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HELSTF Groundwater Study and Conceptual Modeling 

EXECUTIVE SUMMARY 

The High Energy Laser Systems Test Facility (HELSTF) covers approximately 15 acres, and has 
21 Solid Waste Management Units (SWMU) currently defined. White Sands Missile Range has 
been performing SWMU-specific environmental investigations at HELSTF over the past 
12 years. These studies have resulted in copious analytical and geophysical data that were 
spatially and temporally disjointed, and were not presented in the context of HELSTF as a single, 
interrelated site. The New Mexico Environment Department has requested that White Sands 
evaluate HELSTF as a single corrective action unit. A HELSTF Conceptual Site Model (CSM) 
was therefore developed to review and compile the best available subsurface environmental 
information and to visually present it. 

Analytical and geophysical data sets selected for the CSM development satisfied stringent data 
quality criteria. Of the 48 investigative reports initially screened, only 22 were identified as 
having sufficient quality data for further evaluation. Following detailed evaluation of these 
reports, the database was populated with analytical data from five reports and geophysical data 
from thirteen reports. The selection and compilation of data allowed for conceptual modeling 
and visualization of the SWMUs as a single unit. 

The CSM identifies three separate groundwater systems beneath HELSTF: an upper-perched 
water-bearing zone, a lower perched water-bearing zone, and the regional aquifer. Groundwater 
quality in the three systems is characterized as total dissolved solids averaging over the State's 
requirement for protected waters of 10,000 mg/Lin each water-bearing zone. 

Operations at HELSTF have resulted in release of contaminants that have impacted each water­
bearing zone. Hexavalent chromium from laser cooling system corrosion inhibitors has been 
detected in all saturated zones. Dissolved pha~e hydrocarbons (indicated by benzene) due to the 
presence of the free-phase diesel pool acting as a continual source are limited to the lower 
perched water-bearing zone. Trichloroethylenes have been detected in the perched lower and 
regional groundwater. Concentrations of these contaminants have not significantly increased or 
decreased through time, although minor plume spreading has occurred in limited areas. 

Source containment and further study at HELSTF is required in order to move site SWMUs 
towards the goal of closure or no further action. Source containment may consist of surface 
treatment, continued operation of a vacuum enhanced diesel recovery system that is currently in 
operation, and abandonment of two wells to prevent any migration pathways between the lower 
perched water-bearing zone and the regional aquifer. With respect to contaminant remediation at 
HELSTF, the SWMUs are well suited for the remedial approach of monitored natural 
attenuation. To support no further action or monitored natural attenuation, a more detailed risk 
assessment will be conducted to further evaluate potential exposures from soil contamination. A 
corrective measures study will further quantify potential risks and identify available technologies 
for remediation and/or removal activities. 
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HIGH ENERGY LASER SYSTEMS TEST FACILITY 
GROUNDWATER STUDY AND CONCEPTUAL MODELING 

1.0 INTRODUCTION 

White Sands Missile Range (WSMR) has been performing environmental investigations at the 
High Energy Laser Systems Test Facility (HELSTF) over the past 12 years. HELSTF is located 
35.4 kilometers (22 miles) northeast of the White Sands Headquarters in Otero County 
New Mexico, approximately 120.7 kilometers (75 miles) due north of El Paso. The facility is 
situated approximately 3.2 kilometers (2 miles) northwest of Highway 70 (Figure 1-1). HELSTF 
covers approximately 6.07 hectares (15 acres), and has 21 Solid Waste Management Units 
(SWMU) currently defined (Figure 1-2). Several of these SWMUs have been proposed for a 
Class III Permit Modification to remove them from the RCRA Part B Permit Corrective Action 
Module VIII. These SWMUs are often adjacent or overlapping, and exert influence over the same 
subsurface environments. Groundwater contaminant plumes at HELSTF are co-mingled, and 
sometimes found in more than one of the saturated zones present beneath HELSTF. 

The Resource Conservation and Recovery Act (RCRA) include regulatory requirements and 
appropriate investigative actions to evaluate the presence, quantity, and spatial extent of 
environmental contamination. At the conclusion of the Phase II RCRA Facility Investigation 
(RFI) (Sverdrup 1994), several recommendations were made for subsequent actions to be taken 
at individual HELSTF SWMUs. The New Mexico Environment Department (NMED) serves as 
the Administrative Authority (AA) that enforces RCRA regulations. The NMED Hazardous 
Waste Bureau (HWB) identified several areas of uncertainty, or conflicting recommendations, in 
the Phase II RFI. The HWB subsequently requested that White Sands evaluate investigative data 
for all SWMUs as a single corrective action unit. 

Environmental investigation reports for HELSTF include results of surface and subsurface 
investigative efforts as performed by several distinct entities. These reports are hard copy, and little 
or no electronic data exists for the site. From the previous reports, no apparent correlation existed 
between the contaminant plumes observed and the distinct SWMUs, and no conceptual modeling 
of the entire site had been performed. Therefore, the overall objective of the HELSTF 
Groundwater Study and Conceptual Site Model (CSM) was to collect the most relevant and 
reliable investigation data for all of the SWMUs at HELSTF and incorporate the data into an 
information management and visualization system to facilitate risk screening and closure of the 
SWMUs. 

This report presents the results of conceptual modeling efforts at HELSTF. The following 
components were completed in developing the HELSTF Groundwater Study and CSM, and are 
described in this report: 

• Data evaluation/selection of data sets appropriate for conceptual modeling; 
• Development and population of the data management system (database); 
• Development of the geographic information system (GIS) component; 
• Production of two- and three-dimensional visualizations of the site to comprise the CSM; and 
• Performance of preliminary risk screening. 
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2.0 DATA EVALUATION 

The accuracy and usefulness of a CSM is proportional to the quality and quantity of data from 
which it is constructed. As such, the Data Evaluation phase of the HELSTF CSM comprised a 
very important part of the overall modeling effort. The Data Evaluation phase for this study 
consisted of the following elements: 

• Development of the Data Review Plan; 
• Review of data; and 
• Evaluation of data. 

Each of the elements are described in the following sections. 

2.1 Data Review Plan 

Past RCRA Facility Assessments (RFAs), RFis, and various characterization studies conducted for 
areas within HELSTF have resulted in volumes of physical and chemical data that are potentially 
relevant for this study. The Data Review Plan was developed to provide a systematic approach for 
evaluating this data through development of data quality objectives (DQOs). The approach was 
designed to ensure that each data set was reviewed consistently, applying objective metrics wherever 
possible. Specifically, the Data Review Plan outlined the following four primary objectives: 

• Identify the quantity and quality of data available to support construction of the CSM and 
preliminary risk screening to be used for making closure decisions; 

• Prioritize data sets according to DQOs for entry into the database; 
• Identify significant data gaps that could affect the CSM; and 
• Assess the overall ability of data sets to support site cbsure decisions. 

The data review plan outlines a method by which all reported data could be screened to meet the 
stated objectives. To facilitate the data review, Report Evaluation Forms were developed. A copy 
of the Data Review Plan and a blank Report Evaluation Form are provided in Appendix A. These 
forms, developed with a checkbox-style format, offer a simple and consistent means of gathering 
detailed information from any report or data-source being reviewed. Upon completion, each data 
review form summarized general information about the report or data source, which SWMUs 
were addressed, numbers and types of environmental samples reported, and other information 
reported, i.e., hydrographic and geologic information. In addition, each of the data elements was 
ranked on the Report Evaluation Forms according to the level of detail or quality of the data. 

The Data Review Plan provides a decision tree (Figure 2-1) that outlines the general approach for 
determining a "Data-Use Level" for sets of environmental data from the reviewed reports and 
data sources. Data-Use Levels were classified as Level 1, Level 2, or Level 3. Level 1 data meets 
the lowest burden of quality, and can be used for building the CSM database and visualization 
tool. Level 2 data meets higher quality standards than Level 1 data, and can be used for modeling 
purposes and remedial design. Level 3 data meets stringent QA/QC standards and is therefore 
suitable for use in a quantitative risk assessment. 

4 
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Figure 2-1. Data Review Plan Decision Tree. 

2.2 Data Review 

In total, 48 reports or data sources were reviewed and screened for applicability to the CSM. 
These documents are listed in chronological order in Table 2-1. Of these 48 reports and data 
sources, 22 passed an initial screening by project team members and were included in a more 
detailed evaluation in the data review phase. As described in the Data Review Plan, each of the 
22 reports was reviewed independently by a chemist and risk assessor for analytical data content, 
and by the project hydrologist for spatial and geophysical data content. Each report was reviewed 
for type, quality, and amount of data in a consistent manner following the method outlined in the 
Data Review Plan. 
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Table 2-1. 
Reports Reviewed for Data Review Phase. 

. - -
Report Name Date Author 

RCRA Part B Permit Application for Hazardous Waste Management Facilities, WSMR, NM Oct-84 US Army Engineer District 

RCRA Facility Assessment Aug-88 AT Kerney 

RCRA Part B Permit Sep-89 NMED 

Regulatory Inquiry Jan-90 Lockheed Engineering & Sciences Co. 

RCRA Facility Investigation (RFI) Work Aug-90 The Edge Group 

Draft Statement of Work For APP D & Ill, Draft Statement of Work For APP IV, Final RFI Workplan 
May-91 US Anny Corp of Engineers 

for APP iV SWMUs 

Vol II: Field Sampling Plan RCRA Facility Permit Appendix II & III Sites Aug-91 The Edge Group 

Draft RCRA Facility Investigation (RFI) Report Appendix I Sites Volume II Oct-91 International Technology Corporation 

Interim Remedial Measures Work Plan for the Systemic Diesel Spill (SWMU 154) Dec-91 Lockheed Engineering & Sciences Co. 

Draft Final RCRA Facility Investigation (RFI) Report Appendix I Sites Vol. I Dec-91 International Technology Corporation 

Final RCRA Facility Investigations (RFI) Mar-92 International Technology Corporation 

RCRA Facility Investigation (RFI) Appendices Appendix n,m, and IV Sites Vol. 2 Aug-92 International Technology Corporation 

Groundwater Sampling and Analysis Plan for the High Energy Laser System Test Facility, WSMR, NM Nov-92 
Lockheed Engineering & Sciences Company 
Lockheed Environmental Office, HELSTF 

Final RCRA Facility Investigation (RFI) Report Appendix U, III, & IV Sites Dec-92 International Technology Corporation 

Final HELSTF Groundwater Assessment Dec-92 International Technology Corporation 

Draft Phase II Addendum to the RCRA Facility Investigations Work Plans- Appendix I, II, III, IV sites Mar-93 Sverdrup Environmental, Inc. 

Effluent Tracking Experiment Mar-93 HELSTF, WSMR, NM 

Soils Analytical Data Jun-93 International Technology Corporation 

SWMU'S For WSMR Oct-93 Sverdrup Environmental, Inc. 

The HELSTF Cleaning Facility RCRA Well Installation Data Report Nov-93 Advanced Sciences Incorporated 

Groundwater Sampling and Analysis Plan for the HELSTF Cleaning Facility Nov-93 Advanced Sciences, Inc. 

Phase II RCRA Facility Investigation Work Plans for HELSTF Nov-93 Advanced Sciences, Inc. 

Systemic Diesel Spill, SWMU 154 HELSTF Cleaning Facility Volume I Final Interim Report Dec-93 International Technology Corporation 

Systemic Diesel Spill, SWMU 154 HELSTF Cleaning Facility Volume U Final Interim Report Dec-93 International Technology Corporation 

Systemic Diesel Spill, SWMU 154 HELSTF Cleaning Facility Volume III Final Interim Report Dec-93 International Technology Corporation 

HELSTF Interim Remediation Measures Phase One Report for the Systemic Diesel Spill (SWMU 154) Jul-94 Advanced Sciences Incorporated 

Site Specific Health And Safety Plan Interim Remediation Measures HELSTF Diesel Spill Draft Jul-94 Advanced Sciences, Inc. 



Table 2-1. (concluded) 
Reports Reviewed for Data Review Phase 

-
Report Name Date Author 

Phase II RCRA Facility Investigation Appendix I, II, III & IV Sites Sep-94 Sverdrup Environmental Inc. 

Ground-Water Monitoring at HELSTF Cleaning Facility RCRA Monitoring Well Sampling Data Report 
May-95 US Geological Survey, Water Resource Division 

March 10, 14, 15, 1995 Sampling 
Interim Remedial Measures (IRM) Final Report Systemic Diesel Spill, SWMU 154 Free Product 

May-95 Tetra Tech Incorporated 
Recovery 
Product Recovery System For The HELSTF Systemic Diesel Spill (SWMU 154) Operations & 

May-95 Tetra Tech, Inc. 
Maintenance Manual 

SWMU Inventory Report at WSMR Sep-95 MEY A TEC Corp. 

Rational National Standards Initiative Presentation of Screening Levels And Remedial Action Cost 
Mar-96 Radian International LLC and Mevatec Corp. 

Draft Reoort 

Draft Groundwater Quality Investigation for the Monitoring Well Program at WSMR, NM Apr-96 Environmental Science and Engineering, Inc. 

Solid Waste Management Unit Inventory Report May-96 MEVATEC Corp. 

Phase II HELSTF Perched Groundwater Remediation Work Plan SWMU'S 143 & 154 Chromium Spill 
Jul-96 Tetra Tech, Inc. 

Site & Systemic Diesel Spill 
Rational National Standards Initiative Presentation Of Screening Levels And Remedial Action Cost 

Sep-96 Radian International LLC and Mevatec Corp. 
Final Reoort 

SWMU 147 Underground Waste Tank (SUMP), WSMR, NM Jan-97 DOW Environmental 

SWMU 150 Mar Dump Site, WSMR, NM Jan-97 DOW Environmental 

SMWU Groundwater Monitoring Program Apr-97 MEY A TEC Corporation 

Treatability Study Report For Groundwater Remediation HELSTF SWMU'S 142, 143, 154 Apr-97 Tetra Tech, Inc. 

Solid Waste Management Unit Inventory Report Apr-97 MEY A TEC Corp. 
-

Final Groundwater Remedial Action Plan HELSTF-SWMU's 142,143, 154 Jun-97 Tetra Tech, Inc. 

Results of Laboratory Characterization Jun-97 MEY ATEC Corp. 
•. 

Letter report re slug test data results Jun-97 Tetra Tech, Inc. 

Installation Restoration Program Action Plan (Draft) Sep-97 Directorate of Environmental Safety, WSMR 
_. 

Installation Restoration Program Action Plans Jan-98 MEY A TEC Corp. 

Installation Action Plan for WSMR Feb-98 MEY A TEC Corp. 
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2.2.1 Analytical Data 

Soil and groundwater sampling data were classified by the following analyte groups: volatile 
organic compounds (VOC), semi-volatile organic compounds (SVOC), metals, hexavalent 
chromium, cyanide, diesel range organics (DRO), gasoline range organics (ORO), and total 
petroleum hydrocarbons (TPH). Table 2-2 provides a summary of the analytical information for 
the reports reviewed. Relative priority rankings were assigned to each reviewed report based on 
the chemist's assessment of data quality and quantity. In total, 13 reports were found to contain 
relevant analytical data necessary for constructing the site model. Reports that presented no 
unique or useful data were placed below priority ranking number 13. In general, more recent 
reports and those containing data for numerous wells or borings were ranked higher than older 
and less comprehensive reports. In addition, reports containing data for hexavalent chromium 
and cyanide were considered to be of particular interest. 

2.2.2 Spatial and Geophysical Data 

Results of the review of spatial and geophysical data are summarized in Table 2-3. Reports on 
the review list were screened by a project hydrologist for data relevant to the following criteria: 
survey, monitor wells, piezometers, boreholes, slug/pump tests, and lithology. Reports identified 
as having such data were ranked from 1 to 13. It should be noted that those reports 
(numbers 1-13) were ranked independently of the analytical data and therefore have different 
rankings. Reports ranked below 13 were reserved for potential use as supplemental data to fill 
data gaps found during the data visualization. 

Priority rankings were established qualitatively by considering the following factors: spatial 
extent of information (e.g., how many HELSTF SWMUs were addressed by data); amount of 
information (e.g., how many wells/borings were data provided for); and quality of data (e.g., how 
detailed were lithologic descriptions and how reliable were slug/pump tests). Survey data was 
compiled to check for consistency between reports. 

2.3 Data Evaluation 

All of the analytical data from the reports ranked on the review list (Table 2-1) were determined 
to be adequate for development of the CSM. Results of analyses that did not measure a specific 
compound (e.g., diesel range organics, total recoverable petroleum hydrocarbons, or total 
dissolved solids) were all categorized as Level 2 data, as described in Section 2.1. As such, these 
data could be used for evaluation of remedial alternatives, engineering design, and most types of 
modeling in addition to site characterization and development of the conceptual model. With few 
exceptions, analyte-specific data (volatiles, semi volatiles, metals, etc.) were deemed adequate for 
performing risk assessment and all types of modeling (Level 3). 
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Final Interim Report 
HELSTF Interim Remediation Measures 
Phase One Report for the Systemic 
Diesel Spill (SWMU 154) 
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Table 2-3. 
Spatial and Geophysical Data Ranking. 
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ii Report Name Date 

1 
Phase II RCRA Facility Investigation 

Sep-94 
Annendix I, II, III & IV Sites 

Final RCRA Facility Investigation (RPI) 
2 Dec-92 

Report Appendix U, III, & IV Sites 

Ground-Water Monitoring at HELSTF 

3 
Cleaning Facility RCRA Monitoring 

May-95 
Well Sampling Data Report March IO, 
14, 15, 1995 Sampling 

4 Final RCRA Facility Investigations (RFI) 
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Program 
Systemic Diesel Spill, SWMU 154 

6 HELSTF Cleaning Facility Volume I 
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The quality and extent of spatial and geophysical data reviewed were suitable to support 
development of the CSM for HELSTF (Level 1). Surveying information, in particular, was 
needed for spatial placement of the analytical information within the CSM. Ultimately, 
horizontal GPS surveying data that had been collected were used for spatial reference within the 
GIS visualization model for the CSM. Lithologic information from borings provided a general 
description of site geology and hydrogeology. Due to the nature of the previous investigations, 
there are specific areas within HELSTF that had more concentrated data than others. The spatial 
and geophysical data for such sites (primarily SWMU 154-systemic diesel spill, and SWMU 143 
chromium release site) were identified as being adequate to support development of localized 
remedial alternatives (Levels 2). 

3.0 DEVELOPMENT AND POPULATION OF THE DATA MANAGEMENT SYSTEM 

After review, evaluation, and ranking of the analytical, hydrological, and geo-spatial data, the 
following step in development of the HELSTF Groundwater Study and CSM entailed 
development and population of the data management system. This section describes the overall 
approach taken to complete the design, population, and quality assurance/quality control 
(QA/QC) of the HELSTF environmental database. In addition, the incorporation of data into the 
visualization system and the spatial referencing of data are described. The Database 
Development phase for this study consisted of the following elements: 

• Database Design; 
• Database Design Guide; 
• Data Loading; 
• Spatial Referencing Data; and 
• Database Quality Control Checking. 

Each of the elements is described in this section. 

3.1 Database Design 

The data management system was designed to integrate the data identified during the data 
evaluation phase into a logical, manageable set. Functionally, the completed database would 
serve as a repository for the spatial and analytical data, while allowing users to easily query data 
based on defined areas and/or SWMUs, depths, times, specific contaminants, analyte groups, or 
combinations thereof. The database was developed in MS Access® 97 to provide easy interaction 
with Arc View® GIS version 3.1 and other visualization tools. A database design meeting was 
held by project team members to identify and discuss the database design criteria. Criteria for 
data input incorporated into the final design include the following: 

• Table and field names are less-than, or equal to 10 characters in length; 
• Underscores "_" are used instead of blanks within table and field names; 
• Table and field names do not begin with numbers; and 
• Filenames follow the "8.3" format for server compatibility. 
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3.2 Database Design Guide 

Following development of the database, and prior to full data population, a Database Design 
Guide was prepared and reviewed at the database design review meeting. The Database Design 
Guide offers an extensive discussion of all design aspects of the database including relational 
design, naming schemes, table and field definitions, and primary key field definitions. A copy of 
the Final HELSTF Database Design Memo is included in this report in Appendix B. 

3.3 Data Loading 

Following the Design Review Meeting, the emphasis of the project switched to acquiring the data 
for the data-loading task. At the Database Design Review Meeting, project team members 
decided that the best balance between budget and project needs would be achieved by inputting 
data from the four most important reports (as identified in the Data Review Working 
Memorandum of July 29, 1998). In addition, quarterly data from the USGS Groundwater 
Monitoring at HELSTF Cleaning Facility Report would also be included in the database. 
Table 3-1 lists the reports from which data were taken for population of the database. 

Table 3-1. Reports Used for Data Entry . 

.. " 

Report Author Date 
Phase II RPI Sverdrup Env. Inc. 9194 

Phase I RFI LT. Corp. 12/92 

Groundwater Quality Investigation for the Groundwater Monitoring 
ESE 4196 

Program at WSMR 

SWMU Groundwater Monitoring Program MEVATEC 4/97 

Groundwater Monitoring at HELSTF Cleaning Facility USGS 5/95-4/97 

Only analytical data from one report, the SWMU Groundwater Monitoring Program 
(MEVATEC, 1997), was available electronically. Data from the four other sources were input by 
hand into spreadsheet templates and subsequently moved into the database tables. In total, over 
65,000 records of analytical data were incorporated into the Results table of the database. 
All other tables were also populated during this subtask, including all well location information, 
analyte and CAS number data, and potentiometric surface data. Additional potentiometric 
surface data were incorporated into the database by hand-entry as they became available 
throughout the project. 

3.4 Spatial Reference Data 

Horizontal GPS survey data for 96 wells at HELSTF were provided by MEV ATEC for use in the 
database and site visualization model. Of those, analytical data were available for 55 wells from 
the reports listed in Table 3-1. Analytical data were also available from 134 other locations 
including soil borings, sediment samples, effluent samples and surface water samples. Horizontal 
survey information was acquired for all but 12 of the relevant HELSTF environmental sampling 
locations. Coordinates for sampling locations were obtained by scaling distances from known 
landmarks on maps provided in the reports. 
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For consistency with the OPS data, horizontal survey coordinates in the database are kept in the 
Universal Transverse Mercator (UTM) system (zone 13) using the NAD83 datum in units of 
meters. Coordinates have been converted from New Mexico State Plane (NMSP) coordinates 
using the program CORPSCON version 4.11 developed by the U.S. Army Topographic 
Engineering Center. All locations have been checked, at least qualitatively, for accuracy. 

Vertical survey information was obtained from the reports where possible. Ground surface 
elevations were defined for 138 of the 189 sample points. The elevations stored in the database 
are referenced to the National Geodetic Vertical Datum (NGVD) 1988 datum. Due to the 
variability of the reported data for elevations, vertical data in the database has an estimated 
accuracy of approximately plus or minus one foot for most sampling locations. This error was 
determined to have not adversely affected the overall goal of the project. 

3.5 Database Quality Control Checking 

The backbone of the database is the Results Table with over 64,000 individual data records of 
results of analyte-specific analyses. Due to the importance of this data set to the overall project 
goals, the quality control effort was concentrated on those records within the Results Table that 
were hand entered. A query was designed to allow for easy comparison of analyte "hits" 
(positive identifications) in the database with the reports. This type of checking was conducted 
at a frequency ranging between 5 and 10 percent for all of the hand-entered data. During this 
check, the results tables were also reviewed for any obvious inconsistencies in units of measure, 
sample name, and sample collection date. 

Qualitative quality control checking was conducted on the spatial coordinate data for the sampling 
locations. This consisted of plotting scaled distances of the sample locations, and checking them for 
consistency with report figures. The GPS location data for the wells were also checked against 
coordinates listed in reports. The OPS data was found to be within 2 meters of the reported values. 

4.0 HELSTF CONCEPTUAL SITE MODELING 

4.1 Location And Description Of Project Area 

4.1.1 Regional Setting 

White Sands Missile Range is located within the Tularosa Basin in south central New Mexico. 
The Tularosa Basin is a north-trending intermontane basin encompassing approximately 
16,839 square kilometers (6,500 square miles). It is bounded on the west by the Organ and 
San Andreas Mountains and on the east by the Sacramento Mountains. The northern boundary is 
the Chupadera Mesa, and a subtle topographic rise south of the Range Headquarters comprises 
the southern boundary. 

The climate of the Tularosa Basin is typical for the southwestern United States, averaging about 
seven inches of rainfall yearly. The higher elevations of the mountain ranges bounding the 
basin receive about 63.5 centimeters (25 inches) yearly. This precipitation occurs during late 
summer as localized thunderstorms. The heavier events activate intermittent streams and 
playas, transporting sediments from the surrounding mountain ranges to the central portion 
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of the basin. Water in the playas evaporates forming alkali flats that are rich in evaporite minerals. 
Sediments within the Tularosa Basin are unconsolidated eolian and lacustrine deposits with high 
evaporite mineral content. Surficial deposits are generally characterized as originating from 
eolian redeposition of dessicated lacustrine sediments. Lacustrine sediments consisting of sands, 
silts and clays underlie the surface soils. These sediments are discontinuous in lateral extent and 
in their composition (Basabilvazo, et al, 1994). Due to the variability of the layers, correlation of 
the individual units is extremely complicated; therefore analyses of these units has been 
performed by characterizing the influence that multiple sedimentary layers exert over the general 
subsurface conditions. 

Groundwater within the Tularosa Basin is recharged predominantly from the mountain fronts via 
outcrops of sedimentary units. As groundwater migrates towards the basin axis through the 
sediments, it becomes more mineralized by dissolving the sediments. Groundwater quality 
ranges from less than 1,000 parts per million (ppm) along the mountain fronts to over 
10,000 ppm beneath the basin axis. 

4.1.2 HELSTF Geology and Hydrogeology 

HELSTF is located near the axial center of the Tularosa Basin. Surficial deposits at HELSTF are 
described by Seager, et al. (1987) as eolian dunes composed of gypsum sands with well­
developed gypsum crusts. Basabilvazo, et al. (1994) characterized the upper4.6 to 6.1 meters 
(15-20 feet) of the soil profile as varved gypsiferous sands and silts underlain by lacustrine basin­
fill sediments (alternating layers of sands, silts, and clays). The lacustrine deposits are locally 
discontinuous making correlation of individual units difficult. 

Groundwater occurs at several distinct horizons beneath HELSTF. The regional groundwater table 
is encountered from 21 to 22.8 meters (70 - 75 feet) below ground level (bgl), capped by a stiff, 
moist, brown to gray clay. Basabilvazo, et al. (1994) described the regional aquifer as leaky­
confined within the study area. Regional groundwater quality is representative of the central basin 
groundwater, with total dissolved solids (TDS) content generally exceeding 10,000 mg/L. 

Regional groundwater at HELSTF is overlain by two perched water-bearing units. These 
perched units were initially described by IT Corporation (1992) and Sverdrup Environmental 
(1994) as local features originating from various discharges to groundwater at the site. These 
discharges include distilled de-ionized water production overflow, cooling system condensate, 
and possibly leakage from the sewage lagoons. 

4.2 Initial Data Visualization 

This task entailed compilation of all of the data gathered for the database into a set of physical 
and chemical two- dimensional data visualization slides. Initial descriptive interpretations of the 
data were also developed. Project team members reviewed and finalized the findings of the 
Initial Data Visualization. 

The presentation report for the Initial Data Visualization meeting consists of a series of slides 
that describe the groundwater characteristics and contamination at HELSTF. The Initial Data 
Visualization presentation is provided in Appendix C of this report. 
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The CSM has evolved since the Initial Data Visualization meeting to include updated sampling 
data and output from more sophisticated three-dimensional visualization. General findings of the 
CSM are presented in this section. 

4.3 Conceptual Site Model 

Based on analyses of selected data sets from previous investigations at HELSTF, the CSM 
comprises a synopsis of all pertinent lithologic, hydraulic, and analytical data. The groundwater 
system at the study area was examined as a whole rather than how it is related to the distinct 
SWMUs. Analyses of the data from this perspective allowed investigators to thoroughly 
examine each water-bearing zone independently along with their interconnected influences. 

The hydrogeological features of the CSM include a system of stacked saturated zones beneath 
HELSTF. Generally, the CSM identifies three separate systems, an upper-perched saturated 
zone from 3.7 to 6.1 meters (12 - 20 feet) bgl, a lower perched saturated zone from 10.6 to 
18.2 meters (35 - 60 feet) bgl, and the regional aquifer that occurs below approximately 
21 meters (70 feet) bgl (Figure 4-1). The confining lithological layers (aquitards), the general 
size and shape, and the water quality of each of these units is described in the following 
sections. 

I 
Regional Aquifer 

Figure 4-1. HELSTF Groundwater System. 
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4.3.1 Perched Upper Water-Bearing Zone 

Aquitard Occurrence 
Centered beneath SWMUs 27-30 (HELSTF sewage lagoons), the perched upper zone rests on an 
interpreted aquitard encountered from 5.2 to 7.6 meters (17 - 25 feet) bgl. This aquitard was 
described as clayey silt during soil boring/well installation activities for wells HMWOl through 
HMW05, HMWl 7, HMW19, HMW20, HMW22, HMW24, HMW36, and HMW40 (Figure 4-2 
on the following page). The referenced lithologic (drilling) logs described a clayey silt layer of 
approximately the same composition at this depth beneath the lagoons. The drilling Jogs also 
described saturated sand overlying this layer, and moist to dry sand immediately beneath it, 
indicating that it functions as an aquitard. Evidence of the clayey silt layer in the borings and the 
observation of free water in monitoring wells screened at this interval were used to interpret the 
extent of the aquitard beneath the upper-perched water-bearing zone. 

Occurrence of Groundwater 
The perched upper water-bearing zone is generally described as a groundwater mound beneath 
the sewage lagoons. Saturated thickness, as measured in completed monitoring wells, is up to 
2.1 meters (7 feet) beneath the lagoons, and pinches out laterally away from the mound center. 
Groundwater extends laterally from 15.2 meters (50 feet) east to 30.5 meters (100 feet) west of 
the lagoons. Perched groundwater at this depth is not observed outside of this area. The 
groundwater may flow through vertical breaches, or around the lateral boundary of the upper 
aquitard. In either of these cases, the groundwater from the perched upper unit will resume 
vertical migration and serve as recharge to deeper groundwater. 

Groundwater Quality 
The CSM reflects the quality of perched upper groundwater to be highly variable, with Total 
Dissolved Solids (TDS) concentrations ranging from 2,854 to 63,840 mg/L. Figures 4-3 and 4-4 
illustrates TDS levels in the upper-perched water-bearing zone. The high TDS concentrations are 
due to the quality of water recharging perched upper groundwater (i .e. sewage effluent from the 
lagoons), and/or the upper sedimentary layers through which this water migrates. These 
sediments have high concentrations of evaporite salts and minerals that will dissolve rapidly in 
water. There is ample surficial evidence of solution cavities and sinkholes that suggest that 
dissolution of sediments is occuring. 

4.3.2 Perched Lower Water-Bearing Zone 

Aquitard Occurrence 
As with the perched upper aquitard, identification of the perched lower aquitard was performed 
by analyses of drilling logs completed during soil boring and monitor well installation activities. 
The perched lower aquitard is characterized as a gray or brown silty clay layer. The top of the 
lower perched aquitard is encountered at depths of 16.7 to 20.7 meters (55 - 68 feet) bgl. This 
wide range of depths suggests that the perched lower aquitard is very undulous, with up to 
4.5 meters (15 feet) of elevation difference across the site. 
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Figure 4-2. HELSTF Monitoring Wells. 
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Beneath the Chromium Spill Site (SWMU 143), existence of the perched lower aquitard is not 
confirmed by drilling logs. Analyses of drilling logs suggest a pinch-out of this aquitard beneath 
the northwest comer of the storage yard. Communication of the perched lower and regional 
groundwater may occur beneath SWMU 143. The potentiometric surface suggests an apparent 
groundwater "sink" beneath the Chromium Spill Site. Lack of evidence for the presence of the 
lower aquitard implies communication occurs between the perched lower unit and regional 
groundwater in this "sink" area. 

Occurrence of Groundwater 
Saturated thickness of perched lower groundwater ranges from 4.8 to 10.7 meters (16 - 35 feet). 
The elevation of the perched lower potentiometric surface varies up to 3.8 meters (12.5 feet) over 
the spatial extent of the unit. The potentiometric surface undulates, and reflects no distinct flow 
direction. 

Previous investigations included the installation of regional monitoring wells (HMW42 and 
HMW47) at SWMU 143. These wells were constructed with surface casing to seal perched 
groundwater from the regional aquifer. Since preliminary findings of the CSM raised concerns 
of communication between saturated zones via these regional wells, White Sands performed a 
Voluntary Corrective Action (VCA) to address this possible route of communication during 
May 1999. The VCA consisted of plugging and abandoning (P&A) wells HMW42 and 
HMW47. Subsequent measurements of the potentiometric surface have indicated that a breach 
in the lower perched aquitard still contributes to leakage from the lower perched zone to the 
regional aquifer. 

Groundwater Duality 
The CSM reflects the quality of groundwater within perched lower groundwater to be highly 
variable, with TDS concentrations ranging from 376 to 56,644 mg/L. TDS concentrations in the 
lower perched unit are shown in Figures 4-5 and 4-6. As with the upper-perched unit, high TDS 
concentrations are attributable to the initial quality of the recharge water, and/or mineralization of 
the infiltrate in the vadose zone. 

4.3.3 Regional Aquifer 

As previously described by Basabilvazo, et al. (1994) and McLean (1970), aquifer materials 
consist of interbedded clay, silt, and fine- to medium-grained sand. Lithologic units in the study 
area are discontinuous, exerting local influences in occurrence of groundwater. The aquifer is 
described as leaky-confined, but may act as a water-table aquifer in localized areas according to 
lithologic units present. Previous studies of regional aquifer characteristics have reported aquifer 
hydraulic properties in the range of fine-grained sand or silty-sands. Basabilvazo, et al. (1994) 
performed aquifer tests during and after installation of three regional test wells (HELSTF-1, 
HELSTF-2 and HELSTF-3) at the study area. Well locations are shown in Figure 4.2. Reported 
aquifer hydraulic properties are listed in Table 4.1. 
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Figure 4-6. TDS Concentrations in Lower Perched Water-Bearing Zone. 

21 



HELSTF Groundwater Study and Conceptual Modeling 

Table 4-1. Regional Aquifer Pi;-operties. 

Analysis Well Pumping Transmissivity Storage Hydraulic 

Method Number Rate (ft.2/day) Coefficient Conductivity Remarks 
(cu.ftJday) (ftJday) 

Theis HELSTF-1 50,053 780 3.1x10-3 6.0 
Theis non-equilibrium type-

match 

Cooper-
HELSTF-2 50,053 730 3.8 x 10-3 5.6 

Time (t) when u=0.01 occurs in 
Jacob 893 minutes 

Cooper- Production well; no value for 
HELSTF-3 50,053 750 5.8 distance between production 

Jacob 
well and observation well 

Regional Groundwater Quality 
Sampling results summarized for the CSM reflect the quality of groundwater within the 
regional aquifer to range from 9,122 to 44,128 mg/Lin TDS concentrations_ TDS 
concentrations in the regional aquifer below HELSTF are illustrated in Figures 4-7 and 4-8 on 
the following page_ 

Basabilvazo, et al. (1994) described the quality of regional groundwater throughout the 
Tularosa Basin. That study reported that higher groundwater quality occurs at the mountain 
front recharge areas, and becomes more saline as it moves toward the basin axis (see 
Figure 4-9). The study indicates that groundwater in the upper sections of the aquifer ranges 
from 3,000 to 10,000 mg/L TDS and becomes more saline with increased depth. 

4.3.4 Selected Contaminants 

The volume of selected analytical data (currently over 65,000 records) prohibits in-depth 
discussion of all groundwater contamination at HELSTF. During development of the CSM, 
the project team selected specific contaminants for discussion that are representative of each 
contaminant source at the site and drive risk screening and risk assessment efforts. These 
contaminants include hexavalent chromium (Cr+6

), trichloroethylene (TCE) and benzene. 
Hexavalent chromium is representative of the source at the Chromium Spill Site 
(SWMU 143) and landfill (SWMU 38-39) areas. TCE is representative of the Cleaning 
Facility (SWMU 142) source area and benzene is representative of the Diesel Spill 
(SWMU 154) source area. 

Generally, the highest levels of contamination occur within the perched lower water-bearing 
zone. Groundwater sampling performed since the initial data visualization meeting indicates 
that there have been no significant changes to contaminant concentrations previously 
reported. 

Due to the continuity of contaminant concentrations over time, figures included in this section 
are those developed during Initial Data Visualization. 
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Ground Surface 

Monitoriag Well Sampling for 
Total Dissolved Solids (mg/L) 

• 0- 10,000 
• 10,001 - 100,000 

Regional Aquifer 

21m (70ft) 

Figure 4-8. TDS Concentrations in Regional Aquifer. 
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Figure 4-9. Diagrammatic Water Quality Section at HELSTF. 
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The EPA Maximum Contaminant Level (MCL) for Cr+6 is 100 micrograms per liter (ug/L). 
Hexavalent chromium has been detected in groundwater samples from the perched water-bearing 
zones below the following areas: 

• SWMU 143 -Chromium Spill Site; 

• SWMU 27-30-Sewage Lagoons; 

• SWMU 146 - Dry Pond; 

• SWMU 38/39 - Construction Landfill; and 

• SWMU 145 - Test Cell 4 Lagoon. 

The perched upper groundwater zone contains Cr+6 below the MCL at the sewage lagoons, 
the chrome site and the landfill (Figures 4-10 and 4-11). The perched lower groundwater 
zone contains Cr+6 beneath all SWMUs listed above, with concentrations exceeding the MCL 
only at the chrome site and the landfill (Figures 4-12 and 4-13). Regional groundwater 
contains Cr+6 beneath the landfill at levels below the MCL (Figures 4-14 and 4-15). The 
latest data from the fall of 1999 sampling event indicate no significant deviations to these 
concentrations. 
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Figure 4-13. 
Hexavalent Chromium Concentrations in Lower Perched Water-Bearing Zone. 
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Figure 4-14. Hexavalent Chromium Concentrations in Regional Aquifer. 
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Figure 4-15. Hexavalent Chomium Concentrations in Regional Aquifer. 
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Trichloroethylene 
The EPA Maximum Contaminant Level (MCL) for TCE is 5 ug/L. Groundwater samples from 
the perched groundwater unit indicate the presence of TCE at: 

• SWMU 142-Cleaning Facility Sump; 
• SWMU 143 - Chromium Spill Site; and 
• SWMU 38/39 - Construction Landfill. 

One of the 54 samples collected from the upper-perched water-bearing zone had a detected 
level of 0.001 ug/L TCE (which equaled the method detection limit [MDL] for that sample). 
This sample was collected from well HMWOl and analyzed during September 1996. 
Groundwater samples from this well have not contained TCE in any prior or subsequent 
sampling events. Field or laboratory contamination must be considered as the cause for this 
reported hit. 

The perched lower groundwater unit contains the highest concentrations of TCE (Figures 4-16 
and 4-17). Samples collected from the construction landfill had concentrations of TCE 
approaching the MCL (0.003 ug/L). Samples from the lower water-bearing zone beneath the 
cleaning facility and chrome site have consistently had concentrations of TCE above the MCL, as 
confirmed through several sampling events. 

The Regional aquifer had detectable levels of TCE in 3 of 21 samples (Figures 4-18 and 4-19). 
Two samples from this aquifer below the chrome site (collected during the fall of 1996) 
contained detectable levels of TCE, one of which exceeded the MCL. The third sample, 
collected west of the diesel spill site during the fall of 1998, contained TCE at half the MCL. 

Benzene 
The EPA MCL for benzene is 5 ug/L. Analyses of groundwater samples from all of the saturated 
zones below HELSTF indicate that benzene contamination is limited to the perched lower unit, 
and centered beneath the cleaning facility and diesel spill area (SWMUs 142 and 154). The 
highest reported concentration is beneath the cleaning facility, at 220 ug/L from a March 1998 
sample event. Results of benzene sampling from the lower perched zone are shown in 
Figures 4-20 and 4-21. Detectable benzene concentrations in the lower perched water-bearing 
zone are confirmed throughout all sample events. 

Free Product Diesel 
Discovered in 1990 during the Phase I RFI, diesel fuel originating from a leaking underground 
storage tank and piping was observed as a light non-aqueous phase liquid (LNAPL) residing on 
perched lower groundwater. The original estimate of 100,000 gallons of diesel released to the 
subsurface was based on interviews with site personnel. A pilot study was performed during 
1993 consisting of an LNAPL skimming test and vacuum enhanced pumping test. Following 
findings and recommendations of these tests, a vacuum enhanced diesel recovery system 
(VEDRS) was installed at the site in 1995. The VEDRS has been continuously operated since 
installation and has recovered approximately 6,000 gallons of diesel. 
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Figure 4-17. Trichloroethylene Concentrations in Lower Perched Water Bearing Zone. 
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Figure 4-18. Trichloroethlene Concentrations in the Regional Aquifer. 
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Figure 4-19. Trichloroethlene Concentrations in the Regional Aquifer. 
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Figure 4-20. Benzene Concentrations in Lower Perched Water-Bearing Zone. 
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Figure 4-21. Benzene Concentrations in Lower Perched Water-Bearing Zone. 
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Product thickness measurements have been collected continuously during operation of the 
VEDRS. Initial product thickness measurements reported up to 4 meters (14 feet) of free­
phase diesel at the center of the pool. The most recent measurements (March 2000) show the 
pool thickness to be less than 3 meters (10 feet) at the center. The diesel pool has also steadily 
decreased in areal extent throughout operation of the VEDRS. Original pool dimension 
estimates of 24 meters (80 feet) (east-west) by 55 meters (180 feet) (north-south) have 
decreased to approximately 20 meters (65 feet) (east-west) by 37 meters (120 feet) 
(north-south). 

The diesel acts as a continual source for dissolved-phase groundwater contamination in the lower 
perched unit. The VEDRS is currently being evaluated to determine if system enhancements 
and/or upgrades may be performed to increase diesel recovery rates. 

5.0 RISK EVALUATION 

A preliminary risk screening was conducted for the combined HELSTF SWMUs for this 
project. For the preliminary screening, hydrogeological contaminant transport characteristics 
were considered along with potential downgradient risk receptor locations. An important 
finding of the CSM was that the aquifers beneath HELSTF contain TDS concentrations that 
average 21,000 mg/L, 15,000 mg/Land 14,000 mg/Lin the upper and lower perched water­
bearing zones, and regional aquifer, respectively. As such, water quality standards for 
domestic or agriculture water supply do not apply to aquifers with TDS levels of 10,000 mg/L 
or higher. 

Figure 5-1 illustrates the location of HELSTF with respect to the nearest existing potential 
groundwater extraction point. Potentiometric surface data from the CSM indicate that the 
regional gradient below HELSTF is directed toward the southeast. However, Basibilvazo et al. 
(1994) describes the regional gradient in the general area of HELSTF to be largely southerly. The 
THELl well is located over 3.2 kilometers (2 miles) away from HELSTF and is somewhat cross 
gradient with respect to these potential groundwater flow directions. Water from the THEL 1 
well is used for construction purposes and for a fire suppression system and is not potable 
because of the high TDS. 

Preliminary groundwater flow calculations made for this CSM indicate an estimated 
transport velocity of 1.4 to 3.4 meters (4.8 - 11.2 feet) per year in the regional aquifer below 
HELSTF. This calculation was based on reported values of hydraulic conductivity, average 
values of the potentiometric gradient as described from data in the CSM, and an estimated 
value of the aquifer porosity. These estimated transport velocities are conservative in that 
they do not include retardation of the contaminant due to chemical sorption to the aquifer 
materials. Based on these preliminary calculations, a conservative, worst case scenario 
would have contaminants introduced in the regional aquifer from HELSTF impacting the 
THELl well no sooner than 940 years after their release. This timeframe and travel distance 
would likely provide ample opportunity for the mechanisms of natural attenuation to 
effectively lower contaminant concentrations below any target risk levels that may be 
derived. 
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Figure 5-1. Nearest Groundwater Extraction Point to HELSTF. 
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As identified for this preliminary review, there is no risk to human health or the environment 
associated with ingestion of contaminated groundwater at HELSTF since there are no completed 
risk pathways. Groundwater quality at HELSTF is not usable for residential or agricultural 
applications because of the high TDS. Any uses of groundwater within or adjacent to HELSTF 
warrants a detailed risk analysis for the planned activities. This preliminary risk screening does 
not address potential exposures associated with soil contamination at HELSTF, or potential 
indoor air contamination that could arise in subsmface structures located on or near HELSTF. 
These potential pathways will be considered during the Corrective Measures Study (CMS) to be 
completed during fiscal year 2001. 

6.0 SUMMARY 

Operations at HELSTF have resulted in the release of contaminants that have impacted soils and 
groundwater at varied depths and locations. Multiple studies and investigations were performed 
over the last 12 years to characterize contamination at HELSTF. These studies have resulted in 
copious analytical and geophysical data that were spatially and temporally disjointed, and were 
not presented in the context of HELSTF as a single, interrelated site. The HELSTF CSM was 
developed to address following objectives: 

• To review and compile the best available subsurface environmental data into a single, 
geographically-referenced relational database; 

• To develop two- and three-dimensional visualizations of relevant hydrogeological and 
environmental data at the site; and 

• To provide recommendations that will facilitate site closure, based on the site as a whole, 
rather than individual SWMUs. 

Following the data review and evaluation phases, identificati0n of the nature and extent of 
contamination and groundwater at HELSTF comprised the majority of the effort for the CSM. 
Following is a synopsis of the findings of the CSM with regard to this objective. 

Groundwater occurs at HELSTF primarily in three water-bearing units that are separated by 
depth, including a regional aquifer and two perched zones. The two perched water-bearing units 
are likely a result of operations at the facility, and are not representative of the regional hydrology 
of the Tularosa Basin. Each of the three saturated groundwater zones below HELSTF contains 
average TDS concentrations greater than 10,000 mg/L. The State of New Mexico water quality 
standards for potential domestic or agricultural water supply do not apply to aquifers containing 
TDS levels of 10,000 mg/L (one percent) or higher. Therefore, National Primary Drinking Water 
MCLs were used for a comparison tool in the CSM, but do not represent applicable abatement 
standards for groundwater at HELSTF. 

Three contaminants were chosen as being representative of the known, primary historic 
releases at HELSTF. These contaminants include TCE, Cr6

+, and benzene. The CSM 
provided a detailed evaluation of the distribution of each of these contaminants with respect to 
the three water-bearing zones. In addition, the extent of free-phased diesel fuel on the lower 
perched water-bearing zone was evaluated. Salient findings of these evaluations include the 
following: 

34 



HELSTF Groundwater Study and Conceptual Modeling 

• The upper-perched water-bearing zone contains Cr6
+ at concentrations below the MCL 

(0.1 mg/L) beneath the HELSTF Sewage Lagoons, the Chromium Spill Site, and the 
Construction Landfill. Benzene, TCE, and diesel are not detected in the upper-perched 
water-bearing zone. 

• The lower perched water-bearing zone is the most contaminated groundwater zone at 
HELSTF. Cr6

+ is widely distributed in this zone, and concentrations exceed the MCL below 
the Chrome Spill Site and the Construction Landfill. Concentrations of TCE approach the 
MCL (0.005 mg/L) in this zone below the Construction Landfill, and exceed the MCL below 
the Cleaning Facility Sump and the Chrome Spill Site. Benzene is present in the lower 
perched zone and is concentrated below the Cleaning Facility and Diesel Spill Area in levels 
that are on the order of a magnitude higher than the MCL (0.005 mg/L). Free product diesel 
fuel up to 1.2 meters (4 feet) in thickness continues to be removed with the VEDRS from the 
lower perched groundwater unit. 

• The regional aquifer is the least contaminated groundwater zone. Hexavalent chromium has 
been detected below the Construction Landfill at levels below the MCL. There has been 
limited detection of TCE in the regional aquifer, with one sample from below the Chrome 
Spill Site in 1996 that exceeded the MCL. Benzene has not been detected in the regional 
aquifer. 

7.0 RECOMMENDATIONS 

This section briefly outlines recommendations that will move the HELSTF site SWMUs towards 
the overall goal of closure, or a finding of No Further Action (NFA), while ensuring protection of 
human health and the environment and weighing the interests of White Sands. Recommendations 
for corrective action and further study at HELSTF fall under two main categories; containment of 
potential contaminant source areas and implementation of a corrective measure, or Nl ·'A. 

It is anticipated that viable closure options at HELSTF will include limited corrective actions or 
management practices to address source containments. Towards the goal of source area 
containment, the following actions are recommended: 

• Surface treatment at the Construction Landfills. This remedial action would minimize the 
potential for further leaching of contaminants from the landfills. This could include retarding 
and compaction of surface soils in the area of the landfills to maximize and redirect surface 
runoff. Alternatively, this could be accomplished with installation of a geomembrane or 
geosynthetic cover to minimize infiltration through the landfills. 

• Continued operation of the VEDRS to address free product diesel on the lower perched 
groundwater unit, or, as recommended through study, implementation of efficient alternative 
methods of diesel fuel recovery. Passive skimming technology might be employed to save on 
operational costs. 

• Abandonment of wells HMW 42 and HMW 47 to ensure that they are not providing a 
migration pathway between the lower perched water-bearing unit and the regional aquifer. 
This recommendation was implemented following the Initial Data Visualization Meeting. 
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Considered as a whole, the SWMUs at HELSTF are well suited for the remedial approach of 
monitored natural attenuation (MNA). There are no residential or ecological populations 
affected by contamination at HELSTF, and planned development of the site does not include 
the use of groundwater resources for residential or industrial applications. Furthermore, 
groundwater at the site averages TDS well above 10,000 mg/L, and its location on a U.S. Army 
installation lends itself to implementation of institutional controls. With regard to contaminant 
remediation at HELSTF, the following are recommended in support of pursuing NFA or 
implementing MNA: 

• To insure human health for workers at HELSTF, a more detailed risk assessment should be 
conducted to further evaluate potential exposures from soil contamination throughout the 
site. Presence of volatile contaminants in the subsurface could impact indoor air quality in 
buildings that have basements below grade. Development of a groundwater fate and transport 
model might be warranted to elucidate the potential for downgradient exposures. 

• A CMS is recommended to further quantify potential risks and to illustrate the efficacy of 
proposed future option/activities at the site. 
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Phase I Data Review Plan 

1.0 Introduction 

White Sands Missile Range has conducted multiple investigations of soil and 
groundwater contarriination at the High Energy Laser Systems Test Facility (HELSTF). 
The area consists of approximately 15 acres containing multiple solid waste management 
units (SWMUs), contamination release areas, and co-mingled plumes, making it a 
complex site. Volumes of physical and chemical data varying in quality, usability, and 
relevance have been collected over more than 10 years. These reports contain critical 
information for understanding and making decisions about closing the site; however, the 
volume and variability of the data is overwhelming. The goal of the project is to _build a 
conce_ptual model using the best available data to facilitate closure of the sues. 

1.1 Project Overview 
The objective of this project is to create and visualize the site model based on the 

best available data collected to date. This will allow the project team to make informed 
decisions regarding cleanup and closure of the sites at HELSTF. The project begins with 
a thorough inventory and review of all existing data for quality and quantity. This review 
will be used to identify the data sets available to construct the conceptual model. This 
also includes prioritizing the identified data sets for entry into the database, based on their 
relevance to the conceptual site model and ability to support cleanup and closure 
decisions. In the second phase, the data management system will be designed and 
constructed to visualize the selected data. The third phase consists of using the data 
management system to visualize the conceptual model of the site and identify the 
additional steps required to close the sites. Finally, trainiug will be provided on 
management and use of the data visualization system. 

Because of the complexity and volume of the data associated with the HELSTF 
sites, a systematic approach is necessary to ensure that the review and evaluation is cost­
effective and efficient. A systematic approach is especially important when evaluating 
data sets from multiple sources that contain different types of information. Evaluating 
data sets methodically ensures that data are reviewed consistently and that the same 
process filters each data set. This Data Review Plan was prepared to describe the process 
that will be used during Phase I to review and evaluate data. Section 2 discusses the data 
review checklist and the information that will be gathered during the data review, as well 
as how the review will be implemented. Section 3 outlines the data evaluation process. 
Finally, Section 4 provides a project schedule for Phase I activities. 



2.0 Data Review Checklist 

Four objectives have been identified for this task: 

• Identify the quantity and quality of data available to support construction of a 
conceptual site model and ultimately closure; 

• Prioritize data sets for entry into the model; 
• Identify significant data gaps that could affect the conceptual model; and, 
• Assess overall ability of data set to support site closure. 

The key to successfully reviewing the data and meeting these objectives is a 
comprehensive checklist that captures all necessary information. The checklist that has 
been developed for this project is provided as Attachment 1. The first page of the 
checklist is designed to gain an overview of each report containing data. The pages 
following the report evaluation form collect chemical, physical, and spatial data on an 
individual SWMU basis. All of the SWMU-specific pages from a single report will be 
attached to the report evaluation form for that document. All of the data collected for a 
single SWMU will be used to assign the data set an overall data use category. Section 
2.1 provides an explanation of the data use categories. Section 2.2 describes the Report 
Evaluation Form. Sections 2.3 and 2.4 identify how chemical data and spatial/physical 
data will be evaluated. 

2.1 Data Use Categories 
There are multiple steps in cleaning up or closing the SWMUs at HELSTF (i.e., 

conceptual model, corrective measures, risk assessment). For some of these steps, such 
as risk assessment, data quality and quality assurance/quality control (QA/QC) 
documentation is a critical factor. Other steps require large amounts of data, but can use 
data sets that are more qualitative or have not undergone intense QA/QC procedures. For 
this reason, each data set is assigned a data use category that identifies what the data set 
can be used for. These data \lse categories are described below: 

• Conceptual Site Model/Site Characterization: All data deemed to be relevant to 
the site may be used to develop the conceptual site model. This includes data such 
as field-screening results or analyses performed using portable instruments. This 
category may also include results that are not compound specific such as total 
petroleum hydrocarbons (TPH), total organic carbon (TOC) or soil-gas surveys. 

• Corrective Measures Design and Implementation: Data sets that can help 
provide a better understanding of the subsurface geology, hydrogeologic 
conditions, and extent of soil and groundwater contamination are valuable in 
evaluating remedial alternatives. Physical and chemical data that provide insight 
into nature and extent of contamination as well as soil and groundwater properties 
can also be used for groundwater modeling and fate and transport modeling. The 
combination of data visualization and modeling aid in developing a 
comprehensive groundwater model of multiple commingled sites and ultimately 
form the basis for evaluating remedial alternatives. 



• Risk Assessment: Risk assessment is a key component in identifying areas that 
require corrective measures and developing cleanup goals for remediation. Risk 
assessment can significantly reduce the cost of cleanup; however, data sets must 
meet strict QA/QC standards in order to be used for risk assessment. 

2.2 Report Information 
The first major section of the checklist is designed to obtain information about the 

report that is being evaluated. This section will allow the reviewers to understand the 
context of the report and the reason it was prepared. In this section, the reviewer will 
identify all of the SWMUs or sites that are addressed in the report. A table will be 
completed with all of the SWMUs or sites included in that report to help define the types 
and quantities of data that were collected. Historical context or additional considerations 
for the investigation or report are recorded at the bottom of the page. If the status of 
electronic data is known, this will also be noted. Finally, the reviewer responsible for 
completing the Report Evaluation Form will be noted along with the number of pages 
that follow for SWMU-specific evaluations. 

2.3 Chemical Data 
The chemical data review section is designed to identify the analytical parameters 

that were evaluated and assign a data quality level for each of the analyses. The data 
quality levels relate closely to data use categories, which may become important in later 
stages of the project. The data quality levels and their corresponding data use categories 
are described below: 

• Level 1 data consists of field screening or analyses using portable instruments. 
Results are often not compound specific and may not be quantitative. Level 1 data 
sets may be used for site characterization and development of a conceptual site 
model. 

• Data sets are categorized as Level 2 if there is evidence suggesting that qualified 
people performed analyses, calibration techniques were used, and appropriate 
standards were analyzed. Level 2 data can be used for evaluation of remedial 
alternatives, engineering design and most types of modeling, in addition to site 
characterization and development of the conceptual model. 

• For data sets to be categorized as Level 3, data analysis procedures must have 
included calibration (or linearity check) with more than 3 standards; analysis of a 
lab standard (calibration check); and analysis of a method blank (or equivalent). 
Data sets that meet these criteria may be used for quantitative risk assessment and 
all types of modeling in addition to the uses described above for Level 1 and 2. 

A flow diagram guiding the reviewers through this decision process is provided as 
Figure 2-1. Reviewers will identify the analytical methods that were used and the 
laboratory or laboratories performing the analysis. Any comments regarding the methods 
or QA/QC levels will also be noted. 
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2.4 Spatial and Physical Data 
The Spatial and Physical Data Review Form is designed to capture types of data 

other than chemical. Spatial data includes survey coordinates and elevations of wells and 
samples. This information will be required to accurately locate sample points and 
visualize the associated chemical data in the conceptual site model. Physical data 
encompass geologic and hydrologic parameters that will help in understanding 
contaminant distribution across the sites. Results from aquifer pumping tests, slug tests, 
and boring logs are all classified as physical data. Reviewers will rank the quality and 
completeness of the data on a scale of 1 to 5, with 1 being the most general and 5 being 
the most detailed, then describe the basis for the ranking. 

3.0 Implementation 

The data review team will be made up of a geologist and chemist experienced in 
the review of complex site data and staff familiar with the sites and existing data. Table 
3-1 summarizes the steps that will be followed to implement the data review process. 

Table 3-1 Data Review Implementation 

Task :Radian Activities MEVA TEC Activities 
·- ... 

Data Review Plan Draft plan; revise and Provide input and review 
finalize following for draft plan 
MEV ATEC comment 

Compile documents for - Compile all relevant reports 
review and documents; assess 

availability of electronic 
data 

Document Review Review, inventory and Provide historical site 
define document contents information and review 
on checklists checklists as completed 

Data Use Categories Assess overall data usability Participate in data use 
and assign data use category category assignment and 

review 
Data Evaluation Compile checklists; Assist in prioritizing data 

organize data according to for entry into the database 
data use categories; identify and identifying data gaps 
significant data gaps that 
could affect the conceptual 
model 

Data Review Meeting Present findings of Data Identify additional fields for 
Evaluation; preliminary database design; discuss 
database design Data Evaluation findings 

Data Review Summary Summarize review and Review and provide input 
Report evaluation tasks and 

meeting 



Project team members familiar with the site history will complete the Report 
Evaluation Form. This will be handed off to the project chemist or project geologist. The 
project geologist will evaluate all data sets in the report for spatial parameters and assess 
the completeness and quality of the physical data. This information will be recorded on 
the Spatial and Physical Data Review Form. One form will be filled out for each SWMU 
or site within the report. The project chemist will review the same report and evaluate 
the chemical data sets using the decision logic flow in Figure 2-1. The project chemist 
will record the findings on a Chemical Data Review Form. Once both team members 
have completed their review, the SWMU-specific forms will be attached to the Report 
Evaluation Form. A copy of the completed set of forms will be attached to the document. 
A second copy of each completed set will be collected for data evaluation and data use 
category determination. These forms will serve as the basis for discussion and decision­
making at the data evaluation meeting. A Data Review Summary Report will be 
prepared documenting the findings of the data review. 

4.0 Evaluation of Phase I Data Review 

Once the data review task is completed, a set of all completed forms will be 
compiled. The project team will assign each data set one data use category. The forms 
will be categorized according to data use categories then prioritized for entry into the 
database based on the unique information they provide for visualizing the site. The 
completed set of forms will provide an understanding of the completeness of the data set 
available to support the data uses, and identify the data gaps associated with them. The 
entire project team will then meet to discuss the adequacy of the data set for each of the 
proposed data uses and determine the next step based on these discussions. The 
objectives of this meeting will be to: 

• Determine data use(s); 
• Identify which data sets will be manually entered into the database; 
• Discuss preliminary database design; and, 
• Discuss schedule and budget for the next task. 

Once the data uses have been finalized, the data sets available to support the 
chosen direction will be examined for entry into the database. This meeting will also 
serve as the kickoff for the database design task so initial database fields will be 
discussed in light of the chosen data sets. Finally, the project team will discuss the 
schedule and budget for the database design and construction task. 

5.0 Schedule 

Attachment 2 provides the schedule for Task 1, Data Review and Evaluation. The 
schedule will be updated, as necessary and additional tasks will be added to the schedule 
as the project progresses. 



ATTACHMENT 1 



Report Evaluation Form 

Report Title _________________________ _ 

Prepared by _________________________ _ 

Date of Report ________ _ Date Reviewed 
---------~ 

Nrune of Reviewer 
-----------------------~ 

Objective of Report:-----------------------

SWMUs/Sites Covered: 

SWMUor 
Site 

. Number Nuµi~r 
of IJ~nllgs c>f Wells S<>il .. f.JW Analyte Groups 

General Comments on Report or Investigation: --------------

Status of Electronic Data: ---------------------

Reviewed by MEVATEC: ---------------------

Number of Pages Attached: ___ _ 



Chemical Data Review Form 

AnalYte 'List Results · ' ~A:/QCLevel* Comm~nts 

R.enP~d? . 
Volatile Organic Yes/No I 2 3 
Compounds 
(8260/8240) 
Semi volatile Yes /No 1 2 3 
Organic Compounds 
(8270) 
Gasoline Range Yes/No I 2 3 
Organics 
Diesel Range Yes/No I 2 3 
Organics 
RCRAmetals Yes/No I 2 3 Dissolved I Total 
(6010) 
Other metals Yes/No I 2 3 Dissolved I Total 

Field Parameters Yes /No 1 2 3 
(dissolved 02, 
redox, pH) 
Other (dissolved Yes/No I 2 3 
solids, TOC, TPH) 

Yes/No 1 2 3 

Yes/No 1 2 3 

Yes/No I 2 3 

Yes /No 1 2 3 

Laboratory Analysis Conducted By: 
~~~~~~~~~~~~~~~~~-



Spatial and Physical Data Review Form 

Are survey coordinates available for sample locations? Yes I No % 

Sample Elevation? Yes I No % 

Contains lithologic description (boring logs)? Yes I No 

Level of Detail or Quality? ( 1 2 3 4 5) (1 is general; 5 is complete USCS description) 

Contains relevant geologic/hydrogeologic information (pump test data, slug test, 
hydraulic conductivity, etc.)? Yes I No 

Level of Detail or Quality? ( 1 2 3 4 5) (1 is general; 5 is very detailed) 



Data Evaluation Summary 

Which data use category does this data set best fit into: 

Conceptual Site Model ______________________ _ 

Corrective Measures Design/Implementation---------------

Quantitative Risk Assessment--------------------

Recommendation for Data Entry ___________________ _ 



ATTACHMENT2 



ID I Task Name 
1 I Kickoff Meeting 

2 j Data Review and Evaluation 

3 I Kickoff Meeting 

4 I Prepare Draft Data Evaluation Plan 

5 Review/Revise Data Evaluation Plan 

6 Data Review 

7 Data Evaluation 

8 Data Evaluation Meeting 

9 I Technical Memo 

10 I Management 

Task 
Project: WSMR GMI ·Task 1 
Date: 6/30/98 Progress 

Milestone 

Duration 
1d 

62d 

1d 

26d 

16d 

4d 

9d 

2d 

6d 

62d 

• 

White Sands Missile Range 
Groundwater Modeling Investigations 

1st Quarter I 2nd Quarter I 3rd Quarter I 4th Quarter 
Start Finish I Jan I Feb I Mar I Apr I May I Jun I Jul I Aug I Sep I Oct I Nov I Dec 

5/13/98 

5/13/98 

5/13/98 

5/14/98 

6/22/98 

7/14/98 

7/20/98 

7/30/98 

7/31/98 

5/13/98 

5/13/98 

8/7/98 

5/13/98 

6/19/98 

7/13/98 

7/17/98 

7/30/98 

7/31/98 

8nt98 

8f7/98 

Summary 

Rolled Up Task 

..., . ...., Rolled Up Progress 

Rolled Up Milestone 0 
Page 1 
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Tracie Lundberg, Radian 
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Final HELSTF Database Design 
Memo 

1.0 Introduction 

TECHNICAL 

MEMORANDUM 

This memorandum summarizes the approach taken for design of the relational database under the 
ongoing Groundwater Modeling Investigations at HELSTF project. 

The primary goal of the database is to integrate data collected from previous investigations and 
on-going monitoring programs at HELSTF into a logical, manageable set. The end-product will 
provide a compilation of spatial and temporal information regarding all of the analytical 
parameters as they have been defined through previous sampling efforts. This database will 
allow for quick and accurate visualization that will aid in facilitating future management and 
design decisions at the HELSTF site. Users will be able to make logical queries based on 
defined areas, depths, times, specific contaminants, analyte groups, or combinations thereof. The 
database is being developed with MS Access version 2.0 which will provide easy interaction 
with Arc View GIS and other visualization tools. 

2.0 Technical Approach 

A hierarchical approach has been chosen for the database design. As illustrated in Attachment 
A, the top of the hierarchy is represented by the Sample table. The two other main tables, 
Location table and Results table, are linked to the Sample table through the location 
identification field and sample identification field, respectively. The Location table provides 
spatial and physical information about all of the sampling points, while the Results table contains 
the analytical results of the samples. An array of smaller tables are used to supply further 
descriptive information for the fields in the three main tables. In general, the architecture has 
been developed to minimize redundancy while allowing for efficient data storage and querying 
capabilities. 

Each table contains one or more primary key fields (fields designated with asterisks in 
Attachment A). The primary key field(s) make up a unique identification for each record in a 
table (i.e. , the contents of the primary key field(s) are never repeated in records within the same 
table). Tables will be indexed by the primary key and other appropriate fields to make querying 
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more efficient. The remaining fields within a table are non-key fields that contain descriptive 
information that is not necessarily unique. 

As discussed with Jim Dawson, the database follows field naming conventions used by 
MEV A TEC. These conventions include the following: 

• Table and field names are less-than, or equal to 10 characters in length; 
• Underscores "_" are used instead of blanks within table and field names; 
• Table and field names do not begin with numbers; and 
• Filenames follow the "8.3" format for compatibility with a Novell server. 

A uniform naming scheme has been used for the fields within each table. Field names ending 
with" id" are identification fields that contain specific names (well and borehole names that 
have been consistently used in previous reports and sample names). Field names ending with 
"_code" are reserved for internal code integers that are related to a descriptor in another table. 
All other field names generally consist of a name or abbreviation of the property they describe. 
Table names are also representative of the type of data they store. A summary of all of the fields 
within the database has been created using an OLE script within MS Access. This summary is 
included in this memo as Attachment B. Attachment B provides a listing of all the fields within 
each table of the database along with descriptions and formatting information. Primary key 
fields are designated by bold print in Attachment B. 
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Attachment B 



TABLE: analyte 

NAME DESCRIPTION TYPE SIZE 
anlyt code analyte id code Text 50 
analyte analyte Text 50 

TABLE: depths 

NAME DESCRIPTION TYPE SIZE 
loc id location identification Text 50 
date date of measurement Date I 8 

Time 
wat dpth depth to water table from measuring point Single 4 
top_napl depth to the NAPL air interface Single 4 
bot nap! depth to the NAPL water interface Single 4 

TABLE: group 

NAME DESCRIPTION TYPE SIZE 
anlyt_code analyte id code (see analyte table for Text 50 

reference) 
group_code analyte group code (see group-code Integer 4 

table for reference) 

TABLE: group_code 

NAME DESCRIPTION TYPE SIZE 
group_code analyte group code Integer 2 
anlyt_grp analyte group Text 50 

TABLE: laboratory 

NAME DESCRIPTION TYPE SIZE 
lab code id code for the lab that performed Integer 2 

sample analysis 
lab name laboratory name Text 50 

TABLE: loc_type 

NAME DESCRIPTION TYPE SIZE 
toe code location type code Integer 50 
type type of location for Joe_ code Text 50 

TABLE: location 

NAME DESCRIPTION TYPE SIZE 
toe id location identification Text 50 
loc code location type code (i .e, pump well, Integer 2 

monitor well, borehole, etc.) defined in 
loc type table 

northing northing in NM State Plane Coordinates Single 4 
(meters) 

easting easting in NM State Plane Coordinates Single 4 
(meters) 



surf elev elevation at ground surface of sample Single 4 
point reference to NAVD 1988 (feet) 

inst date installation date of well/borehole Date I 8 
Time 

SWMU specific SWMU for location Text 2 

TABLE: methods 

NAME DESCRIPTION TYPE SIZE 
meth code code for analytical method used Integer 2 
method analytical method Text 50 

TABLE: rep_id 

NAME DESCRIPTION TYPE SIZE 
rep_code id code for the report of origin for Integer 2 

sampling data 
report title of report Text 200 
rep_date date of report Date I 8 

Time 
rep_auth author of report Text 50 

TABLE: res_flag 

NAME DESCRIPTION TYPE SIZE 
7es_nag code for result flag Text 50 
_qualifier lab qualifier for result flag Text 200 

TABLE: results 

NAME DESCRIPTION TYPE SIZE 
samp_id unique sample name Text 20 
anlyt_code analyte id code (see analyte table for ' fext 80 

reference) 
result results of analysis provided in UOM units Single 4 
UOM code - unit of measure code (see UOM table for Integer 2 

reference) 
det Jim limit of detection/reporting limit Single 4 
di! fact lab dilution factor Single 4 
meth code code for analytical method used (see Integer 2 

methods table for reference) 
date rec date sample received by lab Date I 8 

Time 
date anal date sample analyzed Date I 8 

Time 
res_flag results flag Text 50 
det_flag detection flag Text 50 

TABLE: sample 

NAME DESCRIPTION TYPE SIZE 
samp_id unique sample name Text 30 
Joe id location identification Text 50 
samp date date sample was collected Date I 8 



Time 
matrix sample matrix Text 50 
lab code lab identification code (see lab _id table Integer 4 

for reference) 
rep_code report id code (see rep_id table for Integer 4 

reference) 

TABLE: UOM 

NAME DESCRIPTION TYPE SIZE 
UOM code units-of-measure code Integer 2 -
UOM units-of-measure of analysis results and Text 50 

detection limits 

TABLE: wells 

NAME DESCRIPTION TYPE SIZE 
toe id location identification Text 50 
meas elv elevation of measuring point Single 4 
tot dpth total depth of well/boring Single 4 
scm_top depth of top of screened interval in feet Single 4 
scm bot depth of bottom of screened interval in Single 4 

feet 
well diam diameter of well casing (inches), if Single 4 

applicable 
well mat well casing material, if applicable Text 50 
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