
Few VOC, SVOC, PAH, and RCRA metals samples were collected. 

Contaminant detects/non-detects from the November 2003 SWMU Assessment sampling event 
were tabulated and are presented in Appendix D. Samples from this event were collected for 
TPH (Table 4-9), VOCs (Tables D-IA and D-IB), and SVOCs (Tables D-2A, D-2B, and D-2C). 
The bulk of this sampling effort concentrated on TPH sample collection. Samples for TPH were 
collected approximately every 10 ft down the boreholes as outlined in the workplan. If any field 
evidence of contamination was detected at the time of sample collection, the sampling interval 
changed to sample collection every 5 ft until outside of visible contamination. For intervals with 
visible contamination, voe and svoc samples were collected. 

Additionally, for determination if contamination has reached ground water, four monitoring wells 
(1 up-gradient and 3 down-gradient) were completed in November 2003 and sampled in 
January 2004. The up-gradient well was placed to the northwest of the diesel spill while the 
three down-gradient wells were placed approximately 200 ft to the south-southeast, southeast, 
and east-south east of the spill. The wells were placed as proposed in the approved work plan 
based on calculations of regional ground-water flow to the southeast. This pattern was chosen to 
ensure that any potential ground-water contamination would be captured if minor variations in 
ground-water flow at the LC-38 site was present. 

4.3.l Extent of Contamination in Soils 

Assessment of extent of contamination at the LC-38 diesel spill site is based on the two sampling 
events discussed previously. 

4.3.1.1 February 2001 Preliminary Sampling Data Analysis 

Table A-1 lists TPH results for the February 2001 sampling event. TPH was detected in all 
collected samples. BH-01 had the widest depth range ofTPH detections. TPH was detected at 
9.5 ft below ground surface at 14,000 ppm. The highest detection for TPH was 49,000 ppm at 
the 64.0-65.0 ft interval. The trend in BH-01 shows relatively high concentrations ofTPH from 
the 9.5 ft interval down to 70.5 ft bgs. Below this interval, TPH concentrations taper off to less 
than 10 ppm detections. 

39 



SWMU Assessment Report for the LC-38 Diesel Spill on WSMR 

Similar TPH detections in BH-02 (30 ft south ofBH-01) are not detected until the 57.0 to 57.5 ft 
interval. However, concentrations less than 50 ppm were detected from 4.5 ft interval bgs to the 
57 ft interval. The highest detection in BH-02 was 26,000 ppm at the 59.5 ft to 60.0 ft interval. 
Below this interval, concentrations taper off to less than 10 ppm after the 70.0 ft depth. 

BH-03 (25 ft northeast ofBH-01) showed a similar TPH trend to BH-02. Concentrations less 
than 20 ppm were reported from 4.5 ft to 40.0 ft bgs. Below this interval, TPH concentrations 
increased to 5,200 ppm at 45 ft bgs and to 70,000 ppm at the 67.5 ft interval. Below the 67.5 ft 
interval, TPH concentrations abruptly reduce to less than 60 ppm concentrations. 

VOC results are included in Table A-2. 1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene, toluene, 
and total xylene were detected in BH-01 at the 5.0 ft to 5.5 ft and 49.5 ft to 50.0 ft bgs intervals, 
in BH-02 at the 62.3 ft to 62.7 ft interval, and in BH-03 at the 64.5 ft to 64.9 ft interval. These 
were the only VOC samples collected during this sampling event. The VOC detection intervals 
match intervals of high TPH concentrations. 

SVOC (Table A-3) and PAH (Table A-4) detections, including 2-Methylnaphthalene, 
dibenzofuran, phenanthrene, naphthalene, and pyrene, similarly match depth intervals of highest 
TPH detections. These compounds are common components of diesel fuel. Samples for SVOCs 
and the reduced PAH list were only collected where field indication of diesel contamination was 
present. Like VOCs, these results are biased to known areas of contamination. 

Four samples for RCRA metals (Table A-5) were collected during this sampling event. All 
metals except cadmium were detected. Arsenic, chromium, and lead were slightly elevated at the 
65.0 ft interval in BH-02. 

Analytical results (mainly TPH) and visual observation show that BH-01 was located close to the 
leak source. Diesel fuel migrated downward through the sands at the leak until it began to fan 
out laterally 30 ft from the source at approximately 45 ft bgs. Data from this sampling event 
indicate that the bulk of the diesel fuel contamination is resting in the interval from 57 ft bgs to 
67.5 ft bgs. The deepest reliable detection for TPH from this event was at the 75.0 ft bgs depth 
in BH-03. TPH was detected in this interval at 56 ppm. 

4.3.1.2 November 2003 SWMU Assessment Data Analysis 

Table 6 lists TPH results for the November 2003 sampling event. The TPH detection pattern for 
all soil borings from this sampling event show TPH concentrations in the 10,000 ppm to 
100,000 ppm range in the 60 ft to 65 ft bgs depth interval. TPH samples were collected from the 
surface every 10 ft down to this interval. Above this interval no appreciable concentrations of 
TPH were detected. 

VOC analytical results from November 2003 are included in Tables D-lA and D-lB in 
Appendix D. Samples for VOCs were collected every 5 ft in zones where diesel contamination 
was evident using field screening methods. Results indicate that the volatiles, including BTEX, 
were detected in some of the collected samples. The highest concentrations of these analytes 
were concentrated in the 60 ft to 65 ft interval, which corresponds to the interval with the highest 
TPH concentrations. 

40 



SWMU Assessment Report for the LC-38 Diesel Spill on WSMR 

Tables D-2A, D-2B, and D-2C in Appendix D include results from the November 2003 sampling 
event for SVOCs. SVOCs were sampled every 5 ft in zones where diesel contamination was 
evident from field screening methods. Results indicate that semi-volatiles including 
2-methylnaphthalene, bis(2-ethylhexyl)phthalate, di-n-butylphthalate, dibenzofuran, fluorene, 
naphthalene, phenanthrene and pyrene were detected in some of the collected samples. These 
compounds are common components of diesel fuel. As in the case of the VOC and TPH results, 
the highest detections correspond to the 60 ft to 65 ft interval. 

4.3.2 Contaminant Plume Modeling 

As shown in Figure 4-1, BH-01, BH-02, and BH-03 were completed on a north-south axis near to 
the source leak. BH-01 was completed closest to the leak. SB-007 was located along the product 
line approximately 30 ft from BH-01. SB-005 was completed near the pump terminal. SB-004, 
SB-003, SB-002, and SB-006 were completed up to 100 ft from BH-01 to the north, west, south, 
and east, respectively. All boring location, to include the February 2001 locations, were designed 
to approximate a cross pattern through the diesel contamination to determine its full lateral and 
vertical extent. 

Several methods were used to graphically model TPH contamination at LC-38, including: 

1) tabulation ofTPH concentrations; 2) modeling TPH concentrations in fence diagrams as 
compared to soil boring lithology; 3) contaminant plume modeling as compared to soil boring 
lithology; and-4) contaminant plume modeling as compared to lithologic fence diagrams of the 
LC-38 site. All models for the LC-38 diesel contamination are included in Appendix F. 
1) Table F-1 lists all TPH detections for LC-38 soil borings on an west-east axis (SB-001, 
SB-005, BH-01, SB-007, and SB-006) and north-south axis (SB-004, BH-03, SB-007, BH-02, 
SB-002, and SB-001) compared to their appropriate sampling depth intervals. Table F-2 lists all 
TPH detections, as above, corrected to their appropriate relative elevations. 

2) Geochemical fence diagrams, based on data gathered from both sampling events, were 
modeled in the RockWare® software program. The lithology (from soil boring logs) was input 
into the software program along with TPH concentrations and their associated depth intervals. 
All data was then corrected to relative elevations and output as the models shown in Figures F-1 
through F-4. The geochemical data is contoured using a "cold" to "hot" color scheme. All 
quadrant locations (NW, NE, SW, and SE) are shown. 

3) Geochemical contaminant plumes were modeled in Rock Ware® as above. Figure F-5 
illustrates the approximate TPH plume showing concentrations > 10,000 ppm superimposed on 
soil boring logs. Figure F-6 illustrates the plume with TPH concentrations> 50,000 ppm. 
TPH concentrations> 75,000 ppm are modeled in Figure F-7. 

4) The TPH plume was modeled (shown in green) in RockWare® as above and superimposed 
on a lithologic fence diagram of the LC-38 site. Figure F-8 illustrates the TPH contamination in 
a northwest view from above. Figure F-9 illustrates the same view from below. 
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Contaminant Plume 

The vertical extent of diesel fuel contamination at LC-38 and site geology is well understood 
based on models of the site. The extent of contamination is directly related to site geology and 
amount of fuel spilled. The amount of fuel lost into the subsurface is estimated to be 
31,000 gallons based on WSMR records. 

All models illustrate an inverse mushroom-shaped contaminant plume situated beneath the leak 
source. The models indicate that the diesel fuel entered the subsurface near BH-01 (relative 
elevation of first encountered contamination at 991 ft) where it migrated near directly downward 
through the eolian fine-grained sands (eolian depositional facies). Few clay layers are present in 
this facies to impede contaminant migration. The plume spread out laterally around the relative 
elevation of 942 ft ( 40 ft -50 ft bgs) at a lateral distance of approximately 30 ft from the leak 
source. It is interpreted that the fuel encountered the laterally discontinuous clay (low 
permeability) lenses in this zone, which subsequently caused the fuel to spread laterally. 
The discontinuous nature of the clay also allowed for the fuel to continue migrating downward. 

The maximum depth of contaminant migration is at the relative elevation of 925 ft 
(approximately 75 ft bgs). The contaminant plume is supported by the thick continuous clay 
layers of the clay facies located between the relative elevations of 940 ft to 918 ft ( 60 ft to 
82 ft bgs ). The bulk of the contamination rests above the relative elevation of 931 ft. The thick, 
continuous clay layers have prevented further downward migration of the diesel fuel. 

The models indicate that significant contamination has migrated at least 100 ft laterally from the 
source along the confining clay layers at an approximate relative elevation of 937 ft to 935 ft 
(65 ft to 67 ft bgs). The maximum extent oflateral contamination from the source is less than 
240 ft as evidenced by the absence of contamination in SB-001. 

Diesel Fuel Volume 

The reported release for the LC-38 diesel spill is 31,000 gallons. One issue to account for is the 
volume of diesel in the subsurface at the site. To resolve this issue, we have calculated the 
apparent volume of diesel in the subsurface at the site based on observed contamination from this 
investigation. The apparent volume of diesel fuel contamination at this site, as evidenced by the 
soil borings, area extent of contamination and TPH concentrations was calculated to be over 
43,000 gallons. This estimation was derived by calculating the mass ofTPH beneath the 
subsurface at the LC-38 site. The mass ofTPH can be derived by multiplying the (V)olume of 
contaminated soil by the soil's bulk density (pi,) by the average (C)oncentration ofTPH in the 
contaminated soil (Kuo, 1999). Therefore, Mass TPH = (V)(pb)(C). 

The bulk density (pb) of this soil is assumed to be 51 kg/ft3
• The volume of contaminated soil 

was obtained using the models discussed in Section 4.3.2. To more accurately determine volume 
(V) of contamination, the contaminated zone was divided into six sections from the near surface 
contamination down to the lowest depth of observed contamination. The average concentration 
(C) ofTPH for each contaminated section was calculated based on observed TPH concentrations 
in each respective zone. Table 4-14 shows all estimates used in calculating the potential volume 
of diesel fuel in the subsurface beneath the LC-38 AST. 
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Table 4-14. Estimated Volume of Diesel Fuel. 
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Based on the calculation of apparent volume of diesel fuel, we are confident that the bulk of 
contaminant extent has been captured by this investigation. The 43,392 gallon estimate is 
approximately 30 % more than the reported release of 31,000 gallons which provides a wide 
margin for errors in estimation. Had the above calculations indicated only a fraction of the 
reported 31,000 gallons, then additional investigation would be warranted. 

5.0 BASELINE RISK ASSESSMENT 

5.1 Risk Based Decision Making Analysis 

To determine the need for remediation and applicable cleanup targets at the LC-38 site, a risk 
analysis was performed following the Risk Based Decision Making Process (RBDMP) for 
petroleum releases, developed by the NMED Underground Storage Tank (UST) Bureau (NMED, 
2000) (renamed to Petroleum Storage Tank Bureau in 2003). A NMED Tier 1 evaluation was 
performed for the contaminated portion of the LC-38 site. A Tier 1 analysis requires little site
specific chemical and hydraulic data and provides a conservative comparison of observed site 
contaminant concentrations to applicable Risk Based Screening Levels (RBS Ls). Should 
observed contaminant concentrations exceed RBSLs in any medium for which a receptor 
pathway is potentially complete, either a higher tier risk analysis or remediation of the site to 
Tier 1 RBSLs are typically required. 

5.1.1 Extent of Contamination 

As discussed in Section 4.3, the LC-38 site is contaminated with diesel in one spatially distinct 
area. A total of25 soil samples (from the two sampling events) were contaminated to above 
detection limits of at least one organic compound. For this RBDMP, the location of soil samples 
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found to be contaminated during both investigations is assumed to be located in the 
contamination source area. Sample results were not used if no VOC/SVOCs were detected, 
except as discussed below. 

Table 5-1 provides a complete list of sample intervals used to determine the extent of 
contamination. Samples from two intervals that are not contaminated were included in the table. 
These non-detect samples are considered to be within the soil source area as the sample intervals 
both above and below are contaminated. Two boreholes, SB-01 and SB-06, did not encounter 
contamination and were not included in the table. 

Table 5-1. Sample Intervals with COC Contamination. 

BH-01 BH~02 BH-03 SB-02 · SB-03 ... SB~04 SB~05 SB-07 
. .. 

5.0-5.5 58.5-59.0 49.5-50.0 65.7-66.8 66.0-66.5 63.3-63.8 59.0-59.2 55.0-55.5 
29.5-30.0 62.4-62.8 64.5-64.9 70.0-70.5 67.0-67.5* 64.0 63.0-63.5 59.0-59.5 

44.5-45.0* 71.3-71.5 64.5-64.7 61.3-62.0 
49.5-50.0 68.0-68.5 62.0-62.5 
70.0-70.5 73.5-74.0 69.5-70.0 

70.0-70.5 
• - Indicates sample mterval was not contammated, 0.5 RBSL used to detemune representative concentration 

5.1.2 Site Conceptual Exposure Scenario 

Because WSMR will maintain administrative control of the current missile range property ad 
infinitum, the LC-38 site is situated miles from the WSMR boundary, and access onto WSMR by 
the public is restricted, all resident child and adult pathways are currently incomplete for the site. 
However, the AST and associated equipment will eventually be demolished and removed from 
the site. Should land use change in the future to allow construction of residences, and should a 
residence be constructed directly above the localized contaminant source area, the indoor 
inhalation pathway for vapor migration from subsurface soils could conceivably be complete. 
In addition, no commercial facilities are located around the source area of the site and future 
construction is not anticipated. Therefore, all exposure scenarios for commercial workers are 
currently incomplete. However, future land use would not prohibit the construction of a military 
or contractor facility at the site. Again, if this construction were to occur directly above the 
localized contaminant source area, the indoor inhalation pathway for vapor migration from 
subsurface soils could conceivably be complete. The groundwater ingestion pathway is 
incomplete because no drinking or irrigation water wells are located within a 10-mile radius of 
the site due to total dissolved solids in the area exceeding 8,000 mg/L. 

Construction workers working outdoors up to a depth of 15-foot could inhale volatilized 
compounds from contaminated soils. As a result, the outdoor inhalation pathway for 
construction workers seeking to cleanup the site is considered complete. In addition, those 
construction workers could be exposed to contaminated subsurface soil during site cleanup 
activities; therefore, the onsite "soil ingestion, inhalation, and dermal contact" pathway is 
considered complete. Because of the large distance between the site and the WSMR boundary, 
all off-site pathways are incomplete. 
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No RBDMP organic compounds were detected in groundwater at the LC-38 site. However, this 
risk analysis includes evaluation of representative soil concentrations protective of groundwater. 
The results are provided in the Tier 1 report included in Appendix G. 

5.1.3 Representative Concentrations 

The NMED RBDMP requires that representative concentrations be calculated and compared to 
RBSLs. The NMED requires that representative soil concentrations be calculated by averaging 
all laboratory analyses obtained from samples in the source area of contamination. While 
calculating the average concentration, one must note the following: 

1. Non-detect soil samples within the soil source are considered contaminated to half the 
applicable detection limit. 

2. Laboratory results from soil borings peripheral to the source should not be used. 
3. Hotspots and discrete areas of contamination may require additional evaluation. 

For this risk analysis, it was assumed that all soil samples in which at least one contaminant of 
concern (COC) was measured above detection limits were derived from the soil source. Non
detect samples sandwiched between contaminated samples were included in the calculation of 
representative concentrations and assigned half the applicable RBSL. 

Approximately half the RBDMP COCs for diesel were not detected during laboratory analysis, 
including anthracene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, chrysene, dibenz( a-h)anthracene, and fluoranthene. Table G-1 in 
Appendix G outlines the method used to calculate representative concentrations for each detected 
RBDMP COC in the contaminated area at the LC-38 site. 

In the case of groundwater, 4 monitoring wells were installed during the November 2003 
investigation, one up gradient and 3 down gradient. No RBDMP organic COCs were found 
above detection limits during sampling in January 2004. As a result, this route of exposure was 
not evaluated. 

5.1.4 Comparison of Representative Concentrations to Tier 1 RBSLs 

Representative concentrations for the majority of observed COCs exceeded RBSLs for future 
land use scenarios for both on-site residents (child and adult) and on-site commercial workers 
(Table 5-2). All construction worker scenarios were well within RBSLs (Appendix G), and it is 
inferred that soil concentrations are protective of current and future, on-site construction workers 
at the site. 

To evaluate whether soil concentrations are protective of groundwater, the RBDMP requires that 
an unsaturated soil configuration be identified for the site based on the thickness of the 
contaminated zone and transport zones. Once the configuration is determined the appropriate 
RBSLs can be used from Table 4-12 of the New Mexico Underground Storage Tank Bureau's 
Guidelines for Corrective Action (March 13, 2000). For this risk analysis, RBS Ls were selected 
using most conservative values for determining the contaminated zone (69 feet) and transport 
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zone (158 feet) thicknesses. These thicknesses fall between the values listed in Table 4-12 so the 
next highest contaminated zone thickness (100 feet) and the next lowest transport zone thickness 
(140 feet) were used to arrive at a Tier 1 unsaturated zone soil configuration of 55. Table 4-15 in 
the Guidelines for Corrective Action indicate that RBS Ls are not computed for this 
configuration, as contaminants will not reach groundwater in 40 years. 

Table 5-2. Representative Concentrations vs. RBSLs. 

SulJ.'..Siirface Soil (lndoorlnhalation OfVapors) 

· ... ' .. ,; . 

Contaminants Of Repre~entative ·RBSLs On-Site Resident On-Site Commercial 
concern . Concentration. [mg/kg] [mg/kg} (Child ~ndAdult) Worker ...• 

ORGANICS 

Benzene 66.32 207 x x 
Toluene 1530.57 1.88 x x 

Ethyl benzene 1226.63 36.9 x x 
Xylenes (Total) 1502.05 2.59 x x 

POLYCYCLIC AROMA TIC HYDROCARBONS 

Acenaphthene 5585.20 2570 x 
Total Naphthalenes 430.06 34.5 x x 

5.2 Screening Level Ecological Risk Assessment 

A wildlife biologist conducted a site visit to collect data and descriptive information necessary 
for the completion of the Screening-Level Ecological Risk Assessment I Scoping Assessment I 
Site Assessment Checklist provided by NMED. This information gathered for completion of 
the checklist included the identification of viable ecological habitat, biological receptors 
associated with the site, and potential exposure pathways. The completed checklist is included 
in Appendix H. Results of the checklist indicate that further ecological assessment is not 
warranted at this time. 

6.0 CONCLUSIONS 

The purpose of this SWMU Assessment is to further characterize the geology and hydrology of 
the diesel spill site, the extent of contamination in soils and ground water, and determine future 
actions for the site based on a Risk Based Decision Making Analysis. Activities for this 
investigation were completed according to the NMED approved work plan titled "Work Plan 
for the RCRA Facility Investigation at the Launch Complex 38 Site on White Sands 
Missile Range." 

Results of this SWMU Assessment indicate that a significant amount of diesel fuel leaked into 
the subsurface at LC-38 from a 150,000 gallon diesel AST. Contamination resulting from this 
release has reached a maximum depth of approximately 75 ft bgs. The bulk of contamination 
does not extend below 67 ft bgs. The contaminant plume is supported by the thick laterally 
continuous clay layer approximately 22 ft thick existing at 60 ft to 82 ft bgs . The thick, 
continuous clay layer has prevented further downward migration of the diesel fuel. 
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Significant contamination has migrated at least 100 ft laterally from the source along the 
confining clay layers at approximately 65 ft to 67 ft bgs. This investigation was unable to 
determine exact lateral extent of contamination but has determined the extent to be less than 
240 ft from the source. 

Ground-water monitoring wells installed and sampled during this investigation show that depth 
to regional ground water is greater than 230 ft bgs. No perched water bearing zones are present. 
Analytical results from ground-water sample~ indicate contamination has not reached the 
regional water table. 

Based on the RBDMP developed by the NMED UST Bureau, it is determined that the current 
land use exposure scenario for off-site residents and commercial workers is incomplete. 
However, construction workers working outdoors up to a depth of 15-foot bgs could inhale 
volatilized compounds from contaminated soils. As a result, the outdoor inhalation pathway for 
potential construction workers at the site is considered complete. However, all construction 
worker scenarios were well within RBSLs and it is inferred that soil concentrations are protective 
of current and future, on-site construction workers at the site. 

In evaluating future land use, the indoor inhalation pathway for vapor migration from subsurface 
soils could be complete if a facility or residence is constructed over the contaminated site. 
Pathways for future land use would be complete for on-site commercial or on-site residential 
land use. Representative concentrations for the majority of observed COCs exceeded RBSLs for 
future land use scenarios for both on-site commercial and on-site residents. The groundwater 
ingestion pathway is incomplete because no drinking or irrigation water wells are located within 
a IO-mile radius of the site and due to total dissolved solids in the area exceeding 8,000 mg/L. 

7.0 RECOMMENDATIONS 

The AST at LC-38 will remain part of the Defense Fuels Agency Military Ready Reserve Pool. 
There are no plans for removal of the AST at this time. The AST is currently empty and will 
remain so until it is made ready for use. WSMR may repair the fuel lines at the site and continue 
to use the AST for the reserve storage of diesel fuel. WSMR will maintain this site as an 
industrial site for the foreseeable future. 

Based on current land use, no exposure pathways are considered complete at this time. No 
residential areas will be built for the foreseeable future and no construction activities are planned 
for this site. Based on these findings, the site is currently protective of human health and 
ecological exposure. 

WSMR proposes No Further Remedial Action at this site. The WSMR Real Property Planning 
Board will zone this site as off limits for future commercial/residential use. As an additional 
safeguard, WSMR will monitor the wells at the site on an annual basis for 10 years using an 
interface probe for determination if fuel is present on the water table. Additionally, WSMR will 
annotate the Real Property Inventory to reflect that should the AST be removed, any remaining 
contaminated materials within 15 feet of the final land surface would be subject to remediation. 
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Table A-1. 
TPH Results for the February 2001 Preliminary Investigation Sampling Event. 
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24068-SBOl-(9.5-10.0)-0201 14000000 
24068-SBOl-(17.5-18.0)-0201 11000000 
24068-SBO 1-(24.5-25.0)-020 I 17000000 
24068-SBOl-(29.5-30.0)-0201 21000000 
24068-SBOl-(34.5-35.0)-0201 16000000 
24068-SBOl-(39.5-40.0)-0201 14000000 
24068-SBO 1-( 44.5-45.0)-0201 21000000 
24068-SBOl-(49.5-50.0)-0201 10000000 
24068-SBO 1-(54.5-55 .5)-020 I 24000000 
24068-SBOl-(59.5-60.0)-0201 11000000 
24068-SBOl-(64.5-65.0)-0201 49000000 
24068-SBO 1-( 69 .5-70.0)-0201 420000 
24068-SBO 1-(70.0-70.5)-0201 3000000 
24068-SBOl-(79.5-80.0)-0201 2200 J 
24068-SBOl-(104.5-105.0)-0201 1100 J 
24068-SB02-( 4.5-5.0)-0201 16000 
24068-SB02-(9.5-10.0)-0201 6100 J 
24068-SB02-( 14.5-15.0)-0201 8400 J 
24068-SB02-( 19.5-20.0)-0201 24000 
24068-SB02-(24 .5-25. 0)-0201 14000 
24068-SB02-(34.5-35.0)-0201 13000 
24068-SB02-(39.5-40.0)-0201 1100 J 
24068-SB02-( 44.5-45.0)-0201 820 J 
24068-SB02-( 54 .5-55.0)-0201 27000 
24068-SB02-(57.0-57.5)-0201 20000000 
24068-SB02-(59.5-60.0)-0201 26000000 
24068-SB02-( 64.5-65.0)-0201 180000 
24068-SB02-(67.0-67.5)-0201 6800000 
24068-SB02-( 69 .5-70.0)-0201 160000 
24068-SB02-(74.5-75.0)-0201 1400 J 
24068-SB03-(4.5-5.0)-0201 1400 J 
24068-SB03-(9.5-10.0)-0201 1800 J 
24068-SB03-(14.5-15.0)-0201 1400 J 
24068-SB03-(19.5-20.0)-0201 1400 J 
24068-SB03-(24.5-25.0)-0201 15000 
24068-SB03-(29.5-30.0)-0201 3600 J 
24068-SBOl-(34.5-35.0)-0201 4500 J 
24068-SB03-(39.5-40.0)-0201 3700 J 
24068-SB03-( 44.5-45.0)-0201 5200000 
24068-SB03-(54.5-55.0)-0201 21000000 
24068-SB03-(53.7-54.2)-0201 30000000 

24068-SB03-(59.5-60.0)-0201 5000000 
24068-SB03-( 64.5-65.0)-0201 12000000 
24068-SB03-(67 .0-67.5)-0201 70000000 
24068-SB03-( 69.5-70.0)-0201 23000 

24068-SB03-(7 4 .5-75.0)-0201 56000 
24068-SB03-(79.5-80.0)-0201 1200 J 

Detected below the laboratory reporting limit. 
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Table A-2. 
VOC Results from the February 2001 Preliminary Investigation Sampling Event. 

1, 1, 1,2-Tetrachloroethane ND 2300 ND ND 
1, 1, I-Trichloroethane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
1, 1,2,2-Tetrachloroethane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
1, 1,2-Trichloroethane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
1, 1-Dichloroethane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
1, 1-Dichloroethene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
1,1-Dichloro ro ene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
1,2,3-Trichlorobenzene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
1,2,3-Trichloro ro ane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
1,2,4-Trichlorobenzene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
1,2,4-Trimeth !benzene 5.1 ND 49000 35000 17000 3700 
1,2-Dibromo-3-chloropropane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
1,2-Dibromomethane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
1,2-Dichlorobenzene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
1,2-Dichloroethane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
1,2-Dichloropropane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
1,3,5-Trimeth !benzene 5.1 ND 160000 110000 56000 15000 
1,3-Dichlorobenzene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
1,3-Dichloro ro ane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
1,4-Dichlorobenzene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
1-Chlorohexane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
2,2-Dichloro ropane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
2-Butanone 10 ND 4600 ND 9600 ND 1200 ND 590 ND 
2-Chlorotoluene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
2-Hexanone 10 ND 4600 ND 9600 ND 1200 ND 590 ND 
4-Chlorotoluene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
4-Meth 1-2- entanone 10 ND 4600 ND 9600 ND 1200 ND 590 ND 
Acetone 10 ND 4600 ND 9600 ND 1200 ND 16000 
Benzene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Bromobenzene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Bromodichloromethane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Bromodichloromethane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Bromoform 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Bromomethane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Carbon tetrachloride 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Chlorobenzene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Chloroethane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Chloroform 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Chloromethane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
cis-1,2-Dichloroethene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
cis-1,3-Dichloro ro ene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Dibromochloromethane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Dibromomethane 5.1 ND 2300 ND 4800 ND 610 ND. 290 ND 
Dichlorodifluoromethane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Ethylbenzene 5.1 ND 2300 ND 44000 13000 9000 
Hexachlorobutadiene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Isopropylbenzene 5.1 ND 2300 ND 21000 ND 8300 15000 
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5.1 ND 2300 ND 4800 ND 610 ND 9100 
5.1 ND 2300 ND 4800 ND 610 ND 5900 
5.4 2300 ND 4800 ND 610 ND 27000 
5.1 ND 2300 ND 4800 ND 610 ND 4100 

sec-Butyl benzene 5.1 ND 2300 ND 4800 ND 610 ND 9400 
St ene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
tert-Butylbenzene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Tetrachloroethene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Toluene 5.1 ND 47000 33000 ND 6700 9100 
trans-1,2-Dichloroethene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
trans-1,3-Dichloro ropene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Trichloroethene 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Trichlorofluoromethane 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Vin 1 chloride 5.1 ND 2300 ND 4800 ND 610 ND 290 ND 
Xylene (total) 5.1 ND 24000 30000 8900 55000 
ND Not Detected at the indicated laboratory reporting limit. 
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2,2'-oxvbis(l-Chloroorooane 
2,4,5-Trichloroohenol 
2,4,6-Trichloroohenol 
2,4-Dichloroohenol 
2,4-Dimethylohenol 
2,4-Dinitroohenol 
2,4-Dinitrotoluene 

3,3'-Dichlorobenzidine 

Benzoic acid 
Benzvl alcohol 
bis(2-Chloroethoxy)methane 

Table A-3. SVOC Results for the February 2001 Preliminary Investigation Sampling Event. 

ND 19000 ND 200000 ND 2000 ND 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 I ND 380 ND 200000 ND 2000 ND 

350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 I ND 380 ND 200000 ND 2000 ND 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 I ND 380 ND 200000 ND 2000 ND 

880 ND 48000 ND 44000 ND 92000 I ND 50000 ND 980 ND 870 ND 970 I ND 960 ND 510000 ND 5100 ND 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 I ND 380 ND 200000 ND 2000 ND 

350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 I ND 380 ND 200000 ND 2000 ND 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 I ND 380 ND 200000 ND 2000 ND 

880 ND 48000 ND 44000 ND 92000 I ND 50000 ND 980 ND 870 ND 970 I ND 960 ND 510000 ND 5100 ND 

350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 I ND 380 ND 200000 ND 2000 ND 

350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 I ND 380 ND 200000 ND 2000 ND 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 I ND 380 ND 200000 ND 2000 ND 

350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 I ND 380 ND 200000 ND 2000 ND 
350 ND 34000 61000 100000 38000 390 ND 350 ND 390 I ND 5600 E 630000 90000 E 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 I ND 380 ND 200000 ND 2000 ND 
880 ND 48000 ND 44000 ND 92000 I ND 50000 ND 980 ND 870 ND 970 I ND 960 ND 510000 ND 5100 ND 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 I ND 380 ND 200000 ND 2000 ND 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 I ND 380 ND 200000 ND 2000 ND 
880 ND 48000 ND 44000 ND 92000 I ND 50000 ND 980 ND 870 ND 970 I ND 960 ND 510000 ND 5100 ND 
880 ND 48000 ND 44000 ND 92000 I ND 50000 ND 980 ND 870 ND 970 I ND 960 ND 510000 ND 5100 ND 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 I ND 380 ND 200000 ND 2000 ND 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 I ND 380 ND 200000 ND 2000 ND 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 I ND 380 ND 200000 ND 2000 ND 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 I ND 380 ND 200000 ND 2000 ND 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 I ND 380 ND 200000 ND 2000 ND 
880 ND 48000 ND 44000 ND 92000 I ND 50000 ND 980 ND 870 ND 970 ND 960 ND 510000 ND 5100 ND 
880 ND 48000 ND 44000 ND 92000 I ND 50000 ND 980 ND 870 ND 970 ND 960 ND 510000 ND 5100 ND 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 ND 380 ND 200000 ND 2000 ND 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 ND 380 ND 200000 ND 2000 ND 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 ND 380 ND 200000 ND 2000 ND 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 ND 380 ND 200000 ND 2000 ND 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 ND 380 ND 200000 ND 2000 ND 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 ND 380 ND 200000 ND 2000 ND 
350 ND 19000 ND 18000 ND 37000 I ND 20000 ND 390 ND 350 ND 390 ND 380 ND 200000 ND 2000 ND 
350 I ND I 19000 I ND I 18000 I ND 37000 I ND I 20000 I ND I 390 I ND I 350 I ND I 390 I ND 380 I ND I 200000 I ND 2000 I ND 
880 I ND I 48000 I ND I 44000 I ND 92000 I ND I 50000 I ND I 980 I ND I 870 I ND I 970 I ND 960 I ND I 510000 I ND 5100 I ND 
880 I ND I 48000 I ND I 44000 I ND 92000 I ND I 50000 I ND I 980 I ND I 870 I ND I 970 I ND 960 I ND I 510000 I ND 5100 I ND 
350 I ND I 19000 I ND I 18000 I ND 37000 I ND I 20000 I ND I 390 I ND I 350 I ND I 390 I ND 380 I ND I 200000 I ND 2000 I ND 

2000 ND 
2000 ND 
2000 ND 
2000 ND 
4900 ND 
2000 ND 
2000 ND 
2000 ND 
4900 ND 
2000 ND 
2000 ND 
2000 ND 
2000 ND 

39000 E 
2000 ND 
4900 ND 
2000 ND 
2000 ND 
4900 ND 
4900 ND 
2000 ND 
2000 ND 
2000 ND 
2000 ND 
2000 ND 
4900 ND 
4900 ND 
2000 ND 
2000 ND 
2000 ND 
2000 ND 
2000 ND 
2000 ND 
2000 ND 

~'~ 
c 

--:S 
~' '·.·.;;. 
.···~ 

.Id ~ 
:;{ 

~. 
cJ;:.-: 

~:·°'·,. 

ND 
ND 

400 I ND 
400 I ND 
400 I ND 

1000 I ND 
400 I ND 
400 I ND 
400 I ND 

1000 I ND 
400 I ND 
400 I ND 
400 I ND 
400 I ND 
510 
400 I ND 

1000 I ND 
400 I ND 
400 I ND 

1000 I ND 
1000 I ND 
400 I ND 
400 I ND 
400 I ND 
400 I ND 
400 I ND 

1000 ND 
1000 ND 
400 ND 
400 ND 
400 ND 
400 ND 
400 ND 
400 ND 
400 ND 

2000 I ND I 400 I ND 
4900 I ND I 1000 I ND 
4900 I ND I 1000 I ND 
2000 I ND I 400 I ND 

""" <!: 
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350 I ND 
350 I ND 19000 I ND 18000 
350 I ND 19000 I ND 18000 I ND 
350 I ND 19000 I ND 18000 I ND 

Chrysene 350 I ND 19000 I ND 18000 I ND 
Di-n-butvlnhthalate 350 I ND 19000 I ND 18000 I ND 

350 I ND 19000 I ND 18000 I ND 
350 I ND 19000 I ND 18000 I ND 
350 I ND 19000 I ND 11000 
350 I ND 19000 I ND 18000 I ND 
350 I ND 19000 I ND 18000 I ND 

Fluoranthene 350 I ND 19000 I ND 18000 I ND 
Fluorene 350 I ND 19000 I ND 12000 I J 
Hexachlorobenzene 350 I ND 19000 I ND 18000 I ND 
Hexachlorobutadiene 350 I ND 19000 I ND 18000 I ND 
Hexachlorocyclonentadiene 350 I ND 19000 I ND 18000 I ND 
Hexachloroethane 350 I ND 19000 I ND 18000 I ND 

350 ND 19000 I ND 18000 I ND 
350 ND 19000 I ND 18000 I ND 
350 ND 19000 I ND 18000 I ND 
350 ND 19000 I ND 18000 I ND 
350 ND 19000 I ND 18000 I ND 

N anhthalene 350 ND 19000 I ND 13000 I J 
N itrobenzene 350 ND 19000 I ND 18000 I ND 
Pentachloronhenol 880 ND 48000 I ND 44000 I ND 
Phenanthrene 350 ND 19000 I ND 19000 
Phenol 350 ND 19000 I ND 18000 I ND 
Pyrene 350 ND 19000 I ND 18000 I ND 

ND Not Detected at the indicated laboratory reporting limit. 
J Detected below the laboratory reporting limit. 
E Detection exceeded the upper limit of the calibration curve. 

37000 I ND I 20000 
37000 I ND I 20000 
3 7000 I ND I 20000 I ND 
37000 I ND I 20000 I ND 
37000 I ND I 20000 I ND 
37000 I ND I 20000 I ND 
3 7000 I ND I 20000 I ND 
3 7000 I ND I 20000 I ND 
37000 I ND I 20000 I ND 
37000 I ND I 20000 I ND 
37000 I ND I 20000 I ND 
19000 I J I 20000 I ND 
37000 I ND I 20000 I ND 
3 7000 I ND I 20000 I ND 
3 7000 I ND I 20000 I ND 
3 7000 I ND I 20000 I ND 
37000 ND I 20000 I ND 
37000 ND I 20000 I ND 
37000 ND I 20000 I ND 
37000 ND I 20000 I ND 
37000 ND I 20000 I ND 
21000 J I 20000 I ND 
37000 ND I 20000 I ND 
92000 ND I 50000 I ND 
28000 12000 
37000 ND I 20000 I ND 
37000 ND I 20000 I ND 

400 I ND 
ND I 350 I ND 390 380 I ND I 200000 I ND ND 2000 I ND 400 I ND 

390 I ND I 350 I ND 390 380 I ND I 200000 I ND 2000 I ND 2000 I ND 400 I ND 
390 I ND I 350 I ND 390 I ND 380 I ND I 200000 I ND 2000 I ND 2000 I ND 400 I ND 
390 I ND I 350 I ND 390 I ND 380 I ND I 200000 I ND 2000 I ND 2000 I ND 400 I ND 
390 I ND I 350 I ND 390 I ND 380 I ND I 200000 I ND 2000 I ND 2000 I ND 400 I ND 
390 I ND I 350 I ND 390 I ND 380 I ND I 200000 I ND 2000 I ND 2000 I ND 400 I ND 
390 I ND I 350 I ND 390 I ND 380 I ND I 200000 I ND 2000 I ND 2000 I ND 400 I ND 
390 I ND I 350 I ND 390 I ND 660 I I 200000 I ND 2000 I ND 4500 400 I ND 
390 I ND I 350 I ND 390 I ND 380 I ND I 200000 I ND 2000 I ND 2000 I ND 400 I ND 
390 I ND I 350 I ND 390 I ND 380 I ND I 200000 I ND 2000 I ND 2000 I ND 400 I ND 
390 I ND I 350 I ND 390 I ND 380 I ND I 200000 I ND 2000 I ND 2000 I ND 400 I ND 
390 I ND I 350 I ND 390 I ND 910 I I 110000 I J 2000 I ND 5700 400 I ND 
390 I ND I 350 I ND 390 I ND 380 I ND I 200000 I ND 2000 I ND 2000 I ND 400 I ND 

tn 

< 390 I ND I 350 I ND 390 I ND 380 I ND I 200000 I ND 2000 I ND 2000 I ND 400 I ND 
390 I ND I 350 I ND 390 I ND 380 I ND I 200000 I ND 2000 I ND 2000 I ND 400 I ND 
390 I ND I 350 I ND 390 I ND 380 I ND I 200000 I ND 2000 I ND 2000 I ND 400 I ND 
390 I ND 350 I ND 390 I ND 380 ND 200000 ND 2000 ND 2000 ND 400 ND 
390 I ND 350 I ND 390 I ND 380 ND 200000 ND 2000 ND 2000 ND 400 ND 
390 I ND 350 I ND 390 I ND 380 ND 200000 ND 2000 ND 2000 ND 400 ND 
390 I ND 350 I ND 390 I ND 380 ND 200000 ND 2000 ND 2000 ND 400 ND 
390 I ND 350 I ND 390 I ND 380 ND 200000 ND 2000 ND 2000 ND 400 ND 
390 I ND 350 I ND 390 I ND 930 120000 9600 6100 400 ND 
390 I ND 350 I ND 390 I ND 380 ND 200000 ND 2000 ND 2000 ND 400 ND 
980 I ND 870 I ND 970 I ND 960 ND 510000 ND 5100 ND 4900 ND 1000 ND 
390 I ND 350 I ND 390 I ND 1600 180000 25000 E 2000 ND 230 
390 I ND 350 I ND 390 I ND 380 ND 200000 ND 2000 ND 2000 ND 400 ND 
390 I ND 350 I ND 390 I ND 380 ND 200000 ND 2000 ND 2000 ND 400 ND 



SWMU Assessment Report for the LC-38 Diesel Spill on WSMR 

Table A-4. 
P AH Results for the February 2001 Preliminary Investigation Sampling Event. 

Acenaphthene 440 18 ND 19 ND 17 ND 19 ND 23 ND 19 ND 20 ND 

Acenaphthylene 19 ND 18 ND 19 ND 17 ND 19 ND 23 ND 19 ND 20 ND 

Antluacene 19 ND 18 ND 19 ND 17 ND 19 ND 23 ND 19 ND 20 ND 

Benzo( a )anthracene 19 ND 18 ND 19 ND 17 ND 19 ND 23 ND 19 ND 20 ND 

Benzo(a)pyrene 19 ND 18 ND 19 ND 17 ND 19 ND 23 ND 19 ND 20 ND 

Benzo(b )fluoranthene 19 ND 18 ND 19 ND 17 ND 19 ND 23 ND 19 ND 20 ND 

Benzo(g,h,I)perylene 19 ND 18 ND 19 ND 17 ND 19 ND 23 ND 19 ND 20 ND 

Benzo(k)fluoranthene 19 ND 18 ND 19 ND 17 ND 19 ND 23 ND 19 ND 20 ND 

Chrysene 19 ND 18 ND 19 ND 17 ND 19 ND 23 ND 19 ND 20 ND 

Dibenzo(a,h)anthracene 19 ND 18 ND 19 ND 17 ND 19 ND 23 ND 19 ND 20 ND 

Fluoranthene 19 ND 18 ND 19 ND 17 ND 19 ND 23 ND 19 ND 20 ND 

Fluorene 720 18 ND 19 ND 17 ND 19 ND 23 ND 19 ND 20 ND 

Indeno( 1,2,3-c,d)pyrene 19 ND 18 ND 19 ND 17 ND 19 ND 23 ND 19 ND 20 ND 

Naphthalene 580 14 IO 9.9 13 23 ND 19 ND 20 ND 

Phenanthrene 1200 E 18 ND 19 ND 17 ND 19 ND 23 ND 19 ND 20 ND 

Pyrene 49 18 ND 19 ND 17 ND 19 ND 23 ND 19 ND 20 ND 

ND Not Detected at the indicated laboratory reporting limit. 
J Detected below the laboratory reporting limit. 
E Detection exceeded the upper limit of the calibration curve. 

Table A-5. 
RCRA Metal Results for the February 2001 Preliminary Investigation Sampling Event. 

24068-SBOI-(0.0)-0201 1.54 110 0.352 ND 3.3 7.30 0.1 0.384 0.7 ND 

24068-SBOl-(5.0-5.5)-0201 3.68 100 0.376 ND 7.4 6.11 0.04 ND 0.725 0.75 ND 

24068-SBOI-(49.5-50.0)-0201 2.13 llO 0.399 ND 4.3 6.44 0.09 1.17 0.8 ND 

24068-SB02-(65.0-65.I)-0201 6.61 26 0.413 ND 8.3 10.6 0.06 0.413 ND 0.83 ND 

ND Not Detected at the indicated laboratory reporting limit. 
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Lithologic Logs for Soil Borings from the SWMU Assessment 
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DRILLING LOG I OF 8 
DIVISION INSTALLATION 
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HOlE No. SHEET 140. 
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'i 
)' 

INSTALLATION 

DRILLING LOG (Continuation Sheet) ws /Vl ~ 
. PROJECT 

f_C~:Jf LHv'E..51'/GA-f/o,V 
11. ELEVATION Of TOP HOLE 

ELEVATION DEPTH LEGEND CLASSIF'lCATION OF MATERIALS % CORE 
RECOVERY 

q 

fJ7t/7 /0 

I/ 

I~ 

/:J 

/'I 

&' 'k/D I> 

I~ 

11 

Sf 

Sf' 

(description) 
d 

ooRa.y c»~A-PtP SAND 1 30 % 
/llifP,P~t/,ttfl()JSJI Yl.LUJIA/ /4,0•//,{ 
7$YA. ''*A /tl6sr1..y F1tilt 
5tf/I~ Urrt .. f,,$1LT,2Jf,~& 

Pot>~LY '~/r'()£PMc£P, go 7o 
UJos£,~~K{PPJJ» YtUow '#,D-Jl/.o 
(7.G'/,f 71'), rtWSTL'{ F/(IJ[, 
$Af'I&?, /.(AC£, Sil. I 

BOX oR 
SAMPl[ 

NUMetR 

MOU: Na. SH'EET No. 

58-00;J. 

REMARKS 
(Orilllnq Ume. water loss.. dep\I\ of 

weathering. elc .• if signiftcent) 
9 

f'ED: O. 0 fl'""

(}f]o: TPll stml'U. 
@11r-r 



,)i 
J 

INSTALLATKJN 

DRILLING LOG (Continuation Sheet) 
. PROJECT 11. UEVA TION Of' TOP HOLE 

LC-3f ~,OlvtST/6~TiON 
ELEVATION O(PTH 

;1.3 

-1'/ 

Df'/o ,,t5' 

,?~ 

.J7 

.%9 

o85"S" 3o 

31 

:n. 

31 

3f 

091/ 

1f,. 

LE GENO 

SP 

Sf 

CLASSIRCA TION OF' MATERIALS 
(dasctiption) 

d 

,~l'°' ~r>R.TE.P ~ 0 1 l,Ot1$£~ 
1( ~ ~PlfH 1fU.OIA/(1S16 *), 
tST/..V Flldt S~f>; Tli/1(£ s11..r 

l'oolfl'f tft~t2, S/Mlt> J 

oSE,Pl<Y, Ll,lfl' BKoWN 
(7.:S'"Y.< '/IJ).,t1t>$7L 'I r//l/f,, 
S//fl/P, u PLI- Sl"-T; ;iSllLE • 
SIU. C.ot.fUt..TJOtlfS 

- - -- .. 
t.£A/fl ~LM, Ht41t.P, M~ CJ.. 
smotl& 8~wtll(7.5'Ytf $'/,), 
~At-£ Stl#P/$11--r 

% CORE 
RECOVERY 

So% 
.o-J7.S' 

S"t>Yo 
.o-:u.5" 

100% 

H01 ( Nt" SHEET No. 

S8-()o.2. 

BOX OR REMARKS 
SAMPLE (Drilling lime. water toss. dep'h of 
NUMBER weathering. etc., U slgnificent) 

f 9 

P~J?: <J.o fl~ 

D9D": 7FJ/ sNm E Q 
J7..>F-r 

P~P:tJPff"" 

pzp: o.ofl'-""' 
(Jf:JP: TPll 5Mtltt/$ 

1/0 ~..,-

!>PH ~t.t..EcrH> 

/1~£7 f)/l/ LLI~ i 3/. I-"( 



) i 

.. ~ . 

DRILLING LOG (Continuation Sheet) 
INST ALLA llON 

1. PROJECT 11. ELEVATION OF TIJP HO\.[ 

LC-3& rfl/VU.T/6,.4 TIO tJ 
ELEVATION 

le<>o 

. 1017 

DEPTH 

b 

.37 

'II 

'If 

'11 

LEGENO CLASSIFICATION OF MAT(R!AlS 
(description) 

d 

-UJIJt'.J.. ~ 11-11:.<tP, Pit.VI. 
i~or.16 •~,,,,.if7.sy,e .::'/')., 
~AC.C sr4fllg/s11-r 

- -5-:p- - foo~L'I ~ SA-MD, 
/I'~ fHIO-rt. 

-int: -- 5Jl-T ,,,,,Tit Sii-ND 1 Ll>D$£, 

TJA.Y, S J"l(oNG. $tt.1Jwtlf 
lt.r:v11 ~/e.), MDSTL-Y s11-r. 
LI Jft..E. Flf'ff.. SM/17 

IC CORE 
RECOVERY 

flt L 51/..T WITll~/t(I)"(), ~P. '-() o 
0 DIN ~llf(lta/~ 8t1.11W~ 

(7,ffl< 5/,),fl10$TJ.'f$/J.T; '/fJ,O-'/U> 
LtrrLF- P-/Nf..~/0 TAAt£, 

UlfV 

4 

'"'t1...- - LEA-1'1 CLA-.1, /IMP, 9~~ 
ST~1#G. J>R.ovJtl(l.s'Y.f i/'l 
rl(Aa .S/t.T 

-SP- - - fot>t:.Ly bteAP!D $.4NV, 

LooSE.,, M'/,, (tD01SH 

Y!Luv.Jb.~'IR '1/r), 
. -ML- oSTlY F//IE-~5/WPJ 

L.17Tl.E.. $//.. T 

BOX OR 
SAMPLE 
NUi.tBER , 

HOLE N~ SHEET No. 

REMARKS 
(Ori11in9 \lrne. woter toss. depth of 

weathering. etc .• if significenl) 
<I 

fW~ o.f G ~I FT 

/lfrtrt..: NO ~111111CA-110AI 
of ~Mflrlt; Of?OI( 
OI(. VJIWAt. • 

PIV: O,o f~ 

) 



ll'ISTAU.AllON 

DRILLING LOG (Continuation Sheet) 
1. PROJECT 11. ELEVATION OF TOP HOl.E 

LC-'3~ 1.NVLSTl611"1'/oN 

5J 

/O'f> 

57 

//07 

,, 

ll'f~ 

SILT lfl/lrHSA#Q,MtPJUll; 

/Hl.Y, sr1re"1' 6towN 
(7.SVt< Fl,), f(losr1-y .!.#1", 
1'~/l-CE.. C.LA-V 

ll CORE 
RECOV!:R¥ 

-g~m - 'OO!tL'l li.1.MJtl>~Af/O lllllTll 'jO % 
~ 1 L Od~£., MOl5 r; ,_l.Ul'Jj/I 5~ O •$1.{ 
YttuW(TSYR '1/t..),Mo$-TLY 
fl/I/£ Slff/Q, ~.+tf.. SJLr, 
Tl\'?,+C& f'e.16J..l. !. 

rJ 
~--- •t..-L C.WtY. LWlll ') Hll-f.D,l'JOIS r; 

Sf.tolli6 8blli~{7S'1' 5/") 
1".efe!. .:.1LT;MOS'l'Vi LJ.A..'I 

foofl.LV ~A9W ~f) Wint 

N!:!, AS """CV£. 

-a r. - - J..tA.tJ eu."-, "' A6011r. 

-5p-.5;; 
- c.-1..- -

BOX OR 
SAUPLE 
NUUBt:R 

»oL.t No. 

REMARKS 
(OrUling lirne. water loss. depth of 

weothering, etc., it significent) 
g 

~oC/<. LOP(, f.£1 /lf/-;f#lt. 

@ 5J.~FT 

f .:ro: f), o ffM. 

/l.;l.{) ! if'/1- SAMl't.t. @. 
$"J,,j&-r 

f'!D: o.o ff""' 

$l..l&rir e1:.vp1/llt. ,,v 
T/IE.C~ 



INSTALLATION 
SH££T No. DRILLING LOG (Continuation Sheet) 

W.5/Vl I< {, OF$ 
I. PRCJ.ECT 11. ELEVATION OF" TOP HOLE 

LC-3 -i:. v&s Tl6 lf-i. prJ 
LEGEND CLASSIFICATION Of MATERIALS ?. CORE BDX OR REMARKS 

(description) RECOVERY SAMPLE (Orrning time. water toss. depth of 
d NUMBER weathering. etc., II :significent) 

9 
CL. Ht+ c!LA-y, P.11'161S7; ~o % /~~': C11f'/l,.tl6.5 ~Etf-P ~moilt. eA.Pt.J(ll(.r.>M $"/') '!o-,to 3.S' vot ftl.05TL'/ Cl-fr"/, Tl(!l'U SJl.:f 

SP-51"1 foe!'.~'{ t'..AA-lll.I> S/1-ff{) Wl71J 

f'J.7): r?'.9 71'!'"" /115fl'IJ. W,LOC>!>~MOl.Sl; l<tPPIS/I 

--- -- 'f E.Ls.t3(7S Ytf ',4A M4SILY 
,7 (!. t. - F11't Sii-#&>, T'l(/ltE- SJ~r; J3o(p: 11"'.H.1 voc,svoe 

rN.A<.£ PE.fi8LU SAMfJLf,S ~ '~~FT 
J..f,fr!t/ (!..L.fij, /I'S ,4{S'i>'{'t,, vm 15 t..Y ..slf.ntlf IH'Il>, 

'3' :smolll4 t:msu. 0001t.. 

/3'!o= Dl(.U/.IH/fl}/, ~,Ji. 

'? 
f()G f!.f,·ff P!tl4 S I. 3·.J,<J 

f/'111 

1;s-s 10 (.~ 
Joo /o fiD; 11..CJff?M 

11 
1"31./g: Tf'"" voc;.5VDt. 

); SMfftf.$@. 70, ~ ~T 
_,__ --- Afl/O ·7f. 5' r r ~ 

51'-Sf'I fbe~J.'I ~IMP£0 $All)p llf/l!J! 
13~> ) l:J. WJJ /IS A6ovf.S. . 

/,.£1+1'1 e "(,II> MJov'c, 
13 

7'1 

r!J:J..B 7.i" C..L LtlftJ f.t,..lt'[,J1.S/l-fDVf. 1 7'f% 
X/V(tl./1S/N4 SAND f£Q: ~. 7ff""'-

7f.0-7i.1 
7(. /'!J.'I: TPH, voe.., sv'ot 

f'oo{{t.V 'i'll(}W .s/tNP Wlr/L S/1-MPtts@ 71. D rr 
71 !11:'!, J/-S ,4-i!.Dtl/, 

75' 
Lt&!, C!&f. WJT1i .Sf!1'·1 ti 
f)R,'/, s~~ ifl.IM/i.J 1:i'l!l ~ 

rt. CJ.M. t.1 ll'Ls. 
7'1 



INSTALLATION l...iot..£ No. SHEET No. 

DRILLING LOG (Continuation Sheet) WSMR ss-oo;i 7 OF 8 
\. PROJECT 11. ELEVATION OF TOP HOLE 

1-c.-3! !'!Vllt$//6Anof1/ 
0.EVATION DEPTH LEGEND CLASS!FlCAT!ON Of" MATERIALS ll CORE BOX OR REMARKS 

b (description) RECOVERY SAMPl.E (Orlllirig: tirne. woter toss, depth of 
d NUMBER weothering, elc., ff slgniticent) 

I 9 

7 

/'fo8 ~o 
f p: eJ.ot'I",.... 

CiMtliln.P $/LT/s11-rr.ntJf. 
f I JN eoi(E .s~£ STDWf.fl 

«.l:.t.#'/tlt. Y. 

~3-

f3 

g'/ 
l"f 5'.2. 

)' ~ 15' 
PooR.J-Y C.iM>ll> SMP &AJtr: f() 1o F IC>: /. 3 f"l'r\ 
~11.:I, Looss.,Jlt.'f, ll£I>PJSI/ 

f'- 'ft.LJ.D~(7.f'/( q,),/tl8STJ:/ Vf..ll.V Jf!tl?.P PKILLJN6 
VU'/ FJl'J£,$tfN~.11{M-t J/l.' Jf.Of: TfH $/1-/tlPt.E. @ 
I~ CA-UCHl IJDPllLf.S. ~,.G"Fr 

9'1 

n 

g9 

/56''3 JO% P;JJ: J. !"f'fl"I-

<// /1oo: 1PH- 5AMf't.l@ 
Cf/ F-T" 

93. 

93 

i 



. \ 
)' 

DRILLING LOG (Continuation Sheet} 
tNSTAlLATION 

. PROJECT 

U:.-33 .r/f/J1esr1cl/T1tii'1 
EU:VATION 

/t.'3$ 
/J-7-03 
P~JJ.J.ltl/!, 
I< t.~IJ/tl 
@IM;l 

DEPTH 
b 

t/I -

LE GENO 

SP 

11, ELEVATION or TOP HOLE 

ClASSlf"ICA TION OF MA l[RIALS 
(desc,lption) 

d 

C/U.lltfl-, HAIW, Pll.Y, 
W/Hrt..1 t:.AK4Pltl.lr6 lE/llJA/r 

ffJol.J.V $1Jfl-T'tf) ..SAtlltl, 
1.oo~l PllY ~llUIJ 
YtLLD,:i{7.~y,e r,,/fQ), 
f(toSTLY ft~£$Afl/P, ff.IA/ 
StL/ 

:I CO~[ 
RECOVCRY 

BOX OR 

SAM PL[ 

NUMBER 

140l( No. SHEET No. 

8 OF 

REMARKS 

(Drflltn9 lime. water loss_ depth of 
~eQlhering, etc., ft signiflcent) 

q 

) 



DRILLING LOG 
DIVISION INSTAlLA !ION 

wsMR 
HOLE Na. 

S8-00'3 
· SHEET No. 

I OF Ii 
I. PROJECT 11. DAlUl,I FOR El[VAllON SHOWN (18"4 or "°S\.) 

LC- R.INllE..STI~Ariotl 
2. LOCATION (Coordinates or Slatian) -~------;;'"'2.~Mrr=NU"'F"'A"CT\IR"""E""R""·s"o"'E°"'SIGN=-:A°"'TI"°ON"""CJF,,--,;Dc;;;Rl"'LL------------1 

J. DRILLING AGENCY 13. TOTAL No. OF OVERBURDEN SAMPU:S TAKEN OlSlURBEO UNOISRJRB£0 

!<.lfBA Kl~T/1£ R. 
4- I-IOU: l\lo, (As. shown on Wowing \iH• and fill:' oumber) 14. TOTAl NUMBER CORE BDJ1£S 

5. NAME OF DRILlER 

A/llllY Pllf..tf/t z: 
6. DIRECTION OF HOLE 

uzr Vertical D Inclined 

11. DEPTH DRILLED INTo ROCK 

Al/A 
9. TOTAL DEPTH Of HOLE 

ELEVATION DEPTH 
b 

1 ~- El£VA TION CROUllO WATER 

16. OAT! HOLE STARTED 

Oeqrees from Vertical / / .- fj'..-. 0 3 PJ;l9 

(descripn°"} 
d 

17 Fl FVA TION TOP OF HOLE 

16. TOT AL COllE RECO'<ERY FOR BORING 

19. SICNA !\Jilt: OF INSPECTOR 

ll CORE 
RECOVERY 

eox OR 
SAMPLE 

; NUMBER 
f 

--,M--~ii.I'/ ~Mf!L Wflil SAIW>, 
llHP,Ptl.V, f;Plf./7.5Y~ ¥ 
~Gffl-Y 1t£Al!IL1 U'/rl-i. V(H 
'f1Nt. $All.J>, "ltAl.'£ Sft.:r 

7 

COl.IPl.ETEO 

REMARKS 
(DnllW.9 \;mo. woter Joss. depth of 

w•atherin9. •le .• if signific.ent) 
g 

P Tl> ~ tJ .0 pptn. 



INSTALl..ATION 

DRILLING LOG (Continuation Sheet) 
1. PROJECT _/ tl. ELEVATION OF TOP HDlE 

LC-JI IAJlftS.T/6ATI~IV 
UEV.AllON DEPTH 

0 

()'Ji/I) JO 

If 

15 

I~ 

17 

/K 

0101 

JI 

iP~ 

LE GENO CLASSIFICATION OF MATER1ALS 
(dese<iplion) 

d 

- -5- - - pi:ct.l.Y ~IPE.11 ~ltf/P ,utJS.£, 
p 'flR.Y~~ll!lll111 'lfUcW 7.~l'A llti). 

·C-l-- - Mt;lftY /VJ(IJ/llM SMTP 

Wt.I ~LA-Y Wfrf/ SlllfD >HM», 
M"I. SfloP' 6~~w~ (1.S"Y~ 
5,4.).JVIDQ"Ly'~tlf.Y, FEW 
CAt1tll£, "(M-tf $ANO 

~wtp sr foDfl.LY ~ $&:!/), 
/1-5 /I-Bo llf:. I LfT(J.i t.t.A-'/ 

C.l- t.fMJ CJ../f'/ WtrH SAN~ J 

trS 110"11£. 

:C CORE 
RECOVERY 

10% 
;o.o-,;J.5 

HOL( ~o. 

BOX OR 
SAMPLE 
NUMBt:R 

P#@ 
~Fl 

REMARKS 
(Dri11in9 lime. water loss. depth of 

weatheting, etc .• If -,ignificent) 
9 

f'JV: (),0 /'f'P't 

) 



j INST ALLA T)ON MOl..£ No. SHf;ET t>J..,_ 

DRILLING LOG (Continuation Sheet) WS/111!. ~8-tJ03 3 odJ 
I. PROJECT 11. UEVA TION or ToP HOlE 

Le.->s> rAJVtsT:r6ArrotJ 
ELEVAl\ON OEPTH LEGEND ClASSlflCATION 01' MATER!AlS l( CORE eox OR REMARKS 

b (description) REC0\1£RY SAMP\.E (Oritling time, woter toss. depth of 
d NUMBER weath4!ring. etc., if signifir:ent) 

q 

.2'3 SP 

:;. 'I 

oSi5' )$' SP Sf'1JcfiL 'f.. 51Jt1Jil!. S""'l. 1 S-0% Pff)_' 6,0 fll'IVI 
15-/.Plf.f, oi.t tEVP 1 J ii ' '5:0 -.27. 5"' 

i1.'-
'fv,.1.t;if/,(7-!/I/~ 7/t},~L'f 
MtTJJUlll SA/llP 

:J.7 

;!.8 

) } ;;. f 
) 

l)f J.7 Jo ----- fco~l.Y Solt TU> $,ditfi) / ~()% JPn@ /?IP! {),Opf?~ 5p 
(il[fl/UM, P~Y, llEVJ7Jt;f-i jO. (). 11. 0 '30 ~., 
Yf.UeuJ (1,>YI< 6,1'), 1t1vs1LY 

JI (/fill SAND WITH som£-
e.~Elll'r11-11ctJ, T~At£ ~JL'r 

Jj -----sf' 

13 

31 

oRtfl 15 SP 5';% (lTP: b, o Pf'/I'\ 

[),O·Jl.8 

'" --



) ! 

INSTALLA"OON 

DRILLING LOG (Continuation Sheet) 
WSM/l. 

1. PROJECT 

U- 3f TrJllEsT]t;A TJ tJr/ 
II. ELEVATION Of TOP HOlE 

ELEVATION DEPTH 

"51 

1t 

>'f 

t>JJ"p 'lo 

'ii 

'IJ. 

l('J 

'fl{ 

tJ ?oJf 'fS' 

I/? 

09/1 

LEGEND CLASSIFICATION OF MATERIALS 
(description) 

d 

.:s 

------SP..>1'1 foot.tY ~~AD(p SMIJ ll'I 

S/t'T) f'IEfTlll/YI, Pi<!~ f/.£pP/$1J 
'(flLoVl{7.6'YR~)1 MU$1LY 
f11'lt $A-PD, TtAcf. GJ£T' 

SP f«fl1Y~ 
f/lfVIUIYl,Jl/{ Y,~PPISH YflLOllJ 
tr.nA 7/r.lMtm.'I ttll~lll/YI 
SAND, 

'DClel..Y (;llAf>E.f) s,tfl/OW/' 

$ ff MfFIU/l'I, P~Y, RE.PDISI/ 
wlw (1.~v~ W'-)l~osrt-'1 

fJfl/£.:Jtlil'O, JR/1Cf..>ILT. 

SP-5/YI fool<.LY 6.RAPtf15HNI> WITH 

SJJ-r, ~ tfflo'I/£ 

~CORE 

RE CO\/£ RY 

~O~o 
i/O.o- '/'l,o 

/00% 

10% 
l/,0-5:J.S" 

) 
HOLE No, SHEET No. 

S5-0D3 I/ OF~ 

BOX OR REMARKS 
SAMPLE (OriHing time. wotet' IO!!IS, depth of 
NUM0ER weathering, elc., ir signlficent) 

9 

PrP: o.o ff'l'A 

HARPtf< 'fJ/l/W/IJ6@'/3Fr 

) 

iPJI/¥. PrV: O. I f f-1/V\. 
5cF'f 



r IN ST ALLA TION ~O\..E No. SHEET No. 

DRILLING LOG (Continuation Sheet) WS/Jllfl. ss-003 5'or:$ 
I PROJECT 

LC-Ji J:#V£STT6;/-l~o# 
11. ELEVATION OF TOP HOU: 

EltVAllON DEPTH LEGEND CLASSIFICATION Of' MA 1£RIALS ll CORE eox OR REMAR~S 

0 (descrlplion) RECOVERY SAMPLE (OriNin9 tlme. wat.r loss. depth of 
d NUMBER weathering, elc .• it significent) 

t 9 

Si ('tx!ll y 6/Ul-f)l.i> 5. PW. 

'LT (YlfPJf.J/11,"iJ/l~ Jt£Pi>ISJI 
VlL/.cw (r. ~VIC 7ft),MDS7'-Y 

5:il i=1Al&5,4-ltl/J,T~/IC{ SJLT 

s> 

~t./ 

ot>f S-5 f"°A l-Y 4M l>EP $1/IJO WJ[1l 70% "f'J-J@ PIP: ().017~""" 
Jf[, IB /J6DVC. ~fj)-,51.5" ~o!="f' 

5'" 

i 
) ' 

51 

s-i CL-

51 

095:L ~ 90% Pi:D: {),Offl'YL 
{,a.o-'-1. o 

ft,/ 



) ! 

DRILLING LOG (Continuation Sheet) 
INST ALLA ~ION HOL.£ No. SH(ET No. 

1. PROJECT 

Lt.-Ji f"#v£5 r:rt.ATltJN 
11. ElEVATION or TOP HOLE 

UEVAlloN DEPTH 
Q 

/015" 70 

71 

7J 

T~ 

//00 

LE GENO CLASSIFICATION OF M,\TERIAlS 
(description) 

d 

~ltlMTJI $. '0
1 
IM~l7, 

Mots:~ e~wml{7.$"t/lf 5/9), 
fifO':.Tt.'/ '$JLTJ.i)fi7/ r/llCIMSJ. 

'ft/f,Ml'lll 

~ -;: f:.-- 1.£,fflf e.uPI, H#.fJ, Pl<Y, 
ml.~ 8bftllll{7.>y~ .si~), 
/l(Ae.t SAN D/.rl Lr 

:: CORE 
RECOvtRY 

eox oR 
SMIPLE 
NUMBER 

TP>J,Yot, 
rot.@ 
fol. o Fi' 

'iQulf~ 
($tAIJ1-
(!ptJ.[l.:llP 

REMARKS 
(Drilling time. woter 1oss. depth ot 

wEotherin<J; etc., if signlficenl) 
q 

s"f...::s;. - pooflL'/ G/$D£1>MlfJJ) WirH b<J% Tf~voe. ff{): ~o3fp111& 7J. 3 fr 
~,1"1£.r-1111>'1.,m111~1, ~) 7(),o--niv 5'f'otB 
P.lfJPJ fJl'Yttlwl (M-Y.e z 'J, 7 /.$Fr' 
Mt>fTLY F/11£ f/ff1/P, Tl.llU • 
5JL-T 

e /.., Lf,AtU.J.A y I AS ftlol/£. ) 



INST ALLA l\ON HOI ( Nrt 

DRILLING LOG (Continuation Sheet) W.5 /YI f< 58-oD3 OF" 8. 
1. PROJECT 

LC-3K r~V[STTGJTiol'l 
11. ELEVATION Of TOP HOlE 

ElEVATION OEPTH LEGEND ClASSIFICATlON Of MATERIALS Z CORE BOX DR REMARKS 
b c (description) RECOV[RY SAMPLE (Dri11ing lime. water toss. depth of 

d NUMBER l'feothering. etc .• it signiffcent.) 
9 

"7 

/!'3"3 'Jo C..1- LfA#tfJ!,y WITH Slf.rJJ2, ~D% TfJJJ@ f)J:D ' D.Oft'.--
ti.+ll.P, J:;>.eY, ST/l.orJ4 't.cw!ll 8fJ.() ~ 8'/.0 'i'/SFr ,, (?SYi. sj&),ffoHJ.Y eutY, 

ft:PPLU MlelrttAllf.Ol.6, L/TTllSMVI>, -,X/tU.ftlPLl5, 
L161ff IJEPDIN~ fo$S/~'/ fl-tJl/1£ 

¥3 -

8J 

f 1 

/:)O.t_ 95 ----- PoollJ..Y tiflll.t>W 5 DWI Tfll@ f']:P.' f. "l/,n@l~~FT ) ~f-SM 70% 
SILT, ME.Pill/It\ 'I>A.V, RJ'FI 'fiiPp15JI YtLUw(lsY~ 7/6), 

f ~ trir» TL y V£fl 'I F!llll 5AtlJ /), 
T.'At.f.SIJ..'r. 

f1 

ff r/lltCl V~'/ F1Nf.,SfHll D. 

g9 

IJ.'3'1 90 ------ lf/l/J t.J.AY WITH 5AtV!l1 t1,t.Q; 'Jo% PTP: f. 9 @ f,j Fr 1!.L. 
D~'I. ~/R()/1/6 PJZowl{J.f"Y,f 

'/! ¢),11t"$TI-'/ tlAY/T£AelSANO, 

SJ.16/i /{$£//})/ jlft. 



) 
INST ALLA TKlN HOLE No. SM'£ET J.lo. DRILLING LOG (Continuation Sheet) 
W5M~ 5$-1)03 g OF$ 

··;_{~g 1/Jllls1T6Jr1otl 
11. ElEVA ltON or TOP HOlE 

ELEVATION OEPTH LEGEND CLASSIFICATION or MATERIALS % CORE BOX OR REMARKS 
b (descripticn) RECOVERY SAMPLE (Dr~ling lime, water loss. Oepth of 

d NUMBER weotherin9, etc .. it significll!nt} 

'3 
f g 

f;Nt.SHPP, 11MC.f.5/J..T. 

'l'i 
su&11·n5l171Jl/f}6. 

/'309 '1!' 
f'oeltl'/ ~PfiJ Sdf'i!!,LtJoS£, 10% IPJ+@ FZD: o. 'I l'l'N> 
1lV,f/lllK(MYt ?/'!),Rem.'/ '/5'.0 ~f?. () 98.~F-'f' 

?f. RlllSJtl~ TtMCf.S/LT 

91 l..fll/11 CJ,.f,'/ w1m ;HAlt.P, 
r>R..'l,gK«tJfJ '1.~Ytt ~ -"> 

MomY &.4-Y, TMti 5MJ>. 

foo~ty 'IAP£o5,WP W!T11 Sli-T., 
~Pl.Y,~EPPJ5H YiLJ.oW 

11 -U'ltf lA~llPITtYRdlfAPP, 
ShlP/tf..A'/ /JET>DW4. 'fl4'l$1'-T, stt<.nr 8£Pr:n~I. · 

-/vii. --- $/•T o~Mt 
wtJ(t,fYti"lt),MPfT/.f $/LI, 

.. I "3:Jg 9? TNAcf. Jtltil P )t Tl/ 

/00 ) 



DIVISION INSTALLATION HOtE No. · SHEET No. 

DRILLING LOG 
!. PROJECT n. OATIN FOR ELPIATION SHOW!'! (TBt.I or t.ISl.) 

Le·;g J:NY&STl6Arto!V 
2. LOCATION (COordinote-;.-.-,~Sc-to...,,ti,--on')----------+.:12,-."'""'"'ANU=rA-;-;C;-oruc;;R"'E°"R""'°S-;:D;o:ES°"IGN:::-:-A-:::llON:::::-:-::Uf':-:::IJft;::ll.L::--------------1 

3. DRILLING AGENCY 13. TOlAL No. OF 01/(110\JROEN SAt.IPl.ES TAKEN DISTURBED UNDIST\JRBED 

4. HOl.E No. (A$ shown on dtowing tale and me number) 1+. TOTJ\l 'IUMBER CORE 8DXES 

. t1AM£ OF DRILLER 

6. DIREC:l!Otl Of HOLE 

g Vertical 0 tnclined 

8. DEPTH ORILL£0 INTO ROCK 

ti/A 
9. TOT Al DEPTH OF HOLE 

IOO FT 
ELEVAnON DEPTH 

b 

0 

1 

13. ElEVAnO'I CROUNO WATER 

Hi. DA TE HOI.£ 

Oegre<oS kom v.,.licol /I - 9- 0 J. 
STARTED 

07J5 
17. ELEVATION TOP Dr HOLE 

18. TOTAL CORE RECOl.£RY fDR BORING 

10: SIZE - Aili> TYPE OF an 19. SICNA TURE OF INSPECTOR 

'l..J5''$P #SA 
5:.0 FT' tD/Vt. lD/1.£ 

LEGEND CLASSIFICA TlON OF MATERIALS 
(de'$Ct'iplion} 

d 

Poofll.Y '1H£P s. 'D, ll1tKI), 

IJ~Y, f.~~DISHY£LLw1(7.f"fi 
~).MlfTLY VUyfJdlS/WfP, 

f'R..tu£SJtr 

l!: CORE 
RECOVERY 

50% 
-;..r 

eox oR 
SAMPLE 

; NUMBER 

COMPLETED 

11-'/·0'5 !t.J'fl 

RElolllRKS 
(Orininq time. 'W'tOhr loss. depth of 

weokherHig.. de... if significent) 
9 



) 
WCTALLA TIOIJ 1-tOLC No. ~1-t,[.T N .... 

DRILLING LOG (Continuation Sheet) W,?/11/1. :S6 ·(){>'/ .t OF S 
1. PROJECT 11. ELEVATION OF TQP HO\.( 

t.t..-'3! I/'lr'tJ T/6A T/ut/ 
ELEVATION DEPT>! LEGEND CLASSFICA TION OF >.IA lERIALS 7. CORE BOX OR REMARKS 

b (dascriptian) RECOVERY SAMP\.E (Drilling: tWne, woter ,oss. depth or 

NUMBER w11othering, elc., it slgnificent) , 9 ., 
01$'8 

/0 otot $!' fbo~I.'/ ~MPWJAf'/P, Loo5l1 9~% P~P: b. o fl",,... 
P~V. ~f.Oil/S// YiUOW (7-SV~ 'D.0·/1/-.~ 

J 

II '/'). vi~'/FJAl!SA#I>. 

/,;l 

----·-
fdo(I..'/ 6UOtP P1!fJ II~ St/411-r t..Eftli.llr-"TIOlll, 11 sP 
p~t, (UP/JI/ 'IJ.tt.r>W (.,. 5'Yte fOSSJ~/.Y U.t./lllt 
~), 'MYFHtftJ#/1 ~ 

/'I 'fl/f. J'I ff 

OIJO 
/$' 

) ot~> $f fooil!l.f 6&W~,~ S"o% PI}): o.o ff"" 
tPllJ/111 /ltOIS r; /([.Pl1IS/J '5',0 .. 17.s- ) 

/(,. 
'{tJ.LOIJi(UYtf. '1/e.), '/Elf.'/ 

,:1/tl'f. Ml'ltl. 

17 

I! 

I 'I 

ot:zlf 
J,o 

()~11 -;,P fc~KLY' 
1
UDS!, ?0% "1'/1110f1' PJ::p; D.Df~rA 

llV, li.ClPIJHYf.J.J.l>wt.7.~YN jb.o-J.3.$' 

'I /i).1'11trJ.YVt~y,etti11. mdJ:J1 
tpcltA#f> CfAf,l{TAT/0'1 





) 
INS1A\.l.A TION ~ou: No. SHEET No. DRILLING LOG (Continuation Sheet) 
W$/Vt~ .Sf!rODt/ lf OF fJ 

1. PROJECT 11. ELEVA TlON Of TQP HOLE 

Lr~JF rNlltsnGAT!fJtJ 
ElEVAllON DEPTH LEGEND CLASSlrtCATION OF" MATERIALS :>:CORE BOX OR REMARKS 

0 b (desc,.Jption) RECOV£RY SAMPlE (Oritling time, water loss. oe.pth or 
d NUMBrn weotherin9. ete., if signlfkent) 

:J 1-J? 
g 

Jf 

:J¥ 

0'/17 
'lo 09J.4/ 5f> f'ollit.l. v (,,/Ang_ Mtr'Q, '() % ~foFr fw: o. o,,l"I 

/I-$ /110 'ff, fO.O·'IJ. O fltlfl./Cffl. 

'II ti! l(D~"( 

l/.J. 

)\ '/;J 

lf'I I<. ) 

0'131 
'IS' 

091'1 Sf 7-2% ftp:(), 'f l'l'""@fs:> ~.,.. 
'lf:O·"/U, 

'It 
----- 'tJPJfl.Y 6/APll> SMPIN/!J!., Sf-5M 

'17 
at: /111.DldAf. Plf~ NRJJI 
'Ul;W(75~ (,j' ~PlfJST/.Y 
Wt 5.INP, Fl.HI JIU, hfAtl.. 

'II e.J.AY 

'I? 

091/I 5'°P 
o9PI $p (1)() J. RAO{J)JllND Let>$£, '#@~Fr PIIJ: "· o,,,.,. 

~r,u,IJ.lf!RDwl((7.S Ylf 1>/I/), 
U6Jl.71-'I tl/flf;l/TU> /N uf(t.MlfQ, Tmt.PE8,J.lf 
/./1JtATlP ~!At 



tN~lAIJ.ATION 

DRILLING LOG (Continuation Sheet) vvstt?~ 
1. PROJECT 11. ELEVATION Of TOP HOlE 

t..t·:JI ~;r/V£ST/6AT/D;/ 
EU:VAllON O(PTH 

b 

5'~ 

S'J 

~If 

0'157 S--5" 
/O.tJ. 

.re 

5'7 

~8 

59 

/OJ8 
~o /o3 

"' 
?;t. 

LEGOID CLASSIFICATION Of MATERIALS X CORE 
(description) RECO'W(RY 

d 

Sf1 

SP f ootfJ.Y &ttpJ>!P S. p 
I ~03 

/1J tl8DV£. S",_ O· S-,.tJ 

Cl-

- ~p- - t>fl.1-V,lft-OlP S/lft/D1A-S Mt>'/4 

ez..- - U/WCl.AY wf1f1Slldl>
1
1ts /llli'L 

'1'f % 
liAfJ·(p'f.7 

HOU" No. SHF~'T Nn 

$8-tJO'/ _tjOF8 

BOX OR REMARKS 

SAMPLE (Otilling Urne. 'ff'Ote!' tos:!I, depth of 
NUMBER .,,eothering, etc .• If significenl) 

q 

~IP: 0,01'~,..,.. 

(1,5"(~, l/•),/flbSTL'f ~/tJS. SllN~ 
~'!!:'Cl~t..£~~ - ---
/fl~1/..Y CM-~ L/TfU SIWP 

ft.D '. '/tJ0~@'-1:SPr 

'f'#, I/DC, ~f-{(IOl5TW/111'JI YPC 
VD!@,IJF. 

''( 



J 
:) 

INSTAI I ATION HOtf. No. SHFFT No l DRILLING LOG (Continuation Sheet) 
WS/l1~ ss-ootf {, OF '8 

1. PROJECT !1. ELEVATION Of TOP HOLE 

Le-13 :.L/IVE.ST/,AT/DN 
ELEVA110N DEPTfl LEGElllO CLASSFICA TION OF MATERIALS ::t CORE BOX OR REMARKS 

b (desc:rip\Kln) RECO\llRY SAMPLE (Drilling Ume. woter loss~ depth of 
d NUMBER weotllering, etc., If signifleent) 

I 9 
/OS'i ~ Cl- l CJA.t_ W/TJ} St111JP ~ /Oo % frp::J..9@ ~s:s;::r 

DAY, StR,O{l}r, llf0"'1'1 f,sy(( 
sit. '}.Kioln:t OAt, tmu. SA#P $1./t.H-1 Sli>PJN(, 

'" 
'11 

'g 
,9 "Slit/I', TM'£..$11.T 

CL. &?_,M.Nor£ 
1/01 i() 
//If, c.i.. .MfJW; ll))"JH A--'MD\ff,. 

/DO 3 ~?flff PLDtb.OffPI 75Fr 

)' 
71 

) 7.;t ,J' 

71 
-- ... -- .l-A1',H-A-itP, P.CY. c i. 

7'1 . 6bO!N{7.fY~ ~.If), 
~~ tAt.tM!DllS NOPIJtU 

--"""'-- $1J..rw1111 SM~HAl!P, P'-'f, 11"-'J fr\l. 
7~ * l'llJ{M'pt · 't'),'11CAc.t$fhtlD ------//'{~ (!I.. UArJCl.AV Wl I flt'1(.P, /(JD% Pr1>: ell Pl'""&. 7' 1=r 

Ptt srl""4 '•tJ(1.5"f It. 
7(, Sfo)MO$TLY l/..lt'/, Mfl'J.E.5/MIP. 

___ ) 





') 
) 

INSTAlLA ltON MO\.E Mo. SHUT No. 

DRILLING LOG (Continuation Sheet) v/SP1/( $8-tHJf $ ~s 
. PROJECT 11. ELEVATION or TOP HOl.E 

LC-3g :£#Y£~116AT/DN 
ELEVATION D(PTH LE GENO CLASSIFICATION OF MATERIALS X CORE BOX OR RE"!ARKS 

Q b (description) RECOVERY SAMPlE (Ol'illin9 time. water tos,:, depth of 
d NUMBER weoth~ing, etc., if significent) 

9 

e.L 

-----!?PSP footti.v f;,(lHEiJ ~A-S~~ 

9'1 

13/f 
95' Tl. G 1f!'f1' 

133.F 'fo% fJ'P :o.o,,~ 

'/F.0-'11. () 

'Ii> 

'17 
~97 

98 

y 't'I 

) 
/OD /3'11 -rv 



Ol\llSION ll>ISTALLA TION SHEET No. 

DRILLING LOG WSM,e I OF 9 
11. DATUM FOR ELEVATION SHOWN {TBM "' MSl) I. PRo.ECT 

/..(, 3 B' µi/V!ST16;frJ()"1 
2. lOCATION-(Cootd'nales ·r;,.·-=st,-o'"'°tion--.-----------t;-1""°2.°"""'M"'"'A°"'HU"'f"""""°'Cl"°'V'°"t<t."""K""·:.""'u°"'t."''°'U'l:=::A°"nUN~.,,,UT=-=a•=IL:-:-L------------1 

3. DRILLING AGENCY ll. TOTAL No. Of OVER6UR0[11 SAMPLES TAKEN DISTUR0ED UNOISTuR0EO 

i. HOLE No. (As shown on drowing \iUe ond file number) 14. TOTAL NUMBER CORE SOMES 

5. NAME OF DRILLER 

6. OIRECTICIN oF HCllE 

@vel\icol D lndinrd 

11. DEPTH DRILLED INTO ROCJ< 

ti/A 
9. TOTl>.l. 0£PTH OF HOLE 

110 Pr 
(LEVA llON DEPTH 

b 

I 

IS. ELEVATION CROllHO WATER 

16. DATE HO\.E STARTED 

Degrees trom lle•t;col //-/ i)- () $ / 3'11.f 
17. El£VATION TQP OF HotE 

18. TOTAL CORE RECOVERY FOR BORING 

$'{).'I F-1 7$. I 0 

W. SIZE AND TYPE oF SIT 1n9. Sl~ATUR

0 
OF INSP

0

ECTOR 
'l.UJIJ,f-
s;o ~rC4fl"T'; c",(£ 

LEGEND CLASSlflCATION OF MATERIALS % COR£ BOX OR 
(des-cription) 

d 
RECOV!:RY 

------11toAP6.fA.lll.L.. f°O"'/o 
:, P f!oCl-Y 'Rl!PW Sdt!l]Z.1 i..o os L ~ 

IMY,f(llPPIJH YfLLovol(1.~'11( 0.ll -~.~ 
- - - - - ,, '~ tttDSTl./fl/(£SltttlP, JIJHt s 

~. »~q FltY, w1un 
7.Hlf ~), f!ew Mi.sA11'<> 

... Ml, ___ ~MEJ>IUM,17teY,~E.PDJSll 
Yi.u.~i.1 6. > r.c e/,), MO$T'-Y 

SILT, So/ttt C:ALllH£ 

SAMPLE 
; NUMBER 

COUPlETEO 

1/-Jl·O,/ 11- '31 

REMARl<S 
(Drilling time, wotc:r loss. depth ot 

.,ealhi:rm9. ete-. if $iql'lificent) 
9 

£. GJ..+e/<. Pl SJ11J1-'I 
Oltdlfrilt. l"htTlit•A-C..S 



} 

I 

) 

INSTAllATlON HOU' No. SHF~I No DRILLING LOG (Continuation Sheet) W>Mf<. frO'P5' fl. OF 1 
1. PROJECT 

t.t--$8' 
El[VATION 

' 
/ 3 S"'f 

/0 /lfoy 

JJ 

IJ 

}$ 

l'ltJ'1 
J'llh 

11. ELEVATION Of TIJP HOLE 

CLASSIFICATION OF MATERIALS 
{d•sCf;pUon) 

d 

"'t. 

~A-SMovi,,.DUAWlll& 
Mdt/f(. Wint PU"rµ 

______ ... 
Sf 

/?.. 

f_ool.L~ 'IMJl.o S6f!.R, A/A 
AS/16o'lll. 

- S ~ - - 'f"po I.: £1) .s..f;l!P, Molt.1>
1 

'flf.Y,Ll&ll-TBl.ow/IJ(r.S'rl. 'l+'A 
~JU!IJMJD, l-11TLE.t!.~Y 

:C CORE BOX OR REMARKS 
RECOVERY SAMPl.E (Drllflng time, woler loss. depth of 

NUMBER weotheri09. etc .• U '!lignificent) 
I q 

0 i't> '~": 0,0 ffl"' 
/f;.o •/.t.5' 

~'% PTP: ~.of~,,.... 
lr.0-17.3 

"'% "flJD;eFr prl):b.OffM 
~.o.J'J/{ 

} 



IN ST ALLA llON HOLE No. SHEET No. 

DRILLING LOG {Continuation Sheet) Sfi-005" 
1. PROJECT 

1.-C-33 ~/)tltJT/6AT14N 
ELEVAnON ()(PTH LEGEND 

0 b ~ 

3-~ 

;.'{ 

!'/)> ,,,,,. 
Jf, 

J1 

31 -

11. EtEVATlON Of" TOP HOl.E 

CtASSll'ICA TIOl'I OF MATERIALS 
(des.,..;ption) 

d 

:I COil£ 
RECOVERY 

1.'16Mt>EOSAfiP., h/A, t,(, ~ 
(te./:MI#" CJ.A-Yw1T11l>lfn/. J'-o-Jf.J 

BOX OR REMARKS 
SAMPLE (Drilling lime. water toss. depth of 
NUMBER waothering. etc .• if signlflcent) 

9 

'o % 1P/li1D 
3P.D·3S.O 

~·· /JU?l>ttV6 

fl»~i. 61.A-1>ENlldD, A6t S"o% 
L(}l)SE, T>llV, tE.»DrSH YW..Ovl 'J5.D•31.$' 
(1.S'YA.. ~).~1Nf.SANf).TKAC£ 
~IJ.T. 



) 

tNSTAI \ATION SHfFT No 

DRILLING LOG (Continuation Sheet) WS/Vll< If OF 1 
I. PROJECT 11. EtEVATION or TOP HOLE 

U.-3f l.,f!Vl!IT/Gll/();J 
ELEVATION D(PTH LEGEND CLASSIFICATION OF MATERIALS ll CORE BOX OR REMARKS 

b (description) RECOVERY SAMPLE {Drilling lime. water less. 4epth of 
d NUMBER weathering. etc.. ir si'gnificent) 

I 9 

31 Sf' 

31 

3'1 

'/5"1 '(o 
/5'07 f'oo#Y lt ~iP tDSMJl>, A/ A JOO% "fl/~'/Dfl f.117: (),0 fl,-. 

ML. fil!,ftlf PIUtYl,~~/lf.PPl~ll 
YtucvJ(7,!''/~ '/~), M•srJ.V "' 

t/~ 

'f 3 

'/''f 

/$"0'1 
'If 

/51.L/ 
ML 

'I~ 

'11 
..... _____ 

Ct,. 

'If 

JP 

SI 

51t.T, itt/t<:,f,.S!Wfl. 

fll. (,Mpf. w. 
~/llVID,t>ll'l,JllPDWI 

'/tll.OW {7.S"'/~ "''~ /tlPS7L"/ 

VUl'I Rtt'l IM'f), t1m.t sar 

ill, Mf.PJuM, i>'l~ Rf.PT>ISJI 
lU.oWb.>m 'ft.l ftlOSTJ. y 

SJLlj IM-CL t.i.A-'I 

J..£.M e.1..11- Wl1i S, P)IJMQ. 
Mv, $~ 8/l.OWN(Jsm f/'-), 

DST/.'t lLA-Y, l~AU. 5Ar/D. 

fi,01t1-y 'RA-PU' J'1fl!., LooSE1 
IM~ REOS>ISll 'fiu.ow(1.Hlf 

100% 

7/t.),F!l'lf. f,lfND, mA-Ct. Sll-T 1---~~-l----+...,.--,-------+--
90 % f.tP: /.fffpm 

o.o-Sf5 

) 



)' INSTAlLATlON 

DRILLING LOG (Continuation Sheet) 
1. PRO..ECT 11. ELEVATION Of TOP HOLE 

lt,-3f r#Vt.5r!~l/17D/J 
ELEVAllON 

'"°' IJ-1/-03 
1)7/lf 

fJ7'fo 

DEPTH LEGEND CLASSIFICATION OF MATERIALS 
(description) 

d 

fooAl 'R PEr>SlftllU ITH 
~ME.DI/JM, P.t~ 1'£.PDISl-I 
EJ,U/IJ(1.~ll 'l'l "'om'( 

Vt(( 'I FINI.S/1(11/J, Lt1fl.t ~11:r. 

% CORE 
RECOV£RY 

- -;,-,_- ~. ~511.T wlr# Stf(lfp
1 

fll~IUlfl,M&IST,~EPOJ~" 
Y$uovl(7.$Y~ ~~M•STl·Y 
5/LT; J.rrrt-E. sM1:> 

~¥% 
{;';O-i"f.'-

SJLTWITH SAtll>, A/A 

~Rl.Y ~PCP :./Hit? WIT» SlfI, 

1A 

W/TJUMO ,ti/A ----¢"" 

HOlf: Nn. 

5 OF 9 

BOX OR REMARKS 
SAMPLE {Ofilling time. water lnss.. depth of 
NUMBER werJlhering, etc .• if significent) 

1 9 

$L1'HT C.EMfNT;f.-T/ON J/11 
isoMno ~tits 



) : 

DRILLING LOG (Continuation Sheet) 
1. PROJECT 

INSTALLATION 

WSM.f< 
11. ELEVATION or TOP HO\.[ 

HOLE No. 

s 8- ()() !:" 
SflEET No. 

' OF 1 
Lt-3f ~A/VtSTIGAT/ON 
ELEVA TlON . . -·. °DEPTH ...:.+:~LE~GE;;.NO;--,.---=a_"'As=s1""'nc~A T""ION"'°"Of""'1.t.+A1£""R""1A'°'LS.--.--.,-:i: "'co>ri<RE~~eono•x nooR:--i---.,R[fiiMilAR;;(<Ks:----1 

b (desi;ription} RECOVERY SAMPLE {OriHing time, water loss, depth of 

70 

71 

73 

d NUMBER w~o\herS-.9, etc., if 5fgniftccnt) 

ilt1U. 'flAPEP ~WITH i.; ~ 7 0 % 
,M•lsr; ~E.PPISI' YELLOW {,>.o-u.s-

(r.$' '(It 7/<.},Ad>fl.'I lfEl(Y PJ/lf. • 
JANI) J.I TTLE- .S /I .. T 

c i. t.~CJ.A.l,H&ltP,s>.t~~ 90 % 
MrtW(T.SYtr. GA), 7".eAa. ]tJ.0-7;. D 
51J.T 

i. ,Loost, 
11fDl.sli lUPl>IJH Yl~w 
{7..SYlt '/r-"JMom.'( FJtt1£ 
~!l{P, 71'JICJ, $/J.T 

OICI.'( w 

·'*tllfllh, "''''~ IC@DJJH lto'llAJ(1.~ 7,4~ 
HtLY rl~'I FINL Sitt''\ 

UU/.i SILT; J.17TUti.AY, 

f q 

V1716J.l. flfoS>Ut.1 trl TJ/15 
T!VTMVAJ..lf.r·ft><J PQ 

PJ:P! 3f'N_.,f117-,1r 
JIE.Pl>f.P C/,./ff 

fll: II.{ ff'"<! 1£f/Fr 

) 



) 



INSTAll.AllON 

DRILLING LOG (Continuation Sheet) WSMI?. 
1. PROJECT 

/..l-38 f#V£sT/6AT/o;J 
ELEVATION 

/OJ:J. 
/D'/ 't 

/oS'f 
/13'/ 

tl'lo 
/,J.03 

DEPll-i LE GENO 

' 
'l'f -

1, 

/07 

,, . El EVA llON or TOP 1-iOU 

CLASSlrlCATION Of" MATERIALS 
(descriplion) 

d 

lC CORE 
RECOVERY 

HOLE No. SHEET No. 

eox OR 
SAMPLE 
NUMBER 

1f'~,$(p~l'l 

(!_fl.>~~ 

REMARKS 
(Orilrmg time. woter loss. depth. of 

wl!othering, etc., if "Sigrrificcnt) 
g 

"(Ji'Mi. t.11-l-l(.llf.@/1)3.~ JCT .. 
/o~././~T'" 

) 



} 

) 

INST.ALLl\TION 

DRILLING LOG (Continuation Sheet) 
L PROJECl 

L(.-31 I"#VlST/6AT/cN 
ELEVAllON DEPTH LEGCND 

·" 

107 

/DI -

/Of 

/~31 
//0 

TD 

11. ELEVAllON or TOP 1-iOL[ 

CLASSIFICATION OF MATERIALS 
(desetiption) 

d 

:C CORE 
RECOVERY 

BOX OR 
SAMPLE 
NUMBER 

f 

HOLE No. SHEET No. 

REMARKS 
(OTilting lime. woter less. depth of 

weathering, etc., if si9nificent) 
g 



OIVISION l"'STAlLATION ilOLE No. SH£El No. 

DRILpNG LOG WSfl\fi.. I OF 9 
1. PROJECT 11. DA TIN FOR ELEVATION SHOWN l TBM or MSL) 

Ll·3f T/l/V.fST/6Ar/tJll/ 
2. LOCA 1\0N (Courdfnoles or Slat~) 

l. ORJlLING AGENCY 13. TOTAL Ko. OF OVERBVROEtl SAMPLES TAKEN DISTURBED 

{<f+.el1 }<t5 TN'Ul. 
4. HOLE No. (As shown on dt'owinq t'Ue and file number} H. TDTAl NU"6ER COR£ BOXES 

5. NAME OF ORIU.£R 

6. DIRECTION OF HOLE 

g'Vetttcol 0 Inclined 

7. TN ICKN~~3 or ovcnounoc;N 

8. OEP'Til OR!l.LED INTO ROCK 

,;/11 
9. TOT Al. DEPTH OF HOLE 

/00.;1. Fl 
ELEVA T!ON DEPTH 

b 

15. ELEVATION GROUND WATER 

16. DATE HOl.E 

D•grees from v.,-1;oo1 // ..,// • () 3 . 

18. TDTAl CORE RECOVERY FOR llOR!l'IG 

73.J. ft' 7:1.~ ~) . . . 
10. SIZE ANO TYPE OF BIT a. SI~~ 

LEGENO CLASSIFICATION OF MATERIALS l': CORE BOX OR 

SP 

(desorlptl.,,.) RECOVERY SAMPI.£ 
d 'NUMBER 

floOl(L'( 6~l.~ S. 1.0DJt, 70 % 
D12~tlltl>PISJI YUL.tiW. ;tr'YA D, 0 • ;s, i' 
t./'JNJTL'/~t#lsAttP, -r'AAll ' 
ILT. 

e,4t.1tHl'., 11~~ 17.t~ 1111Hrt 
(1.r'Yt< f/I), fUJ F1fllf.. sffe/P. 

-5;-- - l'oolUV 'MPEr>,SM{l, ~ 
As Ado-a(Jf!A.) 

COUPLElEO 

l/-l~·C3/ II 13 

REMARKS 
(Ot"iHinq tlm.:. water loss, depth of 

"¥tetrthcrin9. ~tc •• if significant) 
9 

PJ:P: e.o 11~ 

f~: o. t9 f I',..., 

) 



) INST AllAT~ON HOI F' ND. SHEET No. 

DRILLING LOG (Continuation Sheet) WsMt. SS·ofJfo t. OF g 
1. PROJECT 11. ELEVATION or TOP HOLE 

t.C-'}I INVt5rt6A-TJ411/ 
ELEVATION DEPTH LEGEND CLASSIFlCATION OF MATERIALS :i: CORE QOX OR REMARKS 

b (descrlpfo'"} RECOVERY SAMPLE (Drilling \ime. wuter loss. depth of 

d NUMBER weotherin9. etc., it significcnl) 
q 

15"4/~ ID /$"6"$' $f PIP: o.of'I'""' 

II 

/J. 

/3 

1r 
/($'" 

\ 

1'05' $''{ o'() / C1,.. I.UN C.l.ft'f w T1I JIM/fl~ HH/l, P~D: tJ.O,o~R\ 

lf'I, irP•f"/4 SIZcwN(M"'IR 1£0-11.7 

'' ~),MOSTLY l!J.4~ Tlfll-CE... 
Ff/I/£ SAltlt;/"/RA-tt. tAutlll. 

17 5f> )AlA 

If 

11 

'"" ,JO 
//,/~ .fo % w&uff' Pr{): p. 111,.,,@rJo.S' Fr 

'6.0·,,13,S" 

;1 



DRILLING LOG (Continuation Sheet) 
JNSlALLAflON 

I. PROJECT 

Le.<$f rt/VlSTft;tlT/otJ 
ELEVATION DEPTH LEGEND 

.2.-:5 

;z'f 

'''S" .t> /U'f 

~{,, 

~7 

Jf 

Jo 

31 

]3 

---- .. SP 

11. ELEVATION or TOP HOt( 

CLASSIFICATION at MATERIALS 
(description) 

d 

:t CORE 
RECOVERY 

f1~tLYGAAPf.PSllf!/p1 L¢Djf,, 56 % 
PA.'i.J.L1,J1r8Aowtl (7.5''1tt. J.J.o·J-7.S' 
7/iJ/llDSfJ.y Ft/t/lWP, 
"flAU . .SltT. 

ft»iJ.V4MPt().JIW. 
1
Mtpu,171J 'f,t% 

fJ1tV,RiPr>1sH YULow(1.>'1~ 3f.o-3'1.&. 
~~~/llOS TJ.Y F/Nl Sifn/P, 'TMll 
$/t.T, flW t.Ai1tilf. 

BOX OR 
SAMPLE 
NUMBER , 

)IOlE Ho. Stl((T No. 

REMARKS 

(OriHing lime. waler- loss. depth of 
weoth£ring. clc: .• if signtficent) 

q 

Pto: D, OP~"" 

ft l> : fJ "' PIM" 



INSTAlLA TION HOl( No. SHEET H1;1. 

DRILLING LOG (Continuation Sheet) 
W.S/Vl~ ss~otJe:, ¥ OF8 

I. PROJECT 11. ELEVA TIOl'I OF' TOP HOLE 

Lt.-3? r11vts Tf'll T/o;t/ 
ELEVATION O[PTH LE GENO CLASSIFICATION OF MATERIALS ll CORE BOX Ofl REMARKS 

b e (descripUOf1) RECOVERY SM!PlE (Drining \ime. water los:91. depth of 
d NUMBER weathering,. etc .. if sign~flcent) 

I 9 
J 

/(!/.. !Jh1; ME..r>llJlfl,Pl'lV1 ~t.r'1>/~}/ 
vwow(7.f''(/l ~),MOSTLY 

JS SJt..T, Tlflftl UU,.1tllf:.. 

39 

/(,'(-(, 
'lo ~ It 

11-1:1-03 ~,Ir/A 5'1°/o f'J'I): o.o f'Ptri 
010'11 

'ltP-o-'IJ.7 
I/I :Sf 

f!otei..Y ~~lll>tl?,S&/.121 z..ooS[1 

P/l.~/U.PPISll YtLLow(1.~Ylf. 
"'), MoJnY F11f/£SAtfll), 

'I~ 77(ttaSILT 

) \ 
'13 

'f'I 

o7o$" 
011-;!J fo11Ri.Y 6MP. , uosi, PtY, fO% PJ:t>: {), 0 Pl'M 

U'llT 6tow// {1.fY( &/11), YJ:o-111.o 
~tR ltl.f PtPrA'. fllO,S 11.'f t'l~/Ul'I SA'fl!P) ~{. 

Flt'Vl4M'. --'t 

) 



') 
' IN:lT~l.LAlK>N 110U: Hy. tillCl:T Hv. 

DRILLING LOG (Continuation Sheet) Wl>M.R se 4 ootr, 5 OF8 
I. PROJ[CT 

LC.~3f rJfJVlST/bA-Tl~,.J 
11. ElEVATION or TOP HOlE 

ELEVAnON DEPTH LEGEND CLASSIFICATION OF MATERIALS :t CORE BOX OR REMARKS 

b (description) RECOVERY SAMPLE {DriMin9 lime, water toss. ~\h. of 

d NUMBER weathering, etc .• it signiRct!nt) 
9 

SI 

.f~ 
-;;.-;:--~1 NA1<D, P~V,Af.QIN$H 

Vl.LUw(H'Y~ ~)MoJ11-Y 
$1LT, TMq, ~t##P. 

£"3 
111osrLy MJ s,MIP.1it4cE!i/L • 

fi"'I- .,.5;11;5- - - - -

073/ 5".5' 
0731 ----- ctf1.1c1tE. ,/ISA6ollt. /()(} % P11J: o.o /'I'/¥'-

<!L _LS..tlH <!LA-V
1 
Ji'M~ p.eY, $'f'/tc)flft. 

6hWfJ(M•yl(. .r_A),lffOSTi-Y 
~~ ea~ rMC£s1ir;~Atl. Wit/If. 

) 
57 

ML- Sf/..T, llltf.P,P,Y,1.EPDIS H 
YEUO IA(?.~Y.f •M111osrt'1 

n $Jtr. TMtt.etA-'I. ) 
__ .,.. ___ 

LEltN tl-A-'1.. Altt . 
e~ 

5' ----- ~~A-IA ML-

---- footu '( 'iAPtp W1111 1f/A 
07.tf'I $(' 

{,O ----- l.fA(t/tt.AYwlTllJ~,tlAllP,P~ 075'"'/ c I. (,,Off' P~P: /,l/@,3,o t:r 
Sntl!N~8f/.dWfl/("UY(. S'/t.), ,, MotTtV UA-Y, l'tw s,,M/C>. 

""L. &J:r. A/A ,lhDI ST 
~;. 

~1 ----t(,. 



/ 

INSTALLATION 

DRILLING LOG (Continuation Sheet) v.fSMf<. 
1. PROJECT 11. Ell':VATIOt>I OF TOP HOlE 

t. e-3g TNVE.ST/~kTlt>,J 
(l(VATION 

a 

()J'/2' 

or. o 
df:J/ 

Olt'I 
b!S'l 

DEPTH 

S" 

'" 
t-7 

,1 

I/I 

70 

71 

Jet 

13 

7 

LEGtND CLASSIFICATION OF MA1£RIALS :t CORE 
(d11Scription} RECOVERY 

d 

<!./... J.EAtt/li-M/M'ffP, PllY, 

STR1rv'~ lfl(•Wll (7.~Ylf :r/'). 
/003 

1!(AC[ $A/VP, 77(,9([. fAlle./1£. 

1.tl!tlf Cl.fi;Y., ,it/,4 fD% 
lb.o-xo 

LMN~IA INJTll P,H~ Cl. 
PA.Y,S.T,tOlf/& ~owlf/{7.5Y~ 
S"/rJ,fl11STl.YOll'f.ftw fl{lll 
~IJ, /Met Mt1flll. __ ...,. ...... 
~. Hlfl.P. i7£Y, ,.,,#f'liPWiJ Ml.. 
{T.~~ 4/11),MISnY S/lT;rtAtl. 
ci..+Y. _,, 

/0 0 "/o 

-,.-;- - /..EAN(. illA .. .... '"'" 

-----.C.t.. 1-E/rtJ e. 

!Jot[ No. SH((T No. 

c:;,s~oolt:> 6 OF$ 

BOX OR REM ... RKS 
SAM pt( (Orining time, water loss. depth ot 
NUMBER we:othering, etc., if significent) 

9 

f>P: Q.,t@l.'/,p,c,-

~SA-I'll' D fttltCA f 11 
JN J.bl/St5MT/JIN1)Ji ~ 

f'.lP: O.Ofll',.,,._ 

'I/k.KE~Str/f/./rV w/Pl.I' tll. 

Pn: o,r; l'f,..., 



)' 

) ) 

) 

U'fST.Al.LATION 

DRILLING LOG (Continuation Sheet) WSlllR. 
I. PROJECT 11. EtEVATION OF TOP HOLE 

/..C.·3~ :LJ/t/tsrt~AT/ON 
ELEVATlON 

tJ 9D'f 

tJf/~ 

(J '1:$3 
O?'/l 

/bO:J.. 

}DI~ 

O[PTH 

l> 

7! 

LEG€ND ClASSlflCATION OF MAttRIALS 
e (description) 

d 

C.t- LE l!L V,lfMO. Dlllf, smfJ4 
IHvWl'I (7.~ y~ fl,),JtlOSTLV 
tlAY. TlCAct.. 51/..T. 

P'Of>1U Y aRA-PtD StJfl/I> WITH .S ) 

f"alP/11.tf, ~Yi flE.PP1511 VE.LU>MI 
{7.('(R. ~l1111.H'J.f VMYRtr/£, 
JANP, µ/!"/.£ SI/.. T, -riff.CE.. 

W/11 CJ.A. ~1 It/ A 

PCDRl-V <tAAJ>U> SlrNP:)HM. P, 
~'(, /.tf>f>l~JI 'fCLUvl {1.S'Y~ 
&,/'), Me.STL 'I Vlfi '( f;dJAN~ 
wru. Uf+.Y, Tft.Atlil'-T. ~ 

poo~'l 6h\-PE9 Mt!IP, AIA 

-;;,L--- ~lllMP,~Y,&.l&lfrBRtiw"1 
(1.f'f( ,M,IMfrl.'1511.r,~ 
$,+ND. -s,-p--- Poo'1- GttWtosM.P,M~t>, 

M '/, Rf.PD/Sii Ytuw.J (7. SYK 
4/IJllll.Jrt'/ VUJf lltlf. J~AIP, 

'ffJ.f.S/f. . .'T; Tl!A!UA-UCJff-· 

-- - - - CA1.1tlf£ If/A 
---- j 

r1 t... .6.ila', AlA 

7. CORE 
RECOVERY 

"'% 
~.O~fl/.I 

/Oo% 

'~ 

) 

HOU: Nu. SHEET Ng.. 

se 4 oo6 7 or8 

BOX OR REMARKS 

SAM PL[ (Drilling time. water loss. depth of 

NUMBER weothertn9. etc .• if sl'91'1ifica.l) 
g 

~p: ().6 fl'"" 

J.t/t/i.EA-SEI CLlrY C8N'flit/T 
l})nl f)tl'TH-

f II>: fJ. 0 (Jt'M 

. ) 



) 
IN ST ALLA TtON SHE[T Nu. 

DRILLING LOG (Continuation Sheet) W.$M~ .S~-OP(p g w8 
1. PROJ!:CT 11. ELEVATION or TOP H01.E 

1-C. ~3i r;1JVtsT/&A-TJ()tf 
ELEVATIO'I DEPTll lECE:'ID ClASSIFlCA TION OF MATERIALS ~CORE 80~ OR REMARKS 

b c (description) RECOVERY SAMPLE (Orimng lime. water loss. de.pth of 
d NUMBER weather~. elc., if signifleent) 

f 9 

f 3 M'-' 

!lleJ. &ltMJtt>U/ipllJJTHSIL~ 

Cf 'I P~P~Y,t'tl>DISH Yf.LLOW 
7.S"Y.< l'a).Mo.STJ.V VEM FJA/£, 

I 

o5f 
JiftJl>, 1.11r1.u11..,.. 

{0$'8 
95' 'ii% l'rl>: tJ. o p,1-

?r.u- 'lf.'/ 

"" 
-~-(?-- foote&.Y 'tCllJEP~MP,1.out, 

~A.'(,!W>P/$11 'fl.UOvl{r.fY~ •fa~ 
/ll#STJ.V FINE M1tlP, 1i<i4tf. 511-T. 

'17 

sA-AllJ, 

?f 

y ff 
~. 

Sw1frr-
111> 

) 



llllASIOtt INSTALLATION HOU: No. . SHEET No. 

DRILLING LOG I w &/ 
I. PRO.ECT 

J.C-3£ Tf'/Vl51""A-r;o!'f 
11. OAl\JM FOR ElEVAHON SHOWN tlBM ar MSL) 

LOCATION (C:oo<dlnotes °' Station) 12. MANIJFACTURl:R S DESIGNATION OF DRILL 

Sfrtl 7~ 
J. ORILUNG AGENCY lJ. TOTAL l'lo. Of OVERBURDEN SAMPLES TAKEN DISTURBED UNDISTURBED 

4. t«)l[ No. {As shown on dtowin9 Mic ond file numbar) 1 •. TOTAL NUMBER CORE BO)l(S 

S. NAME oF DRILLER 1 $. ELEVA l!ON Gl!OUND WA 1ER 

M/1A!llY lJll£N'tZ 
6. DIRECTION OF HOLE 16. OAT£ HOLE STAR1EO C:OUPlETEO 

Degrees from v..-tkol //- j ,;l- /) 3 1339 
1. 1'"tlCKN~33 Or" O"W'CR&VRDOi 

_ OEPTH IJRILU:D IN TO ROCK 18. TOTAL COil[ RECO'-£RY f'OR BORlNG 

9. TOTAL DEPTH Of HOLE 
-tf. >5" ( 'J. s '"') 

10. SIZE ANO TYPE Of BIT jg". Slw~ 
Jll/A 

ELEVATION DEPlH LEGENO CLASSlflCA TION OF IAAT[Rl-'LS JC: CORE BOX OR REMARKS 
b (de~ ... Ption) RECOVER't SA.MPL£ 

d ; tlUMBER 

J3'f0 
f'oo~i.. &ill-l>EJ> SM._P~ LODSE

1 
5, % 

MOl.S '(, tt.Pt"5H YLLl-Ot.AI s:o .. 7. f 
{1.SYtt. &.1'), M•srl.-'f f:.'1/IJl ' ' 
SAl'lf), TMt.l.S11.-r. 

(Drilling timlC', water loss. depth o,. 
weotherfn9. etc., if stgnifice"t) 

" 
PLU(,f.tE.D t!o(l t. 5Ho£, 
No ~U.O'/ftl. '( Tlf~.ol/611 
:; F-r. 

fTP: IJ.O II""' 
Sil/VI> ls~S~n 

EPIUhl W/&Jll'T# 1 Sdll't. 
ISotA T6P U/lfi,A/r,4-TWrl • 

) 



) ) 

f...,~TAU.AnON HO\.C Ho. b1-1££T Ho. 

DRILLING LOG (Continuation Sheet) 
t PROJECT 

J..t.-3i I!lllis.Tl~A natl 
ELEVATION 

13fl 
r:H'7 

/:IS-9 
l'/11 

l'/l:J 
/'IJ..I 

OEPTH LE GENO 
b 

/0 Sf 

J( 

It 
<!.L-

,, 
/'{ 

SP 
/{, 

11. ELEVATION Of" TOP HOLE 

CLASSIFICATION OF MATERIALS 
{di;escl'iption) 

d 

PObfl.LV 6'Hfl> $Atl/P L 00.)f, 

MOl'>7j /UPOIS// YlUO~f/.~"IA. 
WIJ,Ml>JTJ.Y fJNf. Sj,1fdll, Titiflt 
~fLT. 

fao"tCJ.Y~~PEPSlfNP1 A/A -t 

lt CORE 
RECOVERY 

S'OZ "/o 
lf'.0·/1., 

SOX OR REl.1ARKS 
SAMPLE (Orrning lime. woter loss. depth of 
NUMBER weathering, elc., ;p significcnl) 

9 

'Hiil /0 ,..,. F;I;t>: /). 0 l'r'--

fZT> ~ 1.J,,1,ri t?/t.t.l'Y 

t:.olfll.SWl#6 To/lllP/lltn 5*flt:> 

17.J Fr. 

f'oo(t..Y&~AP! 5/lff'P,11/A ~ S'b Yo 'fll,~Pt?(Dt PI()! S':f;;~@.Jl.S"~r 

;11.0·J~.6' @Jo rT .$NIP F1Nld6 W/pt,PTH. 

I{. 



)) 

INSTALLATION HOU: No. SHEET No. 

DRILLING LOG (Continuation Sheet) 
. PROJECT 

lC-31 Wll&.5Tl6AT/o;t/ 
ELEVATION DEPTH LEGEND 

.33 

;'/ 

I'll$ ,,, 
11/30 

~ 

J1 

J.3 

J'I 

t'l-J"- 3tJ 
/I/'(() 

,, 

11. ELEVAllOlll OF rop HOLi: 

CLASSIFICATION ~ MATERIALS 
(description) 

d 

ll COO[ 
RECOVERY 

BOX OR REMARKS 
SAMPLE (OtiUin9 time. water l~s.. deplh of 
NUMB£R weoth~ring, etc:., ir $ignificent) 

9 

•rb(:..JJ!ll: f J:b ! 9.R Ii> ~7,: r 
;rtcr 

rlll'tll& '18 SIL.T €) 37.J ~~ 
Pff;t/ Ml/( 1b P/lflt !I/NP. 

5& % ~~lflt fRJ: J.3t7~"' (iJ 3~ Fr 
16.D~ ;1).8 ~ J() f'/ 

l-t..4Y. FlW S/1-T, ~!W 
{,A-/..IC/l"f.. 

) 



' ·~ 
) I 

IN ST ALL/\ Tl Ott HOU.: No. SHEEI No. 

DRILLING LOG (Continuation Sheet) 
w~ /11~ ~8- ()()7 'f OF f 

I. PROJECT 11. ELEVATION or TOP HOU: 

Lt!.-31 INVESTl6!1T10N 
ELEVATION DEPT>i 

b 

:J 

JS 

3</ 

11/5"5' lfo 
1ro;-

I/I 

l/;l 

'/:J 

'l'I 

'507 
IJ"J.I 

t/6 

LEGEND CLASSll'ICA TION Qr MATERIALS 
(description) 

d 

-cl.. ___ 
U C ,~P,MY,S~"/114 
!$ttOPIN(7.~A 5ft.l11totn.Yl!Mf. 

'11(.Ct Siltf/P. 

------... Jt'll,.. a.I',HA1U~Mf1$°f, RI '"ISN YIUarJ 

----- (1,l'l'll l./t,.1/tlOSUV SILTit'Mll. S"""-

SP tL'/4tf>NDSNr!D1Lt>06"MOll-Tj 
tEPlllJllYUJ.ow{MYA. 4t). 

OSTJ.y F.Wt.SlfA/P, 7/MtL Sit rt 

- -- - - f!M-ltll" ,HMP;Pt.Y,f,IJl/lf61 
(U 'Ii t/1)1 $tJtYlt. S/1'i: 

lt CORE eox OR REMARKS 
RECOVERY SAMPLE (Drilling lime, water loss. depth of 

NUM1lER weathering. etc:., If siqnificEn\) 
q 

'"-/o 'fll,WC, P11>: 11,J.(g +'..z.t F'r 
'/u·'l!.t, svoceiilH 

SAllP tMl.fftlll/114 vf Pf P 171. 

9l>% \"'Ot',SVDC. PiP: 7.0~@'17./Jrr 
'ls:o~'l25 

&lf>Pr 

7o % I'll, y,e, f rp: /31J1,g~<:i 0.1 h'' 
.043. ~ 'ID~§So 



'.l 
) 

) 

llOt.( Ho. INST"LL.ATION 

DRILLING LOG (Continuation Sheet) SllCCT Ho. 

.S6- 0'9 7 
1. PROJECT 

t.e-3t i://YEsnGArtf)t/ 
11. ELEVATION OF TOP HOLE 

ELEVAl\ON 
0 

"'' /&11 

1&37 

DEPTH 
b 

LEGEND CLASSIFICATION OF MATERIALS 
(description) 

d 

ll CORE 
RECOVERY 

BOX OR REMARKS 
SAMPl[ (Dr'iOing time. water loss. depth of 
NUMBER •eothering, !:le:., if slgniftcenl) 

g 

9J. % foe, sV2le fw: 3/(,@ FS:S"f!r 
>.D-~' @5rFr 

) 

) 



1N$TALl.A HON HO\.£ Ha. SHEET No. 

DRILLING LOG (Continuation Sheet) WSJ\11 J( ~11- (J()7 
' OF 'I 

1. PROJECT 11. ELEVATION or TOP HOlE 

lt:-31 rtf/Vh.ST/f,,tfTtotl 
El.EVATION DEPTH LE GENO GLASSlrlCATION OF MAll:RIALS 11 CORE BOX OR REMARKS 

0 (d••<rfp1ion) RECOVERY SAMPLE (DriHlng Urne. watar toss. depth of 
d NUMBER weothuirig. etc .• if signitlcent) 

9 

l'-~7 '-> C.L.. U 'ti.A- H./ftP.Pll'I, /ooOfo PrP: 'II?,,,,,,@'' t:-r s.,.;ewtJ(I d}ow/1/tinlf ~l 
/llo.srty el.lf..Y, WCI. SILT: ,, ML- r;mtPltt~W.Y, ~JI/ 
y~u,.on.1('r.rYA''/#),,..,1n 
11.r;mµ,u.tfi.v, 

'7 c.,_-- ~Mtilt~A/A 

1,f 

6'? 

70 LEAtl 0-A-Y,A/4 

. \ 

)I 11 

1/. 

73 __ ..,. __ 
~A-/A ~/.. 

----- LUNCt./f .,AlA t'Qt,Vclc!.. 
07J e.1. 

7$ fiil.7'f.IJPr 

07.i/1 S~% 17TP: o.J.11',...@ 76.rl 
7~c-n' 

--- filI.,,+/,4 ll'll. 

------ LfA'NCt.A~AIA eL 

----
SP ~i'/~IAli SM ,,U~P. 

IJft.'/,Uf»IS# Ytu.0141 (7.S-YI. 

1'1 /6~/lllJtJJ/ ff{/, $MP, ltWt SILT; (~CJ,;4'{. 



'~) ,, 
INSTAlL.A.OON HOL.£ No. SHEET No. DRILLING LOG (Continuation Sheet) Ws pt r<. S.$- 007 7 OF 'I 

1. PROJECT 11. ELEVATION or TOP HOLE 

/..C-3f "J:tfl//£5 rt~lf nod 
£LEVATION DEPT~ LEGEND CLASSIFICATION Of° MAlERIAlS ll: CORE aox OR REMARKS 

0 b (denripUon) RECOVERY SAMPLE (Drilling \irne. •oter loss. depth of 
d NIJ"'9ER weathering, etc., it signiftcmt) 

71 SP 
g 

()JS'"- /0 -----&011?1.Y t.RA-PU> U.V0 tt.J'l1J. (:)?J:J- ~tl-$'4'1 /Do% f'ZP: /~O f'//11 Q ~ii. '3 /!r ILT /Mtil>. MOISl. IU-PDltH 

II 
YELL~wf7.f'/.< ~~),,+Mnt 
f//lltMttlP, 1.1/TJL !1.1.:r;Ttfll(£ 

UtJl.t. 

IJ. 

13 
-;p--

3'1 

Of.13 I( ) i 6f30 ~t•o .p-;p: !. '@ 87.71-r 
I!./.. I. e WITttS. 1t11RP, ~f.C-19.'f ,, M~ mtW6 eAOwN (7.~'M ~i 

iYt!l.lt~ UITU ilfHP. Hw _ 
JILT, fl(Ae f. C/ltif.Hf. 

S11r;/llWllMt,~~WPJSll 
'fUtcW{7.~ Y.< ~), tltoJrt'/ 
!/l:t; llf ;ll/ .Jffell~ lifNJt/.AY, 

tf £. Ut/!JIJ l/ODVtl; S 

81 
11sr~t1t 

()f 'I> If.I' f'f' 

0'15'1 90% fr~: /7.rJ ll'/l'I. 
fp.o· '/(;$" 
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INSTM...L.ATION HOLE No. SHEET No. 

DRILLING LOG (Continuation Sheet) 
I. PROJECT 

/.C·:J! TAlt&.Srl6AT/ON 
ELEVATION DEPTH LE GENO 

0 

$ s 

------
9'/ Ml-

O'f /2, 
95' ------

ll110 ~p 

"' 
91 

-:::if:: 
Cl.. 

/OJ 
/of1 

11. (l(VA TION OF TOP HOLE 

CLASSIFlCA noN OF MATERIALS l! CORE 
( dOSCTip lion) RECOVERY 

d 

~l/.r',Jl,fltO. 9rt.'6RE.pP/$1 YIUDW 
7.$" Vi( '/,),,111JJ7W t1Lr;;,uc.L 
t.l.AY 

ti 
oA '-Y flA-Pf.o SlfliP, 1.00.sf., ,,.h 

M'f, IUJlf)/S/I YflLOW {1. !'{A 91'.o·'l'I. > 
r,,/&),ftfOSTLY rlltSANP, fiw 
tLAtf. 

eox oR 
SAMPLE 
NUMBER 

"~56'~ 
?7rr 

REMARKS 
(Drilling time. woter loss. depth or 

weothering, elc., if 5igniflcent) 
q 

pro: :l.'it',.,~~ 9~.5 Fr 

CLIW tJ&PINIJ&</7,') 'f-r. 
"!Nl.b./HtP a/Pf W/Wnl. 

f'n : o. tf ~ /tJ J." ,: r 
NO()~ v<ie HIT.S 111./SlllQJ. 

90 % P!P: (),() tPtv1 
'df;U-/Pl, 



DRILLING LOG (Continuation Sheet) 
™SlALLAT\ON 

I. PRO..CCT 

U-31 Ii/V£STl6.AT!otl 
11. ElEVATIOtl OF" TOP HOLE 

ELEVATION DEPTH 

/07 

/Of 

fl/(p If/I 

//0 

I 

lEG(ND CLASSIFICA noN OF" MAT£R1ALS 
(descrip,ion) 

d 

-5r:.--· s11.r,, lfA-tt.P,Ptt'f,~tPPISll 
YELt.ow(7. $)'.( q1~ tttOSrLY 
fJL..Tj Tl<Att tJ.A.y. 

:t CORE 
RECOV(FIY 

BOX OR 
SAMPLE 

NUMBER 

I 

HOlE Ku. SHUT Nu. 

.58- (J(}? 'I OF 

REMARKS 

(OriHing lime. woter loss. dep\h of 
weathering. etc., ir slgrdftcent) 

g 
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GROUND WATER MONITORING WELL INSTALLATION DETAIL . 
PROJECT: . L.C. "3~ ]A~..,(__ . s.~· 11 ,AJ·l/~71~ JOB NO 

LOCATION: td~m. S,f?JO.S A-11 S$ d.~ RA7V~e. INSTALLATION NO W'£:.t'}\ R 

CLIENT: '819£ s ~s -n::__,,,,,,_ .s TYPE OF INSTALLATION 

/If~ 71/uhll/O /'Rt\~A cK\,.-.. ""\1J'£ R... 
~1"£01~ ~~, W-Cl~ 

CONTRACTOR: 
BORING NO.· nsTwt-~ ..J.- l I 

DRILLER: Ml\1.JN'1 nc)£,.Je.e.. CERTIFICATION NO: 
LOCATION S'30CJ'7 
INSTALLATION DATE 1 r-,3 .. a-:s 

SURVEY I I...-- TOP OF PROTECTIVE CASING 
DATUM: 

-f;:..., 
- TOP OF WELL CASING OR RISER PIPE 

GROUND 
EL: STICKUP 

SURFACE ELEVATION: 
TYPE OF SURFACE SEAL ~'~ 

~'N-'b 
THlCKNESS OF SURFACE SEAL • S-o~r 

~) ,;Vl~?C 
~ -~ TYPE OF PROTECTIVE CASING 

Sbi!£F-N 
,_ 

w < INSIDE DIAMETER 
..J .... < en q.~F'"' u .4 
II) ,.... 
g '" BOTTOM OF PROTECTIVE CASING 

I- ~ EL DEPTH 
0 ~ ... 
~ tJe.#r'\ 4r-' " 0 ~'o/ "" ~ I-
UJ 
II)- ~ ,.... - TYPE OF WELL CASING OR RISER z,() "5cfu>4 o w( a: Cl':."'41.-X- r-
l:j 

11) ~t~ "'sfT 
INSIDE DIAMETER ,/~3 ... 10 

::::; " < 
~ ~ s: ..n.Attl'.., 

I"-I- ..J z 
w ~ 
(.) 

ui "" I-
A,.. ..,, 

z 
0 ~(11\fE«., V' "'-..., i- 1-..-... sz..S"Pr~ ~ % 0 
z ~ ~ 

J/tJM~Nrl, 8 11\1df. 0 ,,, 
APPROXIMATE DIAMETER OF BOREHOLE 

~ r;uu.Rtr,{- ...:..!: i--:: ... 
'.o\..,... 

u e;-"~.J!:!r"~ .·;: .... .•' TOP OF WELLPOINT 0 _. 
t= ~ EL SB er ::r: I' DEPTH .___ ' ;-I- ,___ 

;!, TYPE OF WELLPOINT ;:t;#Q"\O "Pl/C-C> ,__ 
z ~ Ill . SCREEN GAUGE OR SIZE OF OPENINGS .0101rJ~ _. 

t=: 
, 

C> L-- •' INSIDE DIAMETER • !'=-3! z L--

ii) 
L-- - '. . TYPE OF BACKFILL AROUND POINT 41..ho 19Ti. I~ L--

<( L-- •. 
u 

,_ 
( ·. I 

'"-: 
Ul -t-. :"":"-·· ... 

BOTTOM OF WELL 
N EL DEPTH ~s ~.,-ir 

I~ <( 

:0 
:a BOTTOM OF BOREHOLE 

"" 
~ 

IOSFr U) •FIGURES ABOVE REFER •ALL DEPTHS ARE REFERENCED EL. DEPTH 

TO DEPTH IN FEET TO GROUND SURFACE 

91'.~2' q,qCj Fr &tl ~7 ~//~ + - BENTONITE SEALS -LENGTH OF CASING LENGTH OF SCREEN TOTAL TOTOC 
AND PLUG 

- . I 

e~ .. ·- )/93 
Data/graphi<.s/TyndaVF _GldWlrOllJh8 
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APPENDIXC 

Monitoring Well Lithologic Logs and Well Completion Diagrams 
from the SWMU Assessment 



7 
DIVISION INSTAlLAROl'i HOLE No. 

DRILLING LOG /YWCO! 
I. PROJECT ll. DATIJU FOR ELEVATION SHOWN (TBM °" i.ASL) 

--r\5\), 
I z. MAN\JriroCl\JAER'S OCSICNATION or DRU 

3. ORILLING AGCNCY 13. TOTAL 1'10. OF OVERBURO(N SAMPLES TAKEN DISTURBED \JNDISlURBED 

,) I>. 
H. TOTAL NUMBER COR£ BOXES 

5. 1'1AM€. OF DRILLER 15. ELEVATION CROUNI> WATER 

~t~ ~,lk"fJ&.€.-,- ~D 
6. DIRECTION OF HOLE I 6. DA TE HOLE 

~erHcot D Inclined ----- Oeg,.ecs from _VerlicoJ 

1. IHIO<N(SS OF DVEREIVRDEN 17. ELEVA llOl>I TOP ~ HOLE 

> /tf{)() F-r '1\31::> 
8. DEPTH DRILLED IN TO ROCK 

tJ/A 
18. TOTAL CORE ~74 FQR BORING 

9. TOTAL OE.Pni OF HOLE 10. SJ?£. AND TYPE Of' BIT 19. SJGHATURE OF INSPECTOR 

Z'1>1. ?~ r-..- ? n 1J?, ~ 
ElEVAllON DEPTH 

b 

t-----10 

LEGEND 

" 
CLASSltlCA TION OF MATERIALS 

{description) 
d 

11(()017"1 
;(~p I "'~Pi"- ~ Fi,.,,_S. 
tdtU ~ 111.''"'""'1&.m:-?I 

CAb(,Jf,!. . L~ 

~M.1£NE. J/_flf'9i- -11> 
P,u/£ SbJP· $.t.---r-

% CllflE 
R£COV(RY 

BOX OR 
SAMPLE 

' NUloABlR 
f 

12 ? ,3 

REMARKS 
(OriUing time, water lo~s.. depth ot 

,..eothermq. etc .• it siqnificcntJ 
g 

) 
/ 



DRILLING LOG (Continuation Sheet) 

I 

I 
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I 

I 

I 
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I 
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OlPfU 
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20 
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-· 
-· 
-
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·-
.. 

-

·-·1 

! 
I 
I 
I 
I 

I 

Li.G(J\10 Cl45Slt!CATION Q( M.Al[tl1Al5 
{de!lcriptll)n) 

~-

7. COi!( 

K(C:OVf.RY 

eox OR 
SAJ>J.,:l'l~ 

NtJM!l[R 

' 

~(14AR•.5 

~o,:ninq i.,..,~. •otar In~:!':. :1ep tk ot 
lfi:!llhctinq. ck. ii siqn11ic~nt} 

Q 

I

I

,__ 

1-----+---.,.--.+--:=()~?...:::,'J~"'-· -::::"""'O::OI.....----... ::::__· ... 
' -Z.o /WOi~Xt>O I 

0'7'1~ Z.o - -t-o 

. 5,l-r' ~N'S.-~ 
~-· C,-,...) ~z,,~ 

t,,?l/'r" ,,~/.l')ll. ZA9 

fh JJ If $""""°. ~cc.....J 
'"!)~ ...... ~ 
N!' ~ c.tft.. Jiii\ J:--9 .. 
r: j ,,,,,._ 11*""9 . 

U""J ...;>,-nt ~1t-0 
I~ Ul-0 "-() Gtfto.JOtr\. ~ 

I 
;:./. '-)< 

-
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-
-
-
-
-

-
-
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b~ 1."11$-117 M".P • 

~~ #ww (2,-1. I Pr' 
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A--;,0.~ ~ .... ?.... 
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~ ..... h. ~..-....-.c:> I 
~ ~ Z.Pr I ,) ft 

~ I 

' *() -c.,, F-r: l 0'15"4 
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DRILLING LOG (Continuation Sheet) 
i PROJfCI ----·· ----·-·---··--------- ,·,-f.t(VAllON or !(JP HO!.( 

LC 2g /Yl6N11"1J~/M uAJI IA/$1Jf1/,ffl#i-, 
C:;.(V4T10N 'Jl:.PTH 

b 

'5"o 

1---1-?0 

1r:ct .. n CL.\SSIPCAflON or \IAt(RIAt'; 

{d1!5C';phon) 

d 

/'11£0 il.11.:.., ~~~ 
:;h7t-Q ?~ &t,in/f.{. )It( 
~ I p-r-
~ ,,.m~~/ 
nM- -rt~o ~"""°· 
t,t/t.1 Tl) ~ Mr. 

T. CO•E 
H(COVf.l<Y 

~= wlhn ~ s-5'" 
t-~ HdtJvUJ 

~,.;r, 

M-*-111? ~~ 
Mlll'/,f UnJ.;d/,I~ 
1'1f-1W,,. irt-

{,wtllVVI- 71> a~ 
(»AJ$1Jf.,1 ~;;:> 

I:>~~ -pa_, 11..:._ 
~IZ~) M'i J 
c....~-r. 

eox OR 

SAMPlf. 

NUM!lER 

HO\ t No ~iHt_l r Nu 

R("IARKS 

{O,»tfr"19 tir"'lc. wtlter loss. depth of 

..,~otlicrinq. ek .. if siqn1fice1il) 
q 



DRILLING LOG (Continuation Sheet) 
INST Al lArlON 

1:-, -=PR=-oJ!-,-.,C""'"r -. ---· ·-·-··· •• __ ,. ____ _ 

Ot.PHt 

b 

J 
--.! 

I 
i 

CLA5SIF•CATION or "JA HJ?IA\.S 
(de!>e,;phon) 

d 

Ut11v ~. -r~t.. 
fiA.\. SihvO / S1{. 'T. 

' L1-tih\J 

% CORE 
M:ECOVf.R'f 

t-oC>t l l\lo SHt.l r No 

- ./l!tUtJQ!_ __ _:_!__~--·-

eox: OR R(YARKS 

SAMPL~ ~Df•llt.·u.J \ir ... e. #f'Jter to:i:i. depth of 

NlJUB[R ,.eolherinq. etc. ii siqmlir.~nl) 

q 

.Jl'flftJ/71 ~II~ 
111?0,.;,_, ~ 
~lh~~ 1-..;~ ....... -
z i. ~11<1/Fr 

/lil{/d.~·1 ~ .... 'f 
80-10-0 pr. 

l'~oc:t' '"D;i?.t.t._, . 
81-S'Z. F-1 DK.u.:... 
~ ;;-l'ti'rJ/p,-



IN~olAI tAllON Hot( Na SHH J No 

DRILLING LOG (Continuation Sheet) · IA/~/Y/1?._ ___ _ /IJ!f!tl~L-
,- PROJi<:.-r ------· - --· ·•· · ---··-------- -- - 1;·--i::l~v~JFfoP tt"OU __ _ 

Le~ g ,.,,,~,~/AH /HJ/:ff~ 
r.: .. t 'J40()N DH'TH :.iC£~0 ' Cl "SSIF"•C:ATION or ~Al[fllALS 

0 . b c:. I (dncripf1tln) 

'"'° ---!---

-4 
I 

umu~·. ulu 
11~~ 

,-.""1!> 'b....O ~ 

:r. CORF: 
l{(CUVf.RY 

80l Off 

SA'IP\.c 
NUUH(R 

r 

R(\CARtr.S 

~Onlli..-.g tirne. water 1nr.s. ::1epth or 
..-eal!\~rlnq. ele., if 'liqn•licrnt) 

g 

_ (0•. 'Z.1 •• o~/i6~2'.:2o 

~to" \:\Z.tl Ztff 
,~ t.,...S.,.V~ 

M'- va.u:... e,tfl(. 
z.. ?1 /11,.../Pr h'l
/tn - l'U> 

., .. 8:lo t'UJ 
Jlj;?v,:._ 'Zop ¢.. h 
!Zo-t'lo H-: 

/t): '{/"/ : 3o ~l\l:...., 

\\ •• o"'\. ~ 01) 
I ..)(.fl.~{_ :-.., ""t:..I.\ 

'R.,yf'F'-



INSTAl.LAflOf~ ~Ht.l f No 

DRILLING LOG (COrilin-Hation Sheet} _ ____ li25Mg__ _____ l!W_@L __ §_~----·---··--------·--------, PRO.Jf- C~ " [l['/AllON or !OP HOU 

ll !>~ MW 1A.CS'Pt1l~ 

/'{IJ --

.... ~ 

-1 
JfXJ -~j 

l 
-·· 

~ --

] I 
I I 

I -:1 
i 

I i 
l 
j 

i I 

{description) 

~ 

~IJ/t""~ 
- l>J't'b ~ fWL.\-

F.lll't- - MW ~ 

-~ sib.Oce-1"'1:. "\ 

s~uo~ 
- 1.53..s-1S't~ ~ 

~~~ 

-tSS'-tl~ ~ 

~'~~· 

:t <:~[ 
l{((;OV[RY 

BOX OR 
SAM PL[ 

NUMH(f' 

R(\IARKS 

(DriUin9 lune. vrll1tr lass. depth of 

111erJtherif\q. r:tc. ii 'liqrnfk"nt) 
q 

~ ,Jfffo<bSfi4.cl'-O 
,,J tN~~, 

('?>: 0 2.. \,) 

\ 



INS r 41 LA !10t.1 a.om l No SHU. T No 

DRILLING L-~~--(C~ntinuati~n Sh~----- _ jJ2J_f!l~---- __ /!(_u2_q_1) I_ _ __'l_o:_ __ 
I PROJfCI 11 r.l(V~llON OF TOP HO\( 

LC ~ /llw 1.t/51111/ tm;,.___ -
t£C£N0 

i---____. /'JO . --

ClASSlftCATION or MAT(RfA.LS 

\d1script1or,) 

<I 

- s~/;s,N~e "'14 -i~ 'e 1f/l.s-- 1'1'1 

r
~tSS«~, 
~~ 

18$- l8fi Fi 
I 

eox OR 
H[CUV[RY SAM PU: 

NUM0[R 

R£YARKS 

(Ort~l•nq ht.,e. wnter loS5, :1eplh or 

•cot~e<inq. ~le.~ if siqmfic!'!'nl) 
g 

~.VO 
. /~O - 1130 
! f?i'. \\ ·. O'O J>~\.\-

Ko~ 
})£.'l-'~. 
~M~~ 

1~tAAttS~ s.v1~ · 
Sit--0 ~r 

Atl&. "'l/r'z.ttl...:._ 12~ 
1bo- (Sf> I 

l.t~ M,•J Fr. 

/?¢4 l~OfT-

AVD1~~"'-""( 
I 8o '- °2Pt' F"I. 

l\yp,..:...._ 'fn:w 

~~...:i~{l..\,r~ 
~ r~: ""'1: iJ'1) 



INSTAlLAllON SHUf No 

DRILLING LOG (Continuation Sheet) wsM R. /1'/w(/() 1 s Of 

I P!lOJf.CT --- 1\£lE-VA-llO_N_Of'_fO_P _HO-l(---~--. ----- ·---·· 

LC 3g McJ ,,.D;Yrtl..yn;_ 
ru:.vA !ION 

I 

OtPTU 

b 

1,,lrD 

i.10 

-\ 
! 
! 

lt"C£NO ClASSIF'~CATION Of" MAl(KIAL$ 

(dvsc.ript1un) 

d 

t'i4'ff 
eR~~~~ 

¥ 
fft.o..> ~~~ 
~ 20'0 ,::.,-- 1uut! 

~ll.:.._ 

SIW;). -::>.~~ 
(.)~~ 

~~;1~~ 
l.-WSU. 

- 1J>{p ff /ffrfb/ &If> 
~tU~· 

@-UIJ ~ .f7l-n.o 'i353o>'l'ltJol'I" 
i)ot,ll-;...,, . 

u;.+J ~ w1rJ./ 7JUcJ 
:,.er-4""" ~btl>vQ. 

% CCR( 

H:t:covr.frT 
eox oR 
SAMPL~ 

NIJYBER 

tAl~ 
~ Jlf?JD /s.~~ 
~-
Ai/C,.~I~~ 

zs-..J/f'r' 

~ "llm ff l cf: J'l~ 
A.Y\J ~"'¢. l ~ 
l'f': Sb :cs0 ~ll 

~"lo~"'1:o~ 
~~. 

') 

) 



INSfAltAHON H'1.r: No SHf l I No 

DRILLING LOG {Continuation Sheet) (,,J0/J1 f{ 
1 PROJ~<:t -·· --~ - ·-·-~-·-····-~-----·-·- ,;·--(l(··/AftQN or,....,r=-"'QPc-H..,.,-01_(,,-----

. /I/_«/~! ___ 'f OF __ 

~ :.(VtlTION 

.,.._.._, tw ___ :_ 

' i' 
J 
I 
I 

l 

lt:G(ND , Cl..i551f1( . .\TION Of UAlf.i?IAl~ 1.: COR( 
(descripl1on) t{(COV[kY 

d 

t..r~ ~W, I 

8ttr ~ h~Jt...9 

Kil..fflvst., rw 1A2er 

L_ - --

~1 ~~ &.t-..tJ~ 
2Z4l - 2-G'o 

-
-
-

BOX OR R(IAARr.S 

SAMPLE ~Onllinr_] lime. •oter tn~::-:. depth t:1f 

NIJM0{R ""e~t!'ter,,..q. elc., ir 5•qnificent) 
q 

/~:oo 

4'(1..0 = l.t ,...,J/ 
A!t~e. v,z...tt ~ 

lfl~ 1'-h.:..bii.l~ -
/ktA>. 

· 1s:s-~ ~~tr. 

~()J=-1L/~/03 
I "'7 3'g v;z.,l l- ... 

I 
i 



INSTAl.tAnOrJ 

DRILLING LOG {Continuation Sheet) w-:;;/YIR 
1 11Ho..fcr~----- -~---- ----------·- 11-t.:l[VA110N or rov HOU 

{(_ 3 S /lfu) 1A.f S7Jt 1/1:1',.-;-
Lt:G(NO CLAS51F-!CATION or \tAl[illALS 

(des.cr•ptiuri) 

d 

54rv0 ~F-17 .-f-t ,Jl 

w/ t¥~~ 
5d-'?."--~ 

-- --- --
s......,o tttl-Q - F,,.,... 

~.~ ~ ./r.wr. 
:5a...,o t£ 1- 2 S"~ -

1C CORE 

-

-

l 0 

BO> OR 
'SAMPt.~ 

~UMHIR 

SHU. I No 

/OOf° /0 

Rl1AAR1'S 

(Odltinq ltt"•1c_ ""f1ter •;,s$. depth of 

""~othttmQ. ~tc:.. ii ~iqrnHccnl) 

q 

-o.~tl~ \iZ~ 
'!:{. t /t'l.i,..J /P"r' 

I?(} 1""•~.- ·~ 

s~ '?,«..t.ll.-:

z.9{. ~s""'" . ..s I Fr 

~~~~ 
~. F.i.- Z3S"
'U>~ Fr ..l/ 'S"~ 
s~~~-

····•· 

) 



\ 
\ . 

\ 

DRILLING LOG 
SHEET No. 

I OF /D 
DIVISION tNSTALLAllON 

U)SIYll( 
HOL( No. 

/llwooz.. 
11. DATUM fOR ELEVATION SHOWN (!BU or MSL) 

13. TOTAL No. or O~R6URDEN SAMPLES TAKEN DlSTuR9EO UNOISTUR!lEO 

e.~ ~,:.... v 
wdOZ 

14. TOTAL NUM8fR j:OR[ BOXES ,;,,,, . . ~ •. 

5. NAME: OF DRILLER 

t..Ge 6i18~z:r 

Otnclined Oi:grees from Vertical 

9. TOT AL DEP 10. SIZ ANO TY!'f: OF e11 

').fir{. (JP Pr'"' 1 % 1°/ll (WE ~ ~ .. ~ ....... ----
ELEVATION DEPTH LEGEND 

b 

CLASSlnCA T!ON OF MATERIALS 
(de$cription) 

d 

~-6,lf,_... 
tAttt eAl1f... 

c:>lllluGF-~ fuJ\~-
'(. f-,M, ~titNO. 

% COR( BOX OR 

RECOVERY SAMPLE 
; NUMB£R 

REYARICS 
(Dr'ilting time. water loss. depth of 

weathl!Tln9~ elc., if $i17dfitent) 

9 

Dztt:_w/ bl\'" M.A.oC> 
'JQ:.r7~ ~ 

':6/sz. s;...o/~ 
Mi>-. 

~\)(U\,_ 

~· ~/e:.-r 
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APPENDIXD 

SWMU Assessment Analytical Results - Tabulated 



SWMU Assessment Report for the LC-38 Diesel Spill on WSMR 

Table D-lA. VOC Results from the November 2003 SWMU Assessment Sampling Event. 

l , I, I -Trichloroethane 5.IE+5 1300 I u 4 I U 4 I U 4 I U I 3 u I 28 I u 4 u 4 u 33 I u 4 IU 3 I U 3 Ul670IU 1300 I u I 340 I u 360 I u 1300 I u 3 u 4 u 3 u 3 u I 3 u 3 I u 
I , I ,2,2-Tetrachloroethane 3.6E+3 1300 I u 4 I U 4 I U 4 I U I 3 u I 28 I u 4 u 32 I U 4 u 33 I u 4 IU 3 I u 3 u I 670 I u 1300 I u I 340 I u 360 I u 1300 I U 3 u 4 u 3 u 3 UI 3 u 3 I U 

1,1,2-Trichloroethane 7.9E+3 1300 I U 4 I u 4 I U 4 I U I 3 u I 28 I U 4 u 32 I u 4 u 33 I u 4 IU 3 I U 3 Ul670IU 1300 I u I 340 I U 360 I U 1300 I u 3 u 4 u 3 u 3 UI 3 u 3 I u 
1,1-Dichloroethane 5.6E+5 1300 I U 4 I u 4 I u 4 I U I 3 u I 28 I u 4 u 32 I u 4 u 33 I u 4 IU 3 I u 3 Ul670IU 1300 I u I 340 I u 360 I U 1300 I U 3 u 4 u 3 u 3 U I 3 u 3 I u 
l, !-Dichloroethene 8.IE+3 1300 I u 4 I U 4 I U 4 I U I 3 u I 28 I u 4 u 32 I u 4 u 33 I u 4 IU 3 I U 3 Ul670IU 1300 I u I 340 I u 360 I u 1300 I u 3 u 4 u 3 u 3 U I 3 u 3 I u 
1,2-Dichloroethane 3.3E+3 1300 IU 4 I u 4 I U 4 I U I 3 u I 28 I u 4 u 32 I u 4 u 33 I u 4 IU 3 I u 3 u I 670 I u 1300 I u I 340 I u 360 I U 1300 I U 3 u 4 u 3 u 3 u I 3 u 3 I u 
l ,2-Dichloropropane 3.5E+2* 1300 I U 4 I u 4 I u 4 I U I 3 u I 28 I u 4 u 32 I U 4 u 33 I u 4 I u 3 I U 3 Ul670IU 1300 I u I 340 I u 360 I U 1300 I U 3 u 4 u 3 u 3 U I 3 u 3 I u 
2-Butanone 3.7E+6 4400 I U 13 I u 12 I u 12 I u I 11 u I 95 I u 12 u 110 I u 12 u 110 I u 12 I u to I u 11 u I 2200 I u 4200 I U I 1100 I U 1200 I u 4200 I U 11 u 12 u 10 u 10 U I II u 11 I u 
2-Hexanone NE 4400 IU 13 I u 12 I U 12 I U I II u I 95 I u 12 u 110 I u 12 u 110 I u 12 I u 10IU 11 u I 2200 I u 4200 I u I 1100 I u 1200 I U 4200 I U 11 u 12 u JO u 10 U I II u lllU 

4-Methyl-2-pentanone NE 4400 lU 13 I U 12 l u 12 I U I 11 u 1 95 I u 12 u 110 I u 12 u 110 I U 12 I u 10 I U 11 u I 2200 I u 4200 I u I 1100 I u 1200 I U 4200 I U 11 u 12 u 10 u 10 U I II u 11 I U 

Acetone l.6E+6* 4400 IU 18 11 I J 6 J I 95 I U 12 u 24 5 110 I u 3 10IU 12 2200 I U 4200 I u I 1100 I u 1200 I u 4200 I u 11 u 12 u 10 u 10 u I 11 u lllU 

Benzene 6.4E+3 19000 5 2 I J 4 I U I 3 U I 9800 I D 4 u 770 4 u 14000 I JD 2 I J 3 I U 3 Ul670IU 1300 I U I 500 360 I U 1300 I U 3 u 4 u 3 u 3 UI 3 u 3 I U 

Bromodichloromethane 9.6E+3 1300 I u 4 I U 4 I U 4 I U I 3 u I 28 I u 4 u 32 I U 4 u 33 I u 4 I U 3 I U 3 u I 670 I u 1300 I u I 340 I u 360 I u 1300 I u 3 u 4 u 3 u 3 UI 3 u 3 I u 
Bromoform 6.2E+4 1300 I u 4 I U 4 I U 4 I u I 3 u I 28 I u 4 u 32 I U 4 u 33 I u 4 I U 3 I U 3 Ul670IU 1300 I u I 340 I u 360 I U 1300 I u 3 u 4 u 3 u 3 UI 3 u 3 I u 
Bromomethane 3.7E+3 1300 I u 4 I U 4 I U 4 I U I 3 u I 28 I u 4 u 32 I U 4 u 33 I u 4 I U 3 I U 3 Ul670IU 1300 I U I 340 I u 360 I u 1300 I U 3 u 4 u 3 u 3 UI 3 u 3 I U 

Carbon disulfide 3.6E+5* 1300 I u 4 I U 4 I U 4 I U I 3 u I 28 I u 4 u 32 I u 4 u 33 I u 4 I U 3 I u 3 Ul670IU 1300 I u I 340 I u 360 I U 1300 I U 3 u 4 u 3 u 3 U I 3 u 3 I U 

Caibon tetrachloride l.6E+3 1300 I u 4 I u 4 I u 4 I u I 3 u I 28 I u 4 u 32 I u 4 u 33 I u 4 I u 3 I U 3 Ul670IU 1300 IUI 340 IU 360 I u 1300 I u 3 u 4 u 3 u 3 UI 3 u 3 I U 

Chlorobenzene 1.4E+5 1300 I u 4 I U 4 I U 4 I u u I 28 I u 4 u 32 I u 4 u 33 I u 4 I u 3 I u 3 Ul670IU 1300 IUI 340 IU 360 I U 1300 I U 3 u 4 u 3 u 3 U I 3 u 3 I U 

Chloroethane 3.0E+3** 1300 I u 4 I u 4 I u 4 I u u I 28 I u 4 u 32 I u 4 u 33 I u 4 I U 3 I U 3 u I 670 I u 1300IUl340IU 360 I u 1300 I u 3 u 4 u 3 u 3 u I 3 u 3 I U 

Chloroform 3.8E+2 1300 I U 4 I u 4 I u 4 I U I 3 u I 28 I u 4 u 32 I u 4 u 33 I u 4 I U 3 I U 3 Ul670IU 1300 I U I 340 I u 360 I u 1300 I U 3 u 4 u 3 u 3 U I 3 u 3 I u 
Chloromethane 1.2E+4 1300 I u 4 I U 4 I U 4 I u I 3 u I 28 I u 4 u 32 I U 4 u 33 I u 4 I U 3 I U 3 u I 670 I u 1300 I u I 340 I u 360 I U 1300 I u 3 u 4 u 3 u 3 UI 3 u 3 I U 

cis-1,2-Dichloroethene 4.IE+4 1300 I u 4 I u 4 I U 4 I u u I 28 I u 4 u 32 I u 4 u 33 I u 4 IU 3 I U 3 Ul670IU 1300 I u I 340 I u 360 I u 1300 I U 3 u 4 u 3 u 3 UI 3 u 3 I u 
cis-1,3-Dichloropropene NE 1300 I u 4 I u 4 I u 4 I u I 3 u I 28 I u 4 u 32 I u 4 u 33 I u 4 I U 3 I U 3 Ul670IU 1300 IUI 340 IU 360 I u 1300 I U 3 u 4 u 3 u 3 UI 3 u 3 I u 
Tubromochloromethane l.OE+3* 1300 I U 4 I U 4 I U 4 I U I 3 u I 28 I U 4 u 32 I U 4 u 33 I u 4 IU 3 I u 3 u I 670 I u 1300 I U I 340 I U 360 I U 1300 I U 3 u 4 u 3 u 3 u I 3 u 3 I U 

Dichlorodifluoromethane 9.0E+4 1300 I U 4 I U 4 I U 4 I U I 3 u I 28 I u 4 u 32 I U 4 u 33 I u 4 IU 3 I u 3 u I 670 I u 1300 I u I 340 I u 360 I U 1300 I U 3 u 4 u 3 u 3 u I 3 u 3 I U 

Ethylbenzene 6.8E+4 76000 61 33 4 I U I 3 Ul40000ID 4 u 9100 I D 4 u 160000 I D 4 I U 3 I u 3 u I 3200 7800 I I 5500 2000 63CO 3 u 4 u 3 u 3 u I 3 u 3 I U 

m,p-Xylene 6.3E+4" 110000 110 56 l I J U I 58000 I D 4 u 14000 I D 4 u 250000 I D 3 I U 3 U I 4800 12000 I I 8500 3200 9900 3 u 4 u 3 u 3 U I 3 u 3 I U 

Methyl tert-butyl ether 6.IE+6 1300 I u 4 I u 4 I u 4 I u I 3 u I 28 I u 4 u 32 I u 4 u 33 I U 4 IU 3 I U 3 u I 670 I u 1300 IUI 340 IU 360 I U 1300 I U 3 u 4 u 3 u 3 U I 3 u 3 I u 
Methylene chloride 8.9E+3* 440 4 I U 4 I U 4 I u I 3 u I 28 I u 25 B 32 I u 4 u 33 I U 4 I U 11 I B 12 B I 670 I U 1300 I U I 340 I u 360 I u 1300 I u 15 B 18 B 9 B 16 B I 27 B 34 I B 

o-Xylene 6.3E+4" 55000 61 34 4 I U I 3 U I 28000 I D 4 u 6900 I D 4 u 130000 I D 4 I u 3 I U 3 U I 2400 5800 I I 4000 1500 4800 3 u 4 u 3 u 3 u I 3 u 3 I U 

Styrene l.7E+6* 1300 I u 4 I U 4 I u 4 I U I 3 u I 28 I U 4 u 32 I U 4 u 33 I u 4 IU 3 I U 3 u I 670 I u 1300 I u I 340 I u 360 I u 1300 I U 3 u 4 u 3 u 3 UI 3 u 3 I U 

Tetrachloroethene 4.9E+4 1300 I u 4 I U 4 I U 4 I U I 3 u I 28 I u 4 u 42 4 u 24 4 I U 3 I U 3 u I 670 I u 1300 I u I 340 I u 360 I u 1300 I U 3 u 4 u 3 u 3 U I 3 u 3 I u 
Toluene l.8E+5 80000 I D 37 16 2 I J I 3 U I 52000 I D 4 u 7200 I D 4 u 160000 I D 3 3 I u 3 U I 2300 6600 I I 5200 1500 5100 3 u 4 u 3 u 3 U I 3 u 3 I u 
trans-1,2-Dichloroethene 6.0E+4 1300 I u 4 I U 4 I U 4 I U I 3 u I 28 I u 4 u 32 I U 4 u 33 I u 4 I U 3 I U 3 u I 670 I u 1300 I u I 340 I u 360 I u 1300 I u 3 u 4 u 3 u 3 U I 3 u 3 I u 
trans-1,3-Dichloropropene NE 1300 I u 4 I U 4 I U 4 I U I 3 u I 28 I u 4 u 32 I u 4 u 33 I u 4 IU 3 I U 3 U I 670 I u 1300 IUI 340 IU 360 I u 1300 I u 3 u 4 u 3 u 3 U I 3 u 3 I U 

Trichloroethene l.6E+4 1300 I U 4 I u 4 I u 4 I U I 3 u I 28 I u 4 u 32 I U 4 u 33 I u 4 IU 3 I U 3 u I 670 I u 1300 I u I 340 I u 360 I U 1300 I u 3 u 4 u 3 u 3 U I 3 u 3 I u 
Trichlorofluoromethane 3.9E+5* 1300 I U 4 I U 4 I U 4 I U I 3 u I 28 I u 4 u 32 I u 4 u 33 I u 4 IU 3 I u 3 u I 670 I u 1300 I u I 340 I u 360 I u 1300 I u 3 u 4 u 3 u 3 U I 3 u 3 I U 

Vinyl chloride 2.IE+2 1300 I U 4 I u 4 I U 4 I U I 3 u I 28 I u 4 u 32 I U 4 u 33 I u 4 IU 3 I U 3 u I 670 I u 1300 I u I 340 I u 360 I u 13CO I U 3 u 4 u 3 u 3 U I 3 u u 
U Not detected at the indicated laboratory reporting limit. 
J Detected below the laboratory reporting limit. 
D Sample was diluted. 
B Analyte was also detected in the sample blank. 
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Table D-lB. VOC Results from the November 2003 SWMU Assessment Sampling Event. 

1, 1, I-Trichloroethane 5.IE+5 I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
1, 1,2,2-Tetrachloroethane 3.6E+3 I 3 u 3IU 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
1, 1,2-Trichloroethane 7.9E+3 I 3 u 3 [ u 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
1,1-Dichloroethane 5.6E+5 I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
1,1-Dichloroethene 8.1E+3 [ 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
1,2-Dichloroethane 3.3E+3 I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
1,2-Dichloropropane 3.5E+2* I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 t u 360 u 4 u 350 
2-Butanone 3.7E+6 I 11 u 10 l u 10 u 10 u 12 u 11 u 11 u 11 u 1200 u 2400 u 12000 I U 1200 u 12 u 1200 

2-Hexanone NE I 11 u 10 I U 10 u 10 u 12 u 11 u II u 11 u 1200 u 2400 u 12000 I u 1200 u 12 u 1200 
4-Methyl-2-pentanone NE I 11 u lOIU IO u 10 u 12 u 11 u 11 u 11 u 1200 u 2400 u 12000 I U 1200 u 12 u 1200 

Acetone l.6E+6* [ 11 u 20 15 9 J 16 13 14 24 1200 u 2400 u 12000 I U 1200 u 13 1200 

Benzene 6.4E+3 I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 880 16000 360 u 4 u 350 
Bromodichloromethane 9.6E+3 I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
Bromoform 6.2E+4 I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
Bromomethane 3.7E+3 I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
Carbon disulfide 3.6E+5* I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
Carbon tetrachloride l.6E+3 I 3 u 3 I u 3 u 3 u 4 u 3 u 3 u 3 TJ 380 u 710 u 3600 I U 360 u 4 u 350 
Chlorobenzene l.4E+5 I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
Chloroethane 3.0E+3** I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 TJ 380 u 710 u 3600 I U 360 u 4 u 350 
Chloroform 3.8E+2 I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
Chloromethane l.2E+4 t 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 f u 360 u 4 u 350 
cis-1,2-Dichloroethene 4.1E+4 t 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
cis-1,3-Dichloropropene NE I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
Dibromochloromethane l.OE+3* I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
Dichlorodifluoromethane 9.0E+4 I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 r u 360 u 4 u 350 
Ethylbenzene 6.8E+4 [ 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 780 6600 53000 1300 20 570 
m,p-Xylene 6.3E+4" I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 1200 9900 77000 1900 39 870 
Methyl tert-butyl ether 6.1E+6 I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 r u 360 u 4 u 350 
Methylene chloride 8.9E+3* I 16 B 12 I B 12 B 11 B 23 B 17 B 16 B 16 B 380 u 710 u 3600 I U 360 u 29 B 350 
o-Xylene 6.3E+4" I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 620 4600 38000 930 22 400 
Styrene l.7E+6* I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
Tetrachloroethene 4.9E+4 I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
Toluene 1.8E+5 I 3 u 3 I u 3 u 3 u 4 u 3 u 3 u 3 u 490 6600 76000 1000 3 J 480 
trans-1,2-Dichloroethene 6.0E+4 I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
trans-1,3-Dichloropropene NE I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
Trichloroethene l.6E+4 I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
Trichlorofluoromethane I 3.9E+5* I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
Vinyl chloride I 2.1E+2 I 3 u 3 I U 3 u 3 u 4 u 3 u 3 u 3 u 380 u 710 u 3600 I U 360 u 4 u 350 
U Not detected at the indicated laboratory reporting limit. 
J Detected below the laboratory reporting limit. 
D Sample was diluted. 
B Analyte was also detected in the sample blank. 
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SWMU Assessment Report for the LC-38 Diesel Spill on WSMR 

Table D-2A. SVOC Results from the November 2003 SWMU Assessment Sampling Event. 

1,2,4-Trichlorobenzene 5.2E+6 15000 u 420 I U 410 I u 410 I U 360 I U 7600 I u 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U u 410 I U 
1,2-Dichlorobenzene 337E+5* 15000 u 420 I U 410 I U 410 I u 360 I U 7600 I u 400 I U 1800 I U 400 I U 3700 I U 410 I u 420 I U 370 I U 390 I u 410 I U 400 I U 360 I U 
1,2-Diphenylhydrazine 6.IE+3 15000 u 420 I u 410 I U 410 I U 360 I U 7600 I U 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I U 400 I U 360 I U 
1,3-Dichlorobenzene l.2E+4 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I U 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I u 400 I U 360 I U 
1,4-Dichlorobenzene 3.2E+4 15000 u 420 I u 410 I U 410 I U 360 I U 7600 I U 400 I u 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I U 400 I U 360 I U 
2,2'-oxybis(l-Chloropropane) NE 15000 u 420 I U 410 I U 410 I U 360 I u 7600 I U 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I U 400 I U 360 I u 
2,4,5-Trichlorophenol 6.IE+6 15000 u 420 I U 410 I u 410 I U 360 I U 7600 I u 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I U 400 I U 360 I U 
2,4,6-Trichlorophenol 4.4E+5 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I U 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I u 410 I U 400 I u 360 I U 
2,4-Dichlorophenol J.8E+5 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I u 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I U 400 I U 360 I U 
2,4-Dimethylphenol 1.2E+6* 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I U 400 I U 1800 I u 400 I U 3700 I U 410 I u 420 I U 370 I U 390 I U 410 I U 400 I U 360 I U 
2,4-Dinitrophenol J.2E+5 29000 u 830 I u 820 I U 810 I U 720 I u 15000 I u 800 I U 3500 I U 800 I U 7300 I U 820 I U 830 I U 750 I U 780 I u 810 I U 800 I u 720 I U 

2,4-Dinitrotoluene J.2E+5 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I U 400 I u 1800 I U 400 I u 3700 I U 410 I U 420 I U 370 I U 390 I u 410 I u 400 I U 360 I U 
2,6-Dinitrotoluene 6.IE+4* 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I U 400 I U 1800 I U 400 I u 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I u 400 I U 360 I U 
2-Chloronaphthalene 3.9E+6* 15000 u 420 I U 410 I U 410 I U 360 I u 7600 I u 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I u 390 I u 410 I U 400 I U 360 I U 
2-Chlorophenol 6.4E+4* 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I U 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I u 370 I U 390 I u 410 I U 400 I U 360 I U 
2-Methylnaphthalene NE 320000 D 420 I u 410 I U 410 I u 360 I U 310000 I D 630 48000 I D 110 I J 120000 I D 7700 I D 420 I U 370 I U 390 I U 410 I U 400 I U 360 I U 

' 2-Methylphenol 3.IE+6* 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I U 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I U 400 I U 360 I u 
2-Nitroaniline 3.7E+3* 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I U 400 I U 1800 I U 400 I u 3700 I u 410 I U 420 I U 370 I u 390 I U 410 I U 400 I U 360 I U 
2-Nitrophenol NE 15000 u 420 I U 410 I U 410 I U 360 I u 7600 I U 400 I U 1800 I u 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I U 400 I U 360 I U 
3,3'-Dichlorobenzidine l.IE+4 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I u 400 I u 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I U 400 I u 360 I U 
3-Nitroaniline NE 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I u 400 I U 1800 I U 400 I U 3700 I U 410 I u 420 I U 370 I U 390 I U 410 I U 400 I U 360 I U 
4,6-Dinitro-2-methylphenol NE 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I U 400 I U 1800 I U 400 I U 3700 I U 410 I u 420 I U 370 I u 390 I U 410 I U 400 I U 360 I U 
4-Bromophenyl-phenylether NE 15000 u 420 I U 410 I U 410 I U 360 I u 7600 I U 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I U 400 I U 360 I U 
4-Chloro-3-methylphenol NE 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I U 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I u 410 I U 400 I u 360 I U 
4-Chloroaniline 2.4E+5* 15000 u 420 I U 410 I U 410 I U 360 I u 7600 I U 400 I U 1800 I u 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I U 400 I U 360 I U 
4-Chlorophenyl-phenylether NE 15000 u 420 I U 410 I u 410 I u 360 I u 7600 I U 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I U 400 I U 360 I U 
4-Methylphenol 3.IE+5* 15000 u 420 I u 410 I U 410 I U 360 I U 7600 I u 400 I U 1800 I U 400 I U 3700 I u 410 I U 420 I U 370 I U 390 I U 410 I U 400 I U 360 I U 
4-Nitroaniline NE 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I U 400 I U 1800 I u 400 I U 3700 I U 410 I u 420 I U 370 I u 390 I U 410 I u 400 I u 360 I U 
4-Nitrophenol 4.9E+5* 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I u 400 I u 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I U 400 I U 360 I U 
Acenaphthene 2,800,000 15000 u 420 I u 410 I U 410 I U 360 I U 7600 I U 400 I U 1800 I U 400 I U 3700 I u 410 I U 420 I U 370 I U 390 I u 410 I U 400 I U 360 I U 
Acenaphthylene NE 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I U 400 I U 1800 I U 400 I U 3700 I u 410 I U 420 I U 370 I u 390 I U 410 I U 400 I U 360 I u 
Anthracene J.6E+7 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I U 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I u 410 I u 400 I u 360 I U 
Benzi dine 21 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I U 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I U 400 I u 360 I U 
Benzo[ a ]anthracene 6.2E+3 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I U 400 I U 1800 I U 400 I u 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I U 400 I u 360 I U 
Benzo[ a ]pyrene 6.2E+2 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I U 400 I u 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I U 400 I U 360 I U 
Benzo[b )fluoranthene 6.2E+3 15000 u 420 I u 410 I u 410 I U 360 I U 7600 I U 400 I u 1800 I u 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I U 400 I U 360 I U 
Benzo[g,h,i]perylene NE 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I U 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I U 400 I u 360 I U 
Benzo[k ]fluoranthene 6.2E+4 15000 u 420 I U 410 I u 410 I U 360 I U 7600 I U 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I u 370 I U 390 I U 410 I U 400 I u 360 I U 
Benzoic acid l.OE+8* 29000 u 830 I U 820 I U 810 I U 720 I U 15000 I U 800 I u 3500 I U 800 I U 7300 I u 820 I U 830 I U 750 I U 780 I U 810 I u 800 I U 720 I U 
Benzyl alcohol J.8E+7* 15000 u 420 I U 410 I U 410 I U 360 I u 7600 I U 400 I U 1800 I U 400 I u 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I U 400 I u 360 I U 
bis(2-Chloroethoxy)methane i~E 15000 u 420 I U 410 I U 410 I U 360 I U 7600 I U 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I u 410 I U 400 I u 360 I U 
bis(2-Chloroethyl)ether 4.4E+3 15000 u 420 I U 410 I U 410 I U 360 I u 7600 I U 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I U 400 I U 360 I U 
bis(2-Ethylhexyl)phthalate 6.0E+3 3400 BJ 500 I B 320 I BJ 560 I B 410 I B 7600 I U 130 I J 1800 I U 5800 I D 3700 I U 110 I J 240 370 I U 1200 410 I U 80 I J 360 I U 
Butylbenzylphthalate 2.4E+5* 15000 u 420 I u 410 I U 410 I U 360 I u 7600 I U 400 I U 1800 I U 400 I U 3700 I U 410 I U 420 I U 370 I U 390 I U 410 I u 400 I u 360 I U 
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15000 
Di-n-butylphthalate 15000 
Di-n-octylphthalate 1.2E+6* 15000 
Dibenz[ a,h Janthracene 6.2E+2 15000 

Dibenzofuran 2.9E+5 55000 
Diethylphthalate 4.9E+7 15000 

Dimethylphthalate l.OE+8 15000 

Fluoranthene 2.3E+6 15000 

Fluorene 2.1E+6 87000 

Hexachlorobenzene 3.0E+3 15000 

Hexachlorobutadiene l.2E+4 15000 

Hexachlorocyclopentadiene 4.2E+5 15000 

Hexachloroethane 6.IE+4 15000 
Indeno[ 1,2,3-cd]pyrene 6.2E+3 15000 

Isophorone 5.IE+6 15000 

N-Nitroso-di-n-propylamine 70* 15000 

N-Nitrosodiphenylamine 9.9E+5 15000 

Naphthalene 5.3E+4 69000 

Nitrobenzene l.7E+4 15000 
Pentachlorophenol 3.0E+3* 15000 

Phenanthrene l.8E+6 120000 

Phenol 3.7E+7 15000 

Pyrene l.8E+6 15000 

u 
J 
D 
B 

Not detected at the indicated laboratory reporting limit 
Detected below the laboratory reporting limit 
Sample was diluted. 
Analyte was also detected in the sample blank. 
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Not Established by New Mexico. Level given is from the EPA Region VI Human Health Specific Screening Levels. 
•• 
NE 

Not Established by New Mexico or EPA Region VI. Level given is from the EPA Region IX Preliminary Remediation Goals . 
Level is based on Total Xylenes (m,p, and o). 
A screening level has not been established. 
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SWMU Assessment Report for the LC-38 Diesel Spill on WSMR 

Table D-2B. SVOC Results from the November 2003 SWMU Assessment Sampling Event. 

1,2,4-Trichlorobenzene 5.2E+6 370 I U 350 I U 370 I u 1900 I u 1800 I U 1900 I U 400 I U 1800 I U 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I u 350 I u 350 I U 
1,2-Dichlorobenzene 337E+5* 370 I U 350 I U 370 I u 1900 I U 1800 I U 1900 I U 400 I U 1800 I u 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I U 350 I u 350 I U 
1,2-Diphenylhydrazine 6.1E+3 370 I U 350 I U 370 I U 1900 I U 1800 I U 1900 I U 400 I U 1800 I u 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I U 350 I u 350 I U 
1,3-Dichlorobenzene l.2E+4 370 I U 350 I u 370 I U 1900 I U 1800 I u 1900 I u 400 I U 1800 I U 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I U 350 I U 350 I U 
1,4-Dichlorobenzene 3.2E+4 370 I U 350 I U 370 I u 1900 I U 1800 I U 1900 I U 400 I U 1800 I U 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I U 350 I U 350 I U 
2,2'-oxybis(l-Chloropropane) NE 370 I U 350 I U 370 I u 1900 I U 1800 I U 1900 I U 400 I U 1800 I U 380 I U 390 I u 350 I U 350 I U 390 I U 390 I U 350 I U 350 I U 350 I U 
2,4,5-Trichlorophenol 6.IE+6 370 I U 350 I U 370 I u 1900 I U 1800 I U 1900 I U 400 I U 1800 I u 380 I U 390 I u 350 I u 350 I U 390 I U 390 I U 350 I U 350 I U 350 I U 
2,4,6-Trichlorophenol 4.4E+5 370 I U 350 I U 370 I U 1900 I U 1800 I U 1900 I u 400 I U 1800 I u 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I U 350 I U 350 I U 
2,4-Dichlorophenol l.8E+5 370 I U 350 I U 370 I U 1900 I U 1800 I U 1900 I U 400 I U 1800 I U 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I U 350 I U 350 I U 
2,4-Dimethylphenol l.2E+6* 370 I U 350 I u 370 I U 1900 I U 1800 I U 1900 I U 400 I U 1800 I u 380 I u 390 I U 350 I U 350 I U 390 I U 390 I U 350 I U 350 I U 350 I U 
2,4-Dinitrophenol l.2E+5 740 I U 700 I U 740 I U 3800 I U 3500 I u 3800 I U 790 I U 3500 I u 760 I U 780 I U 690 I U 700 I U 780 I U 780 I U 700 I U 700 I U 690 I u 
2,4-Dinitrotoluene l.2E+5 370 I U 350 I U 370 I U 1900 I U 1800 I U 1900 I U 400 I u 1800 I U 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I U 350 I U 350 I U 
2,6-Dinitrotoluene 6.1E+4* 370 I U 350 I U 370 I U 1900 I U 1800 I U 1900 I U 400 I U 1800 I U 380 I U 390 I u 350 I U 350 I U 390 I U 390 I u 350 I U 350 I U 350 I U 
2-Chloronaphthalene 3.9E+6* 370 I U 350 I U 370 I u 1900 I U 1800 I U 1900 I u 400 I u 1800 I u 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I U 350 I U 350 I U 
2-Chlorophenol 6.4E+4* 370 I U 350 I U 370 I U 1900 I U 1800 I U 1900 I U 400 I U 1800 I U 380 I U 390 I U 350 I U 350 I U 390 I U 390 I u 350 I U 350 I U 350 I U 
2-Methylnaphthalene NE 370 I U 350 I u 76 I J 45000 I D 54000 I D 25000 I D 13000 I D 39000 I D 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I U 350 I u 350 I U 
2-Methylphenol 3.1E+6* 370 I U 350 I U 370 I U 1900 I U 1800 I u 1900 I u 400 I U 1800 I u 380 I U 390 I U 350 I u 350 I u 390 I U 390 I u 350 I U 350 I U 350 I U 
2-Nitroaniline 3.7E+3* 370 I U 350 I U 370 I U 1900 I U 1800 I U 1900 I U 400 I U 1800 I U 380 I U 390 I u 350 I u 350 I u 390 I u 390 I U 350 I U 350 I U 350 I U 
2-Nitrophenol NE 370 I U 350 I U 370 I U 1900 I U 1800 I U 1900 I u 400 I U 1800 I U 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I U 350 I U 350 I U 
3,3'-Dichlorobenzidine l.1E+4 370 I u 350 I u 370 I U 1900 I U 1800 I U 1900 I U 400 I U 1800 I U 380 I U 390 I u 350 I U 350 I U 390 I U 390 I u 350 I U 350 I U 350 I U 
3-Nitroaniline NE 370 I U 350 I U 370 I U 1900 I U 1800 I u 1900 I u 400 I U 1800 I u 380 I U 390 I U 350 I U 350 I U 390 I u 390 I U 350 I u 350 I U 350 I U 
4,6-Dinitro-2-methylphenol NE 370 I U 350 I U 370 I u 1900 I U 1800 I u 1900 I U 400 I U 1800 I U 380 I U 390 I u 350 I u 350 I u 390 I U 390 I u 350 I U 350 I u 350 I U 
4-Bromophenyl-phenylether NE 370 I U 350 I U 370 I U 1900 I U 1800 I U 1900 I U 400 I U 1800 I U 380 I U 390 I U 350 I U 350 I U 390 I u 390 I U 350 I U 350 I U 350 I U 
4-Chloro-3-methylphenol NE 370 I U 350 I U 370 I u 1900 I U 1800 I U 1900 I u 400 I U 1800 I u 380 I u 390 I U 350 I U 350 I u 390 I U 390 I u 350 I U 350 I U 350 I U 
4-Chloroaniline 2.4E+5* 370 I U 350 I u 370 I U 1900 I U 1800 I U 1900 I u 400 I U 1800 I u 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I u 350 I U 350 I U 
4-Chlorophenyl-phenylether NE 370 I u 350 I U 370 I U 1900 I U 1800 I U 1900 I u 400 I U 1800 I U 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I u 350 I U 350 I U 
4-Methylphenol 3.1E+5* 370 I U 350 I U 370 I u 1900 I U 1800 I U 1900 I u 400 I U 1800 I U 380 I u 390 I u 350 I U 350 I U 390 I U 390 I u 350 I U 350 I U 350 I U 
4-Nitroaniline NE 370 I U 350 I U 370 I u 1900 I U 1800 I U 1900 I u 400 I U 1800 I u 380 I U 390 I U 350 I U 350 I U 390 I u 390 I U 350 I u 350 I u 350 I U 
4-Nitrophenol 4.9E+5* 370 I u 350 I u 370 I U 1900 I U 1800 I U 1900 I U 400 I u 1800 I U 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I u 350 I u 350 I U 
Acenaphthene 2,800,000 370 I U 350 I U 370 I u 1900 I U 1800 I U 1900 I U 400 I U 1800 I U 380 I u 390 I U 350 I U 350 I U 390 I U 390 I U 350 I U 350 I U 350 I u 
Acenaphthylene NE 370 I U 350 I U 370 I U 1900 I U 1800 I u 1900 I U 400 I U 1800 I U 380 I u 390 I U 350 I U 350 I U 390 I U 390 I U 350 I U 350 I u 350 I U 
Anthracene l.6E+7 370 I U 350 I U 370 I u 1900 I U 1800 I U 1900 I U 400 I U 1800 I U 380 I u 390 I u 350 I U 350 I u 390 I U 390 I U 350 I U 350 I U 350 I U 
Benzi dine 21 370 I u 350 I U 370 I U 1900 I U 1800 I U 1900 I U 400 I U 1800 I U 380 I U 390 I U 350 I U 350 I U 390 I U 390 I u 350 I U 350 I U 350 I U 
Benzo[ a )anthracene 6.2E+3 370 I U 350 I U 370 I u 1900 I u 1800 I U 1900 I U 400 I U 1800 I u 380 I U 390 I U 350 I U 350 I U 390 I U 390 I u 350 I U 350 I U 350 I U 
Benzo[ a ]pyrene 6.2E+2 370 I u 350 I U 370 I u 1900 I U 1800 I U 1900 I u 400 I U 1800 I U 380 I U 390 I U 350 I u 350 I u 390 I U 390 I U 350 I U 350 I u 350 I U 
Benzo[b ]fluoranthene 6.2E+3 370 I U 350 I U 370 I u 1900 I U 1800 I U 1900 I u 400 I U 1800 I U 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I U 350 I U 350 I U 
Benzo[g,h,i]perylene NE 370 I U 350 I U 370 I U 1900 I U 1800 I U 1900 I U 400 I U 1800 I U 380 I U 390 I U 350 I U 350 I u 390 I u 390 I u 350 I U 350 I u 350 I U 
Benzo[k ]fluoranthene 6.2E+4 370 I U 350 I U 370 I U 1900 I U 1800 I u 1900 I U 400 I U 1800 I U 380 I u 390 I U 350 I u 350 I U 390 I U 390 I U 350 I U 350 I U 350 I U 
Benzoic acid l.OE+8* 740 I U 700 I U 740 I U 3800 I U 3500 I U 3800 I U 790 I U 3500 I U 760 I U 780 I U 690 I U 700 I U 780 I U 780 I U 700 I U 700 I U 690 I U 
Benzyl alcohol 1.8E+7* 370 I u 350 I u 370 I U 1900 I U 1800 I U 1900 I U 400 I u 1800 I U 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I U 350 I U 350 I U 
bis(2-Chloroethoxy)methane NE 370 I U 350 I u 370 I u 1900 I U 1800 I U 1900 I U 400 I U 1800 I U 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I u 350 I U 350 I u 
bis(2-Chloroethyl)ether 4.4E+3 370 I U 350 I U 370 I U 1900 I u 1800 I U 1900 I U 400 I u 1800 I u 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I U 350 I U 350 I U 

D-5 



bis(2-Ethylhexyl)phthalate 6.0E+3 

Butylbenzylphthalate 2.4E+5* 

Carbazole 2.4E+4* 

Chrysene 6.1E+5 

Di-n-butylphthalate NE 

Di-n-octylphthalate l.2E+6* 

Dibenz[a,hjanthracene 6.2E+2 

Dibenzofuran 2.9E+5 

Diethylphthalate 4.9E+7 

Dimethylphthalate l.OE+8 

Fluoranthene 2.3E+6 

Fluorene 2.1E+6 

Hexachlorobenzene 3.0E+3 

Hexachlorobutadiene l.2E+4 

Hexachlorocyclopentadiene 4.2E+5 

Hexachloroethane 6.1E+4 

Indeno[ 1,2,3-cd]pyrene 6.2E+3 

Isophorone 5.1E+6 

N-Nitroso-di-n-propylamine 70* 
N-Nitrosodiphenylamine 9.9E+5 

Naphthalene 5.3E+4 

Nitro benzene l.7E+4 

Pentachlorophenol 3.0E+3* 

Phenanthrene l.8E+6 

Phenol 3.7E+7 

Pyrene l.8E+6 

u 
J 
D 
B 

Not detected at the indicated laboratory reporting limit. 
Detected below the laboratory reporting limit 
Sample was diluted. 
Analyte was also detected in the sample blank. 

11 r J 350 I U 85 I BJ 1900 l u 
370 I U 350 I u 370 I U 1900 I U 
310 r u 350 I U 370 I u 1900 r u 
370 I U 350 I u 370 I U 1900 I U 
280 I BJ 430 I B 480 I B 1900 I U 
370 I U 350 I U 370 I U 1900 I U 
370 I U 350 I U 370 I U 1900 I u 
370 I U 350 I U 370 I U 5500 

370 I U 350 I U 370 I U 1900 I U 
370 I U 350 I u 370 I U 1900 I U 
370 Ju 350 I U 370 I U 1900 I u 
370 I U 350 I U 370 I u 5900 

370 I U 350 I U 370 I U 1900 I U 
370 I u 350 I u 370 I U 1900 LU 
370 I U 350 I U 370 I U 1900 I u 
370 I u 350 I U 370 I U 1900 I U 

370 I U 350 I U 370 I u 1900 I u 
370 I U 350 I U 370 I U 1900 I u 
370 I U 350 I u 370 I U 1900 I U 
370 I U 350 I U 370 I U 1900 I U 
370 I U 350 tu 370 I u 7400 

370 I U 350 I U 370 I u 1900 I u 
370 I U 350 I U 370 I u 1900 I U 
370 I u 350 I u 130 I J 16000 
370 I U 350 I U 370 I u 1900 I U 

370 I u 350 I u 370 I u 470 I J 

Not Established by New Mexico. Level given is from the EPA Region VI Human Health Specific Screening Levels. 

1800 I U 
1800 I u 
1800 I U 
1800 I U 
540 I BJ 

1800 I U 
1800 I U 
6300 

1800 I U 
1800 I U 
1800 I U 
8700 

1800 I U 
1800 I U 
1800 I U 
1800 I U 
1800 I U 
1800 I U 
1800 I U 
1800 I U 
9400 

1800 J u 
1800 I U 

19000 

1800 I u 
1200 I J 

•• Not Established by New Mexico or EPA Region VI. Level given is from the EPA Region IX Preliminary Remediation Goals . 
Level is based on Total Xylenes (m,p, and o). 

NE A screening level has not been established. 

SWMU Assessment Report for the LC-38 Diesel Spill on WSMR 

3400 I B 180 I BJ 1800 I U 380 I U 390 I U 1600 I B 2200 I B 390 I U 4500 I B 4600 I B 1300 I B 76 I BJ 
1900 r u 400 l u 1800 I U 380 I U 390 I U 350 I U 350 I U 390 r u 390 I U 350 I U 350 I U 350. I U 
1900 I U 400 I U 1800 I U 380 I u 390 I U 350 I u 350 r u 390 I U 390 I U 350 I u 350 I U 350 l u 
1900 I U 400 I U 1800 I U 380 I U 390 I U 350 I U 350 I U 390 I u 390 I U 350 I U 350 I U 350 I U 
1000 I BJ 400 I B 1800 I U 360 I BJ 570 [ B 490 t B 520 I B 350 I BJ 1100 t B 890 I B 270 I BJ 430 I B 
1900 I U 400 I U 1800 I U 380 I U 390 r u 350 I U 350 I U 390 I U 390 I U 350 I U 350 I U 350 I U 
1900 I U 400 I U 1800 I U 380 I u 390 I U 350 I U 350 I U 390 I U 390 tu 350 I U 350 I U 350 I U 
4700 2700 5100 380 tu 390 I U 350 I U 350 I U 390 I U 390 I u 350 I U 350 I U 350 I U 
1900 I U 400 I U 1800 I u 380 I U 390 I U 350 Ju 350 I u 390 I U 390 Ju 350 I U 350 I U 350 J u 
1900 I U 400 I U 1800 I U 380 I U 390 I U 350 I u 350 I U 390 I u 390 I U 350 I U 350 I U 350 I U 
1900 I U 400 I U 1800 I U 380 tu 390 [ u 350 I U 350 I U 390 r u 390 r u 350 I U 350 tu 350 I U 
7900 4000 6800 380 I U 390 I U 350 I U 350. I u 390 I U 390 tu 350 I U 350 I U 350 I u 
1900 I U 400 I U 1800 I U 380 I U 390 I U 350 r u 350 r u 390 I U 390 I U 350 I U 350 I U 350 I U 
1900 I U 400 I U 1800 I U 380 I u 390 I U 350 l u 350 I U 390 I U 390 I u 350 I U 350 I u 350 I u 
1900 I u 400 I u 1800 I U 380 I U 390 I u 350 I U 350 I u 390 r u 390 I U 350 I U 350 I U 350 I U 
1900 I U 400 I U 1800 I U 380 I u 390 Ju 350 I U 350 Ju 390 r u 390 r u 350 I U 350 r u 350 I U 
1900 I U 400 I U 1800 I U 380 I U 390 tu 350 I U 350 I U 390 I U 390 I U 350 I U 350 I U 350 I U 
1900 I U 400 I u 1800 I U 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I U 350 I U 350 I u 
1900 I U 400 I U 1800 I U 380 I U 390 I U 350 I U 350 I U 390 I U 390 I U 350 I U 350 I U 350 I U 
1900 I U 400 I u 1800 I U 380 I U 390 I U 350 tu 350 I U 390 I U 390 I u 350 I U 350 I U 350 I U 
4600 2600 6100 38(} I u 390 I U 350 I U 350 Ju 390 I u 390 I U 350 I U 350 I U 350 I u 
1900 I U 400 I u 1800 I U 380 I u 390 I U 350 I U 350 Ju 390 I U 390 I U 350 I U 350 I U 350 I u 
1900 I U 400 I U 1800 I U 380 I U 390 I u 350 I U 350 I U 390 I U 390 I U 350 I u 350 r u 350 I U 

11000 5400 I D 15000 380 I u 390 I u 350 Ju 350 r u 390 I U 390 r u 350 I U 350 I U 80 I J 
1900 I U 400 I U 1800 I U 380 I u 390 Ju 350 I U 350 I U 390 I U 390 I u 350 I u 350 I U 350 I U 
1900 I u 280 I J 530 I J 380 I u 390 I U 350 I U 350 I U 390 I U 390 I U 350 I U 350 I U 350 I U 
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SWMU Assessment Report for the LC-38 Diesel Spill on WSMR 

Table D-2C. SVOC Results from the November 2003 SWMU Assessment Sampling Event. 

1,2,4-Trichlorobenzene 5.2E+6 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I U 15000 I U 400 I U 390 I u 390 I U 380 I U 360 I U 360 I U 360 I U 340 I U 390 I u 
1,2-Dichlorobenzene 337E+5* 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I U 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I u 390 I u 
1,2-Diphenylhydrazine 6.IE+3 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I u 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I U 390 I U 
1,3-Dichlorobenzene l.2E+4 340 I U 400 I U 370 I u 360 I U 370 I U 420 I U 2000IU 15000 I U 400 I U 390 I U 390 I U 380 I u 360 I u 360 I U 360 I U 340 I U 390 I u 
1,4-Dichlorobenzene 3.2E+4 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I u 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I u 360 I U 360 I U 340 I U 390 I U 

2,2'-oxybis(l-Chloropropane) NE 340 I U 400 I u 370 I u 360 I U 370 I U 420 I U 2000IU 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I u 390 I u 
2,4,5-Trichlorophenol 6.IE+6 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I u 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I u 360 I U 360 I U 340 I U 390 I U 

2,4,6-Trichlorophenol 4.4E+5 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I u 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I u 360 I U 360 I u 340 I U 390 I u 
2,4-Dichlorophenol l.8E+5 340 I U 400 I u 370 I u 360 I U 370 I U 420 I U 2000 I u 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I U 390 I u 
2,4-Dimethylphenol l.2E+6* 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I u 15000 I U 400 I U 390 I U 390 I u 380 I U 360 I U 360 I U 360 I U 340 I U 390 I U 

2,4-Dinitrophenol l.2E+5 680 I U 800 I u 740 I U 720 I U 730 I U 830 I U 4000 I U 30000 I U 790 I u 780 I U 780 I U 760 I U 720 I U 720 I U 720 I U 670 I U 780 I U 

2,4-Dinitrotoluene l.2E+5 340 I u 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I U 15000 I U 400 I U 390 I u 390 I U 380 I U 360 I U 360 I U 360 I u 340 I U 390 I u 
2,6-Dinitrotoluene 6.IE+4* 340 I U 400 I U 370 I U 360 I U 370 I U 420 I u 2000 I u 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I U 390 I u 
2-Chloronaphthalene 3.9E+6* 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I u 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I U 360 I u 340 I U 390 I U 

i 
" 

390 I u 
390 I u 

2-Chlorophenol 6.4E+4* 

2-Methylnaphthalene NE 

340 I U 

340 I U 

400 I U 

400 I U 

370 I U 

370 I U 

360 I U 

360 I U 
370 I U 

370 I U 

420 I U 

5700 

2000 I u 
59000 I D 

15000 I U 

420000 I D 
400 I U 

5000 

390 I u 
3900 

390 I U 

3200 

380 I U 

380 I U 

360 I U 

360 I U 
360 I U 

360 I U 

360 I U 

360 I U 
340 I U 

340 I u 
2-Methylphenol 3.IE+6* 340 I U 400 I u 370 I U 360 I U 370 I U 420 I U 2000 I u 15000 I U 400 I u 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I U 390 I U 

2-Nitroaniline 3.7E+3* 340 I U 400 I U 370 I u 360 I u 370 I U 420 I U 2000 I u 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I U 390 I u 
2-Nitrophenol NE 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I u 15000 I U 400 I u 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I U 390 I U 

3,3'-Dichlorobenzidine l.1E+4 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I U 15000 I U 400 I U 390 I u 390 I U 380 I u 360 I U 360 I U 360 I u 340 I U 390 I U 

3-Nitroaniline NE 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I u 15000 I U 400 I u 390 I U 390 I U 380 I U 360 I U 360 I u 360 I U 340 I U 390 I U 

4,6-Dinitro-2-methylphenol NE 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I u 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I U 390 I u 
4-Bromophenyl-phenylether NE 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I U 15000 I U 400 I U 390 I u 390 I U 380 I U 360 I U 360 I U 360 I U 340 I u 390 I U 

4-Chloro-3-methylphenol NE 340 I U 400 I U 370 I u 360 I U 370 I U 420 I U 2000 I u 15000 I U 400 I u 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I U 390 I u 
4-Chloroaniline 2.4E+5* 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I u 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I u 360 I U 340 I u 390 I U 

4-Chlorophenyl-phenylether NE 340 I U 400 I U 370 I U 360 I U 370 I U 420 I u 2000 I U 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I U 390 I U 

4-Methylphenol 3.1E+5* 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I u 15000 I U 400 I u 390 I U 390 I U 380 I U 360 I U 360 I U 360 I u 340 I U 390 I u 
4-Nitroaniline NE 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I U 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I U 390 I U 

4-Nitrophenol 4.9E+5* 340 I U 400 I u 370 I u 360 I U 370 I U 420 I U 2000 I u 15000 I U 400 I U 390 I U 390 I U 380 I u 360 I U 360 I U 360 I U 340 I U 390 I U 

Acenaphthene 2,800,000 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I u 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I U 390 I u 
Acenaphthylene NE 340 I u 400 I U 370 I u 360 I U 370 I U 420 I U 2000 I U 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I U 390 I u 
Anthracene 1.6E+7 340 I U 400 I U 370 I u 360 I U 370 I U 420 I u 2000 I u 15000 I U 400 I U 390 I u 390 I U 380 I u 360 I U 360 I U 360 I u 340 I U 390 I u 
Benzi dine 21 340 I u 400 I U 370 I u 360 I U 370 I U 420 I U 2000 I U 15000 I U 400 I u 390 I U 390 I U 380 I u 360 I U 360 I U 360 I u 340 I U 390 I u 
Benzo[ a ]anthracene 6.2E+3 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I U 15000 I U 400 I u 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I U 390 I u 
Benzo[ a )pyrene 6.2E+2 340 I U 400 I u 370 I U 360 I U 370 I U 420 I U 2000 I U 15000 I U 400 I U 390 I u 390 I U 380 I u 360 I U 360 I U 360 I u 340 I u 390 I U 
Benzo[b ]fluoranthene 6.2E+3 340 I U 400 I U 370 I u 360 I u 370 I U 420 I u. 2000 I U 15000 I U 400 I u 390 I U 390 I u 380 I U 360 I U 360 I U 360 I u 340 I U 390 I U 
Benzo[g,h,i)perylene NE 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I u 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I U 390 I U 
Benzo[k)fluoranthene 6.2E+4 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I u 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I U 390 I u 
Benzoic acid l.OE+8* 680 I u 800 I U 740 I U 720 I u 730 I U 830 I u 4000 I u 30000 I U 790 I U 780 I U 780 I U 760 I U 720 I U 720 I U 720 I u 670 I U 780 I U 
Benzyl alcohol l.8E+7* 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I U 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I U 390 I u 
bis(2-Chloroethoxy)methane NE 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I U 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I u 360 I U 340 I U 390 I U 
bis(2-Chloroethyl)ether 4.4E+3 340 I U 400 I U 370 I U 360 I U 370 I U 420 I u 2000 I u 15000 I U 400 I u 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I U 390 I U 
bis(2-Ethylhexyl)phthalate 6.0E+3 340 I U 400 I U 75 I BJ 80 I BJ 370 I U 130 I BJ 2000 I U 15000 I U 110 I BJ 390 I U 110 I BJ 2500 I B 4600 I B 360 I u 90 I BJ 3300 I B 390 I U 
Butylbenzylphthalate 2.4E+5* 340 I U 400 I U 370 I U 360 I U 370 I U 420 I U 2000 I U 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I u 360 I U 340 I U 390 I U 
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Carbazole 2.4E+4* 340 I U 
Chrysene 6.1E+5 340 I U 
Di-n-butylphthalate NE 120 I BJ 

Di-n-octylphthalate l.2E+6* 340 I U 
Dibenz[ a,h ]anthracene 6.2E+2 340 I U 
Dibenzofuran 2.9E+5 340 I U 
Diethylphthalate 4.9E+7 340 I U 
Dimethylphthal~te l.OE+8 340 I U 
Fluoranthene 2.3E+6 340 I U 
Fluorene 2.1E+6 340 I U 
Hexachlorobenzene 3.0E+3 340 I U 
Hexachlorobutadiene l.2E+4 340 I U 
Hexachlorocyclopentadiene 4.2E+5 340 I U 
Hexachloroethane 6.1E+4 340 I U 
Indeno[ 1,2,3-cd]pyrene 6.2E+3 340 I U 
Isophorone 5.1E+6 340 u 
N-Nitroso-di-n-propylamine 70* 340 u 
N-Nitrosodiphenylamine 9.9E+5 340 u 
Naphthalene 5.3E+4 340 u 
Nitrobenzene l.7E+4 340 u 
Pentachlorophenol 3.0E+3* 340 u 
Phenanthrene l.8E+6 340 u 
Phenol 3.7E+7 340 u 
Pyrene l.8E+6 340 u 
u 
J 
D 
B 

Not detected at the indicated laboratory reporting limit 
Detected below the laboratory reporting limit 
Sample was diluted. 
Analyte was also detected in the sample blank. 

400 I U 370 I u 360 I U 370 I u 
400 I U 370 I u 360 I U 370 I U 
350 I BJ 220 I BJ 450 I B 340 I BJ 

400 I U 370 I U 360 I U 370 l u 
400 tu 370 I u 360 I U 370 I U 
400 I u 370 I U 360 I U 370 I u 
400 I U 370 I u 360 I U 370 I U 
400 I U 370 I u 360 I U 370 I U 
400 I u 370 I U 360 I U 370 I u 
400 I U 370 I U 360 I u 370 I u 
400 I u 370 I u 360 I U 370 I U 
400 I U 370 I U 360 I U 370 I u 
400 I U 370 I u 360 I U 310 r u 
400 I U 370 I U 360 I U 370 I u 
400 I U 370 I U 360 I U 370 I U 
400 u 370 u 360 u 370 u 
400 u 370 u 360 u 370 u 
400 u 370 u 360 u 370 u 
400 u 370 u 360 u 370 u 
400 u 370 u 360 u 370 u 
400 u 370 u 360 u 370 u 
400 u 100 J 360 u 370 u 
400 u 370 u 360 u 370 u 
400 u 370 u 360 u 370 u 

Not Established by New Mexico. Level given is from the EPA Region VJ Human Health Specific Screening Levels. 
•• 
NE 

Not Established by New Mexico or EPA Region VI. Level given is from the EPA Region IX Preliminary Remediation Goals . 
Level is based on Total Xylenes (m,p, and o). 
A screening level has not been established 

SWMU Assessment Report for the LC-38 Diesel Spill on WSMR 

420 I U 2000 I u 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I U 360 I U 340 I u I 390 I U 
420 I U 2000 I u 15000 I u 400 I U 390 I u 390 I U 380 I u 360 I U 360 I U 360 I u 340 I U I 390 I U 
280 I BJ 770 I BJ 15000 I U 580 I B 510 LB 680 I B 370 I BJ 610 I B 720 I B 100 I BJ 690 I B I 610 I B 
420 I u 2000 I u 15000 I U 400 I U 390 I u 390 I U 380 I u 360 I U 360 I U 360 I U 340 I U I 390 I U 
420 I U 2000 I u 15000 I u 400 I U 390 I U 390 I U 380 I U 360 I U 360 I U 360 I u 340 I U I 390 I U 

2000 12000 50000 1000 840 630 380 I u 360 I u 360 I U 360 I U 340 I U I 390 I u 
420 I U 2000 I U 15000 I u 400 I U 390 I U 390 I u 380 I U 360 I U 360 I u 360 I U 340 I U I 390 I U 
420 LU 2000 r u 15000 I U 400 I U 390 I u 390 I u 380 I u 360 r u 360 I U 360 I U 340 I U I 390 I U 
420 I u 2000 I U 15000 I U 400 I U 390 I U 390 I U 380 I u 360 I U 360 I U 360 I U 340 I U I 390 I U 

2800 17000 63000 1200 960 740 380 I u 360 I U 360 I U 360 I u 340 I U I 390 I U 
420 I U 2000 I U 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I u 360 I u 360 I U 340 I U I 390 I U 
420 l u 2000 I u 15000 I U 400 I U 390 I U 390 I U 380 I u 360 I U 360 I U 360 I U 340 I U I . 390 I u 
420 I U 2000 I U 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I u 360 I U 340 I U I 390 I U 
420 I U 2000 I U 15000 I u 400 I U 390 I U 390 I U 380 I U 360 I u 360 I u 360 I U 340 I U I 390 I U 
420 I U 2000 I u 15000 I U 400 l u 390 I U 390 I U 380 I u 360 I U 360 I u 360 I U 340 I U I 390 I U 
420 I U 2000 I U 15000 I u 400 I U 390 I U 390 I U 380 I U 360 I u 360 I U 360 I U 340 I U ~ 390 I U 
420 I U 2000 I u 15000 I U 400 I U 390 I u 390 I U 380 I u 360 I U 360 I U 360 I U 340 I U I 390 I U 
420 I U 2000 .I u 15000 I U 400 I U 390 I u 390 I U 380 I u 360 I U 360 I u 360 I U 340 I U I 390 I U 
850 13000 89000 510 430 520 380 I U 360 I u 360 I U 360 I U 340 f U I 390 I U 
420 I u 2000 I u 15000 I u 400 I U 390 I u 390 I U 380 I u 360 I U 360 I U 360 I U 340 I U I 390 I U 
420 I U 2000 I u 15000 I U 400 I U 390 I U 390 I U 380 I U 360 I U 360 I U 360 I u 340 I U I 390 I U 

2800 23000 140000 2700 2100 1400 380 I U 360 I u 360 I U 75 I J 340 I U I 390 I U 
420 I U 2000 I U 15000 I u 400 I U 390 I U 390 I U 380 I u 360 I U 360 I U 360 I U 340 I U I 390 I U 
420 I u 970 I J 6900 I J 140 I J 390 I U 390 I U 380 I U 360 I u 360 I u 360 I U 340 I U I 390 I U 
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APPENDIXE 

Sieve and Hydrometer Analysis for SB-001 
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GEO-TEST, INC. 
3204 RICHARDS LANE 
SANTA FE. 
NEW MEXICO 
87f/J7 
(505) 471-110\ 
FAX (505) 471 -2245 

8528 CN.LE AJ.J>.MEDA NE 
ALBUQUERQUE, 
NEW MEXICO 
87113 
(505) 857-()933 
FAX (505) 857-0803 

2805-A LAS VEGAS CT. 
LAS CRUCES 
NEW MEXICO 
~"007 

15) 526-6260 
AX (505) 523-1660 

February 2, 2004 

Mevatec Corporation 
PO Box 399 
WSMR, NM 88002 

PROJECT: 

SAMPLE LOCATION: 

SAMPLE: 

SIEVE ANALYSIS (ASTM 0-422) 

Sieve Size Particle Dia. (mm) 
3/4" 
1/2" 
3/8" 
No.4 
No. 10 
No.40 
No. BO 
No.200 

19.000 
12.500 
9.500 
4.750 

2.0000 
0.4250 
0.1800 
0.0750 
0.0337 
0.0216 
0.0126 
0.0090 
0.0064 
0.0032 
0.0013 

0.JJ01 O.Dt 

Respectfully Submitted: 
GEO-TESl, INC. 

Job No.: 4-40120 

LC-38 Diesel Spill 

LC38-DSPL-SB-001 (2.0'-3.0') 

Soil Sample, Delivered by Client on 
01/08/04 

Percent Passing 
100 
90 
85 
67 
56 
45 
27 

18.6 
12.2 
10.4 
9.9 
9.3 
8.1 
7.0 
5.8 

0.1 1 
GRAIN SIZE (mm) 

10 100 



BEo-iEsT 

GEO-TEST, INC. 
3204 RICHARDS LANE 
SANTA FE, 
NEW MEXICO 
87507 
(000) 471-1 101 
FAX (505) 471-2245 

8528 CALLE ALAMEDA NE 
ALBUQUERQUE. 

NEW MEXICO 
87113 
(505) 857-0933 
FAX (505) 857-0803 

280&-A LAS VEGAS CT. 
LAS CRUCES 
NEW MEXICO 
88007 
(505) 526-6260 
FAX (505) 523-1660 

February 2, 2004 

Mevatec Corporation 
PO Box 300 Job No.: 4-40120 
WSMR, NM 88002 

PROJECT: 

SAMPLE LOCATION: 

LC-38 Diesel Spill 

LC38-0SPL-SB-001(9.0'-10.0') 

SAMPLE: Soil.Sample, Delivered by Client on 
01/08/04 

SIEVE ANALYSIS (ASTM 0422) 

Sieve Size 
3/8" 
No.4 
No. 10 
No. 40 
No. 80 
No.200 

Particle Dia. (mm) 
9.500 
4.750 
2.0000 
0.4250 
0.1800 
0.0750 
0.0347 
0.0222 
0.0129 
0.0092 
0.0066 
0.0032 
0.0014 

Percent Passing 
100 
100 
99 
96 
69 

29.0 
19.8 
17.8 
16.8 
14.8 
13.9 
10.9 
9.9 

lf200 #80 #40 lltO 
100 

I I 
I-

i ! 
H-H--~1+1-m--l---+t'·l4+H-H-<-f-+l+HI tt 

ii i; 
~ eo ~ I v LI 
~ ; ! i r. 1 11 1; • 
VJ llO -4--+++++.J.H-A ·, 
~ I I It' u I •. I : . 41 
n. r----t--t- " .t··- I/ ! ! i l ! ! i 
~ "° · l _ __l._[_ _.J.illl_.. . t8l 
w i !illililH' i I Ii. i L! ·-1 
ffi c -HtH·1t t .. C- . -r-r- ~· ~t~ i i~ 
n. 

20 1 -! I LiJ,.!-i r-=J:' I I !+ L_J_ +µ' 
i i : ! . ! '.J : !-- l----t-t- ~- ,r-- : IT1 . H~ 

O t, , I·:: . · I I · I; 11 . : Ir . 

0.001 O.Dl 0 .1 tO 
GRAIN SIZE (mm) 

Respectfully Submitted: 
GEO-TEST, INC . .-----:? . 

,,,_____. ~--------------- -

~· . 



·'Ec-iEST 

' 

I 
! 

) 

GEO-TEST, INC. 
3204 RICHARDS LANE 
SANTA FE. 
NEW MEXICO 
87507 
(,'.)00) 471-1101 
FAX (505) 471-2245 

8528 CAllE ALAMEDA NE 
ALBUQUERQUC. 
NEW MEXICO 
87113 
(505) 857-0933 
FAX (505) 857--0803 

2805-A LAS VEGAS CT. 
LAS CRUCES 
NEW MEXICO 
68007 

·~) 526-{)260 
(505) 523-1660 

February 2, 2004 

Mevatec Corporation 
PO Box399 Job No.: 4-40120 
WSMR, NM 88002 

PROJECT: 

SAMPLE LOCATION: 

SAMPLE: 

LC-38 Diesel Spill 

LC38-DSPL-SB-001 (19.0'-19.51 

Soil Sample, Delivered by Client on 
01/08/04 

SIEVE ANALYSIS (ASTM 0-422) 

Sieve Size 
3/8" 
No.4 
No.10 
Nu.40 
No.80 
No.200 

Particle Dia. (mm) Percent Passing 
9.500 
4.750 

2.0000 
0.4250 
0.1800 
0.0750 

100 
100 
98 
19 
3 

2.3 

GRADATION ANALYSIS 

#200 #80 #40 #10 

100 : I T I I 1--. ~I 
! i I I I H-; Ji ! i 
~--T-r-·-- ----- -,-r-, ~ · f 1 : i 1 

~ 80 r I I - - -' -;1-+-

~ -~ ! ; I : : V : ·--+· 1- ' - j-- + 
w 60 ·-i--+--1 · ! 1 : , r , . , 
~ : i i ! I ; II : ! : 
a.. ! I I l ! - I/ I I : : : 

~ 40 I I ! I ii +---~--1 ~--·- ~ 
ffi20 ·' : I I ), : ! i i : 
Q.. ' , 1f-rl'" • 1 • I I · ! 

:--i :, I i : i 11 Y ' i • t L I ! ' i • j I ! . 1T:1 L ~/ ! -i--, i I t-1 ·--· · .. t··-- Ii· : ,·-,ti· 
0 ·l - ' ! ! ! i ! ; \ ' ' - I i I, 

O.Q1 0.1 10 
GRAIN SIZE (mm) 

ASTM 0-422 

Respectfully Submitted: 
GEO-TEST, INC. . 



BEo-IEsT 

GEO-TEST, INC. 
3204 RICHARDS LANE 
SANTA FE. 
NEW MEXICO 
87f:IJ7 
(500) 471-1101 
FAX (505) 471 -2245 

8526 CALLE ALAMEDA NE 
ALBUQUERQUE, 
NEW MEXICO 
87113 
(505) 857-0933 
FAX (505) 857-0803 

2805-A LAS VEGAS CT. 
LAS CRUCES 
NEW MEXICO 
88007 
(505) 526~260 
FAX (505) 523-1660 

February 2, 2004 

Mevatec Corporation 
PO Box399 
WSMR. NM 88002 

PROJECT: 

SAMPLE LOCATION: 

SAMPLE: 

SIEVE ANALYSIS (ASTM D-422) 

Sieve Size 
3/8" 
No.4 
No.10 
No.40 
No.80 
No.200 

Particle Dia. (mm) 
9.500 
4.750 
2.0000 
0.4250 
0.1800 
0.0750 
0.0358 
0.0228 
0.0132 
0.0094 
0.0067 
0.0032 
0.0014 

Job No.: 440120 

LC-38 Diesel Spill 

LC38-DSPL-SB-001 (22.0'-23.0') 

Soil Sample, Delivered by Client on 
01/08/04 

Percent Passing 
100 
100 
99 
95 
50 

14.5 
12.0 
11.2 
10.4 
9.6 
8.8 
7.2 
6.4 

GRADATION YSIS 

ll2DO l80 ..co #10 

~ 80 

~ ~ 1---+-t-++-

a. 
~ «l+-......_.-+++-'--'-H-

~ 

o+-~._.., ........... ..,___._.,._.._;,..__"'--'-"-'-.......;..->+---'-+->-H+l-'l 
0.001 0.01 0.1 10 

GRAIN SIZE (mm) 

ASTM0-422 



l"'.1,EO-iEST 
\ 
I 

GEO-TEST, INC, 
3204 RICHARDS lANE 
SANTA FE. 
NEW MEXICO 
87flJ7 
(505) 471-1101 
FAX (505) 471-2245 

8528 CALLE ALAMEDA NE 
ALBUQUERQUE, 

NEW MEXICO 
67113 
(505) 857-0933 
FAX (505) 857-0803 

2805-A lAS VEGAS CT. 
lASCRUCES 
NEW MEXICO 
ol\007 

'5) 526-6260 
. r\X (505) 523-1660 

February 2, 2004 

Mevatec Corporation 
PO Box 399 Job No.: 4-40120 
WSMR, NM 88002 

PROJECT: 

SAMPLE LOCATION: 

LC-38 Diesel Spill 

LC3~DSPL-SB-001(29.0'-30.0') 

SAMPLE: Soil Sample, Delivered by Client on 
01/08104 

SIEVE ANALYSIS (ASTM D-422) 

Sieve Size 
318" 
No.4 
No. 10 
No.40 
No.80 
No.200 

Particle Dia. (mm} 
9.500 
4.750 
2.0000 
0.4250 
0.1800 
0.0750 
0.0318 
0.0203 
0.0119 
0.0085 
0.0061 
0.0030 
0.0013 

G 

Percent Passing 
100 
100 
100 
99 
80 

50.4 
43.2 
41 .8 
39.0 
37.6 
34.8 
30.6 
22.3 

#200 lf80 #40 #10 
100 

LJ !l!l!i I I, .. -I 
-+~r . I f ';: w I i I i ' .' , I I ! i ! j v 
~~1'"'1' I I : . , , j~I_ 

~ i l I , I ,j 11 ' f . 

-~ I i 1 li l! I ti ' L· 11 :1 I ! I !!1 ~ ~ t· • f 11 ' 

! : : 1 I I'. ! ! i · Ii f !! 
I • I I ' ' I . ! - ++. .. l t•-H+ttl f 
~ I I i ~ " I ' i I ; I 0 

0.001 0 .01 0 .1 

/T I 
v' I I 

I -r ..l! I 

! :111 
! - I! I 

I i ~! I 
f " 

I j 'I i• I 

1· ~t '! ; i :T: 
1 ·1+·! : I I ' 

GRAIN SIZE (mm) 
ASTM D-422 

Respectfully Submitted: 
GEO-TEST, INC. 

_ ,. 

I I 
I 



Bec-iEsT 

GEO-TEST. INC. 
3204 RICHARDS LANE 
SANTA FE. 
NEW MEXICO 
87507 
(~)471-1 1 01 

FAX (505) 471 -2245 

8528 CAUE Al.AMEDA NE 
ALOUQUERQUE, 
NEW MEXICO 
87113 
(5().5) 857-093.3 
FAX (505) 857-0803 

2805-A LAS VEGAS CT. 
LAS CRUCES 
NEW MEXICO 
88007 
(505) 526-6260 
FAX (505) 523-1660 

February 2. 2004 

Mevatec Corporation 
PO Box399 
WSMR. NM 88002 

PROJECT: 

SAMPLE LOCATION: 

SAMPLE: 

SIEVE ANALYSIS (ASTM D-422) 

Sieve Size 
3/B" 
No.4 
No.10 
No. 40 
No.80 
No.200 

Particle Dia. (mm) 
9 .500 
4.750 

2.0000 
0.4250 
0.1800 
0.0750 
0.0247 
0.0161 
0.0099 
0.0071 
0.0052 
0.0027 
0.0012 

Job No.: 4-40120 

LC-38 Diesel Spill 

LC38-0SPL-SB-001(34.0'-35.0') 

Soil Sample, Delivered by Client on 
01/08/04 

Percent Passing 
100 
100 
99 
97 
95 

90.0 
83.0 
78.4 
69.4 
64.9 
60.3 
52.8 
40.7 

#200 #80 #40 1110 

~m ~1 --t----i---ttt-tttt---.rr++H+ttt~t-t-""1"+-t+t't~-t-t-++-ttt-

~ m m +--1-~"i-H-j+-~~H+t+I~-+ 
~ ~,-7=t-++ttttt----l-+-+H+Hf-~1-t--t-+;~'"l-1-~l--I 
'Z 40 1 

~ T i I' 

a. 20 ! l ~' ! I 

o i ~ T ..... 1 ~-+!· .... '. • ~'-t-++++H+-~ 

0.001 0 .01 O.t 10 
GRAIN SIZE (mm) 

ASTMD-422 



"EO-iEST 
. ) . 

) 

GEO-TEST, INC. 
3204 RICHARDS LANI: 
SAMA FE. 
NEW MEXICO 
87507 
(000) 471-1101 
FAX (505) 471 -2245 

8528 CALLE ALAMEDA NE 
ALBUQUERQUE, 

NEW MEXICO 
87)13 
(505) 857-()933 
FAX (505) 857-0803 

2805-A LAS VEGAS CT. 
LAS CRUCES 
NEW MEXICO 
88007 

' 'i) 526-6260 
I (505) 523-1660 

February 2, 2004 

Mevatec Corporation 
PO Box399 Job No.: 4-40120 
WSMR, NM 88002 

PROJECT: LC-38 Diesel Spill 

SAMPLE LOCATION: LC38-DSPL-SB-001(39.0'-40.0') 

SAMPLE: Soil Sample, Delivered by Client on 
01/08/04 

SIEVE ANALYSIS (ASTM D-422) 

·Sieve Size 
318" 
No.4 
No. 10 
No.40 
No.80 
No.200 

Particle Dia. (mm) 
9.500 
4.750 
2.0000 
0.-4250 
0.1800 
0.0750 

. 0.0314 
0.0203 
0.0121 
0.0087 
0.0063 
0.0031 
0.0013 

100 

~ 80 

~ 
ii.i 60 +---+-<1--+-++>+H 

Percent Passing 

I 
I 

i 

100 
100 
100 
90 
84 
55~0 

44.9 
40.9 
35.6 
33.0 
29.0 
23.8 
18.5 

#200 #80 #.co #10 

I 

I/ 

I i -+-+-++ ..... t--i---i-t-+-+ l+t----i-->-+-H~ 

~ •'I 
D.. ! I ·1 ir' 
f- ~ V H'-++tii+--~-1-+++1+++--~ _I,, z -~ - ' ' .. ' ; '·-
w j' \.-' [/ ! 1-':1111 ' I • 

D.. 2G I - - ----.-+--+++H-1 ffi '-"'...- :'! 111 ! ;:·11 r · -i~~ t-Tl 
- i ! '. - ~J.W.~l : l _j___J_ 1· 

I ',• 'I ,: '. ··' 1 ~ ! ; I • ' 1 i l I I ! ; : i, I 0 . I • I. l . I I I 1 1• , I . 

0.00t 0.01 O.t 10 
GRAIN SIZE (mm) 

ASTM0-422 

Respectfully Submitted: 
GEO-TEST, INC. 

~'::::?-----



BEo-IEsT 

GEO-TEST. INC. 
3204 RICHARDS LANE 
SANTA FE. 
NEW MEXICO 
87507 
(505) 471-1101 
FAX (505) 471 -2245 

8528 CALLE ALAMEDA NE 
ALBUQUERQUE. 
NEW MEXICO 
87113 
(505) 857-0933 
FAX (505) 1157-{)803 

2805-A LAS VEGAS Cl 
LAS CRUCES 
NEW MEXICO 
88007 
(505) 526-6260 
FAX (505) 523-1660 

February 2. 2004 

Mevatec Corporation 
PO Box399 
WSMR, NM 88002 

PROJECT: 

SAMPLE LOCATION: 

SAMPLE: 

SIEVE ANALYSIS (ASTM D-422) 

Sieve Size 
3/8" 
No. 4 
No.10 
No.40 
No. BO 
No.200 

Particle Dia. (mm) 
9.500 
4.750 
2.0000 
0.4250 
0.1800 
0.0750 
0.0309 
0.0198 
0.0116 
0.0082 
0.0059 
0.0029 
0.0013 

Job No.: 4-40120 

LC-38 Diesel Spill 

LC38-DSPL-SB-001(49.0'-50.0') 

Soil Sample, Delivered by Client on 
01/08/04 

Percent Passing 
100 
100 
99 
97 
80 

49.6 
42.7 
40.1 
38.8 
37.6 
36.3 
32.4 
25.9 

GRAD NANALYSlS 

#200 #SO lJ40 #10 

0 ,001 0 .01 0 .1 10 
GRAIN SIZE (mm) 

Respectfully Submitted: 
GEO-TEST, INC. 



'.EC-iEST 

) 

GEO-TEST. INC. 
3204 R1CHARDS LANE 
SANTA FE, 
NEW MEXICO 
87507 
(505) 471 -1 101 
FAX (505) 471 -2245 

8528 CALLE ALAMEDA NE 
ALBUQUERQUE. 
NEWMEXJCO 
871 13 
(505) 857-0933 
l'l\X (606) 867--0803 

2805-A LAS VEGAS CT. 
LAS CRUCES 
NEW MEXICO 
88007 
-;')5) 526-6260 

Ix (505) 523-1660 

February 2, 20Q.i 

Mevatec Corporation 
PO Box399 
WSMR, NM 88002 

PROJECT: 

SAMPLE LOCATION: 

SAMPLE: 

SIEVE ANALYSIS (ASTM D-422) 
Sieve Size Particle Dia. {mm} 
1.5" 36.750 
1" 24.500 
314" 19.500 
1/2" 12.500 
316" 9.500 
No. 4 4.750 
No.10 2.0000 
No. 40 0.4250 
No. 80 0.1800 
No.200 0.0750 

0.0314 
0.0200 
0.0119 
0.0085 
0.0061 
0.0031 
0.0013 

O.D01 O.o1 

Respectfully Submitted: 

~---~~ 

Job No.: 4-40120 

LC-38 Diesel Spill 

LC38-DSPL-SB-001(52.0'-53.0') 

Soil Sample, Delivered by Client on 
01/08104 

Percent Passi119 
100 
85 
82 
n 
75 
71 
67 
60 
48 

30.3 
23.1 
22.4 
19.6 
18.2 
16.8 
13.3 
9.8 

«lllOll90 ..a 910 

0.1 t •• ... 
GRAIN SIZE (mn) 



Gec-iesT 

GEO-TEST, INC. 
3204 RICHARDS LANE 
SANTA FE, 
NEW MEXICO 
87507 
(505) 471 -1 IOI 
FAX (505) 471-2245 

8528 CALLE ALAMEDA NE 
ALBUQUERQUE, 

NEW MEXICO 
87113 
(505) 857-0933 
FAX (505) 857-0803 

2805-A LAS VEGAS CT. 
LAS CRUCES 
NEW MEXICO 
88007 
(505) 526-6260 
FAX (505) 523-1660 

February 2, 2004 

Mevatec Corporation 
PO Box399 
WSMR, NM 88002 

PROJECT: 

SAMPLE LOCATION: 

SAMPLE: 

SIEVE ANALYSIS (ASTM D-422) 

Sieve Size Particle Dia. (mm) 
318" 
No.4 
No.10 
No. 40 
No.80 
No.200 

9.500 
4.750 
2.0000 
0.4250 
0.1800 
0.0750 
0.0359 
0.0231 
0.0134 
0.0096 
0.0068 
0.0032 
0.0014 

0.001 

ASTM0-422 

Respectfully Submitted: 
GEO·TEST, INC • . 

0.01 

Job No.: 4-40120 

LC-38 Diesel Spill 

LC38-DSPL-SB-001 (59.0'-60.0') 

Soil Sample, Delivered by Client on 
01/08/04 

Percent Passing 
100 
100 
100 
99 
64 

20.7 
16.1 
12.0 
10.7 
9.4 
9.4 
8.0 
6.7 

ATION ANALYS S 

0.1 
GRAIN SIZE (mm} 

10 



) 

GEO-TEST. INC. 
3204 RICHARDS lANE 
SANTA FE. 
NEW MEXICO 

. 87507 
(50.'5)471-1101 
FAX (505) 471 -2245 

8528 CAill ALAMEDA NE 
ALWQUERQUE, 
NEW MEXICO 
8711~ 
(50.'5) 657-Q933 
FAX (505) 857-0803 

2805-A LAS VEGAS CT. 
LAS CRUCES 
NEW MEXICO 
88007 

. ~) 526-{)260 . 
" (505) 523-1660 

February 2. 2004 

Mevatec Corporation 
PO Box399 Job No.: 4-40120 
WSMR, NM 88002 

PROJECT: 

SAMPLE LOCATION: 

LC-38 Diesel Spill 

LC36-DSPL-SB-001 {69.0'-70.0') 

SAMPLE: Soil Sample, Delivered by Client on 
01/08/04 

SIEVE ANALYSIS (ASTM D-422) 

Sieve Size 
No.40 
No.80 
No.200 

Partide Dia. (mm) 
0.4250 
0.1800 
0.0750 
0.0060 
0.0044 
0.0022 
0.0010 

Percent Passing 
100 
98 

92.5 
BS.5 
80.0 
78.6 
74.5 

1200 ;f80 t40 110 
100 

I .Ir 
~ 80 
~ 
C!) 
z 
m 60 
<( 
a.. 
I-z 40 
UJ 
(.) 
et: 
UJ 
a.. 20 
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! \jJ~ .__ 
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I, I 
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I I i-- Ii ! . 

I l ! I I 

.. Jttt - I ! i I 

i i ! i Ji i 

. -1 --~ - _J __ , , I m1!r ! ! . I-+ . .. . , 
I I Ii I . . I .. ~ l I I Ii j l ! : ' 11 

·' · t-l·+t . 
I • . 'I' !I !ii i i : ! I d 

0.0001 0.001 0.01 0.1 
GRAIN SIZE (mm) 

ASTMD-422 
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I 

I 

i 
i 



BEo-iEsT 

GEO-TEST. INC. 
3204 RICHARDS LANE 
SANTA FE, 
NEW MEXICO 
87f/J7 
(505) 471-1101 
FAX (505) 471-2245 

8528 CAllE ALAMEDA NE 
ALBUQUERQUE. 
NEW MEXICO 
87113 
(505) 857-0933 
FAX (606) 857-0803 

2805-A LAS VEGAS CT. 
LAS CRUCES 
NEW MEXICO 
88007 
(505) 526-6260 
FAX (505) 523-1660 

February 2 , 2004 

Mevatec Corporation 
PO Box399 
WSMR, NM 88002 

PROJECT: 

SAMPLE LOCATION: 

SAMPLE: 

SIEVE ANALYSIS (ASTM 0-422) 
. Sieve Size Partide Dia. (mm) 
112" 12.500 
318" 9.500 
No. 4 4.750 
No. 10 2.0000 
No. 40 0.4250 
No. 80 0.1800 
No.200 0.0750 

0.0325 
0.0210 
0.0123 
0.0088 
0.0062 
0.0031 
0.0013 

D.ll01 

ASTM D-422 

0.01 

Job No.: 4-40120 

LC-38 Diesel Spill 

LC38-DSPL-SB-001 (75.0'-n.O') 

Soil Sample, Delivered by Client on 
01/08/04 

Percent Passing 
100 
98 
96 
95 
94 
90 

46.2 
37.2 
33.2 
30.6 
27.9 
27.9 
25.3 
21.3 

0.1 t 
GRAIN SIZE (mm) 

10 100 



) 

GEO-TEST, INC. 
3204 RICHARDS lANE 
SANTA FE. 
NEW MEXICO 
67507 
(505)471-1101 
FAX (50.5) 471-2245 

8528 CALLE AlAMEDA NE 
ALBUQUERQUE, 
NEW MEXICO 
87113 
(50.5) 857-Cl933 
~AX (505) 857.0803 

2605-A lAS VEGAS CT. 
lASCRUCES 
NEW MEXICO 
PllfJQ7 

\) 526-6260 
.I. (50.5) 523-1660 

February 2. 2004 

Mevatec Corporation 
POBox399 

. WSMR, NM 88002 

PROJECT: 

SAMPLE LOCATION: 

SAMPLE: 

SIEVE ANALYSIS (ASTM D-422) 

Sieve Size 
3/8" 
No.4 
No. 10 
No. 40 
No. BO 
No.200 

Particle Dia. (mm) 
9.500 
4.750 
2.0000 
0.4250 
0.1800 
0.0750 
0.0273 
0.0178 
0.0105 
0.0076 
0.0054 
0.0026 
0.0012 

Job No.: 4-40120 

~C-38 Diesel Spill 

LC38-DSPL-SB-001 (79.0'-80.0') 

Soil Sample, Delivered by Client on 
01/08/04 

Percent Passing 
100 
99 
99 
09 
93 

62.9 
47.4 
44.5 
41 .6 
39.7 
38.7 
34.9 
31 .0 

GRADATION XSIS 

#200 #80 #40 IJ10 

0 .001 O.Ot 0 .1 10 
GRAIN SIZE (mm) 

ASTM D-422 



bED-iEST 

GEO-TEST. INC. 
3204 RICHARDS LANE 
SANTA FE. 
NEW MEXICO 
87'3J7 
(505) 471-1101 
FAX (505) 471-2245 

8528 CALLE ALAMEDA NE 
ALDUQUrRQU[, 

NEW MEXICO 
87113 
(505) 857-0933 
FAX (505) 857--0803 

2805-A LAS VEGAS CT. 
LAS CRUCES 
NEW MEXICO 
88007 
(505) 526~260 
FAX (50.5) 523-1660 

February 2, 2004 

Mevatec Corporation 
PO Box399 
WSMR, NM 88002 

PROJECT: 

SAMPLE LOCATION: 

SAMPLE: 

SIEVE ANALYSIS (ASTM D-422) 

Sieve Size Particle Dia. (mm) 
315-

No. 4 
No. 10 
No.40 
No. 80 
No.200 

9.500 
4.750 
2.0000 
0.4250 
0.1800 
0.0750 
0.0336 
0.0214 
0.0125 
0.0089 
0.0063 
0.0031 
0.0013 

0.001 

ASTM~22 

Respectfully Submitted: 
GEO-TEST, INC. 

~ 

0.01 

Job No.: 4-40120 

LC-38 Diesel Spill 

LC38-DSPL-SB-001(89.0'-90.0') 

Soil Sample, Delivered by Client on 
01/08104 

Percent Passing 
100 
100 
100 
99 
73 

28.9 
24.2 
23.3 
21 .3 
21.3 
20.4 
18.4 
15.5 

ll200 #80 #40 

l I I ··l · ~tw 11 n 
! J. ~ i 

. : I 

0.1 
GRAIN SIZE (mm) 

ID 



1-..Eo-iesT 
) 

GEO-TEST, INC. 
3204 RICHARDS LANE 
SANTA FE. 

· NEW MEXICO 
87ff.J7 

. (505) 471-1101 
FAX (505) 471-2245 

8528 CALLE ALAMEDA NE 
ALBUQUERQUE. 

NEW MEXICO 
87113 
(505) 857-0933 
FAX (505) 857-0803 

2805-A LAS VEGAS CT. 
LAS CRUCES 
NEW MEXICO 
88007 

'\5) 526-0260 
.k (505) 523-1660 

February 2, 2004 

Mevatec Corporation 
PO Box399 
WSMR, NM 88002 

PROJECT: 

SAMPLE LOCATION: 

SAMPLE: 

SIEVE ANALYSIS (ASTM D-422) 

Sieve Size 
316M 
No.4 
No. 10 
No.40 
No.BO 
No.200 

Particle Dia. (mm) 
9.500 
4.750 
2.0000 
0.4250 
0.1800 

. 0.0750 
0.0273 
0.0176 
0.0103 
0.0072 
0.0052 
0.0025 
0.0011 

Job No.: 4-40120 

LC-38 Diesel Spill 

LC38-DSPL-SB-001 (96.S-97.5') 

Soil Sample. Delivered by Client on 
01/08/04 

Percent Passing 
100 
100 
100 
99 
92 

77.6 
68.4 
65.6 
62.8 
62.8 
61 .4 
57.2 
50.3 

GRADATION A YSIS 

#200 #80 #CO #10 

0.001 0.01 0.1 10 
GRAIN SIZE (mm) 

ASTM l>-422 
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APPENDIXF 

Contaminant Plume Models 



Figu re 3 

LC-38 
Geochemical Fence Diagram 

TPH DRO (ppm) 
Northwest View 
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Figure 4 

LC-38 
Geochemical Fence Diagram 

TPH DRO (ppm) 
Norheast View 
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Figure s 

LC-38 
Geochemical Fence Diagram 

TPH DRO (ppm) 
Southwest View 

TPH ORO 
110,000 

90,000 

70,000 

50,000 

30,000 

10,000 

Highoit Contaminant Conccntr.ttions 

Figutt 6 

LC-38 
Geochemical Fence .Diagram 

TPH.DRO (ppm) 
Southeast View 
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Figure 7 

LC-38 
Geochemical Block Diagram 

TPH DRO (ppm) 
> 10,000 ppm 

Northeast View 

TPH DRO 
110,000 

90,000 

70,000 

50,000 

30,000 

10,000 

Figu~8 

LC-38 
Geochemical Block Diagram 

TPH DRO (ppm) 
> 50,000 ppm 

Northeast View 

TPH DRO 
110,000 

90,000 

70,000 

50,000 

30,000 
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LC-38 
Geochemical Block Diagram 

TPH DRO (ppm) 
> 75,000 ppm 

Northeast View 

TPH DRO 
110,000 

90,000 

70,000 

50,000 

30,000 

10,000 

Figure to 

LC-38 
Lithology Fence Diagram 
TPB DRO Contamination 

Northwest View (above) 

Approximate lone of 
TPH Contamination 
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Figure 11 

LC-38 
Lithology Fence Diagram 
TPH DRO Contamination 

Northwest View (below) 
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Table F-1. TPH (ppm) Detections Compared to Sample Collection Depth Interval. 

··.····;<;~;~~:ifr-"~f(•1fi'''°""· !JH".02' .i SIH02 SB-001 ))epth Interval 
West-E1ut . · . . :Tll!h>'.t . ·c'i·c;;i . . . ' TPU , TPH ·" TPH TPH bgs 

• , \ I J\~,~~;~i~:it'.: ({~l.·6r~~l~~\{~~ ··. . _, ,, , ' ;999,36 ft 
.. · 999.70 ft 1,004.19 ft 1,002.63 ft 

1-2 ND 
2-3 
3-4 
4-5 1.4 16 
5-6 
6-7 59 ND 
7-8 ND 
8-9 ND 

9-10 14,000 1.8 6.1 
10-11 ND 27 27 
11-12 
12-13 
13-14 
14-15 ND 1.4 8.4 
15-16 
16-17 
17-18 11,000 ND 
18-19 
19-20 11,000 1.4 24 
20-21 ND ND ND ND ND ND 
21-22 
22-23 
23-24 
24-25 17,000 15 14 
25-26 
26-27 
27-28 ND 
28-29 
29-30 21,000 3.6 
30-31 ND ND ND ND ND ND 
31-32 
32-33 
33-34 
34-35 16,000 4.5 13 
35-36 
36-37 
37-38 
38-39 
39-40 14,000 ND 3.7 I.I ND 
40-41 ND ND 53 ND 53 
41-42 
42-43 
43-44 
44-45 21,000 5,200 0.8 
45-46 
46-47 
47-48 
48-49 
49-50 ND 10,000 ND 
50-51 ND 37 ND ND 37 
51-52 
52-53 
53-54 30,000 
54-55 24,000 21,000 27 
55-56 
56-57 
57-58 20,000 
58-59 
59-60 10,000 11,000 20,000 ND 5,000 20,000 26,000 ND 
60-61 ND 
61-62 120,000 120,000 
62-63 1,400 1,400 
63-64 26,000 38,000 
64-65 49,000 12,000 180 
65-66 
66-67 110,000 110,000 
67-68 170 70,000 6,800 
68-69 ND 
69-70 420 1,000 ND 39 23 1,000 160 
70-71 3,000 630 630 ND 
71-72 
72-73 
73-74 8,400 
74-75 ND 56 1.4 ND 
75-76 
76-77 
77-78 100 
78-79 76 ND 
79-80 2.2 ND ND 1.2 ND 
80-81 ND 
81-82 
82-83 
83-84 
84-85 ND ND ND ND ND 27 
85-86 
86-87 140 
87-88 
88-89 ND 
89-90 ND ND ND ND ND 
90-91 
91-92 ND 
92-93 33 
93-94 
94-95 ND ND 
95-96 ND 
96-97 ND 
97-98 ND ND ND 
98-99 ND 

99-100 ND ND ND 
100-101 
101-102 
102-103 
103-104 ND ND ND 
104-105 I.I 
105-106 
106-107 
108-109 ND ND ND 



Table F-2. TPH (ppm) Concentrations Referenced to Relative Elevations Where Detected. 

'. 

" :~D':'~~~;~;-
. 

'' N,- ·. 

S.8:-0Q7 B}J;o2 
,:: 

SB-Q02 SB-001 
Elevation · 'fl% .TPH TPH TPH 

I •·· . . ', ·' :'l,ij02,S, ft.· 
1

{:))!9~•1.~ ~ft .99~:36,ft 999 .. 70,ft l,004.19 ft 1,002.63 ft 
<;: ,:,,::::.:/.'-';"i,•o:•';'. ,' ,1/:/ ,I • 

1004 Gnd Sfc Gnd Sfc 
1003 Gnd Sfc 
1002 Gnd Sfc 
1001 ND Gnd Sfc 
1000 Gnd Sfc Gnd Sfc Gnd Sfc Gnd Sfc 
999 Gnd Sfc Gnd Sfc 
998 
997 ND ND 
996 
995 1.4 16 

994 
993 59 

992 ND ND 
991 14,000 

990 l.8 6.1 

989 
988 27 27 

987 
986 ND 
985 ND ND 1.4 8.4 

984 
983 11,000 

982 ND 
981 11,000 

980 t.4 24 

979 ND ND 
978 ND ND 
977 
976 17,000 ND 
975 ND 15 14 

974 
973 
972 ND 
971 21,000 

970 3.6 

969 ND ND 
968 ND ND 
967 
966 16,000 

965 ND 4.5 13 

964 ND 
963 
962 ND 
961 14,000 

960 ND 3.7 LI 
959 ND 
958 53 53 

957 
956 ND 21,000 
955 5,200 0.8 
954 ND 
953 
952 ND 
951 10,000 
950 
949 ND ND 
948 37 37 
947 
946 10,000 24,000 30,000 
945 21,000 27 
944 ND 
943 
942 ND 26,000 20,000 
941 11,000 
940 ND 5,000 26,000 
939 20,000 20,000 

938 
937 120,000 120,000 110,000 
936 110,000 49,000 1,400 38 000 1,400 

935 170 12,000 180 
934 
933 ND 
932 8,400 70,000 6,800 
932 420 ND 
930 3,000 ND 39 23 160 
929 1,000 1,000 ND 
928 100 630 630 
927 
926 
925 ND 56 l.4 ND 
924 76 
923 
922 
921 ND 2.2 
920 ND l.2 
919 ND ND ND 
918 ND 27 
917 140 
916 ND 
915 ND 
914 ND ND ND 
913 33 
912 ND 
911 
910 ND ND 
909 ND ND 
908 ND ND ND 
907 
906 
905 ND 
904 ND ND 
903 ND ND 
902 ND 
901 ND ND 
900 ND 
899 
898 ND 
897 
896 I.I 
895 ND ND 
895 
893 
892 
891 ND ND 

Gnd Sfc Ground Surface. 
ND Not Detected. 



APPENDIXG 

RBDMP Tier 1 Reports Forms 



: ;::,pjpszderable care was exercised in developing this sofnvar 
·. · RAM Group~ Inc. makes no warranty regarding the accurac 

t;: ~~all not be held liable for any damages resulting from its i. 
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COVER PAGE TABLE OF CONTENTS 

RESIDENTIAL EXPOSURES RESIDENTIAL EXPOSURES 

COMMERCIAL WORKER COMMERCIAL WORKER 

CONSTRUCTION WORKER CONSTRUCTION WORKER 

RESIDENT (CHILD AND ADULT) RESIDENT (CHILD AND ADULT) 

COMMERCIAL WORKER COMMERCIAL WORKER 

C:ONSTRUCl'ION WORKER CONSTRUCTION WORKER ) 

5 TIER l GROUNDWATER PROTECTION 6 TIER 1 GROUNDWATER PRO'l'ECTION 
WITH NO WAIVER PETITION WITH WAIVER PETITION 

( 7 1 TIER l APPLICABLE TARGET LEVELS 
( 8 TIER l RECOMMENDATIONS AND ) FOR VARIOUS MEDIA CONCLUSIONS 

( 9 REFERENCES AND PROTOCOLS ) 
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Tier 1 Report Forms 

Risk-Based Decision 

Making For Petroleum 

Releases At 

Underground Storage 

Tank Sites 

In New Mexico 

SITE NAME: Launch Complex 38 · 

SITE LOCATION: Nike Avenne 

SITE ID: . LC-38 . 

FACILITY ID:· White Sands Missile Range. 

SUBMITTAL DATE: March 31, 2004 

PREPARED BY: NeU V. Maimer 

REVIEWED BY: 

--

-



) 

1. Executive summary. 0 
2. Site conceptual exposure scenario. 0 
3. Justification for pathways complete and incomplete. 

Residential (child and adult). 0 
Commercial worker. El 

Construction worker. 0 

4. (',ompari~nn nfTier I RBST .s with representative site concentrations. 

On-site receptors. 

Resident (child and adult). 0 

Commercial worker. 0 

Construction worker. 0 
Off-site receptors. 

Resident (child and adult). 0 

Commercial worker. D ) 
Construction worker. 0 

5. Tier l groundwater protection - no petition for variance to WQCC standards required. 0 

6. 
Tier 1 groundwater protection - petition for variance lo WQCC standards required. D 

7. Tier I applicllblc tllrg.;t lcvcb for vruiows media. 0 

8. Tier 1 conclusions and recommendations. 0 

9. References and protocol. 0 



Maps 1-6 are part of14 Day Report and maps 7-10 are part of Investigation Report. Update and resubmit as 
appropriate. 

Note: Maps may be combined, as appropriate. 

1. TopollJ'llphic map. 

0 

2. Site map with UST system location(s), including tank ID number(s). D 

J Site map with utility loc:ations. D 

4. Land use map (radius of 1,000 feet). D 

5. Receptor survey map: with detailed land use in the vicinity of the site (at least 1,000 feet in the downgrndient 0 
direction and one property deep on all other sides including across the street). 

6. Area map with water use well locations: within one mile radius of the site (the wells on the map must be D 
labeled). Maps must also indicate the location of surface water drains including but not limited to streams, 
lakes and well head protection areas, within a 500 foot radius of the site. 

7. NAPL thickness contour map. D 

8. Area geologic map. D 

9. Groundwater gradient map: contoured map with the predominant flow direction from the most recent gauging D 
event (odd 1>dditional lllllp3 if the flow direction fluctuAk;;s). 

10. 

1 I. 

12. 

Soil and groundwater concentration contour maps showing boring and well locations and concentrations in 
each: for benzene, MTBE, total BTEX, and Total PAHs from the most recent sampling event. 

Map identifying the location of data points used to calculate representative soil concentrations protective of 
groundwater. 

Map Identifying POE(s) and POC(s): for both current and future conditions. 

ADDITIONAL MAPS: 

0 

D 

D 



Aattaehments land :2 are part of 14 Day Report and attchments 3-7 arc part of Investigation Report. Update and 
resubmit as appropriate. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Most recent UST system test results. 

Vapor screening results for utilities. 

Estimation ofNAPL present: Estimated thickness vs measured thickness ofNAPL. Include calculation brief 
for estimated thickness. 

Monitoring well construction diagram. 

Representative soil boring logs: cross-section(s) showing the stratigraphy of the site and the extent of 
contamination. 
Historical groundwater monitoring data for all the monitoring wells. Include any data collected from 
temporary wells or borings. 

Contaminant concentration and depth to groundwater vs. time graphs for wells with four or more sampling 
events. 

D 

0 

D 

0 

0 

0 

D 

8. Descril:>tion of the logic used in the selection of data for calculation of representative site concentrations. for on 0 
site and off-site media. Provide raw data selected and representative concentrations. 

9. Justification for the selection of POE(s), POC(s), and groundwater standards (MCLs vs. WQ!X standards). D 

ADDmONAL ATTACHMENTS: 

bboratory analytical teport(~)·not previously submitted'°· the depaitm~t .. 

) 



INEW MEXICO RBDM 

SITE ID: LC-38 FACILITY ID: White Sands Missile Range I 
SUBMITfAL DATE: 31-Mar-04 

Facility name: 

Facility address: 

Status of UST system: D Active 0 Inactive 

Ground surface condition: 
.. 

Estimated volume and type ofproduct(s) released: 31,000g(l!lo1111 of Diesel #2 

Has any vapor impacts been identified? 0 No D On-site 0 Off-!!ite 

If yes (check all that apply): 

Is soil contaminated? 

Is there any contaminant-saturated soil? 

Is groundwater contaminated? 

Has the source of release been identified? 

Has NAPL ever been detected? 

Was NAPL remove<.!? 

Was NAPL detected in the most recent sampling event? 

Has surface water been contaminated by the release? 

Shallowest depth to groundwater (ft bgs. ): 

Average depth to groundwater (ft bgs.): 

Has a drinking water supply well been contaminated by this release? 

If yes 

0 No further action under tier I 

0 Compliance monitoring 

D Utility corridor 

D No 0 

0 No D 
0 No D 
0 Yes D 
D Yes 0 
D Yes El 

D Yes 0 
D Yes 0 

23257 

2i5.75 

D Yes 0 
D Drinking 

D Subsurface 
structures 

On-site D 
On-site D 
On-site D 

No 

No 

No 

No 

No D Uknown 

No 0 Unknown 

D Irrigation 

0 Remediate to tier I RBSLs and WQCC standards to achieve no further action 

0 Perform interim remedial action and then re-evaluate 

0 Perform tier 2 evnluntion 

0 Petition WQCC for approval of alternative groundwater standards 

D 

Off-site 

Off-site 

Off-site 

D 

D 

D 

Above surface 
structures 

------

Suspected 

------
Suspected 

Other 



NEW MEXICO RBDM 

SITE ID: LC-38 

DMEDJA 

IAirVaton 
I 
I 

lsurficid Soil Wind EnioioWDispersiool 
Volatili2lllioo/Vapor M!gradon 

lsubsur"uce SoiiJ VolatiliutioWV;!pOf Migntioo 

l0rountW11tcr 

Volatilization/Vapor Migration 

DliJilW>ilWa1tt 

Con1anina.nl-saturated adl present? 

fN011aq\OOU5 phase liqllid. present? 

UtiJitici lhreatem:d '} 

Surfkc< Witcrs within a SOO (oat radius? 

Ecdo;ical Receptors'! 

Leachili:i io 1'1'0llndwa1~ 

·"-..,,_~ .. ~ 

r-

~ 
1:-C 
1--

YES NO 

00 
00 
00 
00 
00 
00 

TIER 1 REPORT FORi\l '\O. ! -SCES 

lnhalat!on (lndoon) 

Inhalation (Outdoors) 

Inhalation (vaport 4t par1i<ul•tts) and 
Denna! Coolact and IDgostioll 

lnbalation Qudoors) 

lnhal&tion (Outdoors) 

Donna! Cootact and Jnscalion 

b>hal&tion l)ndoon) 

lnhal&tion \Ouldooa) 

maestian 

- -- -

FACILITY ID: White Sands Missile Range 

CURRENT LAND USE FUTURE LAND USll 

I 
.j. .j. 

ON-SIT.E OFF-SITE 
I I 

+ + + + + + ~ + 

~ ~ j G 

~ ! 
.I 

:! i 
"' "' "' . < 

I ·j " j ~ 1 J t j ~ ~ "' ~ 
NA NA N> NA NA NA NA NA 

NA NA NA NA NA NA NA NA 

NA NA w. c I NAI NAI NAI NA' 

NA NA NA NA NA NA NA 

NA NA NA c NA NA NA 

NA NA NA c NA NA NA 

NA NA NA NA NA NA NA 

!IA NA NA NA NA NA NA 

MA NA NA NA NA NA NA 

[D Indicates potentially completed pathways 

NA Not appicable as per tile NMED policy 

NA 

NA 

NA 

NA 

NA 

NA 

I 
.j. 

ON-SITE 

+ + + + + 

:!! i ! ! 
~ Q ~ 

1 
8 

I 
n ';! 

~ .ii 
s <.> ~ ~ 

NA NA NA NA NA 

NA NA NA NA NA 

I NAI NA,NAI c I NA 

c c c NA NA 

NA NA NA c NA 

NA NA NA c NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

For coruttuction worker, no distinction is made between the surfi<ial and subsurface soils. 

\._,,jjii' 

+ 
OFF-SITE 

I 
.j. + 

~ ! 
"' " l 4 

~ 
NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

+ 

I 
·1 
d 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

·~ 



NEW MEXICO RBDM TIER 1 REPORT 

SITE ID: LC-38 I FACILITY ID: White Sands Missile Range 

I SUBMITTAL DATE: 31-Mar-04 --f PRiPAiiDBY:-:Nen V. Maimer I 
1;"·"- ,,. :•:··:1:· . 1 ~v '·•P ~· -1<1_:1, ;!: •• t'. i:!ff lJ.1..: • Hi.:~hittinlJ~rnill;i\uth\~Utf"':·.~~~:'•:1.1:.1i•iih1~1it1;1(mtHwhti111a1· u~t tE~, !H1!mm.1 ;, ~.!!..'•l 

ROUTES OF EXPOSURE 

SURFICIAL SOIL 

Ingestion, outdoor inhalatio1 of vapors and particulate matter, 
and dermal contact 

SUBSURFACE SOIL 

Indoor inhalation of vapors (only when depth to contamination 
is less than 15 ft bgs) 

GROUNDWATER 

Indoor inhalation of vapors (only when depth to groundwater is 
less than 15 ft bgs) 

Cl 
NC* 

NC 

NC 

NC 

Ingestion (only when groundwater is used, from an impacted 01·' . NC 

site well, for drinking ) 

SURFICIAL SOIL 

Ingestion, Outdoor Inhalaticn of Vapors and Particulate Mattei, 
and Dermal Contact 

SUBSURFACE SOIL 

Indoor inhalation of vapors (only when depth to contamination 
is less than 15 ft bgs) 

GROUNDWATER 

Indoor inhalation of vapors [only when depth to groundwater is 
less than 15 ft bgs) 

Ingestion (only when groundwater is used, from an impacted o'. 
site well, for drinking ) 

NOTE: 

NC 

NC 

NC 

NC 

CURRENT CONDIDONS 

JUSTIFICATION Cl 
NC* 

Site is i11rinactlvefuel storage tanl: closed from the general I.· NC 
public. 

Site Is a11 {n"crlve fuel storage tant cliJsedfro11r the geaeral c 
p~b/lc. 

Site is an ituzdlve fuefstorage umidosedfrom the general I · NC 
pubuc · · 

FUTURE CONDITlONS 

JUSTIFICATION 

Closed to pllblie. ·Located. on WS1111l whose 111 ission is support 
· of 1nl.~sile lelielopment 4lUI test pro:rams. 

Assuming 11 typical'co1isM1ctlon de1th iJ/ 15 feet, possible vapor 
migration iftiirectly1ltler source arta. 

Glosed!opublic. L0Cl!ted'<ii1 WSMR wl1ose 111issio11 is support 
of ini#!ie ~~pnl'ent and llJ$f pro:rams. 

Ne; . lfPS.co11te1!tof moretl1a1d,OOOmllligram:vperlitiir(mglL). No 
~~(R,gro1111th,llater or. agrlcultural .Tvppty wells located witllla a 

1mlltl .. HmP·•··· . .. . !. . .... .",;m..i, lj~;jfl,~!LJ~!fi.f;f!j!::;iiiit~rli~i1~.fig~;~~ .. i.~.1 .... ,.,\,, .. : ..... , . 

Soll coma111inatlo11 confuted to site. No residtmtiai offeite NC 
receptors witllill J 0 mile rad.iitS. · 

Soil co11tami1111tto11 cot1jlilt4 to siu, No reside11tiat ojfsiitl I NC 
receptors within a JO 111iie radius. 

·Depth to irou111Jwmrisover i.zofaei bgs. Reant sam~gj f!IC 
Jni!icateil no diesel co111111nliintion; .. 

No off-sit~ wells are impacted-; I NC 

Soll conta11Jinaiio11 confined to site. No residl!lltial ojftlte 
receptors with/11 IO. mlle radius. · 

Soil coiztmnlniztiqn ~njllied to si~ No resUJential ojJ'she 
. r~cepwn witl1b1 (I lo ·1i1J/e.radlus. 

· Conditl01is diiicribd· under "currer.t conditio11S"'ai·e expected 
to be.fi,a!ifl~f.n~f!l. 't/115/iJ~e. :ws~R will maintain 
· · · ittistt/ltlvil',Ca't/tti)l.ot:thesite adinflitltum. 
No-off"8ltif1t1ell~ ffj'ffj«fd f(} b~ U,1p1fcied. WSMR will 
nialntabi admlnMrailYe ';;ti;i1rol 0111*' iJu, range,: sifi! boundaries 
·1Pill re1n11in same as c1;rrent. 

'* C : Complete Pathway,_ NC : Not C:omplete _ ____ ____ _ Page ! __ of 



NEW MEXICO RBDM 

SITEID: LC-38 

ROUTES OF EXPOSURE 

SURFICIAL SOIL 

Ingestion, outdo~r inhalation of vapors and particulate matter, and 
dermal contact 

SUBSURFACE SOIL 

Indoor inhalation of vapors (only when depth to contamination is less 
than 15 ft bgs) 

GROUNDWATER 

Indoor inhalation of vapors (only when depth to groundwater is Jess 
than 15 ft bgs) 

Ingestion (only when groundwater is used, from an impacted on-ate 
well, for drinking ) 

NC 

NC 

TIERl 

JUSTIFICAflON 

Site is au i1utctive fiiel storage taut. c(osed from rhe general 
public. 

Site Is aa J11active jluJ storage t1111l dosed fro111 //1e ge11eral 
pub/k. 

NC 

c 

NC I.' Siteisaubuictlvefiu1$tiJragetiud:closedfrointhegenei,at, :1 NC 
publlc. · ·· · · 

NC I n>S co11tent of more than 8;000·1iflligr~nr,s.per litu (mglL°J... NC 
No potablt groull!fwlltef '" agricilltwal. iupp{v wells. located • l . . .. . .. 

JUSTIFICATION 

Closedto public.. Located on WS/lfR whose mb'!>ion is s11p110rtof 
missile derelopment aml U!stprograies. 

Assu111(11g i typical constructiou deplh of 15 feet, posslbl2 vapor 
mlgffziion if !ifrectly. over 1W11rce aren. 

Closed i1i/,iiii/jc •. ~iated 'On WSMR wliose mission is s11pporto/ 
11$sile.devel,opmeiit aiiil tesJ.progra111s, 

. ·.··. ;; · .... 

··:;: ;;~t:)~W~!·f;:~~h:?J ··,: :::~.'.:'.i'.!~l11WH1~hl~i~!l!lir'··:,··: Hinl~:~·l:~ . l!.Wll~~Ui.ti~fo •• :-cr-.:-·_r. 

Ingestion, Outdoor Inhalation of Vapors and Particulate Matter, and 
Dermal Contact 

SUBSURFACE SOIL 

Indoor inhalation of vapors (only when depth to contamination is less 
than 15 ft bgs) 

GROtNDWATER 

Indoor inhalation of vapors (only when depth to groundwater is less 
than 15 ft bgs) 

Ingestion (only \\hen groundwater is used, from an impacted off-lite 
well, for drinking ) 

NOTE: 
* C : Complete Pathway, NC : Not Complete 

NC 

NC 

NC 

NC 

Soil contaminriiion C>Jnjined to !>l'tt. No t'e!>ide111ial offtUe. 
receptoJS withi11 JO,mile rndi11.y. 

· · &iJ commiiina.tion CIJllfiJietl .to. sitt. No rosiilentlal off.site. 
receptors within 10 miJe riidiu$. · 

· bcpt/1tti,i1ounr{w11ter is over.220 feetbgs • .R.eceilt sampling 
hulicateJ 1io ·toHttu1d11a1ion. · 

No ojf..ilie wells are imp~cted. . 

·,_,; 

NC 

NC 

&ill ciiiitimmation·confuied to site. No residential i>ff.'iite 
reatptois 1iii~in, 10 mile radius. 

SoiJCimtu'll100!,tioii ''linfif!ed to site. No reslt/entW offsite 
receptors. Hlthi1I J0.m0e. radius. . 

NC I Cotiditio11s d{JScribeli 1mder "c11rre111 cotU/itilms" are expecJed ro 
be mab•tai•ed in /he.j111,,ra. . WSM R will maintai11 admhiistratii:e 

· t:Ontrol iJf'ihesiUuJd li1ilnitunt. 
NC · ·I No ojf..SliJJwtil/s IU",I!. ~CWl/to. be i111pacted. WSMR will 

· maintain adminlstrUtlvii.<Vintrol over t/1e range, site bo1111darles 
will remai11 same. as· current •. 

Page2of 

fr~ ,, 
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NEW MEXICO RBDM TIER 1 REPORT 

SITE ID: LC-38 I FACILITY ID: White Sands Missile Range 

/ SUBMITTALDATE: 31-Mar-04 PREPAREDBY: NeilV.Maimer 
:··~·::y\i;;!bli'.::~;!(':~·.>::-..: . '! 11 ~'t!~irif~~.i."l·f1 

ROUTESOFEXPOSURE 

SOIL WITHIN THE TYPICAL CONSTRUCTION DEPTH 

Ingestion, outdoor inhalation of vapors and particulate matter, and 
dennal contact 

GROUNDWATER 

Outdoor inhalation of vapois 

SOIL WITHIN THE TYPICAL CONSTRUCTION DEPTH 

Ingestion, Outd~or Inhalation of Vapors and Particulate Matter. 
and Dermal COii tact 

GROUNDWATIR 

Cl 
NC* 

c 

NC 

NC 

CURRENT CONDITIONS 

JUSTIFICATION 

Assumlug typlcilJ. c1111stntciio11 tlf[Jtll of.I 5 fut, possible 
vapor ai1dparticulat.e iniinltit,on;dermal contact •. 

/Jepth id groundwattr L' 11ver ZZC feet bgs; Jl11Cef!t sampli11g 
ind/cotes IUJ cimtamii111tlon. · · 

Source uot located offtlte. 

Cl 
NC* 

c 

NC 

FUTURE CONDITIONS 

JUSTIFICATION 

· Aii:iumiff,: t.>'Pi¢ construction depth of I 5 feet, possible 
vapor and particuiau l1il1aiati1m, dennal conl4ct. 

Depth togr11und111ater is. over 2.20 feetbgs. Recem ,fampllnz 
indicate$ no. contamiaatl011. 

NC · 1 · Source not liJCllted ojfsite. 

NC Source _uot located offsite. -, NC Sq1irce not /iJcat'lld ojfsiie: 
Outdoor inhalation ofvapo1s 

l'.iQill 
'" C : Complete Pathway, NC : Not Complete 
No distinction is made between surficial soil and subsurface so:l for a construction wo1ker within the zone of oonstruction since 
subsurface soil 1I1ay be brought to the surface durin!l construction/excavation activities. 

_;, 

Pa1:e 3 of -------



NEW MEXICO RBDM 

SITE ID: LC-38 

ln&CStioc.inhalatfon.and dermal contact 

CONTAMINANTS 

OF 

CONCERN 

ORGANICS 

Benzene 

Tolucoe 

1,2-Dichhroethane (E: 

MTBE 

Represertative 

canccntmUon 

[my'ls] 

POLYCYCLIC AROMA TIC HYDROCARBONS 

Accnaphthcne 

Fluoranthene 

Fluo~ne 

Total Na~hthalenes 

Phenanthrene 

Pvrene 

METALS 

Lead 

t!Qm 

Enter lhc reptuentative conccnlrotion and indutc:. 

NIA: Not applicable 

IWSLs 

[mWJ<g] 

>RES: Cillculaled RBS!.i exceeded residual soilsaturadon level 
>SOL: Calculated RBSLs exceeded pure compcnent water soJubiity. 

TIER 1 REPORT 

lldoor i1.1halation CJf vapors 

RBSl.s 

I 
~.c.;u;ci;,llli 

or I cgncent'.ition 

I 
or 

NE/Not ltxceeu 
[mg/<&] [mWJ<g] NE/Not EX<eeds 

66.;2 2.07E-02 I E 

tS30S7 !.BBE+oo E 

122663 3.69E+ot >RES E 

15020S 2.S9E+oo E 
N/A.. l.21E-03 

. . NIA.. 2.148-02 

Nii. 1.071!+01 

SS8520 2.S7E+03 >RES E 
NIA l.91E+o5 >RES 

NIA 1.41B+<M >RES 

NIA 1.72E+<l6 >RES 

NIA· 3.29E+o3 >RES 

NIA I 4.39E+OS >RBS 
' 

NIA l.14B+o5 >RES 

NIA 6.40E•06 >RES 

'.·NIA 2.JJE+oS >RBS 

225288. 7.63E+o3 >RES NE 

430.)6 3.4SE+O\ >RES E 
249682, 4.63E+o3 >RES NE 

597037 3.89E+OS >RJ;S NE 

R.r,.restnraii\lt cntlce11tra1k,n i$· Soll, To/11011~; I5J0.S? 

Grownd1_"i;Uttr: . 

This c:ompartldve evaluation is pcr(onncd automaically after the wcr lw completed Report FolTO NoJ and entered d»t representative O)bcentradon on this form for comphte pathwa)S. 

,,_,_,. 

Indoor lnhalatiol of vapors 

I RBS!.s 
concentratioa 

[Jl&IL] I [µg/L] 

EIE•eeeds 
or 

NE/Not Exceeds 

lnge&tlon 

Concenlraticm 

111 lhc tap 

[µg/L] 

MCL 

[µg/L] 

or 
NE/Not Exceedi 

Patel of-----

,.._) 



NEW MEXICO RBDM 

SITE ID: LC-38 

CONTAMINANTS 

OF 

CONCERN 

ORGANICS 

Benzene 

Toluene 

EDB 

1,2-0ichloroethane (EDC) 

MTBE 

Rtpl'<'Cllllltive 

COllC<llllalion 

(mykg] 

POLYCYCLIC AROMATIC HYDROCARBONS 

Acenaohthene 

Benzo(k)fluoranthene 

Chrvsea.e 

Dibenzj·a-h)anthraccne 

Fluorantheoe 

Fluorene 

Total Naohthalenes 

PhenanUrrene 

ene 

METALS 

Lead 

fillIL 
En1eT lh<: representative cClCCl1Jration and iidica1e. 

RBS!.s 

[mg/kg] 

R.tpri:-.i1."1ll:Ui\'U ct.:ncenteul.ioo is: 

TIER 1 REPORT 

Indoor iMaloJioloCvapon; 

Representative 

ccn:entralion 

{mg/kg] 

r,,u, 

RBSLs 

(mg/leg] 

or 
NE/No< Exceeds 

FACILITY ID: White Sands Missile Range 

PREPARED BY: Neil V. Maimer 

Indoor lnhalati>n oC vapors 

Rcprcsenlalive 

concentration 

[Jl.WLJ 

RBSLs 

{µg/LJ 

E/Excecds 
01 

NE/Not hceeds 

I· OH\I - - RESIDE\!' --------- - --

Ingmion 

C011GC1lltation 

al the lap 

[µWLJ 

MCL 

[µ8/LJ 

.,,.,1.;1:;·,~~·~' 

or 
!'IE/No< Exceeds 

Pa1:e 2 of ____ _ 

NIA: Notapplicahle '.inUJJUhvt.1r: 
>RES: Cal<ulalcd RBSLs cJO:Cededresidual a•l saturation levci -====----=---------------------~------------------
>SOL: CakulKled l\BS!.o oiu:c:cdod pure <ODllCD ... wait!' 50ltbility. 
This ..,,,,,,.,,mvc cvalualion io pcrfbrm<d alllOO>alically all<l lbcuscr has complel«I RcpOrt Pono No.3 and mtored 1he rcprcseala!ivccooccnlraUon on thi> fl:>ltn for~ pathways. 



NEW MEXICO RBDM 

CONTAMINANTS 

OF 
CONCERN 

ORGANICS 

Benzene 

MTBE 

Represeatative 

conceuntion 

[ms'ksl 

POLYCYCLIC AROMATIC HYDROCARBONS 

thracenc 

Fluoranthene 

Ftuorcne 

Totnl Naohthalencs 

Pbenanthrcne 

METALS 

Lead 

Jmll;. 

Enter the represcmativc COJcentrarion and indicate. 

NIA• Nouppli<>ble 
>RES' CabWllOd IUlSLs -.dod ,..idua] soil 1atwi1rioo level. 

IUlSLs 

rnwkgJ 

>SOL: Cakulalod RBSLs "'=led""'°.....,....... water IOlubilty. 

TIER I REPORT 

fndoor inhalation o( \1lp01S 

R-~:r:l.s or I concomratioo 
NE/Not Ex.cells [nWksJ [mglks] 

66.32 1.2Sl!-OI 

1530.57 2.0SE<-01 

1226.63 4.o2B+()2 >R.E3 

1502.05 2.82E<Ol 

WA 3.49E-02 

NIA 9.12E-02 

NIA 1.17B<02 

5585.20 2.81E+o4 >Rl!.S 

WA 2.088<06 >Rl!.S 

WA 6.00ll+04 >Rl!.S 

NIA i 7.JJE-+-06 >RES 

NIA I l.40B+o4 >Rl!S 

NIA 1.87E<06 >RBS 

NIA 4.84E+os >Rl!S 

NIA 2.72E+()7 >RES 

NIA 2.HE+()6 >RES: 

2252.B& 8.!JE<-04 >RES l . 
4;().06 3.76E+()2 >RES~ 

2496.82 5.04E+04 >RES 

5910.31 4.l4B+06 >RES 

ReprtStllitlri~t: Q.llc;cntr;1tion is: Soll: 

Growtdwawl'.' . 

or 
NE/Not lxceedl 

E 

E 

E 

E 

NL 

NE 

E 

Nl 

NL 

To/U4U~; ~JJ0.$1 

Tbls ~ cv•Ju.IQ, It performed &Ulooradcally oft« thc UICI' ha.I complcW!Rq>ort Fonn No.1 aod CIU....i the nprcsmladvo-.U... on this f'orm for complete p.thways. 

'"-"' 

Indoor W..laliiln olvap<n 

RBS Ls 
concentration 

[µglLJ (µg/LJ 

l!thc1ap 

[µWI.) 

MCL 

[µg/L] 

E/Euee<b ... 
NE/NolEX<eedl 

Pal(e 3 o.f -----
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NEW MEXICO RBDM 

CONTAMINANTS 

OF 

CONCERN 

ORGANICS 

Benzene 

l,2-Dichloroethane (ED'-

MTBE 

Represen1u.tive 

co~cntration 

[mgllq:] 

POLYCYCLIC AROMATIC HYDROCARJ!ONS 

AcenaPl>Ulcne 

Anthraccne 

Fluorantlene 

Fluorcne 

Total N111>hthalenes 

Phcnantl'.rcne 

Pvrene 

METALS 

Lead 

fillllr 
Enter the tcpresentative con:enttation and indicate:. 

ltBSLs 

[mg/leg] 

TIER l REPORT 

ln:loorinl>alalionorvapon 

or 
NE/Nol Ex.ceecil 

concentration 

[mgkg] 

Ri.·~m:s~'ra1i·•;e conetntr.llfon i,.. 

RBSLs 

[ffi&'kg] 

So;/.-

or 
NEII"ot Exctcdt 

Indoor lnhalAl!on orwpon 

RBSLs 
con"°lratioa .,. 

NE/NotE•ceedl 
[JlW!-] [i'&'LJ 

lne;cstio1 

Concentration 

•I tho tap 

[µgll..] 

MCL 

[µall.] 

or 
NE/Not E.xceeW 

Paf(e 4 of -----

NJA: Not-wlicable Gro11tulwa1er: .. 
>RES: C.lculatcdRBSLs~resld"'11soilsaturalion level -------------------------------------"---------------

>50L: Calculated RBSLs w:ieded puro CO<lij)OIMOll wol<r solubAlly. 
This compantivc evaluation it )«formed auaomatically after lbe user has completed Report Form N•.3 and entered t1u ~ve conconcratiou oa dlis form for complete pathways. 



NEW MEXICO RBDM 

SITE ID: LC-38 

lnge&tioa. mhalation.and d<nnal wntael m:~:m::'!!'l~\!~11!'.l!~!I!!! Outdoor inbaJaliOllof vapors 

CONTAMINANTS I :l~il1tf1iiliihi\tc[lii;:i':.;:::! 
OF I Repres~:1.tive 

I RB Su 

I 
E/Exce<dl 

RepresCPtative 

I 
RBSl.s 

CONC~RN conccntntion or ~ I UT 

[mgllcg] ~ !m&'ksl NE/Not E.xceeds [µglLJ [fl&'LJ NE/No< Exceeds 

joRGANICS 

BeJZene 66.31 1.6~2 NE 

Tollene 1530.!7 6.31&+-03 >RES NE 

Ethvlbenzene 1226.03 5.91E+o3 >RES NE 
1502'~5 8.00E+o3 >RES NE 

Ethvlcne Dibromide (EDB\ NIA 6.l!E-01 

1.2·Dichloroethane (EDC) NIA 1.31E-+-02 

MlBE NIA 3.T:J!-1{)2 

POL'\'CYCUC AROMATIC HYDROCARBONS 

Accnanhthcne I 5585.20 l.lre+o4 >RES I NE 

Anihracene I NIA 9.91&+-04 >RES 

NIA 4.1!E+o2 >RBS 

NIA 4.2!&+-01 >RES 

NIA 4.lls+ol >RES 

NIA 4.2~1!i-02 >RES 

NIA 3.91E+o4 >RES 

NIA 4.3<E+ol >RES 

FlUJranthcnc NIA l.6~E+Q4 >RES 

Fhnrene 2252.18 l.Hl!+o4 >RES NE 

Tola! Naohthalencs 430.05 3.2'E+Q3 >RES NE 

Phmanthrcne 2496.12 7.S'<E+-03 >RES NE 

~ 
ssrro.;1 l.24E+04 >RES NE 

METALS 

Lellll 

.wm. Pa1:e 5 of------
Enta the ropn:scntalive concentration and indicotc. RtprcscnlJlivC' 1.Dl'lCl~:\lit.ut is: S.U: 

NIA: Not applkablc Grcuflllwau11:: 

>RES:CalC\llatcd RBSl.s exceeded residlal soil saturation level. 
>SOL: Cak:ulaled RBS!.s cxcooded pwe companelll walOr solubility. 
This conparativc evlllWllion is performed automatically afta lhe user hos COl!IPletcd R<pon Fam No.J and ent<rcd 1hc TC(J!Qontlcivc coo:entrati<n cm this form rorcocnpletc ~ 

'._l u 



NEW l\IEXICO RllDM TIER 1 REPORT FORi\I NO . .J - COi\STIU CHON \\'Ol~KEI 

SITE ID: LC-38 FACILITY ID: Wblte Sands Missile Range 

SUBMITTAL DATE: 31-Mar-04 I PREPARED BY: Neil V. Mainer 

111111111111111111·i··~·oo;~·-:w··~i··1 .. ~··:~·.w··-.1··~;.w··:w:::m'<~:··1-~tt;~-;~· .. ~1~1:·:::::::~1~~tm~1-~fili~rtm1~1it~~t!~1~~T.~-~!P-~~~~~~ 

IDgCSlion, !nhalatial,and dermal coiuct 

CONTAMINANTS 

OF 

I 
Representative 

I 
RBSLs 

CONCERN concentra1i011 

;m&'Jr;] [mgi\g] 

ORGANICS 

Benzene 

Toluene 

Ethyllr.nzene 

Xylene• (Total) 

EtllYlelle Dibromide (IDB) 

1.2-Diehloroethane /R'I(') 

MTBE 

POLYCYCLIC AROM4.TIC HYDROCA.RBONS 

Accnaghthcnc 

Anthracene 

Benzo(a)anthracenc 

Benzo(a)ovrenc 

Benzo(b)fluoranthene 

Benzoik)fluoranthene 

Chrvsme 

Dibel12(a-hlanthracene 

Fluoranthene 

Fluorelle 

Total Naobthalenes 

Phenanthmnc 

Pvrenc 

META.LS 

Lead 

E/Exceeds 

I 
Reprosentarive 

! 
i or concentration 

I NE/Not Exceeds 
[µWI.) 

GROUNDWATER 

Outdoor lnbalalbn ofvaJ>O" 

B.BSLs 

(µ&'!-] I 
EJExceedJ 

or 
Nt/Not Exceeds 

!&ml Page 6 of ------
&1crth:rqll'OS<l>tativec-.li<>nand indicalc. R<jJCSC111ati«C<>lTl<Clllll!ion is: --:i;,,_;t_· -:--'--.;,';"""."""---------------------..----------

N/A: Na applicllble GrJundwuler: 
>RES: CatulalcdRBSLsmcecledresiduallOil"1!Unllionlcvcl. -------------~--~---------------------

>SOL: cakulalcd RBSLs me<dcd pure -r-cm w- solability. 
This companrive ovahWion is performed autcmatically after IN user has oompldcdR.eportFonn llo.3 and ....,,edll>< reprcsculali"' ccnc:clllnlicn ailllis tbnn fbrccrtplote pat!lwl)'I. 



FACILITY ID: White Sands Missile Ran.ge 

COMPARISON FOR SOURCE SOIL n COMPARISON FOR GROl:NDWATER 
II 

MW-1 MW-l MW-3 MW-4 MW-5 MW-6 MW-7 MW-8 MW-9 MW·lO 

Source I RBSLso &'Exceeds Receat# 'llJ:cent' R=nt" R.eanl Recenl RJ:COJl Recent" Recent# Reaml ~t#I WQCCstd. 

I 
E/E"""eds 

CONTAMINANTS OF CONCERN! rep. cone.* or Bqrtrmax. 8 qrtrrmx. Bqrtrmax. 8 qrtr max. 8 qrtr max. 8 qrtrmax. Sqrtrmax. 8 qrtr max. B qromax. 8 qrtrmax. orRJSL or 

[mg/kg] :mg/kg] NEJNot E.tceeds [µ&'LJ [µg/L] [µg/L] [µglL) 
NE/Not Exceeds 

(µg/L] [µg/L) (µgll.] [µg/L] [µg/LJ [µg/L] [µg)LJ 

ORGANICS 

Benzene 66.32 NE 
1530.57 NE 
1226.63 NE 
1502.0S NE 

NIA 

1.2-Dichloroethanc (EDC' 1 NIA 

MTBE I NIA 

SS8S.2 NE 
NIA 

NIA 

ene NIA 

Benzo(b )tluoranthcnc NIA 

Beuzo(k)tluoranthcnc NIA 

Chrvscne NIA 

Dibenz(a-h)anthracene NIA ';. ·' 

Fluorauthenc NIA .- ... · ... 

Fluorene 2252.88 NE 
Total Naphthalenes 430.o<i NE 
Pbenanthrene 2496.82 NE 
Pvrene 5970.37 NE 

METALS 

Lead 

NOTE: Paf(e I of -----
* Smuc:e rt·11f~en: .. t1i\·( cont,tntrntion is: 

** Back-calculated ltom WQCC groundwater standards for distance to POE-0 (from Table 4-IS of the Guidance Document) 

# Tue reprcscmati•e concentration in each monitoriing well should be Ute maxinnm for Ute most recent 8 consecutive quartcrJ, unless othervise approved. 

NIA: Not applicable 

This comparative cvaluatim is performed automatically alb:r the UJCf bai lnpnt represellllltive concentrations Dnd W]!et levels for soil and reprcaenllllive conocntiatlon1 for grouadwater. 

I \ 
\.IJ;.,,, .... ,,)· \._I '-" 



NEW MEXICO RBDM TIER 1 REPORT FORM NO. 5 
- --

SITEID: LC-38 FACILITY ID: White Sands Missile Rang' 

SUBMITI AL DATE: 31-Mar-04 PREPARED BY: Neil V. Maimer 
11•;!j; h:i!l~!!~:/!h1 :i:~~~+~;-• . ',:,.~ .. :: :;~:111i: 

COMPARISON FOR GROUNDWATER 

MW-11 MW-12 MW-13 MW-14 MW-15 MW-16 MW-17 MW-18 MW-19 MW-20 MW-21 MW-22 MW-23 

Recent# Recenl Recenl Recent' Rl:cent# Re:,ent* Recent# ~l Recent# Recent' 'RJjcent# Recenl Recenl 
CONTAMINANTS OF CON CERNI 8 qrtr max. 8 qrtrmax. 8°qrtrmax. 8 qrtrmax. 8 qrtr max. ! 8 qIT max. 8 qrtr max. 8 qrtr max. 8 qrtr max. 8 qrtr max. 8 qrtr max. 8 qrlr max. 8 qrlr max. 

! 
(µg/L] [µl'fi.J I (µl'fi.J [µl')L] ~1~ ~ ~ ~ ~ ~ ~ ~ 

ORGANICS 

Benze~e 

1,2-Dichloroethane IBDC 

MTBE 

POLYCYCLIC AROMATIC HYDROCARBONS 

Acenaphthcne 

Anthracene 

Dibenz!a-h )anthra~ne 

Fluorarthene 

Fluorere 

Total l'iaohthalenes 

Phenarthrene 

Pvrene 
METALS 

Lead 
NOTE: 

NIA: N:>t applicable 

# TI• representatwe concentrations in each rnonitoriing well should be tho maximum for the most recent 8 consecutive quarters. :mless otherwise approved. 

This compuative evaludon is performed autnmatically after the user has input the representative concentralions. 

WQCCstd. 

orRBSL 

IJle/LI 

E/Exceeds 
or 

NE'Not Exceeds 

Pal(e 2 of ------



NEW MEXICO RBDM TIER 1 REPORT 

SITE ID: LC-38 I FACILITY ID: White Sands Missile Rance 

l SUBMITIAL DATE: 31-Mar-04 PREPARED BY: Nell V. Maimer ---~-· l 
....... ~. ~: /· ,~. ·I 1 · • ·,·· ·";· 1 ·:~- . : ..... ·~~: ... :·:u·:~.:'..~!r;~.a1~m~wnµ.1;11~1;1m;~~;:i1~1m~11m~~~Hit~rn:~·1~Liiill~~~;1:::: 

COMPAIUSONFORSOURCESOIL 

COMPLIANCE WELL NUMBER 

DISTANCE FROM SOURCE 

RECENT TREND 

Source 

CONT A!llINANTS OF CONCERN! rep. cone.• 

[mglkg] 

ORGANICS 

Benzene 

Toluene 

Ethylbenzcne 

Xylenes (Total) 

Ethylene Dibromide(EDB) 

1,2-Dichloroethane (EDC) 

MTBE 

NIA 

NIA 

NIA 

R.BSLs** 

[mg/kg] 

POLYCYCLIC AROMATIC HYDROCARBO:"<S 

Acena~hthenc 

Anthracene 

Benzo(a)anthracene 

Benzo(a)tl'lfene 

Benzo(b )fluoranthcne 

Benzo(k)fluoranthcne 

Chrvsene 

Diben21 a-h)anthracenc 

Fluoranthene 

F1uorene 

Total Naphthalenes 

Phenonthrene 

Pvrene 
METALS 

Lead 
NQll; 

E/Excetds 
or 

NEIN ot E:iceeds 

Distance from source to.Point of Exposure (FOE) -

# 
leceot 

8 irtrmax. 

[µgll..] 

1 
I 

lUlSLs .. ) 

[µ!¥LJ J 

E/Exceedl 
or 

NEINot Exceeds 

COMPARISON FOR COMPLIANCE WELLS 

Rt£enl 
8 qnrmax. 

[µ!¥LJ 

RBSLs*" 

[u!¥L] 

l!JExceeds 
or 

JIEINotExcee<is 

1 · 

Recenl 
8 qrtrmax. 

[µg/L] 

RBSLJ** 

[µg'L] 

R/Exceeds 
or 

NE/Not Exceeds 

PaRe 1 o.f ____ _ 
* Sourt"~ rc1lrftscnMiv<: concentration hi: ** Back.calculated from WOCC staadards usinu tier 1 default Parameters. 

# Tho representative concentratio111 in each co1DJJ!iance well should be the maximum for the 111a1t Rl<:ent 8 coruecutivc quarteis. unless oth=is• approved. 
NI A: Not applicable 

This compilllllivo evaluation is pcrfbrme<l automatically after the user hu input the rep-eaentative conceDtr1ltions and the target levels. 

~ w 



NEW MEXICO RBDM TIER 1 REPORT 

SITE ID: LC-38 

I SUBMITTAL DATE: 31-1\Iar-04 PREPAREDBY: NellV.Maimer I 
l;'.;:1::;;.:~;::;J;;~:~::'.: 1 ~:~~~~;;:;::.i1i;;:~~irnm;:i~t~t~;;:fonH1~i.'.ii::r~'.i;1ii1~n;m1!w.: 

Distance to Pomt ofE11pOS1m (POE)• 

COMPARISON FOR. COMPLIANCE WELLS 

COMPLIANCE WELL NUlrlBER 

DIST ANO: FROM SOURCE 

RECENT TREND 

Recenl 
CONTAMINANfS OF CONCERN! E qrtr wax. 

(µglL] 

ORGANICS 

Benzene 

Toluene 

Ethvlbenzene 

Xvlentll (Total) 

Ethvlene Dibromide (EDB) 

1,2-Dicnloroethane (EDC) 

MTBE 

RBSLs** 

[µglL] 

POLYCYCLIC AROMATIC HYDROCARBONS 

Acenapnthene 

Anthracene 

Benzo< a)anthracene 

Benzo( alDwene 
Bcnzo(b)fluoranthene 

Benzo(k)fluoranthcnc 

Chrvsene 

Dibenz(a-h)anthracene 

Fluoralllhene 

Fluoren: 

Total Nauhthalenes 

Phenanthrene 

Pyrene 

METALS 

Lead 
NOTE: 

. E/Exceeds 
or 

NE/Not Excetds 

** Back-calculated from WQCC standards using tier I default parameters. 

F.ecenl 
8¢rmax. 

)lg.IL) 

RBSLs** 

[µglL] 

EIE:u:eedl 
or 

NFJNot Exc1edJ 

# The representative concentrations in ench compliance well should be the maximun for the lllOit iccent 8 consecutive quarter&, ll!lless otherwise approved. 

NIA: Not applicable 
Thi$ comparative ovaluatiCJI is performed automatiC!llY atb:r the UJCr ha-; input the reposentative conc:ntralions and lbe target levels. 

F.=nl RBSLs** 
S qrtrmax. 

[~glL) [µglL] 

E/Excee<ls 
or 

NFJNot Exceeds 

Reemt# 

8 qrtr max. 
[~] 

RllSI.5** 

(µj/L) 

E/Exceed• 
or 

NE/Not Exceeds 

Paf{e2 ~( ______ _ 



NEW MEXICO RBDM TIER l REPORT 

SITE ID: LC-38 FACILITYID; White Sands Missile Range 

NOTE: The RBSLs listed in this table, for each route of exposure, are the lowest of the RBSLs for all the receptors for that particular route of exposure. 
The annlicable target levels for each medium would be the lowest of the RBSLs listed in this table. 

CONTAMINANTS OF CONCERN 

ORGANICS 

Benzene 

DB! I 

MlBE 

SURFICIAL SOIL 

Ingestion, inhalation, and 
dermal contact 

[mg/kg] 

ON-SITE OFF.SITE 

\.67E+02 ---
6.31E+-03 ---
5.98E+03 ---
8.00E+03 
---
6.!9E-Ol 

!.30E+o2 
---
3.77E+oZ 

POLYCYCLIC AROMATIC HYDROCARBONS 

Acenaohthene 1.16E+o4 ---
9.96E+o4 ---
4.19E+OZ ---
4.28E+OI ---
4.IOE+o2 ---
4.27E+oz ---
3.99E+o4 ---

1thnce11e 4.32E+ol ---
Fluoranthene 1.60E+04 ---

l.IOE+o4 

SUJSURFACE SOIL 

llldoor inhalation Indoor inhalation 

[mg/kg) [Jlg/L] 

ON-S:TE OFF·SITE ON-SITE I OFF-SITE 

2.07E-02 

1.88.&00 

3.69.&01 

2.59B-OO 

8.21E-03 

2.14E-02 

l.07Et01 

2.57Et03 

9.96Et04 

4.19Ei-02 

4.28l!f-Ol 

4.\0Er02 

4.278!-02 

3.99E+04 

4.32EKll 

1.60Ei-04 

7.638!-03 

GROUNDWATER 

Outdoor imalation 

[µg/L) 

ON-SITE I OFF-SITE 

Ingestion 

[µg/L] 

ResoUJCe 
protection 

[µg/L) 

FORl\I NO. 7 
- -- -

GROUNDWATER PROTECTION 

Soil concentrations 
protective of 

grOWJdwater ·no 
petition requin:d 

[~g) 

Soil concentrations protective 
Df groundwater ·petition 

required 

[mg/lg] 

---Fluorcne 
-+-----+----+-----1-~----'f--~~~-+--~~-+-----1-----~--t-~~-~------l 

Tolal Naohthalencs 3.23E+03 3.45EKll ---
Phenanthrene 7.90E+Ol 4.63Ei-03 ---
p l.24E+o4 l.24Ei-04 

METALS 

l.c1d 
NIA: Not applicable 

\_, \...,,,, 



NEW MEXICO RBDM TIER l REPORT 

SITE ID: LC-38 I FACILITY ID: White Sands Mhsile Range 

SUBMITTAL DATE: 31-Mar-04 I PREPARED BY: Nell V. Maimer 
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INEW MEXICO RBDM TIER 1 REPORT 

I SITE ID: LC-38 I FACILITY ID: White Sands Missile Range I 
SUBMITIAL DATE: 31-Mar-04 I PREPARED BY: NeilV.Maimer 

1. Has the site been adeqliateiy investigated and char4cterited? 

Yes, see report 

1. llas,ll/APL b~en removed? 

3. Is the groumfwa_ier plmne Sta.hie· or shl'inki1tg, basea on the concentratio11 tre11d plots? . 

-~''------''------'--------~------,------I 
No contamii"u>ilts have been fo1111d in the groumflvaier flt. tlus site. . 

4. Ari 011csite soil and..groimdwtiter concentrations protective of current and reasonable. fwure on-site receptors? 
) 

Yes, u;iless a. contfacoteifitcility were build directly. ·ove1· the sou1·c£ area, or there is ii "land me Chang~ in .thefnture.Wl1kh 
wo11td allow. con,¢':uCtion ofresidenci!s directlyizbove the·s~uree area. . . . . . 

. . . . ' . . 

5. Are off-site soil and gro1111d1vater cuncentrations prutective of current and 1·easonable filture off-site.re~ptors'! 

·Yes, ail cuntamin"ation L,. co12jlned to the site. 

6. Are soil concentt·atlo11s protective. of gro1mdwaJer? 

- -- -··-···- ·--··----,----------------------------
]'es, the unsaturtUed soil c0njlg11ration is 55 whlclt 1rould not allow c.ontamination to reach groundwater in 40.yean or 
longer. 

7. Are groundwater concentrations. below the ttpplicable standards? 

Yes, groundwater contamination was m1f found at this site-

Pa2e 1 of ____ _ 



INEW MEXICO RBDM TIER 1 REPORT -kht§MIMI 
I SITE ID: LC-38 I FACILITY ID: White Sands Missile Range I 

SUBMITTAL DATE: 31-Mar-04 I PREPAREDBY: NellV.Maimer I 

8. Is a waiver petition for alternative groundwater pro~ection standards recommended? 

No. 

9. ls conipliance monitoring of gro1mdwater recommended? 

No. 

10. . ls an interim remediatio11 and tier .1 re-evaluation recommended? 
. . . . . 

Yes,; if it is reason.abie to· assume that the 111i#11e range .,voUtd b·uild a facility directly over t/1e sfi11rce area or ihere will be a 
land use c/1ange that would allow construciion of a residence directly abuve tlte source area.· Remediation oflocalked 
exceedem."f!S w,;iildtit: the/east complicated and least costJY alternative. This would involve excavaiio11.o/coittaminatetl . 
soils immediate/Jr, below the source area to a depth of 15 feet below surrou11di1tg ground ievel tO elimitiate possible vapor 
nzigration. · ' ·. . . . 

J J. Is remediation to #er. I target levels recommended? 

No. 

11. i., site recnmmendtfd for NF A .stuius? 

Yes, see 1'eport. · 

13. Is a Tier :Z evaluatio11.recommended? If yes, list the receptors, routes of exposure, and tl1e COCs to be em/11ated. 

No. 

14. Other relevf'nt information 

Page 2 of ____ _ 



'NEW MEXICO RBDM TIER 1 REPORT -ifJi§Jiip ) 
I SITE ID: LC-38 I FACILITY ID: White Sands Missile Range j 

SUBMITIAL DATE: 31-Mar-04 I PREPAREDBY: NeilV.Maimer 

) 

-·-·-·~ ------·---------------- ----------------------

-- -----·----------------- ----------------------

····--

PaRe 1 of ____ _ 



INEWMEXICORBDM TIERl REPORT -l"iJiii'M 
I SITE ID: LC-38 I FACILITY ID: White Sands Missile Range l 

SUBMITTAL DATE: 31-Mar-04 I PREPARED BY: Neil V. Maimer 

~,-~)if'~!~~i11~~4~i(~--~·~~-~»~~~~ifll'.1f-~_+,-:~;_~t~ff;~~~,A~J!:~i~~ 

... 

--- ________ .. ___ ---·------------------------

~··· ----·-···--··-~--·----------------------------

,___,__ _____ ------------------------------------------~--------! 
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Table G-1. CONTAMINANTS OF CONCERN - REPRESENTATIVE CONCENTRATIONS (SOIL) 

ORGANICS 

Benzene BH-01 BH-02 BH-03 SB-Ol SB-02 SB-03 SB-04 SB-05 SB-06 SB-07 
0.5 RBSL = 83.5 mg/kg 83.5 83.5 83.5 19 83.5 83.5 83.5 83.5 

83.5 83.5 83.5 0.005 83.5 83.5 83.5 0.88 
83.5 0.77 0.5 16 
83.5 83.5 83.5 Representative 
83.5 83.5 83.5 Concentraiton 

83.5 [mg/kg]: 
Totals: 417.5 167 167 19.005 167.77 167 334.5 350.88 66.32 

Toluene BH-01 BH-02 BH-03 SB-Ol SB-02 SB-03 SB-04 SB-05 SB-06 SB-07 
0.5 RBSL = 3155 mg/kg 47 3155 3155 3155 3155 3155 2.3 0.49 

3155 67 91 0.037 3155 3155 6.6 6.6 
3155 3155 5.2 76 
3155 1.5 1 Representative 
3155 5.1 3155 Concentraiton 

0.48 [m~~l 
Totals: 12667 3222 3246 3155 9465 6310 21 3239.57 1530.57 

Ethylbenzene BH-01 BH-02 BH-03 SB-01 SB-02 SB-03 SB-04 SB-05 SB-06 SB-07 
0.5 RBSL = 2990 mg/kg 2990 2990 2990 76 2990 2990 3.2 0.78 

2990 13 9 0.061 2990 2990 7.8 6.6 
2990 2990 5.5 53 
44 2 1.3 Representati.ve 

2990 6.3 0.020 Concentraiton 
0.57 [mglk~J: 

Totals: 12004 3003 2999 76 8970 5980 25 62 1226.63 



Table G-1. CONTAMINANTS OF CONCERN - REPRESENTATIVE CONCENTRATIONS (SOIL) 

ORGANICS 

Xylenes (Total) BH-01 BH-02 BH-03 SB-Ol SB-02 SB-03 ~ SB-05 SB-06 @:Q1 
0.5 RBSL ""4000 mg/kg 24 4000 4000 165 4000 4000 7.2 l.82 

4000 89 55 0.171 4000 4000 17.8 14.5 
4000 4000 12.5 115 

30 4.7 2.73 Representative 
4000 14.7 0.061 Concentraiton 

1.27 [mg/kg]: 
Totals: 12054 4089 4055 165 12000 8000 57 135 1502.05 

POLYCYCLIC AROMA TIC HYDROCARBONS 

Acenaphthene BH-01 BH-02 BH-03 SB-Ol SB-02 SB-03 SB-04 SB-05 SB-06 SB-07 

0.5 RBSL == 5800 mg/kg 5800 5800 5800 5800 5800 5800 5800 5800 
5800 5800 5800 5800 5800 5800 5800 5800 
5800 5800 5800 5800 
5800 5800 5800 Representative 
0.44 5800 5800 Concentraiton 

5800 [mg/k&J• 
Totals: 23200.44 11600 11600 11600 17400 11600 29000 34800 5585.20 

Anthracene BH-01 BH-02 BH-03 SB-01 SB-02 ~ SB-04 SB-05 SB-06 SB-07 

0.5 RBSL =- 49800 mg/kg 

No Detections 
Representative 
Concentraiton 

~: 
Totals: 0 0 0 0 0 0 0 0 0.00 

,.,_, ,..._; 



Table G-1. CONTAMINANTS OF CONCERN - REPRESENTATIVE CONCENTRATIONS (SOIL) 

POL YCYCUC AROMATIC HYDROCARBONS 

Benzo( a)anthracene BH-01 BH-02 BH-03 SB-01 SB-02 SB-03 SB-04 SB-05 SB-06 SB-07 

0.5 RBSL = 209.50 mg/kg 

No Detections 
Representative 
Concentraiton 

[mg/kg]: 

Totals: 0 0 0.0 0.0 0 0 0.0 0.0 0.00 

Benzo(a)pyrene BH-01 BH-02 BH-03 SB-01 SB-02 SB-03 SB-04 SB-05 SB-06 SB-07 

0.5 RBSL"' 21.40 mg/kg 

No Detections 
Representative 
Concentraiton 

Totals: 0.0 0.0 0.0 0 0.0 0 0.0 0.0 
[~31: 

Benzo{b )fluoranthene BH-01 BH-02 BH-03 SB-01 SB-02 SB·03 SB-04 SB-05 SB-06 SB-07 

0.5 RBSL = 205 mg/kg 

No Detections 
Representative 
Concentraiton 

~: 
Totals: 0 0 0 0 0 0 0 0 0.00 



J 
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Table G-1. CONTAMINANTS OF CONCERN - REPRESENTATIVE CONCENTRATIONS (SOIL) 

POLYCYCLIC AROMATIC HYDROCARBONS 

Fluoranthene BH-01 BH-02 BH-03 SB-01 SB-02 SB-03 SB-04 SB-05 SB-06 SB-07 
0.5 RBSL = 8000 mg/kg 

No Detections 
Representative 
Concentraiton 
~: 

Totals: 0 0 0 0 0 0 0 0 0.00 

Fluorene BH-01 BH-02 BH-03 SB-Ol SB-02 SB-03 SB-04 SB-05 SB-06 SB-07 

0.5 RBSL = 5500 mg/kg 5500 5500 5500 87 76 30 5.9 2.8 
5500 5500 5500 5500 5500 2.7 8.7 17 
5500 13 7.9 63 
5500 4 1.2 Representative 
5500 6.8 0.96 Concentraiton 

0.74 [ml:llk~]: 
Totals: 27500 11000 11000 5587 5589 32.7 33.3 85.70 2252.88 

Total Naphthalenes BH-01 BH-02 BH-03 SB-01 SB-02 SB-03 SB-04 SB-05 SB-06 SB-07 

0.5 RBSL = 1615 mg/kg 1615 0.93 9.6 69 52 23 7.4 0.85 
1615 1615 6.1 1615 1615 1.1 9.4 13 
1615 10 4.6 89 
1615 2.6 0.51 Representative 
0.58 6.1 0.43 Concentraiton 

0.52 [mg/kg]: 
Totals: 6460.58 1615.93 15.70 1684 1677 24.1 . 30.1 104.31 430.06 



Table G-1. CONTAMINANTS OF CONCERN - REPRESENTATIVE CONCENTRATIONS (SOIL) 

POLYCYCLIC AROMA TIC HYDROCARBONS 

Phenanthrene BH-01 BH-02 BH-03 SB-Ol SB-02 SB-03 SB-04 SB-05 SB-06 SB-07 
0.5 RBSL = 3950 mg/kg 3950 1.6 3950 120 3950 42 16 3950 

19 3950 3950 3950 3950 3.5 19 3950 
3950 17 11 3950 
3950 2950 3950 Representative 
3950 15 3950 Concentraiton 

3950 [mglkgJ: 
Totals: 15819 3951.6 7900 4070 7917 45.5 4011 23700 2496!82 

Pyrene BH-01 BH-02 BH-03 SB-Ol SB-02 SB-03 SB-04 SB-05 SB-06 SB-07 
0.5 RBSL = 6200 mg/kg 6200 6200 6200 6200 6200 6200 6200 6200 

6200 6200 6200 6200 6200 6200 6200 6200 
6200 6200 6200 6200 
6200 6200 6200 Representative 
0.049 6200 6200 Concentraiton 

6200 [mg!kgJ: 
Totals: 24800.049 12400 12400 0 12400 18600 12400 31000 37200 5970.37 

°'"-/ ... .....; 
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INTRODUCTION 

This checklist has been developed as a tool for gathering information about the facility 
property and surrounding areas, as part of the scoping assessment. Specifically, the checklist 
assists in the compilation of information on the physical and biological aspects of the site 
including the site environmental setting, usage of the site, releases at the site, contaminant 
fate and transport mechanisms, and the area's habitats, receptors, and exposure pathways. 
The completed checklist can then be used to construct the preliminary conceptual site 
exposure model (PCSEM) for the site. In addition, the checklist and PCSEM will serve as 
the basis for the scoping assessment report. Section III of this document provides further 
information on using the completed checklist to develop the PCSEM. 

In general, the checklist is designed for applicability to all sites, however, there may be 
unusual circumstances which require professional judgment in order to determine the need 
for further ecological evaluation (e.g., cave-dwelling receptors). In addition, some of the 
questions in the checklist may not be relevant to all sites. Some facilities may have large 
amounts of data available regarding contaminant concentrations and hydrogeologic 
conditions at the site, while other may have only limited data. In either case, the questions 
on the checklist should be addressed as completely as possible with the information 
available. 

Habitats and receptors, which may be present at the site, can be identified by direct or 
indirect1 observations and by contacting local and regional natural resource agencies. 
Habitat types may be determined by reviewing land use and land cover maps (LULC), which 
are available via the Internet at http://www.nationalatlas.gov/mapit.html. With regard to 
receptors, it should be noted that receptors are often present at a site even when they are not 
observed. Therefore, for the purposes of this checklist, it should be assumed that receptors 
are present if viable habitat is present. The presence of receptors should be confirmed by 
contacting one or several of the organizations listed below. 

Sources of general information available for the identification of ecological receptors and 
habitats include: 

• U.S. Fish and Wildlife Service (http:/ /www.fws.gov) 

• Biota Information System of New Mexico (BISON-M) maintained by the New Mexico 
Department of Game and Fish (NMGF) (http://151.199.74.229/states/nm.htm) 

• U.S. Forest Service (USPS) (http:/ /www.fs.fed.us/) 
• New Mexico Forestry Division (NMFD) of the Energy, Minerals and Natural Resources 

Department (http:/ /www.emnrd.state.nm.us/ forestry /index.htm) 

1 Examples of indirect observations that indicate the presence of receptors include: tracks, feathers, burrows, scat 
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• U.S. Bureau of Land Management (USBLM) (http://www.blm.gov/nhp/index.htm) or ''). 
(http://www.nm.blm.gov/www /new _home_2.html) . . .. · 

• United States Geological Service (USGS) (http:/ /www.usgs.gov) 

• National Wetland Inventory Maps (http:/ /wetlands.furs.gov) 

• National Audubon Society (http:/ /www.audobon.com) 
• National Biological Information Infrastructure (http:/ /biology.usgs.gov) 

• Sierra Club (http:/ /www.sierraclub.org) 
• National Geographic Society (http:/ /www.nationalgeographic.com) 
• New Mexico Natural Heritage Program (http://nmnhp.unm.edu/) 

• State and National Parks System 

• Local universities 

• Tribal organizations 

INSTRUCTIONS FOR COMPLETING THE CHECKLIST 

The checklist consists of four sections: Site Location, Site Characterization, Habitat 
Evaluation, and Exposure Pathway Evaluation. Answers to the checklist should reflect 
existing conditions and should not consider future remedial actions at the site. Completion 
of the checklist should provide sufficient information for the preparation of a PCSEM and 
scoping report and allow for the identification of any data gaps. 

Section I - Site Location, provides general site information, which identifies the facility · ) 
being evaluated, and gives specific location information. Site maps and diagrams, which 
should be attached to the completed checklist, are an important part of this section. The 
following elements should be clearly illustrated: 1) the location and boundaries of the site 
relative to the surrounding area, 2) any buildings, structures or important features of the 
facility or site, and 3) all ecological areas or habitats identified during completion of the 
checklist. It is possible that several maps will be needed to clearly and adequately illustrate 
the required elements. Although topographical information should be illustrated on at least 
one map, it is not required for every map. Simplified diagrams (preferably to scale) of the 
site and surrounding areas will usually suffice. 

Section II - Site Characterization, is intended to provide additional temporal and 
contextual information about the site, which may have an impact on determining whether a 
certain area should be characterized as ecologically viable habitat or contains receptors. 
Answers to the questions in Section II will help the reviewer develop a broader and more 
complete evaluation of the ecological aspects of a site. 

Section III - Habitat Evaluation, provides information regarding the physical and 
biological characteristics of the different habitat types present at or in the locality of the site. 
Aquatic features such as lakes, ponds, streams, arroyos and ephemeral waters can be 
identified by reviewing aerial photographs, LULC and topographic maps and during site 
reconnaissance visits. In New Mexico, there are several well-defined terrestrial communities, 
which occur naturally. Typical communities include wetlands, forest (e.g., mixed conifer, 
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ponderosa pine and pinyon juniper), scrub/shrub, grassland, and desert. Specific types of 
vegetation characterize each of these communities and can be used to identify them. Field 
guides are often useful for identifying vegetation types. A number of sites may be in areas 
that have been disturbed by human activities and may no longer match any of the naturally 
occurring communities typical of the southwest. Particularly at heavily used areas at 
facilities, the two most common of these areas are usually described as "weed fields" and 
"lawn grass". Vegetation at "weed fields" should be examined to determine whether the 
weeds consist primarily of species native to the southwest or introduced species such as 
Kochia. Fields of native weeds and lawn grass are best evaluated using the short grass 
prairie habitat guides. 

The applicable portions of Section III of the checklist should be completed for each 
individual habitat identified. For example, the questions in Section III.A of the checklist 
should be answered for each wetland area identified at or in the locality of the site and the 
individual areas must be identified on a map or maps. 

Section IV- Exposure Pathway Evaluation, is used to determine if contaminants at the 
site have the potential to impact habitat identified in Section III. An exposure pathway is 
the course a chemical or physical agent takes from a source to an exposed organism. Each 
exposure pathway includes a source (or release from a source), an environmental transport 
mechanism, an exposure point, and an exposure route. A complete exposure pathway is one 
in which each of these components, as well as a receptor to be exposed, is present. 
Essentially, this section addresses the fate and transport of contaminants that are known or 
suspected to have been released at the site. In most cases, without a complete exposure 
pathway between contaminants and receptors, additional ecological evaluation is not 
warranted. 

Potential transport pathways addressed in this checklist include migration of contaminants 
via air dispersion, leaching into groundwater, soil erosion/ runoff, groundwater discharge to 
surface water, and irradiation. Due to New Mexico's semi-arid climate, vegetation is 
generally sparse. The sparse vegetation, combined with the intense nature of summer storms 
in New Mexico, results in soil erosion that occurs sporadically over a very brief time frame. 
Soil erosion may be of particular concern for sites located in steeply sloped areas. Several 
questions within Section IV of this checklist have been developed to aid in the identification 
of those sites where soil erosion/ runoff would be an important transport mechanism. 

USING THE CHECKLIST TO DEVELOP THE PRELIMINARY CONCEPTUAL 
SITE EXPOSURE MODB. 

The completed Site Assessment Checklist can be used to construct the PCSEM. An 
example PCSEM diagram is presented in Figure 1. The CSM illustrates actual and potential 
contaminant migration and exposure pathways to associated receptors. The components of 
a complete exposure pathway are simplified and grouped into three main categories: sources, 
release mechanisms, and potential receptors. As a contaminant migrates and/ or is 
transformed in the environment, sources and release mechanisms may expand into primary, 
secondary, and tertiary levels. For example, Figure 1 illustrates releases from inactive 
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lagoons (primary sources) through spills (primary release mechanism), which migrate to 
surface and subsurface soils (secondary sources), which are then leached (secondary release 
mechanism) to groundwater (tertiary source). Similarly, exposures of various trophic levels 
to the contaminant(s) and consequent exposures via the food chain may lead to multiple 
groups of receptors. For example, Figure 1 illustrates groups of both aquatic and terrestrial 
receptors which may be exposed and subsequently serve as tertiary release mechanisms to 
receptors which prey on them. 

Although completing the checklist will not provide the user with a readymade PCSEM, a 
majority of the components of the PCSEM can be found in the answers to the checklist. It 
is then up to the user to put the pieces together into a comprehensive whole. The answers 
from Section II of the checklist, Site Characterization, can be used to identify sources of 
releases. The answers to Section IV, Exposure Pathway Evaluation, will assist users in 
tracing the migration pathways of releases in the environment, thus helping to identify 
release mechanisms and sources. The results of Section III, Habitat Evaluation, can be used 
to both identify secondary and tertiary sources and to identify the types of receptors which 
may be exposed. Appendix B of the NMED's Guidance for Assessing Ecological Risks Posed ry 
Chemicals: Screening-Level Ecological Assessment also contains sample food webs which may be 
used to develop the PCSEM. 

Once all of the components have been identified, one can begin tracing the steps between 
the primary releases and the potential receptors. For each potential receptor, the user should 
consider all possible exposure points (e.g., prey items, direct contact with contaminated soil .) 
or water, etc.) then begin eliminating pathways, which are not expected to result in exposure 
to the contaminant at the site. Gradually, the links between the releases and receptors can be 
filled in, resulting in potential complete exposure pathways. 

For further guidance on constructing a PCSEM, consult the NMED's Guidance for Assessing 
Ecological Risks Posed ry Chemicals: Screening-Level Ecological Assessment (2000), and EPA' s Office 
of Solid Waste and Emergency Response's Soil Screening Guidance: User's Guide (1996)~ 
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NEW MEXICO ENVIRONMENT DEPARTMENT 
SITE ASSESSMENT CHECKLIST 

I. SITE LOCATION 

I 2. 

3. 

Site Name: Launch Complex 38 Diesel Spill Site on \X'hite Sands .Missile 
Ran.re 
USEPAI.D. 
Number: NM2750211235 

Location: Tularosa Basin within White Sands Iviissile Range 

County: Otero-
City: N A State: NM 

Latitude: 32.4070 

Longitude:~10~6~J·=2~58=2~-----------

Attach site maps, including a topographical map, a diagram which illustrates the 
layout of the facility (e.g., site boundaries, structures, etc.), and maps showing all 
habitat areas identified in Section III of the checklist. Also, include maps which 
illustrate known release areas, sampling locations, and any other important features, 
if available. Site maps are included in the SU:7A1U Assessment Re,portfor the LC-38 
Diesel j;pi/! on White Stmds Missile Range of which this site assessment checklist is 
appended. 

II. SITE CHARACTERIZATION 

1. Indicate the approximate area of the site (i.e., acres or sq. ft) The surface area of 
this site is approximately -40.000 square feet. 

2. Provide an approximate breakdown of the land uses on the site: 

__ % Heavy Industrial 

__ % Residential 

__ % Recreational• 

() 100 °/iJ Light 
Industrial 
__ %Rural 

__ % Undisturbed 

__ %Urban 

__ % Agriculturalb 

__ %0therc 

•For recreational areas, please describe the usage of the area (e.g., park, playing field, 
etc.): 

NA 

bFor agricultural areas, please list the crops and/ or livestock which are present: 
NA 
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cFor areas designated as "other", please describe the usage of the area: 
The LC-38 Diesel Spill is \Vithin the White Sands :Missile Range and is designated 

for military testing. The site itself has light industrial components related to mission specific 
tasks on WSMR. The diesel spill is within a launch complex on WSMR designated for 
testing of military weapons and weapon 
s ·stems. 
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3. Provide an approximate breakdown of the land uses in the area surrounding the site. 
Indicate the radius (in miles) of the area described: -~o~n~e~n=1=il~ecc _______ _ 

___ % Heavy Industrial 

___ % Residential 

___ % Recreational• 

_1~0~_% Light Industrial 

___ %Rural 

---'4° .,._ 90 cy,! 

Undisturbed 

___ %Urban 

___ % Agriculturalb 

___ %0therc 

•For recreational areas, please describe the usage of the area (e.g., park, playing field, 
golf course, etc.): 

NA-

bFor agricultural areas, please list the crops and/ or livestock which are present: 
NA--

cFor areas designated as "other", please describe the usage of the area: 
----The diesel spill is within a launch complex on WSMR designated for testing 
of military weapons and weapon systems. 

4. Describe reasonable and likely future land and/ or water use(s) at the site. 
This site is likely to remain a launch complex on White Sands Missile for the 

foreseeable future and will continue to be used for testing weapons and weapon 
systems. No use of ~rround water is anticipated at this site due to its high TDS 
(>7,000 

.m 

5. Describe the historical uses of the site. Include information on chemical releases 
that may have occurred as a result of previous land uses. For each chemical release, 
provide information on the form of the chemical released (i.e., solid, liquid, vapor) 
and the known or suspected causes or mechanism of the release (i.e., spills, leaks, 
material disposal, dumping, explosion, etc.). 
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---A strategic reserve of diesel fuel was stored in a 150,000-gallon above-ground 
storage tank (AST) at Launch Complex 38 (LC-38) on White Sands .Missile Range 
(WSJ'vIR). Prior to retiring the facility in the summer of 2000, \-X,'hite Sands personnel 
could not account for missing fuel estimated in the amount of 31,000 gallons. The 
tank was dedicated exclusively to diesel fuel storage throughout its service life at 
\\!Sl\1R. No other chemical releases are reported or expected to have occurred at 
this site. 

6:-If any movement of soil has taken place at the site, describe the degree of the disturbance. 

I +:6. 

I &7. 

Indicate the likely source of any disturbances (e.g., erosion, agricultural, mining, 
industrial activities, removals, etc.) and estimate when these events occurred. 

Soil \Vas displaced at this site during construction of the AST. The soil was bermed 
around the AST for spill prevention measures. No other soil disturbances have 
occurred at this site. 

Describe the current uses of the site. Include information on recent (previous 5 
years) disturbances or chemical releases that have occurred. For each chemical 
release, provide information on the form of the chemical released and the causes or 
mechanism of the release. 

The only known release to have occurred at this site was discovered in the 
summer of 2000. Details of this leak are included in the Sl.VJ\1U Assessment Report 
!Or the LC-38 Diesel Svtll 011 W'hitr Sands Missile Ran;:e of which this site assessment 

' 
checklist is appended. 

Identify the location or suspected location of chemical releases at the site. Provide 
an estimate of the distance between these locations and the areas identified in 
Section III. 
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I 9-:s. 

As described in the SWJ\1U Assessment Rebort {or the LC-38 Diesel Spill on White Sands 
1 :;; :l 

i\Hrsile Rtm,ge. the leak source \Vas from an underground pipe from the AST to a 
pump terminal. This leak is located within the locations and areas identified in 
Section 111 pertinent to this site. 

Identify the suspected contaminants of concern (COCs) at the site. If known, 
include the maximum contaminant levels. Please indicate the source of data cited 
(e.g., RFI, confirmatory sampling, etc.). 

The COC at this site is Total Petroleum Hydrocarbons Diesel Range Organics as 
described in the SU/J"\JU Assessment Rebort {or the LC-38 Diesel Spill on White Sands 

1 . 1 

lvfissile Range. TPH DRO was detected above levels outlined in the TPH Screening 
Guidelines developed by NMED. NMED TPH Screening Guidelines published 
June 24, 2003. 

+G-,9. Identify the media (e.g., soil (surface or subsurface), surface water, air, groundwater) 
which are known or suspected to contain COCs.- Subsurface soil is the only media 
with known COCs as described in the SWMU Assessment Report {or the LC-38 Diesel , . 

Soil! on J.f7hite Sands ivfissile Ran!'e. Ground water has been shown to not have been 
1 LJ 

affected. 

H-:10. Indicate the approximate depth to groundwater (in feet below ground surface [(bgs)]. 
A--s described in the SIVMU Assessment &,Port.for the LC-38 Diesel Spill on 1¥7hite 
Sands Afissi!e Range, the depth to groundwater at the site is oYer 230 feet below 
ground surface. 

tt.11. Indicate the direction of groundwater flow (e.g., north, southeast, etc.). As described 
in the Slf/i\JU Assessment Rl;Portjor the LC-38 Diesel .S~pi!I on White Sands Missile Ranp,e. 
the groundwater flow direction at the site is to the southeast. 

11 
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III. HABITAT EVALUATION 

III.A Wetland Habitats 

Are any wetland2 areas such as marshes or swamps on or adjacent to the site? 

D o_x Yes ,, _No 

If yes, indicate the wetland area on the attached site map and answer the following 
questions regarding the wetland area. If more than one wetland area is present on or 
adjacent to the site, make additional copies of the following questions and fill out for 
each individual wetland area. Distinguish between wetland areas by using names or 
other designations (such as location), and clearly identify each area on the site map. 
Also, obtain and attach a National Wetlands Inventory Map (or maps) to illustrate 
each wetland area. 

Identify the sources of the observations and information (e.g., National Wetland 
Inventory, Federal or State Agency, USGS topographic maps) used to make the 
determination that wetland areas are or are not present. USGS Topographic maps 
and interviews with local resource experts confirmed that no wetland habitats are 
adjacent to the site. 

If no wetland areas are present, proceed to Section III.B. 

2Wetlands are defined in 40 CFR §232.2 as" Areas inundated or saturated by surface or groundwater at a frequency and duration sufficient to support, and that under 

normal circumstances does support, a prevalence of vegetation typically adapted for life in saturated soil conditions." Examples of typical wetlands plants include: cattails, 

cordgrass, willows and cypress trees. National wetland inventory maps may be available at http:\ \nwi.fws.gov. Additional information on wetland delineation criteria is 

also available from the Army Corps of Engineers. 
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Wetland Area Questions 

:=J Omite ci- Offote 

1.lndicate the approximate afea of the wetland (acres or ft2J================= 

2.ldentify the type(s) of vegetation p!esent in the wetland. 

oSubmergent (i.e., undenvater) ¥eo-etation b 

oEmergent (i.e., rooted in the 1\ atef, but rising above it) vegetation 
oFJoating yegetation 
oScft1b/shrnb 
o'*'ooded 
a Other (Please describe): 

3.Estimate the vegetation derniity of the wetland area. 

oDense (i.e., greater than 75% vegetation) 
oModcrate (i.e., 25% to 75% veo-etation) s . b 
D parse ~.e., less than 25% -..-egetation) 

4.Is standing 'Nater present? g_-¥es .. -f.J--Ne 
If yes, is the water primarily: t:.J- Fresh or t:.J- Brnckish 

Ind~cate the apprmcimate afea of the standing \\'liter (ft2r.·-===================== 
Indicate th.e a~pwximate depth of the standing water, if known (ft. or in.) 

5. If lmovm, md1cate the source of the watef in the 'tYetland. -----

oStream/River/Creek/J,ake/Pond 
a Flooding 
oGroundwater 
oSurface runoff 

tt6~.--~l~s~tltt1ee1ft·e~a~d~is~c~htta~r~gee4f~ro~fiff1t-tlth~e~fitt1c~il~iv~f~t~o~tl~1e"-""~ff'e*tkla~n~d~?L--Jg_-¥es.~~-4-+ 
lf yes, please 
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Wetland Area Questions (Continued) 

+7-+J.q.5 -rtlA-1ep;tff-"e'-;a'l-fld+-i'.Jii"Cflh'1'all'f"gff'e""""'fH'l"'AOflm'l-fithA-<C~\\""'C'+tlr>ia-An-Ad .... ?------'d--¥es :~; -Ne 

1f yes, indicate the type of aquatic feature the wetland di'.icl17<rgc; into: 

oSurface stream/River (Name: 
oLalw/Pond (Name: _____________ _ 

oG round\10·ater 
oNot sure 

8.Does the area show e:idence of flooding? 8--¥es :_~1 -Ne 
If ye:<, indicate \Yhich of the following f,re present (mark all that appl;} 

oStanding water 
o'*'ater saturated soils 
O\);' ater marks 
oButtressing 
oDebris lines 
oMud cracks 
oOther (Please describe): ___________________ _ 

9.A:nimals observed in the ·.vetland area or suspected to be present based on indirect 
evidence or file material: 

oBinb 
aF±sh 
oMammals 
oReptilcs (e.g., snakes, turtles) 
oAmphibians (e.g., frogs, salamanders) 
oSediment dwelling invertebrates (e.g., mussels, crayfish, insect nymphs) 

Specify species, if known: 
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111.B Aquatic Habitats 
111.B.1 Non-Flowing Aquatic Features 

Are any non-flowing aquatic features (such as ponds or lakes) located at or adjacent 
to the site? 

D Yes [] XNo 

If yes, indicate the aquatic feature on the attached site map and answer the following 
questions regarding the non-flowing aquatic features. If more than one non-flowing 
aquatic feature is present on or adjacent to the site, make additional copies of the 
following questions and fill out for each individual aquatic feature. Distinguish 
between aquatic features by using names or other designations, and clearly identify 
each area on the site map. 

If no, proceed to Section III.B.2. 

Non Flo•wing Aquatic Feature Questions 

i==f- Onsite 8- Off::iitc 

Name of De~<ignation: 

1.Iodicatc the type of aqu,ttic feature present: 

oNatural (e.g., pond or lake) 
oMan made (e.g., impouodment, lagoon, canal, etc.) 

2.Estimate the approximate size of the \vater body (in acres or sq. ft.) ______ _ 

3.If lmown, indicate the depth of the water body (in ft. or in.). 
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Non Flowing l. .. quatic Feature Questions (Continued) 

4.Indicate the general composition of the bottom substrate. Mark all sources that apply 
from the folio ,ving foit. 

5.lndicate the source(s) of the water in the 11quatic feature. Mark all :;ources that apply from 
the follo <Ying li:•t. 

oRiver/Stream/Crcek 
oC rounthvater 
olndustrial Discharge 
oSurface Runoff 
oOther (please specif)0: 

6.ls there a &icharge from the facility to the aquatic feature? :] -¥es [J Ne 
If yes, describe the origin of each discharge and its migration path: 

7.Does the aquatic feature discharge to the surrounding environment? g..-¥es Ne 
If yes, indicate the features from the follmving list into which the aquatic feature 
di:icharges, and indicate whether the discharge occurs onsitc or offsite: 

tJ0H'RHP¥«,...er""'1'""1 S"rit'F-fe""a~n'l'11i-r/+C-,ir'Pef"'e*-k----'t::} onsite B- offsi te 

+-<o .... c-~ r ... o ... t ... 1n"'d'"'"''""'v .... a..-te .... r~------'g..~ offsite 

H01-\o~,,..'""etlio+a~n~d+---------4g.. onsite g.. offsite 

olmpoundment onsite ~] e#stte 
oOther (please de:1cribe) ___________________ _ 
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111.B.2Flowing Aquatic Features 

Are any flowing aquatic features (such as streams or rivers) located at or adjacent to 
the site? 

D Yes d-XNo 

If yes, indicate the aquatic feature on the attached site map and answer the following 
questions regarding the flowing aquatic features. If more than one flowing aquatic 
feature is present on or adjacent to the site, make additional copies of the following 
questions and fill out for each individual aquatic feature. Distinguish between 
aquatic features by using names or other designations, and clearly identify each area 
on the site map 

If no, proceed to Section III.C. 

18 



Flw.ving Aquatic Feature Questions 

B- Omite B- Offsite 

Name or Designacion: 

1.lndicate the type of flowing nqtutic fe«ture present. 

oRiver 
oStream 
oCreek 
oBrook 
oDry '<rnsh 
oAnoyo 
olntermittent stream 
oArtificially created (ditch, etc.) 
oOther (specify) 
a 

2.1ndicate the general composition of the bottom substrate. 
3.Describe the condition of the bank (e.g., height, slope, extent of vegetative cover) of the 
aquatic feature. 

3.Is there a discharge from the facility to the aquatic feature? ~] ~ ~J Ne 

lf yes, describe the origin of each discharge and its migration path: 

4 .Indicate the discharge point of the w·ater body. Specify name, if known. 
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III.C Terrestrial Habitats 
III.C.1 Wooded 

Are any wooded areas on or adjacent to the site? D Yes 9-XNo 

If yes, indicate the wooded area on the attached site map and answer the following 
questions. If more than one wooded area is present on or adjacent to the site, make 
additional copies of the following questions and fill out for each individual wooded 
area. Distinguish between wooded areas by using names or other designations, and 
clearly identify each area on the site map. 

If no, proceed to Section III.C.2. 
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Wooded Area Questions 

~Off site 

Name or Designation: 

I.Estimate the approximate size of the '.vooded area (in acres or sq. ft.) ______ _ 

2.lndicate the dominant ty-pe of vegetatjon in the Yvooded area. 

DE<.Trgreen 
oDeciduous 
o?\l:ixed 

Dominant plant specie;, if known: 

3.Estimate the yegetation density of the wooded area. 

oDense @.e., greater than 75% vegetation) 
oModerate @.e., 25% to 75% vegetation) 
oSparse (i.e., less than 25% Yegetation) 

4.Indicate the predominant si1:e of the trees at the site. Utie diameter at chest height. 

DO 6 inches 
06 12 inches 
o>12 inches 
oNo :1ingle si2'.e range i:i predominant 

5.Animals observed in the Nooded area or suspected to be pre[Jent based on indirect 
ev-idence or file material: 

oBinh 
oMammals 
oReptiles (e.g., snalws, li2'.ards) 
oAmphibians (e.g., toads, tialamanders) 

Specify species, if knovm: 
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111.C.2 Shrub/Scrub 

Are any shrub/scrub areas on or adjacent to the site? B--X Yes D No 

If yes, indicate the shrub/ scrub area on the attached site map and answer the 
following questions. If more than one shrub/scrub area is present on or adjacent to 
the site, make additional copies of the following questions and fill out for each 
individual shrub/scrub area. Distinguish between shrub/scrub areas, using names or 
other designations, and clearly identify each area on the site map. 

lf no, proceed to Section IlI.C.3. 
The shrub/scrub areas in the southern part of WSNfR are shown on the map titled "\XlSMR 
Vegetative Cover" appended to this SLERA. 
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Shrub/Scrub Area Questions 

d--X Onsite D Offsite 

Name or Designation:_~l\~f~e"'"s""q""u=i t=e~c=r"-!'Jp"-ip=i=c=e-=d"""'L=1n=e~l=a=n=d 

_1._Estimate the approximate size of the shrub/scrub area (in acres or sq. ft.). Surrounding 
the Site there are tens of thousands of acres of Chihuahuan desert scrub. The nearest 
non-shrub/scrub area is 20 miles to the east in the Sacramento Mountains. 

2. Indicate the dominant type of shrub/scrub vegetation present, if known. 

Dominant vegetation at and surrounding the site includes honey mesquite (Prosopz~r 
glandulosa) fourwing saltbush (Atriplex canescens) snakeweed (Guterrezja sarothra~) with sparse 
dropseed grasses (Sporohol11s species). A complete list of species detected at the Site is 
presented in the Site Visit Report completed as part of this Environmental Site 
Assessment. 

3. Estimate the vegetation density of the shrub/ scrub area. 

D 

g. x 
D 

Dense (i.e., greater than 75% vegetation) 
Moderate (i.e., 25% to 75% vegetation) 
Sparse (i.e., less than 25% vegetation) 

4. Indicate the approximate average height of the scrub/ shrub vegetation. 

D 0-2 feet 
g..x.__2-5 feet 
o >5 feet 

5. Animals observed in the shrub/ scrub area or suspected to be present based on 
indirect evidence or file material: 
g..x__Birds 
g. .x__Mammals 
g..x__Reptiles (e.g., snakes, lizards) 
o Amphibians (e.g., toads, salamanders) 

Specify species, if known: 
Some of the most common species at the Site that were detected during the Site Visit 
included Canis /a/mm-Coyote; O:yx gazella - Oryx ; and ,ydvilagJJs r1Nduhomi-Desert 
Cottontail. Other animals detected included; Zonitrichia lmc~phrys -white-crowned 
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sparrmv; and Lepus cali(omic11s - Black-tailed Jackrabbit. A complete list of species 

detected at the Site is presented in the Site Visit Report completed as part of this 
EnYironmental Site Assessment. 
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111.C.3 Grassland 

Are any grassland areas on or adjacent to the site? D Yes ix =r--_No 

If yes, indicate the grassland area on the attached site map and answer the following 
questions. If more than one grassland area is present on or adjacent to the site, make 
additional copies of the following questions and fill out for each individual grassland 
area. Distinguish between grassland areas by using names or other designations, and 
clearly identify each area on the site map. 

If no, proceed to Section III.C.4. 

Grassland Ares Questions 

g_ Onsite '.] Offsite 

Name m Designation: 

I.Estimate the approximate size of the grassland area (in acres or sq. ft.). ___ _ 

2. Indicate the dominant plant type, if lmovm. 

3. Estimate the vegetation density of the grassland ~~rea. 

EJDense 0.e., greater than 75% vegetation) 
EJModentte 0.e., 25% to 75% vegetation) 
EJSpar:ie 0.e., bis than 25% vegetation) 

4.lndicate the approximate average height of the dominant plant type (in ft. or in.)_ 

5.Animals observed in the grassland area or :mspected to be present based on indirect 
evidence or file material: 

EJBirds 
EJMammals 
EJReptile:1 (e.g., snakes, li~ards) 
EJAmphibians (e.g., toads, salamandern). 

Specify specie'.;, if known: 
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III.C.4 Desert 

Are any desert areas on or adjacent to the site? g__ X Yes D No 

If yes, indicate the desert area on the attached site map and answer the following 
questions. If more than one desert area is present on or adjacent to the site, make 
additional copies of the following questions and fill out for each individual desert 
area. Distinguish between desert areas by using names or other designations, and 
clearly identify each area on the site map. 

If no, proceed to Section 111.C.5. 
The map titled "\X,'SMR in Relation to the Chihuahuan Desert" is appended to this SLERA. 

Desert Area Questions 

!==l--X Onsite D Offsite 

Name or Designation The Site is located in the Chihuahuan Desert 

2. 

Estimate the approximate size of the desert area (in acres or sq. ft The Site is 
surrounded by tens of thousands of acres of Chihuahuan Desert.~ . ..,..... ----

Describe the desert area (e.g., presence or absence of vegetation, vegetation types, 
presence/ size of rocks, sand, etc.) 

Detailed descriptions about the biotic communities within WSMR can be found in 
the \X!SMR Integrated Natural Resource Management Plan. Habitats directly 
associated with this Site include typical desert scrub communities. ln this area. 
honey mesquite stems act to trap blowing sand to form coppice dunes. Other 
vegetation is sparse with the exception of broom snakeweed. fourwing saltbush, and 
mesa dropseecl. 

3. Animals observed in the desert area or suspected to be present based on indirect 
evidence or file material: 

g..x___Birds 
g.. ll__Mammals 
g..x Reptiles (e.g., snakes, lizards) 
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g...L_Amphibians (e.g., toads, salamanders) 

Specify species, if known: 

Species lists compiled and developed by resource experts on \"X-'SMR indicate that 
there are over 1,000 species of vegetation. nearly 300 species of birds. 55 species of 
reptiles and amphibians, and 70 species of mammals confirmed within WSMR (Pers. 
comm. David Anderson and Doug Burkett). The \'VSMR Integrated Natural 
Resource Management Plan (November 2001) cites a more detailed species list that 
can be encountered in differing areas on WSMR, however, the follmving list of 
species was identified during a site visit: 

Vegetation 

Apodonthera undulate-coyote gourd 

Atriplex canescens-fourwing saltbush 

Proso/Jis glandulosa-honcy mesquite 

Gutiffre;:ia sarothrae-broom snakcwccd 

Sphaeralcea coccinea-common globcmallow 

Sporobolus airoides- alkali sacaton 

Sporobolus Cl"l'(Jfandrus-sand dropsccd 

Corvus cnptoleucus -- Chihuahuan raven 

Mycctophilidac-gnats 

Ccrambycidac-longhorn Beetle 

Formicidac -harvester Ants 

Lycosidac-wolf spider 

Mammals 

Lepus califim1icus - black-tailed jackrabbit 

On·x gaze/la - orvx 

Sv/1'ilagus oudubonii-dcscrt cottontail 
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Uta stansburiana-sidc-blotchcd lizard 

) 
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111.C.5 Other 

1. Are there any other terrestrial communities or habitats on or adjacent to the site 
which were not previously described? 

D Yes 8--X No 

If yes, indicate the "other" area(s) on the attached site map and describe the area(s) 
below. Distinguish between onsite and offsite areas. If no, proceed to 
Section III.D. 

111.D Sensitive Environments and Receptors 

1. Do any other potentially sensitive environmental areas3 exist adjacent to or within 0.5 
miles of the site? If yes, list these areas and provide the source(s) of information 
used to identify sensitive areas. Do not answer "no" without confirmation from the U.S. Fish 
and Wildlife Service and appropnate State of New Mexico division. 

No. Consultation with the latest information available through WSMR Resource 
Managers and the latest literature available through the US Fish and Wildlife 
Service and the NM Dept of Game and Fish indicates that no sensitive 

3 Areas that provide unique and often protected habitat for v·:ildlife '.ipeciei. These arrns are 
typically used during critical life stages '.Jucb as breeding, hatching, rearing of young and 
overwmtenng. Refer to Table 1 at the end of thi:1 document for example; of sensitive 
environments. 
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environments exist within at least a five mile radius of the site. 

) 
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2. Are any areas on or near (i.e., within 0.5 miles) the site which are owned or used by 
local tribes? If yes, describe. Contact the Tribal Liason in the Office ef the Secretary 
(505)827-2855 to obtain this information. No 

3 Areas that provide unique and often protected habitat for wildlife species. These 
areas are typically used during critical life stages such as breeding, hatching, 
rearing of young and overwintering. Refer to Table 1 at the end of this document 
for examples of sensitive environments. 

NO. Consultation with the latest information available through WSMR Resource 
Managers and the latest literature available through the USFWS and NMDGF 
indicate that no sensitive environmental areas exist within at least 10 miles of the 
Site 

4. Does the site serve or potentially serve as a habitat, foraging area, or refuge by rare, 
threatened, endangered, candidate and/or proposed species (plants or animals), or 
any otherwise protected species? If yes, identify species. This information should be 
obtained from the U.S. Fish and Wildlife Service and appropriate State ef New Mexico division. 
No. The latest lists of State and Federal species of concern, candidate, threatened, 
and endangered species were consulted. Resource experts familiar with the sites 
confirmed that none of these species utilize the habitats at or adjacent to the Site . 

.§.:Is the site potentially used as a breeding, roosting or feeding area by migratory bird 
species? If yes, identify which species. Yes. There are hundreds of species of 
migrating birds that may potentially roost or feed at or near the Site. Several 
species of birds may nest near the Site including Say's phoebe and cactus 
wren. 
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6=2.__Is the site used by any ecologically4
, recreationally, or commercially 

important'- Yes. Gemsbok (Orvx gazef!a) frequent all portions of the Missile 
Range and do occasionally visit the Site. Gemsbok are harvested by recreational 
hunters in many portions of the Range including near this Sitespecies? If yes, 
explain.< 

4 Ecologically important species include populations of specie'.• which provide a critical 0.e., 
not replaceable) food rciourcc for higher organi:im:; and Yvhose function a:i :mch would not 
be replaced by more tolerant species; or perform a critical ecological function (such as 
organic matter decomposition) and who:1e functions \vill not be replaced b:r other :1pecies. 
EcologicaJJy important species include pest and opportuni:•tic species that populate an area if 
they serve as a food source for other species, but do !!fil include domesticated animals (e.g., 
pets and livestock) or plants/animals whose existence i:i maintained by continuous human 
imer<ention:; (e.g., fish hatcberic1, agricultural crop:;, etc.,) 
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IV. EXPOSURE PATHWAY EVALUATION 

1. Do existing data provide sufficient information on the nature, rate, and extent of 
contamination at the site? 

g.. x 
D 

D 

Yes 
No 
Uncertain 

Please provide an explanation for your answer: The nature and extent of 
contamination is described fullv in the SIVJ\1U Assessment Rebort (or the LC-38 Diesel 

• :1 • 

Spill on U7hite Sands Missile Rt1tW'· to which this SLERA is 
attached .. 

2. Do existing data provide sufficient information on the nature, rate, and extent of 
contamination in offsite affected areas? 

D Yes 
o No 
D 

g.. x 
Uncertain 
No offsite contamination 

Please provide an explanation for your answer: The nature and extent of contamination is 
described fully in the SIVJ\ifU Assessment Rep01tfor the LC-38 Diesel Spill on White Sands A1issile 
Range. to which this SLERA is attached. 

3. Do existing data address potential migration pathways of contaminants at the site? 

g..x__Yes 
D No 
D Uncertain 

Please provide an explanation for your 
answer:-------------------------------
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Potential migration pathways were addressed in the Slf7LWU Assessment lvportfor the LC-38 
Diesel ,S;pill on W'hite Sands Missile Range, to which this SLERA is attached. 
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4. Do existing data address potential migration pathways of contaminants in offsite 
affected areas? 

D Yes 
D No 
o Uncertain 
g.x__No offsite contamination 

Please provide an explanation for your answer: Potential migration pathways were addressed 
in the Slv::\1U Assessment &Port for the LC-38 Diesel Spill on IFhite Sands A1issile &mv1\ to which 

j • l c 

this SU:.:RA is attached. 

5. Are there visible indications of stressed habitats or receptors on or near (i.e., within 
0.5 miles) the site that may be the result of a chemical release? If yes, explain. 
Attach photographs if available. 

6. Is the location of the contamination such that receptors might be reasonably 
expected to come into contact with it? For soil, this means contamination in the soil 
0 to 5 feet below ground surface (bgs). If yes, explain. 

---No. The source of contamination was a leaking underbrround pipe. 
Evidence of contamination is > 5 feet below ground surface. 

7. Are receptors located in or using habitats where chemicals exist in air, soil, sediment 
or surface water? If yes, explain. 
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No. 
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8. Could chemicals reach receptors via groundwater? Can chemicals leach or dissolve 
to groundwater? Are chemicals mobile in groundwater? Does groundwater 
discharge into receptor habitats? If yes, explain. 

9. Could chemicals reach receptors through runoff or erosion? Answer the following 
questions: No. 

What is the approximate distance from the contaminated area to the nearest 
watercourse or arroyo? 

o 0 feet (i.e., contamination has reached a watercourse or arroyo) 
o 1-10 feet 
o 11-20 feet 
o 21-50 feet 
o 51-100 feet 
o 101-200 feet 
o > 200 feet 
o > 500 feet 
g..x > 1000 feet 

What is the slope of the ground in the contaminated area? 

g..x__o-10% 
0 10-30% 
0 >30% 

What is the approximate amount of ground and canopy vegetative cover in the 
contaminated area? 

g.._<25% 
g..x 25-75% 
0 >75% 

Is there visible evidence of erosion (e.g., a rill or gully) in or near the contaminated 
area? 

o Yes 
g..x___No 
o Do not know 
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Do any structures, pavement, or natural drainage features direct run-on flow (i.e., 
surface flows originating upstream or uphill from the area of concern) into the 
contaminated area? 

g..x Yes. this site is bermed. 
g.._No 
o Do not know 

10. Could chemicals reach receptors through the dispersion of contaminants in air (e.g., 
volatilization, vapors, fugitive dust)? If yes, explain. 

11. Could chemicals reach receptors through migration of non-aqueous phase liquids 
(NAPLs)? Is a NAPL present at the site that might be migrating towards receptors 
or habitats? Could NAPL discharge contact receptors or their habitat? 

------------------NAPLs (Diesel Fuel) are associated 
with this site but are confined from ecological receptors. 

12. Could receptors be impacted by external irradiation at the site? Are gamma emitting 
radionuclides present at the site? Is the radionuclide contamination buried or at the 
surface? 

-------------------No radionuclide contamination is 
associated \vith this site. 
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PHOTOGRAPHIC DOCUMENTATION 

During the site visit(s), photographs should be taken to document the current 
conditions at the site and to support the information entered in the checklist. For 
example, photographs may be used to document the following: 
• The nature, quality, and distribution of vegetation at the site 

• Receptors or evidence of receptors 
• Potentially important ecological features, such as ponds and drainage ditches 

• Potential exposure pathways 

• Any evidence of contamination or impact 

The following space may be used to record photo subjects. 

Photographic documentation of the site are attached to the end of this checklist. 
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SUMMARYOFOBSERVATIONS.ANDSITESEITING 

Include information on significant source areas and migration pathways that are 
likely to constitute complete exposure pathways. 

---The Site exists in a typical and widespread desert scrub community in the 
Tularosa Basin \Vithin White Sands Missile Range. Habitat present is not considered 
rare or sensitive by any of the regulating or management agencies including the 
USFWS. N~IDGF. and \X/SMR Directorate of Emironment and Safety. The habitat 
present does not harbor listed or sensitiYe species. No plants at or near the Site 
showed any external signs of stress due to contact with the contaminant. Potential 
plants that could be exposed include those in the complete species list for this Site 
visit. All are common and widespread throughout the Chihuahuan Desert. 

Checklist Completed by ___ -'B"'-r~a=d=le'"+y-'J=)""'a~v1=· s 
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TABLE1 
EXAMPLES OF SENSITIVE ENVIRONMENTS 

National Parks and National Monuments 

Designated or Administratively Proposed Federal Wilderness Areas 

National Preserves 

National or State Wildlife Refuges 

National Lakeshore Recreational Areas 

Federal land designated for protection of natural ecosystems 

State land designated for wildlife or game management 

State designated Natural Areas 

Federal or state designated Scenic or Wild River 

All areas that provide or could potentially provide critical habitat1 for state and 
federally listed Threatened or Endangered Species, those species that are currently 
petitioned for listing, and species designated by other agencies as sensitive or species 
of concern 

All areas that provide or could potentially provide habitat for state protected species 
as defined in the Wildlife Code, Chapter 17 of the New Mexico Statutes 

All areas that provide or could potentially provide habitat for migratory birds as 
protected by the Migratory Bird Treaty Act (16 U.S.C. §§ 703-712) 

1 Critical habitats are defined by the Endangered Species Act (50 CPR §424.02(d)) as: 

1) Specific areas within the geographical area currently occupied by a species, at the time it is listed in 
accordance with the Act, on which are found those physical or biological features (I) essential to the 
conservation of the species and (ii) that may require special management considerations or protection, and 
2) Specific areas outside the geographical area occupied by a species at the time it is listed upon a 
determination by the Secretary [ of Interior] that such areas are essential for the conservation of the 
species. 
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All areas that provide or could potentially provide habitat for bald eagles and golden 
eagles as protected by the Bald and Golden Eagle Protection Act (16 U.S.C. 668-
668d) 

All areas that provide or could potentially provide habitat for song birds as protected 
by the State of New Mexico statute (New Mexico Statute, 1978, Chapter 17, Game 
and Fish, 17-2-13) 

All areas that provide or could potentially provide habitat for hawks, vultures and 
owls as protected by the State of New Mexico statute (New Mexico Statute, 1978, 
Chapter 17, Game and Fish, 17-2-14) 

All areas that provide or could potentially provide habitat for horned toads and 
Bullfrogs as protected by the State of New Mexico statute (New Mexico Statute, 
1978, Chapter 17, Game and Fish, 17-2-15 and 16, resp.) 

All perennial waters (e.g., rivers, lakes, playas, sloughs, ponds, etc) 

All ephemeral drainage (e.g., arroyos, puddles/pools, intermittent streams, etc) that 
provide significant wildlife habitat or that could potentially transport contaminants 
off site to areas that provide wildlife habitat 

All riparian habitats 

All perennial and ephemeral wetlands (not limited to jurisdictional wetlands) 

All areas that are potentially important breeding, staging, and overwintering habitats 
as well as other habitats important for the survival of animals during critical periods 
of their life cycle. 
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ATTACHMENT B 

ECOLOGICAL SITE EXCLUSION CRITERIA 
CHECKLIST AND DECISION TREE 
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1. NEW MEXICO ECOLOGICAL EXCLUSION CRITERIA CHECKLIST 

The following questions are designed to be used in conjunction with the Ecological Exclusion 
Criteria Decision Tree (Figure 1). After answering each question, refer to the Decision Tree to 
determine the appropriate next step. In some cases, questions will be omitted as the user is directed 
to another section as indicated by the flow diagram in the Decision Tree. For example, if the user 
answers "yes" to Question 1 of Section I, he or she is directed to proceed to Section II. 

I. Habitat 
In the following questions, "affected property" refers to all property on which a release has occurred 
or is believed to have occurred, including off-site areas where contamination may have occurred or 
migrated. 

1. Are any of the below-listed sensitive environments at, adjacent to, or in the localityl of the 
affected property? N 0. 

• National Park or National Monument 
• Designated or administratively proposed Federal Wilderness Area 

• National Preserve 

• National or State Wildlife Refuge 
• Federal or State land designated for wildlife or game management 

• State designated Natural Areas 

• All areas that are owned or used by local tribes 
• All areas that are potentially important breeding, staging, and overwintering habitats 

as well as other habitats important for the survival of animals during critical periods 
of their life cycle 

• All areas that provide or could potentially provide habitat for state and federally 
listed Threatened or Endangered Species, those species that are currently petitioned 
for listing, and species designated by other agencies as sensitive or species of concern 

• All areas that provide or could potentially provide habitat for state protected species 
as defined in the Wildlife Code, Chapter 17 of the New Mexico Statutes 

• All areas that provide o~ could potentially provide habitat for migratory birds as 
protected by the Migratory Bird Treaty Act (16 U.S.C. §§ 703-712) 

1 Locality of the site refers to any area where an ecological receptor is likely to contact site
related chemicals. The locality of the site considers the likelihood of contamination 
migrating over time and places the site in the context of its general surrounding. Therefore, 
the locality is typically larger than the site and the areas adjacent to the site. 
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• All areas that provide or could potentially provide habitat for bald eagles and golden 
eagles as protected by the Bald and Golden Eagle Protection Act 
(16 U.S.C. 668-668d) 

• All areas that provide or could potentially provide habitat for song birds as protected 
by the state of New Mexico statute (New Mexico Statute, 1978, Chapter 17, Grune 
and Fish, 17-2-13) 

• All areas that provide or could potentially provide habitat for hawks, vultures and 
owls as protected by the state of New Mexico statute (New Mexico·Statute, 1978, 
Chapter 17, Game and Fish, 17-2-14) 

• All areas that provide or could potentially provide habitat for horned toads and 
bullfrogs as protected by the state of New Mexico statute (New Mexico Statute, 
1978, Chapter 17, Game and Fish, 17-2-15 and 16, respectively) 

2. Does the affected property contain land areas which were not listed in Question 1, but could 
be considered viable ecological habitat? The following are examples (but not a complete 
listing) of viable ecological habitats: YES. 

• Wooded areas 

• Shrub/ scrub vegetated areas 

• Open fields (prairie) 

• Other grassy areas 

• Desert areas 

• Any other areas which support wildlife and/ or vegetation, excluding areas which 
support only opportunistic species (such as house mice, Norway rats, pigeons, etc.) 
that do not serve as prey to species in adjacent habitats. 

The following features are not considered ecologically viable: 

• Pavement 

• Buildings 

• Paved areas of roadways 

• Paved/ concrete equipment storage pads 

• Paved manufacturing or process areas 

• Other non-natural surface cover or structure 

3. Does the affected property contain any perennial or ephemeral aquatic features which were 
not listed in Question 1? NO. 
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II. Receptors 

1. Is any part of the affected property used for habitat, foraging area, or refuge by any rare, 
threatened, or endangered species (plant or animal), or otherwise protected species (e.g., 
raptors, migratory birds)? NO. 

2. Is any part of the affected property used for habitat, foraging area, or refuge by any species 
used as a recreational (e.g., game animals) and/or commercial resource? YES. 

3. Is any part of the affected property used for habitat, foraging area, or refuge by any plant or 
animal species? This includes plants considered "weeds" and opportunistic insect and 
animal species (such as cockroaches and rats) if they are used as a food source for other 
species in the area. YES. 

III. Exposure Pathways 

1. Could receptors be impacted by contaminants via direct contact? 

Is a receptor located in or using an area where it could contact contaminated air, soil3, or 
surface water? N (). 

For Questions 2 and 3, note that one must answer "yes" to all three bullets in order to be directed to the "exclusion 
denied" box of the decision tree. This is because answering "no" to one of the questions in the bullet list indicates 
that a complete exposure pathway is not present. For example, in Question 2, if the chemical cannot leach or 
dissolve to groundwater (bullet 1), there is no chance of ecological receptors being exposed to the chemical through 
contact with contaminated groundwater. Similarly, the responses to the questions in Question 4 determine whether 
a complete pathway exists for exposure to NAPL. 

2. Could receptors contact contaminants via groundwater? 

• Can the chemical leach or dissolve to groundwater4? NO. Contamination is 
blocked from further migration downward by a thick clay unit (> 10 ft thick). 
Additionally. G\v' is approximately 150 ft below deepest contamination at the site. 

• Can groundwater mobilize the chemical? 

For soil, this means contamination less than 5 feet below ground surface (bgs). 

4 Information on the environmental fate of specific chemicals can be found on the Internet at 
http:!lwww.~pa.gov/opptintrlchemfact/ or at a local library in published copies of the Hazardous 
Substances Data Bank. 
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• Could (does) contaminated groundwater discharge into known or potential receptor 
habitats? There is no known discharge of this ground water. 

3. Could receptors contact contaminants via runoff (i.e., surface water and/ or suspended 
sediment) or erosion by water or wind? 

• Are chemicals present in surface soils? NO. There is no surface contamination at 
the site. 

• Can the chemical be leached from or eroded with surface soils? NO. 

• Is there a receptor habitat located downgradient of the leached/ eroded surface soil? 
NO. 

4. Could receptors contact contaminants via migration of non-aqueous phase liquids (NAPL)? 

• Is NAPL present at the site? YES. 

• Is NAPL migrating toward potential receptors or habitats? NO. The diesel 
contamination is prevented from further migration downward by a thick (> 10 ft 
thick) clay layer. 

• Could NAPL discharge impact receptors or habitats? NO. 

Based on results of this checklist, an exclusion would be granted from further ecological risk 
assessment. 

50 



Figure 1 -Ecological Exclusion Criteria Decision Tree 

(Refer to corresponding checklist for the full text of each question) 

Are there sensitive areas 
at, adjacent to, or in the locality of the 

affected property? 

No 

Does the affected property contain 
other land areas which could be 

considered viable ecological habitat? 

No 

Does the affected property contain 
any perennial or ephemeral aquatic 

features? 

No 

• Exc1~~16~.~r~hted. ·· 
No eq9ip9f98! ~~e~smEmt is 

waifanteci: at this time. 
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Figure 1 - Exclusion Criteria Decision Tree (continued) 

Do any rare, threatened, 
or endangered species, or otherwise 
protected species use the affected 

property? 

No 

Do any species which 
are considered a recreational or 

commercial resource use the affected 
property? 

No 

Do any plant or animal species use 
the affected property for habitat or 

foraging? 

No 

Proceed to Section Ill, 
Exposure Pathways 
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Figure 1 - Exclusion Criteria Decision Tree (continued) 

Could receptors be impacted 
by contaminants via direct contact? 

Is a receptor located in or using the area where ii 
could contact contaminated air, soil•, or surface 
water? (•For soil, this means contamination less 

an 5 feet bgs) 

No 

Could receptors contact 
contaminants via groundwater? 

1. Can the chemical leach or dissolve 
to groundwater? 

2. Can groundwater mobilize the chemical? 
3. Could/Does contaminated groundwater 

discharge into potential receptor 
habitats? 

Noto1,2,or3 

Could receptors contact 
contaminants via runoff or 

via erosion (by water or wind)? 
1. Are chemicals present in surface soils? 
2. Can chemicals be leached from or 

eroded with surface soils? 
Is there a receptor habitat located 
downgradient of the leached/eroded 

surface soil? 

No to 1, 2, or 3 

Could receptors contact 
contaminants via migration of NAPL? 

1. Is NAPL present at the site? 
2. Is NAPL migrating toward potential 

receptors or habitats? 
Could NAPL discharge contact 
receptors or habitats? 
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No to 2 and 3 

Yes to 1, 2, and 3 

Yes to 1, 2, and 3 

Yes to 1 and 2 QI 
Yes to 1and3 

Exdusion Granted. 
No ecological assessment is 

warranted at this tiine. 
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1.0 Introduction 

A site visit was conducted at LC-38 Diesel Spill Site to ascertain viable ecological habitat and 
bioloe:ical entities that could potentially be affected by drilling four wells at the proposed 
sampling locations. 

2.0 Methods 

An observer conducted a pedestrian survey atthe LC-38 site on 16 September 2003. The 
observer recorded all detectable vegetation and fauna out to a 200-meter perimeter around the 
site. A list of vegetation and animals detected is presented in appendix A. 

The latest lists of State and Federally listed species of special status (sensitive, of concern, 
threatened, or endangered) were consulted and none of the species were found to be likely to 
inhabit the site. 

3.0 Results 

After literature review and expert interview no threatened or endangered species or sensitive 
habitats were anticipated to exist at or near the site. Subsequent on-site reconnaissance detected 
no sensitive species or their habitats. Habitats associated with the site are not considered 
ecologically sensitive or unique to this portion of the Chihuahuan desert. The Site exists in a 
typical and widespread desert scrub community in the Tularosa Basin within White Sands 
Missile Range. Large, well defined, mesquite coppice dunes dominate this area around LC-38. 
Habitat present is not considered rare or sensitive by any of the regulating or management 
agencies including the USFWS, NMDGF, and WSMR Directorate of Environment and Safety. 

The site itself has been disturbed through mechanical manipulation primarily from past military 
use of the site including leveling and construction of buildings. 

4.0 Conclusions 

Based on information gathered during this investigation, it appears that there is no reasonable 
potential for detrimental impact to potential ecological receptors. The lack of any sensitive 
habitats or species of concern limits the potential for this spill site to have any measurable 
detrimental affects to the environment or environmental receptors. 

55 



APPENDIX A 

Species List for LC-38 Diesel Spill Site 

Vegetation 

Apodanthera undulate-coyote gourd 

Atriplex canescens-fourwing saltbush 

Prosopis glandulosa-honey mesquite 

Gutierrezia sarothrae-broom snakeweed 

Sphaeralcea coccinea-common globemallow 

Sporobolus airoides- alkali sacaton 

Sporobolus crvptandrus-sand dropseed 

Avians 

Corvus crvptoleucus - Chihuahuan raven 

Invertebrates 

Mycetophilidae-gnats 

Cerambycidae-Jonghorn Beetle 

Formicidae -harvester Ants 

Lycosidae-wolf spider 

Mammals 

Lepus cali[ornicus - black-tailed jackrabbit 

Orvx ga::.ella - oryx 

Svlvilagus audubonii-dese1i cottontail 

Uta stansburiana-side-blotched lizard 
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WSMR in Relation to the Chihuahuan Desert 

1' 
r~-

/ !New Mexicol l 

Figure taken from the WSMR Integrated Natural Resource Management Plan November 2001 
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WSMR Vegetative Cover 
Vegetation Map Units 
11111 Pinyon Pine Woodland 
- Juniper Woodland 
D Montane Scrub 

Interior Chaparral 
D Fourwing Saltbush Shrubland 
~ Creosotebush Shrubland 
D Acacia Shrubland 
l[J5] Mesquite Shrubland 
D Mixed Foothill-Piedmont Desert Grasslands 
[[::J Mixed Lowland Desert Scrub 
D Foothill-Montane Temperate Grasslands 
D Piedmont Desert Grasslands 
D Piedmont Temperate Grasslands 
~ Lowland Basin Grasslands 
- Vegetated Gypsum Outcrop 
D Mimosa Shrubland 
D Playa 
D Road Disturbance 
~ Military Disturbance 

U Contains sensitive, threatened, 
or endangered species 

2 , .... 0 2 
~ 

N 

Main Post/Lower Tularosa Basin EMU 
Figure taken from the WSMR Integrated Natural Resource Management Plan November 2001 


