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SECTION 1 
INTRODUCTION 

This Field Sampling Plan (FSP) was prepared by the Weston Solutions and TEC Inc., (Weston/TEC) 
team under Contract No. GS-10F-0117J/AG-82X9-D-08-0179.  This FSP presents, in specific terms, the 
requirements and procedures for conducting field operations and investigations during a Remedial 
Investigation/Feasibility Study (RI/FS) for the Nemo Work Center. 

The RI/FS will be conducted to delineate the extent of existing contamination within the areas of concern 
(AOCs), to determine the presence or absence of contamination throughout the site, and define the nature 
and extent of such contamination.   

This FSP has been prepared to ensure (1) the data quality objectives specified for this project are met, (2) 
the field sampling protocols are documented and reviewed in a consistent manner, and (3) the data 
collected are scientifically valid and defensible.  This site specific FSP and the Quality Assurance Project 
Plan (QAPP) (included under a separate cover), will constitute, by definition, a Sampling and Analysis 
Plan (SAP). 

The National Contingency Plan (NCP) specifies circumstances under which a FSP is necessary for 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) response actions. 
For cleanup actions at the RI/FS stage, the NCP requires lead agents to develop SAPs, which provide a 
process for obtaining data of sufficient quality and quantity to satisfy data needs.  Such SAPs must 
include a FSP (40 Code of Federal Regulations [CFR] 300.430 [b] [8] [ii]). 

Guidelines followed in the preparation of this plan are set out in the: Data Quality Objectives Process for 
Superfund, Interim Final Guidance (Environmental Protection Agency [EPA], 1993).  

This FSP is required reading for all staff participating in the work effort and will be in the possession of 
the field teams collecting the samples.  All contractors and subcontractors will be required to comply 
with the procedures documented in this FSP in order to maintain comparability and representativeness of 
the collected and generated data. 

This FSP was written under the direction of Mr. Jeff Hart, RG, TEC Project Manager (PM).  The Point of 
Contact (POC) for this project is Mr. Rusty Wilder, USFS Black Hills National Forest, South Dakota. 

Field investigation tasks will be conducted in one or more mobilization and will include the following 
activities. 

• Seepage Water and Sediment Sampling;  

• Subsurface Soil Sampling; 

• High Resolution Resistivity (HRR), Residual Potential Mapping (RPM) and GEM 2 
Geophysical Subsurface Mapping;  

• Install Four Wells with Extended Screen Lengths for Groundwater Sampling and 
Extraction Purposes;  
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• Groundwater Sampling, Testing and Reporting;  

• Study of Groundwater/Surface Water Interaction, and Alluvial Aquifer Test; 

All laboratory results from collected samples will provide data required for evaluating risk and 
estimating cleanup levels, if necessary. 

Controlled distribution of the FSP will be implemented by TEC to ensure the current approved version is 
being used.  A sequential numbering system will be used to identify controlled copies of the FSP.  
Controlled copies will be provided to applicable Forest Service managers, regulatory agencies, remedial 
project managers, project managers, and quality assurance (QA) coordinators.  Whenever Forest Service 
revisions are made or addenda added to the FSP, a document control system will be put into place to 
assure (1) all parties holding a controlled copy of the FSP will receive the revisions/addenda and (2) 
outdated material is removed from circulation.  The document control system does not preclude making 
and using copies of the FSP; however, the holders of controlled copies are responsible for distributing 
additional material to update any copies within their organizations.  The distribution list for controlled 
copies will be maintained by the Weston/TEC. 
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SECTION 2 
PROJECT BACKGROUND 

2.1 PROJECT PURPOSE AND SCOPE  

This FSP has been prepared by Weston/TEC in response to the September 25, 2008 contract award from 
the US Forest Service and subsequent modifications under (Contract No. GS-10F-0117J/AG-82X9-D-08-
0179), to support the activities at the Nemo Work Center located in Lawrence County, South Dakota.  
This FSP presents site-specific requirements and procedures.  

This project-specific FSP is intended to ensure that field sampling protocols are documented and 
reviewed in a consistent manner, and data collected are scientifically valid and defensible. This FSP 
describes the field investigation activities planned for this RI/FS at the Nemo Work Center located in 
Lawrence County, South Dakota.  

The objectives of this RI/FS are discussed in detail in the associated Phase II Work Plan (WP). 

2.2 PROJECT SITE DESCRIPTION 

This section is described in Section 3.0 of the associated WP. 

2.3 PROJECT SITE CONTAMINATION HISTORY 

This section is described in Section 2.0 of the associated WP. 
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SECTION 3 
PROJECT SCOPE AND OBJECTIVES 

3.1 OBJECTIVES 

The objective of this project-specific FSP is to obtain data that will define the nature and extent of 
contamination and its potential impacts to human health and the environment. 

The Quality Assurance Project Plan (QAPP), addresses in detail all of the project-related Quality 
Assurance/Quality Control (QA/QC) procedures.  Table 3-1 provides a sampling and analysis summary 
and Figures 3-1, 3-2, 3-3, 3-4 and 3-5 provide the site layout and sampling locations. 

The two general categories of data to be collected are screening data and definitive data.  Collecting 
screening and definitive data represent qualitative and quantitative approaches to achieve RI/FS data 
quality objectives (DQOs). 

DATA CATEGORIES 

Screening data are generated by rapid methods of analysis with less rigorous sample preparation, 
calibration, and/or quality control (QC) requirements than are necessary to produce definitive data.  
Sample preparation steps may be restricted to simple procedures, such as dilution with a solvent, instead 
of elaborate extraction/digestion and cleanup.  Screening data may provide analyte identification and 
quantification, although quantification may be relatively imprecise.   

Definitive data will be collected using rigorous analytical methods such as EPA-approved reference 
methods.  Samples will be analyzed at an off-site laboratory.  Data are analyte-specific, and both 
identification and quantification are confirmed. These methods have standardized QC and documentation 
requirements.  Definitive data are not restricted in their use unless quality problems require data 
qualification. 

3.2 SAMPLE ANALYSIS SUMMARY 

A summary of the required number of samples, types of samples, and types of analytical analyses is 
presented in Table 3-1.  All samples will be analyzed by the following analytical methods to collect 
definitive data:  

• EDB by Method E524.2 and SW8260. 

In addition, volatile organic compounds (VOCs) will be run on groundwater collected from four new 
monitoring wells and the following general chemistry and monitored natural attenuation (MNA) 
parameters will be analyzed at the laboratory to collect screening data on select samples.  

• Alkalinity by Method E310.1; 

Groundwater 

• Dissolved Oxygen (field measurement); 
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• Ferrous Iron 
• Nitrates/Sulfates by Method SW9056; 
• Major Anions by Method SW9056; 
• Major Cations by Method SW6010; and  
• Methane by Method RSK-175. 

3.3 FIELD ACTIVITIES  

Figures 3-1, 3-2, 3-3, 4 and 3-5 show the locations of the proposed sampling and geophysical activities at 
the site.     

Field investigation tasks are structured to flow in a general to specific, results-linked, phased 
investigation, designed to streamline RI/FS operations and schedules.  In the investigation, subsurface 
soil samples will be collected for laboratory analyses to characterize potential EDB contamination in 
subsurface soil near the Loading Dock and within previously identified areas where historical 
documentation indicates EDB drum disposal activities may have occurred.  Seep water and sediment 
samples from areas along Boxelder Creek will also be collected for laboratory analyses to determine 
potential human health and environmental risk associated with the adjacent EDB groundwater plume.  

3.3.1 Mobilization Activities 

All fieldwork at Nemo Work Center will be conducted on publicly or privately owned land.  Prior to 
initiating field sampling at the site, the following tasks will be conducted: 

• Pre-mobilization efforts such as equipment procurement and logistics coordination will be 
conducted following the approval of the Project Planning Documents;   

• Site access will be arranged with the US Forest Service POC, Mr. Rusty Wilder or on-site US 
Forest Service POC Mr. Tony Balestreri.  

• South Dakota One Call will be given notice of intrusive activities a minimum of 48 hours prior to 
the start of drilling.  Proposed drilling locations will be staked in the field for inspection by 
commercial utility staff.  If necessary, a geophysical survey will be conducted to further delineate 
subsurface utilities; 

• Facilities for storage of field equipment/materials will be established, as well as on-site facilities 
for water, electric, telephone, and sanitary disposal; 

• Sample schedules, reporting, and chain of custody (COC) records will be coordinated with the 
analytical laboratories; 

• Field sampling equipment and health and safety equipment will be purchased; 
• Weston/TEC personnel will coordinate with all project field subcontractors (e.g., drillers, 

geophysical surveyors, data validation, and analytical laboratories); and 
• The investigative-derived waste (IDW) storage area will be prepared.  



Final: Nemo Field Sampling Plan  August 2009 

Page 7 

 

3.3.2 Field Sampling Activities 

The following field activities will be conducted in a phased investigation of the potential source-area.  
Summaries of the sampling program is provided in Tables 3-1 through 3-3. 

1. The Team will install six semi-permanent seepage monitoring points along the embankments of 
Boxelder Creek: including three between MW-1 and the Troxell Well north of the bedrock ridge; 
and three between the Kaberna Well and Flack Seep southeast of the bedrock ridge.  These will 
be sampled for pore space water from below the creek bed at the southern embankment (northern 
locations) and along the western embankment (southeastern locations).  Six sediment samples 
will be collected collocated with the seepage water samples.  Water and sediment samples will be 
analyzed for EDB by USEPA method 8260.  Data packages will include USEPA level 3 and 
USEPA level 4 results from the contract laboratory and will be validated for risk assessment 
purposes.  Figure 3-4 provides the approximate locations of these samples.  Actual locations will 
be determined in the field based on field evidence of seepage. 

2. GEM 2 geophysical surveys and mapping will be conducted to identify potential locations of 
buried metal that may indicate the location of EDB drums and containers. The results of the 
GEM 2 surveys will be used to select locations of subsurface soil samples associated with 
suspected buried drums, in the vicinity of suspected drum disposal pits located in Figures 3-1, 3-
3 and 3-5.   

3. The Team will collect subsurface soil samples from five locations at the Nemo Work Center 
Loading Dock, and 15 locations east of MW24 in areas previously identified to be associated 
with the dump pits described in the Bureau of Reclamation Preliminary Assessment (BOR, 
1994).  An additional six subsurface soil sample will be collected in the areas adjacent to MW-1, 
based on analysis of aerial photography performed by the US Forest Service Remote Sensing 
Application Center (RSAC, 2008).   An additional four samples will be collected based on field 
decisions.  Soil samples will be collected via direct push technology.  Soil samples will be 
collected near the soil/bedrock interface or at a depth of 15 feet bgs, whichever is reached first.  
Samples will be analyzed for EDB by USEPA method 8260.  Data packages will include USEPA 
level 3 and USEPA level 4 results from the contract laboratory and will be validated for risk 
assessment purposes.  Figures 3-1, 3-2, and 3-3 provide the proposed locations of 26 soil sample 
borings. 

4. HRR and RPM geophysical mapping of subsurface fractures associated with water and 
contaminant movement in the bedrock ridge will be conducted using surface resistivity arrays 
and borehole potential mapping techniques.  Fractures and faults will be mapped to 150 ft below 
ground surface over approximately 20 acres affected by EDB.  Results will provide two 
dimensional cross-sections and three dimensional images of the bedrock ridge subsurface and 
adjacent alluvium.  Maps will be useful in identifying groundwater migration pathways in the 
fractured bedrock ridge and facilitate assessment of remedial alternatives.  Figure 3-5 shows the 
location of the HRR surface resistivity arrays.  RPM electrodes will be placed in water in 
available monitoring wells that will be determined in the field. 
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5. Four new 4-inch diameter groundwater monitoring wells (MW28 through MW31) will be 
completed to approximately 30 feet below the first water-bearing fracture zone. Each new 
monitoring well will be completed with 30 feet of well screen.  Figures 3-2, 3-3 and 3-4 show the 
proposed locations of the proposed monitoring wells. 

6. One round of groundwater samples will be collected from 33 existing monitoring wells and the 4 
newly installed monitoring wells. Weston/TEC will submit up to 47 samples, including 4 
duplicate and two MS/MSD samples, for laboratory analysis of EDB.  In addition, select samples 
will be analyzed for VOCs, general chemistry and MNA parameters. 

7. A flow survey of Boxelder Creek will be completed to estimate flux though the Creek at 
approximately ten locations to evaluate which stream reaches are gaining water and which are 
losing water to and from the groundwater aquifers.   

8.  A temporal survey of the interaction between groundwater and surface water will be completed 
by installing data loggers at one location in the Boxelder Creek  and three to four selected 
monitoring to evaluate the affect of snow melt surface water increase on groundwater south of 
Boxelder Creek.  Data will be collected for a period of at least ten weeks to evaluate the temporal 
interaction between the stream and groundwater with long-term variations in recharge. 

9. A groundwater pump test will be completed utilizing extraction wells in the Bedrock Ridge wells 
to evaluate the effect of pumping on the groundwater potentiometric surface in this location. 
Groundwater/surface water interaction tests will be conducted in the alluvium west of Bedrock 
Ridge by locating a single pressure transducer data logger in Boxelder Stream and three to four 
data loggers in alluvial wells or alluvial/bedrock wells along the western edge of the Bedrock 
Ridge. 



Table 3-1.  Summary of  Soil Sampling Analytical Program

Sample Description
Comments

Loading Dock Subsuface Soil
LD01 N SO 1
LD02 N SO 1
LD03 N SO 1
LD04 N SO 1
LD05 N SO 1

Drum Disposal Area - Pit 1
DD01 N SO 1
DD02 N SO 1
DD03 N SO 1
DD04 N SO 1

Drum Disposal Area - Pit 2
DD05 N SO 1
DD06 N SO 1
DD07 N SO 1
DD08 N SO 1
DD09 N SO 1
DD10 N SO 1
DD11 N SO 1

Drum Disposal Area - Pit 3
DD12 N SO 1
DD13 N SO 1
DD14 N SO 1
DD15 N SO 1

MW1 Suspect Area
MW101 N SO 1
MW102 N SO 1
MW103 N SO 1
MW104 N SO 1
MW105 N SO 1
MW106 N SO 1

Additional Sampling Locations
ASL01 N SO 1
ASL02 N SO 1
ASL03 N SO 1
ASL04 N SO 1

Totals - Environmental samples 30
QC Samples (estimated numbers)
Duplicates FD SQ 3
Trip Blanks TB WQ 3
MS/MSD MS/SD SQ 2
Totals (QC samples) 8
Grand Total 38

Sample Nomenclature =  Sample Description-Sample Type-Sample Matrix.  Example ASL01-FD-SQ .

Number of Tests (per Analytical Method)

Sample 
Type Matrix

EDB 
8260



Table 3-2.      Summary of Groundwater Analytical Sampling Program
                       Nemo Work Center

Sample Description
EDB 
524.2

Major 
Cat.*
6010

Major 
An.**
300.0

NO3-

SM4500
0NO3-F

Alkal.
SM2320

B
Methane
RSK-175

Sample from

Groundwater Sampling, Round 1
MW1 N GW 1 dedicated pump
MW2 N GW 1 1 1 1 1 1 dedicated pump
MW3 N GW 1 1 1 1 1 1 dedicated pump
MW4 N GW 1 1 1 1 1 1 dedicated pump
RW8 N GW 1 1 1 1 1 1 extraction influent port
MW10 N GW 1 1 1 1 1 1 dedicated pump
MW11 N GW 1 1 1 1 1 1 dedicated pump
MW12 N GW 1 1 1 1 1 1 dedicated pump
RW13 N GW 1 1 1 1 1 1 extraction influent port
RW15 N GW 1 1 1 1 1 1 extraction influent port
MW16 N GW 1 dedicated pump
MW17 N GW 1 dedicated pump
MW19 N GW 1 dedicated pump
MW20 N GW 1 dedicated pump
MW21 N GW 1 dedicated pump
MW22 N GW 1 dedicated pump
MW24 N GW 1 1 1 1 1 1 dedicated pump
MW25 N GW 1 dedicated pump
MW26 N GW 1 1 1 1 1 1 dedicated pump
MW27 N GW 1 1 1 1 1 1 dedicated pump
MW28 N GW 1 1 1 1 1 1 portable pump
MW29 N GW 1 1 1 1 1 1 portable pump
MW30 N GW 1 1 1 1 1 1 portable pump
MW31 N GW 1 1 1 1 1 1 portable pump
Adams N GW 1 dedicated pump
Deverman1 N GW 1 dedicated pump
Krahn N GW 1 dedicated pump
N4T N GW 1 dedicated pump
Old N4T N GW 1 dedicated pump
Church N GW 1 dedicated pump
Weston N GW 1 dedicated pump
Post Office N GW 1 dedicated pump
School N GW 1 dedicated pump
Troxell N GW 1 dedicated pump
Wick/GR N GW 1 dedicated pump
Kaberna N GW 1 dedicated pump
UST MW5 N GW 1 dedicated pump

Totals - Environmental samples 33 4 16 16 16 16 16
QC Samples (estimated numbers)
Duplicates FD WQ 4 1 3 3 3 3 2
Trip Blanks TB WQ 10 3
MS/MSD MS/SD WQ 3 1 1 1 1 1 1
Equipment Blanks EB WQ
Totals (QC samples) 5 4 4 4 4 3

*   Calcium, Magnesium, Sodium, Silica
** Bromide, Chloride, Flouride, Sulfate
Sample Nomenclature =  Sample Description-Sample Type-Sample Matrix.  Example MW30-N-GW .

VOCs
524.2Matrix

Samp. 
Type

Number of Tests (per Analytical Method)



Table 3-3.  Summary of Seepwater and Sediment Analytical Sampling Program
                       Nemo Work Center

Sample Description
Comments

Seepwater
SPW01 N SW 1
SPW02 N SW 1
SPW03 N SW 1
SPW04 N SW 1
SPW05 N SW 1
SPW06 N SW 1

Sediment
SED01 N SED 1
SED02 N SED 1
SED03 N SED 1
SED04 N SED 1
SED05 N SED 1
SED06 N SED 1

Totals - Environmental samples 6 6
QC Samples (estimated numbers)
Duplicates FD SQ 1 1
Trip Blanks TB WQ 1 1
MS/MSD MS/SD SQ 1 1
Equipment Blanks EB WQ
Totals (QC samples) 3 3
Grand Total 9 9

Notes:
Sample Nomenclature =  Sample Description-Sample Type-Sample Matrix.  Example SED01-N-SED .

Number of Tests (per Analytical Method)

Sample 
Type Matrix

EDB 
8260

EDB  
524.2
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SECTION 4 
PROJECT ORGANIZATION AND RESPONSIBILITY 

Also, see the Work Plan for additional project organization and responsibility information.   

4.1 SUBCONTRACTORS  

Weston/TEC will be responsible for the management of all tasks to be undertaken for the RI/FS.  The 
TEC PM, Jeff Hart, RG and the Weston PM John Bridenbaugh will be responsible for the daily 
supervision of field activities of the assigned projects and coordination of subcontractors.   
 
Antler Enterprises, Inc. 
PO Box 407 Black Hawk, South Dakota 57718 
Ken Dier, (605) 391-4620, kdiers546@aol.com 
Drilling and Well Installation 
 
American Engineering and Testing Services 
1745 Samco Road, Rapid City, SD 57501 
Roger Hodson, (605) 388-0029, rhodson@amengtest.com 
Direct Push Soil Sampling 
 
Hydrogeophysics, Inc. 
2302 N. Forbes Blvd. Tucson, AZ 85745 
Dale Rucker, (520) 647-3315, drucker@hgiworld.com 
Geophysical Surveys (HHR, RPM, GEM 2) 
 
Mid-Continent Testing Laboratory 
2381 S. Plaza Dr. Rapid City, SD 57702 
Bob Miller, (605) 348-0111, bob@thechemistrylab.com 
Environmental Chemistry Laboratory 
 
Laboratory Data Consultants, Inc. 
7750 El Camino Real, Suite 2L, Carlsbad, CA 92009 
Rich Amano, (760) 634-0437, ramano@lab-data.com 
Data Validation Services 

mailto:kdiers546@aol.com�
mailto:rhodson@amengtest.com�
mailto:drucker@hgiworld.com�
mailto:bob@thechemistrylab.com�
mailto:ramano@lab-data.com�
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4.2 GEOLOGIC STANDARDS 

The lithologic descriptions for consolidated materials (igneous, metamorphic, and sedimentary rocks) 
will follow the standard professional nomenclature (Tennissen, 1983), with special attention given to 
describing fractures, vugs, solution cavities and their fillings or coatings, and any other characteristics 
affecting permeability.  Colors will be designated by the Munsell Color System. 

The lithologic descriptions for unconsolidated materials (soils [engineering usage] or deposits) will use 
the name of the predominant particle size (e.g., silt, fine sand, etc.).  The dimensions of the predominant 
and secondary sizes will be recorded using the metric system.  The grain size and name of the deposit 
will be accompanied by the predominant mineral content, accessory minerals, color, particle angularity, 
and any other characteristics.  The clastic deposit descriptions will include, as a supplement, symbols of 
the Unified Soil Classification System (USCS).  The color descriptions will be designated by the Munsell 
Color System. 

4.3 SITE RECONNAISSANCE, PREPARATION, AND RESTORATION PROCEDURES  

TEC will conduct a site reconnaissance of the field sites prior to the start of the RI/FS field 
investigations. The primary objectives of conducting a site reconnaissance are to recommend possible 
changes in the technical approach, and to allow for adequate review of any such changes.  During the site 
reconnaissance, TEC will perform the following tasks: 

• Review pertinent documents; 
• Interview personnel who may be knowledgeable about environmental conditions in the project 

area; 
• Conduct multiple site walks to evaluate monitoring and sampling locations; 
• Verify and mark proposed sampling locations; 
• Evaluate site accessibility and security; 
• Designate field office sites;  
• Identify potentially contaminated areas (i.e., discolored soils, stressed vegetation), particularly 

those that may require emergency response; and 
• Document and evaluate site reconnaissance observations and update site maps. 

A subsurface utility clearance  survey will be conducted by the US Forest Service and South Dakota One 
Call to locate the presence of underground utilities in areas designated for intrusive sampling.  Utility 
locations will be determined using existing utility maps, and field, verified using a hand-held 
magnetometer or utility probe.  Vehicle access routes to sampling locations will be determined prior to 
any field activity.   

A centralized decontamination area will be provided for drilling rigs and equipment. The 
decontamination area will be large enough to allow storage of cleaned equipment and materials prior to 
use, as well as to stage drums of decontamination waste.  Smaller decontamination areas for personnel 
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and portable equipment will be provided, as necessary.  A designated location will be provided for the 
field office. 

Each work site or sampling location will be returned to its original condition when possible.  Efforts will 
be made to minimize impacts to work sites and sampling locations, particularly those in or near sensitive 
environments such as wetlands.  Following the completion of work at a site, all drums, trash, and other 
waste will be removed and disposed of properly.  Decontamination and/or purge water and soil cuttings 
disposed of in designated locations. 

4.4 GEOPHYSICAL SURVEY 

GEM 2 mapping will be conducted to identify potential locations of buried metal that may indicate the 
location of EDB drums and containers. The GEM 2 operation will be carried out in the area generally 
laid out in Figures 3-1 and 3-5.  The area cover approximately 150 m by 50 meters.  GEM 2 transects will 
be laid out every 10 m running generally north to south through area.  The Subcontractor will work with 
the Weston onsite coordinator to determine the exact grid location.   

Geophysical mapping of subsurface fractures associated with water and contaminant movement in the 
bedrock ridge will be carried using surface resistivity arrays and borehole potential mapping techniques.  
Fractures and faults will be mapped to 150 ft below ground surface over approximately 20 acres affected 
by EDB.  Results will provide two dimensional cross-sections and three dimensional images of the 
bedrock ridge subsurface and adjacent alluvium.  Maps will be useful in identifying groundwater 
migration pathways in the fractured bedrock ridge and facilitate assessment of remedial alternatives. 

The approach would use High Resolution Resistivity (HRR) profiles across the area to help determine the 
location and degree of fracturing.  A set of parallel HRR lines will be applied along linear transects over 
the hill to the southwest of the town of Nemo. The HRR method is a non-invasive technique and would 
be acquired perpendicular to the expected fracture orientation. The method measures the voltage across a 
pair of stainless steel electrodes resulting from an applied electrical current source at a separate pair of 
electrodes.  

The HRR would be used in conjunction with Residual Potential Mapping (RPM).  RPM is another 
electrical method that aims to define discrete fluid flow pathways or fracture networks.  The method 
works by energizing the water encountered in monitoring wells and tracing back the electrical current 
flow, which is assumed to be along electrically conductive pathways.  The preferential current flow 
perturbs the voltage field in a predictable manner. 

The grid will be laid out as describe below as laid out in Figure 3-5.  The nine parallel lines are oriented 
roughly in the northeast-southwest direction spaced 90m apart. Each line is 250m long.  The tenth line is 
oriented perpendicular to the nine parallel lines and serves as a tie line (1300m in length). The electrodes 
placed along the line would be separated by 3m (10ft). The resistivity imaging will focus on the top 40m. 
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4.5 BOREHOLE DRILLING, LITHOLOGIC SAMPLING, LOGGING, AND 
 ABANDONMENT 

4.5.1 General Drilling Procedures 

All drilling activities will conform to state and local regulations.  The drilling contractor will obtain and 
pay for all permits, applications, and other documents required by state and local authorities.  The on-site 
Geologist will supervise drilling, soil boring, lithologic sampling, and monitoring well construction, and 
will be supervised by an RG or Professional Engineer.  The location of all borings will be coordinated, in 
writing, with the USFS before drilling commences.  A licensed or certified geologist or their designee 
will be present at each drilling location to: 

• log soil and rock core samples as they are retrieved from the borehole; 
• supervise drilling operations;  
• record subsurface soil conditions, groundwater data, and well installation procedures; and 
• complete boring logs, groundwater monitoring well diagrams, and borehole abandonment forms.  

The drill rig will be cleaned and decontaminated according to the procedure described in Section 5.10.  
The drill rig will not leak any fluids that may enter the borehole or contaminate equipment placed in the 
hole.  The use of rags or absorbent materials to absorb leaking fluids will not be an acceptable practice. 

With the exception of air and environmental foam, Weston/TEC does not anticipate the use of drilling 
fluids to advance soil and bedrock borings at the site.  When air hammer drilling techniques are used to 
advance borings through bedrock, the effectiveness of the air filter to remove organic vapors will be 
checked every four hours.  Air passing through the downstream end of the air line will be monitored with 
a Photovac 2020 photo ionization detector (PID).  If organic vapors are detected, their source (e.g., filter, 
contaminated line) will be decontaminated or replaced.  Water or other chemical additives such as 
environmental drilling foam or cement/bentonite grout may be required to further advance a boring or 
facilitate stabilization of the borehole wall.  Weston/TEC anticipates the use of non-alcohol 
biodegradable environmental drilling foam (Foamer ES) to facilitate stabilization of the borehole wall.  
Foamer ES is manufactured by Control Chemical Corporation of Calgary, Alberta, Canada.  It is a clear 
to pale yellow liquid that consists of 30 to 40 percent Sodium Olefin Sulfonate (CAS 68439-57-6) and 
water (60 to 70 percent).  According to the manufacturer, Foamer ES biodegrades to carbon dioxide in 
three to five days. Sampling activities will commence no sooner than seven days following application of 
Foamer ES. 

Any lubricants required for operation of the downhole air rotary hammer will be selected to minimize 
interference with the detection of subsurface contaminants.  In the event that lubricants are used, 
Weston/TEC will provide US Forest Service project personnel with chemical analyses of all lubricants 
proposed for downhole use.  Chemical detection limits will be equivalent to those used in analyzing 
project groundwater samples.  Lubricants with constituents that are toxic or that increase, decrease, or 
mask the target chemical species of the investigation will not be permitted.  Weston/TEC will provide the 
analysis results to US Forest Service prior to drilling mobilization. 

A log of drilling activities will be kept in a bound field log book.  Information in the log book will 
include location, time on site, personnel and equipment present, down time, materials used, samples 
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collected, measurements taken, and any other observations or information that would be necessary to 
reconstruct field activities at a later date. 

TEC will direct the drilling contractor to dispose of all trash, waste grout, soil cuttings, rock chips, and 
drilling fluids according to procedures established in the drilling statement of work.  These activities will 
be coordinated with the US Forest Service POC or their representative. 

The following subsections describe anticipated drilling techniques that will be needed to advance borings 
through the overburden and into bedrock. 

4.5.1.1 Soil Borings 

Thirty shallow soil borings (approximately 15 feet bgs) will be advanced at Nemo Work Center, with a 
truck-mounted geoprobe.  During borehole advancement, the drilling subcontractor will continually 
collect soil samples to approximately 10 to 15 feet bgs or the soil/bedrock interface using a 2.25-inch 
outside diameter (OD) standard geoprobe split spoon sample tube or a macrocore sampler.  Soil samples 
will be collected in acetate liners.  After sampling the liners will be split and visually classified in the 
field by TEC/Weston geologists using ASTM Standard D-2488-90.  In addition, headspace screening of 
soil samples will be performed in the field for total organic vapors using a portable PID.  Results of field 
headspace screening will be recorded on the boring logs and in the field book.  Upon completion of field 
headspace screening and soil classification, a selected number of representative soil samples will be 
submitted for laboratory analysis.  The boring logs will document the following information for each soil 
boring:   

• Purpose of the boring (e.g., soil sampling, monitor well); 
• Location in relation to an easily identifiable landmark; 
• Names of drilling contractor and logger; 
• Start and finish dates and times; 
• Drilling and soil sampling method; 
• Diameters of sample tubes or macrocores; 
• Depth at which saturated conditions were first encountered; 
• Lithologic descriptions and depths of lithologic boundaries; 
• Sampling-interval depths; 

4.5.2 Sampling and Logging 

The lithology in all boreholes will be logged by qualified Weston/TEC field personnel.  Soil and rock 
boring logs will be used for recording lithologic information.  Information on the boring log sheet 
includes borehole location, drilling information, and sampling information, such as sample intervals, 
recovery, and blow counts, and sample description information. 

Unconsolidated soil samples will be obtained continually to 10 to 15 feet bgs, using a 2.25-inch OD 
standard geoprobe sampler or macrocore sampler driven in accordance with ASTM Standard D-1586-84. 
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Lithologic descriptions of unconsolidated materials encountered in the boreholes will generally be 
described in accordance with ASTM D-2488-90, Standard Practice for Description and Identification of 
Soils (Visual-Manual Procedure), (ASTM, 1990).     

Descriptive information to be recorded in the field will include:  

• Identification of the predominant particle’s size and range of particle sizes; 
• Percent of gravel, sand, fines, or all three; 
• Description of grading and sorting of coarse particles; 
• Particle angularity and shape; 
• Maximum particle size or dimension; 
• Color using Munsell Color Chart; 
• Moisture (dry, wet, or moist);  
• Consistency of fine-grained soils;  
• Structure of consolidated materials; and  
• Cementation (weak, moderate, or strong). 

The USCS group symbol will be used and recorded on the Soil Boring Log.  Additional information to be 
recorded includes the depth to the water table, caving or sloughing of the borehole, changes in drilling 
rate, depths of laboratory samples, presence of organic materials, and other noteworthy observations or 
conditions, such as the locations of geologic boundaries. 

All geoprobe soil samples will be monitored with a Photovac 2020 PID or the equivalent for headspace.  
The samples will be handled carefully to minimize the loss of volatiles.  Soil cuttings exiting the 
borehole will be examined for their hazardous characteristics. Lithologic descriptions of consolidated 
materials encountered in the boreholes will generally be described and documented. 

4.5.3 Monitor Well Construction  

During the RI, TEC will oversee the installation of four new groundwater monitoring wells. Proposed 
monitoring well locations are provided on Figures 3-2 and 3-3 and 3-4.  The on-site TEC Field geologist 
will supervise monitoring well construction and will be an experienced Registered Geologist or 
Professional Engineer.  The supervising Geologist will affix his/her signature and 
registration/certification seal to as-built well construction diagrams.  All pertinent field information will 
be recorded during drilling procedures.  Table 4-1includes monitoring well specifications. 

4.5.4 Drilling Requirements 

All monitoring well installations will conform to federal and state requirements.  The drilling contractor 
will obtain and pay for all permits, applications, and other documents required by state and local 
authorities. 

The drill rig will be cleaned and decontaminated according to the guidelines described in Section 4.9.  
The drill rig will not leak any fluids that may enter the borehole or contaminate equipment that is placed 
in the hole.   
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4.5.5 Borehole Requirements 

Boreholes will be advanced using an 71/2 inch diameter air rotary hammer.      

4.5.6 Casing Requirements 

The casing requirements that will be followed are: 1) all casing will be new, unused, and wrapped in its 
original plastic; 2) joints will be flush-threaded and glue will not be used to connect joints; 3) all PVC 
will conform to the ASTM Standard F-480-88A or the National Sanitation Foundation Standard 14 
(Plastic Pipe System); 4) the casing will be straight and plumb within the tolerance stated for the 
borehole; and 5) the driller will cut a notch in the top of the casing to be used as a measuring point for 
water levels. 

Weston/TEC will use 4-inch ID flush threaded schedule 40 PVC well screen and casing for the four new 
monitoring wells.  Installation of casing pipe in the boreholes will allow accurate measurement of 
groundwater elevations, estimation of hydraulic gradient and principal groundwater flow direction(s), 
and collection of representative groundwater samples.  When the groundwater monitoring well is 
installed, Weston/TEC field personnel will inspect PVC well screen and riser pipe for damage and will 
decontaminate PVC piping according to equipment decontamination procedures outlined in Section 4.9, 
if necessary.  An end cap will be placed at the base of the well screen on the bottom-most section of 
casing so that sediment buildup can be captured.   

4.5.7 Well Screen Requirements 

Well screen requirements are: (1) all requirements that apply to casing will also apply to well screen, 
except for strength requirements, (2) monitor wells will not be screened across more than one 
water-bearing unit, (3) screens will be factory slotted or wrapped, (4) screen slots will be sized to prevent 
90 percent of the filter pack from entering the well, and for wells where no filter pack is used, the screen 
slot size will be selected to retain 60 to 70 percent of the formation materials opposite the screen, and (5) 
the bottom of the screen is to be capped, and the cap will be joined to the screen by threads. 

The new groundwater monitoring wells will be constructed with approximately 30-foot of 4-inch ID 
0.02-inch slotted Schedule 40 PVC well screen, positioned near the bottom of each boring.  The top of 
the well screen will be positioned approximately at the first encountered water bearing zone. 

4.5.8 Annular Space Requirements 

The annular apace requirements are the following: (1) the annular space will be filled with a filter pack, a 
bentonite seal, and casing grout between the well string and the borehole wall, and (2) as the annular 
space is being filled, the well string will be centered and suspended such that it does not rest on the 
bottom of the hole, and for wells greater than 50 feet deep. 

4.5.9 Filter Pack Requirements 

The filter pack will consist of clean, chemically inert, and well-rounded #3 silica sand or gravel with less 
than two percent flat particles.  The filter pack will have a grain size distribution and uniformity 
coefficient that is compatible with formation materials and the well screen.  It will be certified to be free 
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of contaminants by the vendor.  In the monitoring wells, the filter pack will extend approximately 2 feet 
above the top of the well screen to account for the weight of the overlying bentonite seal.  The top of 
filter pack will be measured using a weighted nylon tape above the uppermost centralizer.   

After the filter pack is emplaced, the well screen will be surged and the top of the sand pack will be 
sounded to verify its depth and consolidation during placement.  Additional #3 silica sand will be placed 
as required to return the level of the filter pack to the desired depth above the well screen.   

4.5.10 Bentonite Seal Requirements 

In the monitoring well installations, the bentonite seal will extend approximately 3 feet above the top of 
the filter pack.  The bentonite seal will consist of .375 to .5-inch pellets of treated compressed (time 
release) bentonite, that will be emplaced using a tremie pipe (1 ½ to 2-inch ID).  The top of the bentonite 
seal will be sounded using a weighted steel or fiber glass tape.  TEC will record the type of bentonite 
used (pellets) along with the quantity of bentonite emplaced in each groundwater monitoring well. Pellets 
will be set under water and all effort will be made to ensure they are allowed time to drop to depth 
without bridging. 

4.5.11 Casing Grout Requirements 

After allowing a minimum of one hour for the bentonite seal to hydrate, the borings will be backfilled 
with a bentonite/cement casing grout.  Casing grout will extend from the top of the bentonite seal to 
ground surface.  Grout used in groundwater monitoring well construction should always be lump-free.   
The grout will be mixed in the following proportions: 94 pounds of neat Type I Portland or American 
Petroleum Institute Class A cement, not more than four pounds of 100 percent sodium bentonite powder, 
and not more than eight gallons of potable water. The grout mixture will be thoroughly mixed to ensure 
even consistency.  Casing grout will be pump-tremied into the boreholes using a 1.5 to 2-inch diameter 
side-discharge tremie pipe.  TEC and the drilling subcontractor will record the quantity of grout 
emplaced in each groundwater monitoring well. 

4.5.12 Surface Completion Requirements 

When above-ground surface completion is used, the well casing will be extended two to three feet above 
land surface.  A pressure locking casing cap will be placed on each well, and the extended casing will be 
shielded with a steel guard pipe that is placed over the casing and capped and seated in a 3-foot diameter 
by 4-inch concrete surface pad set from ground surface to depth.  To allow for escape of gas, a small 
diameter (e.g., .25-inch) vent hole will be placed in the well casing, or a ventilated well cap will be used. 
 The concrete surface pad will be reinforced with steel reinforcing bars at least 0.25-inch in diameter.  
The ground surface will be freed of grass and scoured to a depth of two inches before setting the concrete 
pad.  The diameter of the steel guard pipe will be at least six inches greater than the diameter of the 
casing.  The pad will be sloped away from the well guard pipe. A lockable cap or lid will be placed on 
the guard pipe.  The identity of the well will be permanently marked on the casing cap and the protective 
guard pipe.   

All wells will be secured as soon as possible after drilling, with corrosion-resistant locks.  The locks will 
either have identical keys or a master combination.  The keys or combination will be provided to the 
appropriate US Forest Service personnel following completion of the field effort. 
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4.6 MONITOR WELL DEVELOPMENT  

Monitoring well development will be supervised by the Weston/TEC site geologist or engineer.  General 
monitoring well development requirements follow. 

• All newly installed monitoring wells will be developed no sooner than 24 hours after installation 
to allow for grout curing.  

• All drilling fluids used during well construction (as practical) will be removed during 
development.  

• Wells will be developed using surge blocks and bailers or pumps until:  
• the turbidity remains within a 10 nephelometric turbidity unit (NTU) range for at least 30 

minutes, except for caprock wells that may not read this level within the allotted time (two 
hours); 

• the stabilization criteria described in Section 4.13.1.1 are met;  
• discharge water color and volume is documented; and 
• no sediment remains in the bottom of the well. 

• No detergents, soaps, acids, bleaches, or other additives will be used to develop a monitoring 
well, and all development equipment will be decontaminated according to the specifications of 
Section 4.9.   

Prior to initiating well development, the static groundwater level and total well depth will be measured to 
calculate the volume of groundwater present in the well casing.  The volume of groundwater present will 
be used to determine the amount of groundwater that will be evacuated from each monitoring well.  
Groundwater will be removed from the monitoring wells using a decontaminated sand/sediment bailer 
between 5 and 10 feet in length or an appropriate submersible pump to remove sand/sediment. 

Purge water from well development will disposed of on the ground.  Physical characteristics such as 
color, odor, turbidity, and the presence of separate phase product will be recorded during drilling 
operations.  In addition, the duration of development, flow rates, estimated quantities of groundwater 
removed, depth to water level measurements, and recovery times for wells will also be noted. 

4.7 AQUIFER TESTS    

4.7.1 Aquifer Testing For Hydraulic Properties 

4.7.1.1 Slug Tests 

Slug tests are applicable to rocks or unconsolidated deposits of low hydraulic conductivity. Testing of 
several wells is necessary to characterize an aquifer because slug tests only measure aquifer properties 
immediately adjacent to the borehole or well.  Before initiating a slug test, the water level should be 
static and not recovering or receding as a result of sampling, development, pumping of nearby wells, or 
related activities.  The slug test will be conducted using a slug or by withdrawing water from the well.  
No fluid will be put in the well. 

Slug tests will be conducted as follows: 
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1. Decontaminate all equipment that will enter the borehole according to the specifications 
described in Section 4.9. 

2. Secure a data logger to a metal rod with centralizers.  The rod should be short enough so it does 
not interfere with the insertion of the slug into the borehole. 

3. Lower the data logger assembly into the well until the rod rests on the bottom of the well.  Let 
the data logger and water level stabilize for a couple of minutes and take a pressure reading. 

4. Take a manual water level measurement to verify the starting water level for the slug test. 

5. Lower a slug into the well until it is fully submerged, displacing water and raising the water level 
in the well bore. 

6. Monitor the pressure readings transmitted from the data logger until the water pressure has 
returned to approximately the starting value.   

7. When the water pressure has returned to the starting value, quickly remove the slug from the 
well.  This will cause an immediate decrease in the water level in the well bore. 

8. Monitor the water pressure transmitted from the data logger until the pressure returns near the 
starting value.  The data logger data can also be supplemented with manual water level 
measurements once the slug is out of the way.  

9. Remove the data logger from the well, download the data, and decontaminate all equipment that 
was placed in the well. 

10. Analyze the data using the methods detailed in Dominico and Swartz (1990), pages 164-168. 

The following information will be recorded on a Slug Test Data Form: location, location identification, 
date, test method, slug volume, logger code, acceptance code, elapsed time, and depth-to-water.   

4.7.1.2 Other Test Methods 

The aquifer hydraulic parameters can be estimated from well specific capacity and from step drawdown 
tests.  For low hydraulic conductivity rocks, ASTM D-4630 or D-4631 is applicable.   

The interaction between surface water and groundwater is important to determining the movement of 
groundwater.  Surface water channels, where the water elevation is above the groundwater table, leak 
water into the aquifer and cause groundwater to migrate away from the surface water channel.  If the 
surface water elevation is below the groundwater table, the groundwater will migrate toward the surface 
water channel.  If the surface water elevation is above the groundwater, surface water leaking into the 
aquifer will cause dissolved contaminants to migrate away from the surface water channel. The site under 
investigation is bordered on the north and east by Boxelder Stream. Understanding the interaction 
between these surface water bodies and the groundwater on-site is necessary to determine the fate and 
transport of contaminants in the groundwater.  To characterize the influence of the surface water 

Stream Monitoring 
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channels on the groundwater, a topographic survey will be conducted to determine the elevation of the 
surface water channels in relation to the site and the groundwater elevation at the site.  This will include 
developing cross-sections of the stream, which will be done by TEC personnel using a surveyor’s 
level/transit.   A data logger will be placed in the stream to measure the relative water elevations between 
the stream and the aquifer, and the aquifer response to water level changes in the stream.  Ideally, this 
monitoring will include some storm events.   

4.8 SURVEYING    

Surveying will be conducted at two levels of precision.  General site features, such as property 
boundaries, fence lines and utilities locations will be surveyed at sub-meter accuracy and precision in 
Northing, Easting and Elevation.  These measurements will be collected using Global Positioning System 
(GPS) surveying equipment operated by Weston/TEC staff.  Soil boring locations will be surveyed using 
GPS, as well.  Features that require precise elevation controls, such as monitoring wells, stream or ditch 
bottoms, or reference points, will be surveyed using a total station, such as a Laser Leveling Station, or 
similar.  Monitoring wells elevations and reference points for stream gauging elevations will be measured 
at ground level and at the reference point.  Monitoring well reference points will be at the notch located 
at the northern facing point on the PVC casing stickup.  Stream gauges will include a semi-permanent 
measuring point, depth with top above ground surface.  The horizon and the vertical precision for these 
survey data will be ±1 foot and ±0.2 foot, respectively. 

Site features and sampling locations will be surveyed and the results will be presented in a table 
containing the name of the feature/locid, date, reference datum, survey method, Northing, Easting, 
Elevation, coordinate system, and measurement units.  The final survey data will be submitted in NAD 
83 UTM Zone 13N coordinate system . 

All surveying locations measured in the previously described coordinate system will be third order 
(Urquhart, 1962).  An XY-coordinate system will be used to identify locations. A base site map was 
generated in earlier investigations that will be used in planning proposed activities, as well as for 
analytical purposes and reporting. The base site map will be used to locate areas of field activity 
generated during the RI, such as groundwater monitoring well installation and soil/bedrock boring. The 
site base map will also show geomorphic features and man-made structures in the site area.  

4.9 EQUIPMENT DECONTAMINATION 

All field equipment that may directly or indirectly contact samples will be decontaminated in a 
designated decontamination station.  A decontamination station will be established at each field site prior 
to initiating intrusive field activities.  It will consist of a plastic-lined pad where drilling equipment, such 
as auger flights, drill rods, and sampling devices, can be steam cleaned.  In addition, the portion of the 
drill rig which stands above the boreholes will be decontaminated by steam cleaning at the 
decontamination station.  Drilling rigs and associated drilling equipment will be steam-cleaned between 
borings to minimize the potential for cross-contamination.  An Equipment Decontamination Log Sheet 
will be kept during sampling events. 

4.9.1 Heavy Equipment Decontamination 

General decontamination procedures for large pieces of equipment include the following:  
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• Drill rigs will be decontaminated upon entering the site, before leaving the site, or when being 
moved from one boring location to another;  

• Drill bits, and rods will be decontaminated with high-pressure hot water and laboratory grade 
phosphate-free detergent, scrubbed if necessary, rinsed thoroughly with potable water, and 
allowed to air dry; and 

• All casings, screws, and other downhole equipment will be steam-cleaned prior to installation. 

4.9.2 Instrument and Reusable Sampling Equipment Decontamination 

Instruments that contact water, such as an electronic water level indicator, will be decontaminated 
following the procedures for sampling equipment described below.  Instruments that are sensitive to soap 
and solvents, such as the pH meter, will be rinsed with potable and distilled water.  The probes will be 
cleaned daily and stored overnight according to the manufacturer’s recommended procedures. 

All reusable field equipment used to collect, handle, or measure samples will be decontaminated before 
coming into contact with any soil or groundwater samples.  The decontamination procedure must match 
the degree of contamination of the sampling tool.  For example, steam cleaning will be necessary to 
remove dirt from auger flights and to prepare well screens and riser pipe for installation into the 
borehole. Brushes and soap may be required to remove dirt from split-spoon samplers.  Sampling 
equipment that comes into contact with EDB will be cleaned with isopropyl alcohol.  Clean, disposable 
gloves will be worn during and after decontamination so that equipment will not be recontaminated.   

General decontamination procedures for sampling and drilling devices such as split-spoon samplers, 
bailers, and other equipment that can be hand manipulated are as follows. 

• Steam clean if practical; 
• Scrub equipment with a solution of potable water and a laboratory grade phosphate-free 

detergent (e.g., Alconox) to remove all dirt from sampling or drilling item; 
• Rinse sampling item thoroughly with potable water to remove residual dirt and rewash, if 

necessary; 
• Rinse item with distilled water; and  
• Rinse item with isopropyl alcohol to remove residual organics, and rinse a final time with 

distilled water.  

Isopropyl Alcohol will be purchased, stored, and dispensed in glass, stainless steel, or Teflon containers. 
 These containers will have Teflon caps or cap liners.  

4.10 WASTE HANDLING 

Waste handling measures in accordance with relevant regulations and in compliance with Forest Service 
direction will be carried out during all field operations.  All subcontractors will follow standard 
procedures as directed in the Statement of Work covering their activities.  All investigation derived waste 
(IDW) will be disposed of in a manner that is consistent with the regulatory requirements.  Weston/TEC 
and their subcontractors shall be responsible for ensuring that all IDW (including drill cuttings, 
equipment rinse water, well development effluent, personal protective equipment [PPE], and 
miscellaneous solid waste) generated during drilling, subsurface soil sampling, well construction, and 
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well development is properly stowed or disposed of at the end of each day.  At the time of generation, 
soil will be segregated by PID and visual indicators.  TEC/Weston and the subcontractors shall maintain 
the IDW storage area while it is in use, but shall not be expected to maintain the area after the last IDW 
drum has been marshaled. 

TEC/Weston and the subcontractors shall make every effort to generate the smallest amount of IDW 
possible. 

TEC/Weston and the subcontractors shall provide all equipment necessary to move the IDW drums from 
generation sites to the associated storage area, including any handling equipment and transportation 
truck.  

4.11 HYDROGEOLOGICAL CONCEPTUAL MODEL 

The project geologist or engineer will update the site geological and hydrological conceptual model that 
is provided in Section 3.0 of the WP.  The model will be the basis for evaluating monitor well and 
piezometer locations, contaminant distribution (plume delineation), and the closeness of fit to natural 
conditions of analytical or computer-based numerical models. 

4.11.1 Analytical or Numerical Model Representations of the Hydrogeological Conceptual    
Model 

The project geologist or engineer will be responsible for evaluating the fit of analytical or numerical 
groundwater flow and contaminant transport models to natural site conditions and the model's ability to 
predict the spatial and temporal distribution of contaminants.  The model will consider stratigraphy, 
geological structure, aquifer homogeneity or heterogeneity, hydraulic conductivity, transmissivity, 
storativity, and effective porosity.  As applicable, the model will consider leakage, dispersivity, and 
attenuation. 

The project geologist or engineer will evaluate the reliability of predictions resulting from use of the 
model.  Reliability will be based on sufficiency and representativeness of field data, model calibration, 
degree of change of field data during calibration, and model sensitivity to changes in selected variables.  
The values assigned to nodes of numerical models and the amount of change of field values will be 
displayed on maps or cross sections. 

Analytical and numerical groundwater model will be used to: 

• Estimate the hydraulic conductivity of the different strata based on the measured groundwater 
elevation; 

• Analyze the results of the slug tests; 
• Assess the influence that the nearby stream has on the groundwater flow direction and the 

transport of dissolved contamination; 
• Identify the most probable direction and velocity of contaminant migration; and  
• Estimate the decay and sorption characteristics of the compounds of concern by using inverse 

modeling techniques. 
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The models selected will be based on the processes a model is able to simulate, the degree of testing and 
validation the model has been subjected to, and ability of the numerical model to handle complex 
conceptual models.  The model suite most likely to be used is the MODFLOW groundwater flow model 
and the MT3D-MS contaminant transport model.  These models will be used in conjunction with the 
Groundwater Modeling System graphical user interface. 

4.12 CORRECTIVE ACTION 

Corrective action will be initiated when potential or existing conditions are identified that may adversely 
impact data quality or quantity.  Events that require corrective action include: 

• Violation of established field or sample handling procedures; 
• Violation of established analytical controls; 
• Violation of established field or sample collection procedures; and  
• Results of laboratory/field comparison studies. 

Immediate corrective action is usually applied to real-time, non-recurring problems.  Instrument and 
equipment malfunctions and non-conforming field procedures are examples of problems amenable to this 
type of action.  The individual who observes non-conformance will immediately notify his/her 
supervisor. The appropriate task leader will investigate the extent of the problem and take the necessary 
corrective steps.  The task leader will discuss the corrective action with the QA Manager and PM and 
document the corrective action in the field logbook and in a memo if the problem potentially seriously 
compromises the project data quality.   

Once the immediate corrective action is implemented, the task leader will monitor the situation closely 
for recurrence, to ensure that the corrective action has been effective and the problem is no longer 
occurring.  If the problem continues, the corrective action may be ineffective, and additional or 
alternative corrective actions may be necessary.  
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Table 4-1.  Drilling Specifications 

 

Well 
Parameters 

MW-29 MW-30 MW-31 MW-32 

Bore Hole 
Diam. 

8-inch 8-inch 8-inch 8-inch 

Bore Hole 
Depth 

75 ft 95 ft 95 ft 110 ft 

4” PVC SCH 
40 Casing 

45 ft 65 ft 65 ft 80 ft 

4” PVC SCH 
40 Screen 

30 ft 30 ft 30 ft 30 ft 

4” Locking 
Cap 

1 1 1 1 

Filter Pack 33 ft 33 ft 33 ft 33 ft 

Bentonite Seal 4ft 4 ft 4 ft 4 ft 

Cement Grout 38 ft 58 ft 58 ft 73ft 

Well 
Completion 

Ground 
Surface-12-
inch Water 
Tight manhole 
in 3ft concrete 
pad 

Above ground 
3’ 8-inch Steel 
Pipe with 
Locking Cap 

Above ground 
3’ 8-inch Steel 
Pipe with 
Locking Cap 

Above ground 
3’ 8-inch Steel 
Pipe with 
Locking Cap 
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ENVIRONMENTAL SAMPLING   

4.13 SAMPLING PROCEDURES  

The construction material of the sampling devices (e.g., plastic, PVC, metal) discussed below will be 
appropriate for the contaminant of concern and will not interfere with the chemical analyses being 
performed. 

All purging and sampling equipment will be decontaminated according to the specifications in Section 
4.9 prior to any sampling activities and will be protected from contamination until ready for use. 

4.13.1 Groundwater Sampling 

4.13.1.1 Monitor Well Sampling 

Monitoring wells will be sampled in order of anticipated ascending volatility to minimize the potential 
for cross contamination between wells.  All sampling activities will be recorded in the field log book.  
Additionally, all sampling data will be recorded on a Groundwater Field Sampling Report. 

Before groundwater sampling begins, wells will be inspected for signs of tampering or other damage.  If 
tampering is suspected, (e.g., casing is damaged, lock or cap is missing) this information will be recorded 
in the field log book and on the Field Sampling Report, and reported to the Weston/TEC supervisory on-
site geologist.  Wells that are suspected to have been tampered with will not be sampled until the FTL 
has discussed the matter with the PM. 

Before the start of sampling activities, plastic sheeting will be placed on the ground near the well.  The 
plastic sheeting will be used to provide a clean working area around the wellhead, and will prevent any 
soil contaminants from contacting sampling equipment.  Visible water in the protective casing or in the 
vaults around the well casing will be removed prior to venting and purging.   

Every time a well casing cap is removed to measure water level or to collect a groundwater sample, the 
ambient air in the breathing zone will be checked with a PID to determine the potential for fire, 
explosion, safety hazards, or other threats to the health of workers.  Similarly, air in the well bore will be 
checked for organic vapors with a PID and for explosive gases with an explosimeter (if warranted).  
Procedures in the Health and Safety Plan (HSP) will be followed when high concentrations of organic 
vapors or explosive gases are detected.   

Sampling equipment will be equipped with a positive foot check valve to prevent purged water from 
flowing back into the well.  Purging and sampling will be performed in a manner that minimizes aeration 
in the well bore and agitation of sediments in the well and formation.  TEC anticipates the use of a 
portable low-flow submersible pump system to purge and collect groundwater samples from the 
monitoring wells.  Groundwater samples will be collected from the discharge line of the submersible 
pump (or from a petcock or flow control valve) after the flow is steady and no air bubbles can be 
observed.  The following information will be recorded on a Monitoring Well Purging Form each time a 
monitoring well is purged and sampled:   

• Depth to water before and after purging;  
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• Well bore volume calculation; 
• Sounded total depth of the monitoring well;  
• The condition of each well;  
• The thickness of any non-aqueous phase liquid (NAPL) layer; and   
• Field parameters, such as pH, temperature, electrical conductivity, oxidation/reduction potential 

(ORP), alkalinity, dissolved oxygen (DO), and turbidity. Before groundwater sampling begins, 
wells will be inspected for signs of tampering or other damage.  

If tampering is suspected, (i.e., casing is damaged, lock or cap is missing) this will be recorded in the 
field log book and on the Monitoring Well Sampling Form, and reported to the FTL.  Wells that are 
suspected to have been tampered with will not be sampled until the FTL has discussed the matter with 
the PM. 

Water level measurements will be performed to estimate principal groundwater flow direction(s) and 
hydraulic gradient.  Water levels will be measured from the notch located at the top of the well casing.  If 
well casings are not notched, measurements will be taken from the north edge of the top of the well 
casing, and a notch will be made using a decontaminated metal file.  The following procedures will be 
used to measure water levels. 

Water Level Measurement 

• An interface probe will be lowered into the groundwater monitoring well if a nonconductive 
floating product layer is suspected.  The interface probe will be lowered prior to measuring 
groundwater levels in the well; 

• A PID will be calibrated to ambient air conditions.  After uncapping the well, background and 
casing headspace organic vapor measurements will be recorded; 

• Date, well number, field instrument identification number, casing diameter, and other pertinent 
observations (e.g., availability of sounder port, well condition) will be recorded; 

• Depth to groundwater from the top of casing will be measured to the nearest 0.01 foot and 
recorded on a Monitor Well Static Water Level Form and in the field book.  Water level results 
will be compared with previous measurements to check for discrepancies; 

• The water level sounder tape and probe will be thoroughly rinsed before being lowered into each 
groundwater monitoring well installation; and 

• An inspection of the surrounding area will be made to assure that all equipment and materials 
have been retrieved and that the appropriate well cap has been replaced and secured. 

Following water level measurement, the total depth of the well from the top of the casing will be 
determined using a weighted tape or electronic sounder and will be recorded on the Monitoring Well 
Static Water Level Form and in the field book.  The water level depth will then be subtracted from the 
total depth of the monitoring well to determine the height of the water column present in the well casing. 
 All water level and total depth measuring devices will be routinely checked with a tape measure to 
ensure that measurements are accurate. 
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Purging of monitoring wells is performed to evacuate water that has been stagnant in the well and may 
not be representative of aquifer conditions.  Stagnant water is not considered representative because it 
does not interact or mix with groundwater moving through the screened portion of the monitoring well.  
Well purging will be accomplished using designated submersible pumps. 

Purging Prior to Sampling 

When a submersible pump is used, Weston/TEC will use low-flow sampling techniques to purge and 
collect groundwater samples.  Low-flow sampling techniques involve suspending a submersible pump 
near the midpoint of the well screen and then pumping the monitoring well at a flow rate below the 
recharge capacity of the surrounding formation.  By purging at low-flow rates, only groundwater that 
enters through the well screen is purged from the groundwater monitoring well.  A low purge rate will 
also reduce the possibility of stripping VOCs from groundwater and will reduce the likelihood of 
mobilizing colloids in the subsurface that are immobile under natural flow conditions.  Care will be 
exercised by TEC field personnel to avoid exposing the well screen or purging the monitoring wells to 
dryness.  This could result in recharging groundwater cascading down the sides of the well screen 
resulting in accelerated loss of VOCs.   

Low-flow purging rates are site-specific and are based on the permeability sedimentary nature of the 
formation being sampled.  The parameters that determine the pumping rate are: 

• Drawdown of the aquifer generally set at  0.1 meters  (0.32 feet); and 
• Low turbidity, depending upon the formation. 

Actual rates will be measured in the field. 

Groundwater will be monitored for water stabilization parameters (e.g., temperature, pH/ORP, EC, DO, 
and turbidity).  Purging will continue until water quality stabilization criteria are met or until a minimum 
of three well bore volumes have been removed.  Stabilization will be defined as follows: temperature +/- 
1oC, pH +/- 0.1 units, EC +/- 5 percent.  If these parameters have not stabilized, the sample will be 
collected after three well bore volumes have been removed or one hour.  TEC will record the number of 
well bore volumes removed.   

Discharge from the flow cell will be directed to a graduated bucket where the flow rate and total volume 
of purge water removed from the monitoring well will be measured.  The purge water will subsequently 
be allowed to infiltrate into the subsurface.  Waste handling procedures are presented in Section 4.10.   

Water quality indicator parameters will be measured and recorded on the Monitor Well Purging Form 
and in the field book. 

4.13.1.2 Sample Collection 

Groundwater samples will be collected no sooner than 24 hours following monitoring well development. 
Groundwater samples will be collected using a designated submersible low-flow pump.  Pumps that exert 
a vacuum on the sample or undue agitation of the sample (centrifugal pumps) (e.g., peristaltic pumps) 
will not be used. 
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The sample will be collected after temperature, pH, and EC have stabilized and after the water level has 
recovered 80 percent of its static level or after a minimum of three well volumes have been  purged, 
whichever occurs first. If water quality indicator parameters do not stabilize , the sample will be collected 
after one hour and the anomalous parameters will be brought to the attention of the Field Team Leader.  
Field equipment will be calibrated in accordance with Section 5.0 of the QAPP and Section 5.2 of this 
document (FSP). 

Before collecting groundwater samples, the TEC sampling team will don clean, phthalate-free protective 
gloves.  Groundwater monitoring wells will be sampled in order of increasing contamination.  
Monitoring wells that are expected to be the least contaminated will be sampled first.  At each 
monitoring well installation, groundwater samples will be collected in descending order of potential 
volatility: VOC samples, PHCs; metals; TOC; anions/cations; DO. 

Hydrochloric acid will be added to the VOC sample bottle as a preservative before introducing sample 
water.  The sample will be collected from the discharge end of the submersible pump tubing.  The sample 
vial will be filled until a meniscus is visible and then it will be immediately sealed.  When the sample 
vial is capped, it will be inverted and gently tapped to ensure that no air bubbles are present.  Vials with 
trapped air will be refilled until no bubbles are present.  After the containers are sealed, sample degassing 
may cause bubbles to form; these bubbles will be left in the container.  These samples will never be 
composited, homogenized, or filtered. 

All groundwater samples collected for this RI will be submitted to the laboratory unfiltered.  Required 
sample containers, preservation methods, volumes, and holding times are given Table 4-2.  Sampling 
equipment will be decontaminated upon completion of sampling activities. 

4.13.2 Sampling Soil and Sediment for EDB Using Method 8260B 

A modified SW-846 Method 8260B sampling method will be used to collect EDB samples according to 
the following methodology: 1)a volumetric syringe corer calibrated for volume, will be used to collect 
core samples of 5g ±1g from the split-spoon sampler, or other sample retrieval device; 2) for each sample 
three syringe volumes will be extruded directly into three separate sample vials; 3) samples will be 
immediately put on ice to counteract biodegradation affects and loss of EDB; 4) if specific sample depths 
are not required, PID screening will be used to select which depth intervals are sent to the laboratory for 
final analysis.  This methodology allows the laboratory to analyze the vials directly with purge and trap, 
without loss of EDB.   

The syringe corers will be plunged into the soil sample directly from the sampling device immediately 
following initial screening.  Syringe core samples will be collected at screening intervals in which PID 
screening or other identification indicates presence of contamination as high or higher than already 
collected, based on the experience of the sampling professional.  Following a completed sampling event, 
headspace readings for each sample collected will be evaluated.  After evaluation of all field screening 
results and observations the following samples will be selected and sent to the environmental laboratory:  

• A single VOC sample per boring; 

• A maximum of six sediment VOC samples. 
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4.13.3 Subsurface Soil Sampling 

Weston/TEC will submit a maximum of two subsurface soil samples collected from each direct push 
geoprobe boring for laboratory analysis of EDB based on odors, discoloration, organic vapor meter 
readings and any other field screening method from samples collected continuously. Subsurface soil 
samples will be collected using standard geoprobe or macrocore samplers.  If sample recovery is 
insufficient to meet minimum sample volume requirements, the sample with the next highest screening 
result will be submitted.  If field headspace screening results do not elicit PID readings above 
background, Weston/TEC field personnel will collect soil samples from the sampling intervals directly 
above the bedrock interface.  All pertinent data will be recorded on a Subsurface Field Sampling Form. 

4.13.3.1 Field Headspace Screening 

If initial screening results indicate the presence of organic vapors, a headspace analysis will be conducted 
on remaining portions of the sample. 

Following collection of soil samples, headspace screening will be performed in the field using a portable 
PID on the remaining portions of samples selected on the basis of initial screening.  Soil samples 
collected from the borings will be field screened by filling a self-closing polyethylene plastic bag with 
approximately 250 grams of soil.  The soil samples will then be vigorously shaken for approximately 30 
seconds and allowed to equilibrate a minimum of 15 minutes and a maximum of two hours (120 minutes) 
to a temperature of 25oC.  The bag headspace will then be screened for organic vapors by puncturing the 
bag exterior with the PID probe, inserting the tip to a distance approximately one-half the headspace 
depth, and recording the highest reading displayed on the instrument meter.  The results of field 
headspace screening will be recorded on the Soil Boring Log and used to select samples from each 
boring for laboratory analysis of selected analytical constituents. The field headspace sample will be 
saved for future reference and stored on site.   

All information regarding field headspace screening results, soil texture, density, consistency, and color 
will be recorded on soil boring logs. 

4.13.3.2 Seepage Water and Sediment Sampling 

Six seepage water samples will be collected from Boxelder Creek at the following locations; Three 
locations between MW-1 and the Troxell Well north of the Bedrock Ridge; and three locations between 
the Kaberna Well and Flack Seep southeast of the Bedrock Ridge.  These will be sampled for pore space 
water from below the creek bed at the southern embankment (northern locations) and along the western 
embankment (southeastern locations).  Six sediment samples will be collected collocated with the 
seepage water samples.  Water and sediment samples will be analyzed for EDB by USEPA method 8260. 
Data packages will include USEPA level 3 and USEPA level 4 results from the contract laboratory and 
will be validated for risk assessment purposes.  Seepage water samples will be collected through 1-inch 
sampling pipes driven into the stream bed and screened below the subsurface. Sediment Samples will be 
collected adjacent to seepage sample locations. 
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4.14 SAMPLE HANDLING 

4.14.1 Sample Containers 

Sample containers are purchased precleaned and treated according to EPA specifications for the methods. 
Sampling containers that are reused are decontaminated between uses by the EPA-recommended 
procedures (i.e., EPA 540/R-93/051).  Containers are stored in clean areas to prevent exposure to fuels, 
solvents, and other contaminants.  Amber glass bottles are used routinely where glass containers are 
specified in the sampling protocol.  

4.14.2 Sample Volumes, Container Types, and Preservation Requirements 

Sample volumes, container types, and preservation requirements for the analytical methods performed on 
USFS samples are listed in Table 4-2.   

Sample holding time tracking begins with the collection of samples and continues until the analysis is 
complete.  Holding times for methods required routinely for USFS work are specified in Table 4-2.   

4.14.3 Sample Identification 

A formal sample identification system will be used to designate each sample collected during the RI/FS 
field investigation.  The identification system will provide a tracking procedure to allow retrieval of 
information about a particular sample location and to ensure that each sample is assigned a unique 
identification that describes where it was collected. 

The sample location identifier consists of up to 6-7 characters.  The characters of the sample location 
identifier will be divided as follows: 

• The first four characters denote the monitoring well identifier, the surface water, or sediment 
locations identifier; 

• The last two to three characters represent the numerical sequence. 

Location identifiers will be maintained when re-sampling these wells.  The numerical sequence for new 
location identifiers for this RI/FS will begin where the previous investigation ended.  This will ensure 
that location identifiers are not duplicated.  Existing monitoring well locations at the Nemo Work Center 
include MW01 through MW27.  New location identifiers will begin with the following numerical 
sequence: 

Monitoring Well 
Installations 

MW28 

Soil SB01 

Seep Water SPW01 

Stream Sediment SED01 
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4.15 SAMPLE CUSTODY 

Procedures to ensure the custody and integrity of the samples begin at the time of sampling and continue 
through transport, sample receipt, preparation, analysis and storage, data generation and reporting, and 
sample disposal.  Records concerning the custody and condition of the samples are maintained in field 
and laboratory records. 

The contractor will maintain chain of custody (COC) records for all field and field QC samples.  A 
sample is defined as being under a person's custody if any of the following conditions exist: (1) it is in 
their possession, (2) it is in their view, after being in their possession, (3) it was in their possession and 
they locked it up or, (4) it is in a designated secure area. 

All sample containers will be sealed in a manner that will prevent or detect tampering if it occurs.  In no 
case will tape be used to seal sample containers.  The following minimum information concerning the 
sample will be documented on the COC form: 

• Unique sample identification; 
• Date and time of sample collection; 
• Source of sample (including name, location, and sample type); 
• Designation of MS/MSD; 
• Preservative used; 
• Analyses required; 
• Name of collector(s); 
• Pertinent field data (pH, temperature, etc.); 
• Serial numbers of custody seals and transportation cases (if used); 
• Custody transfer signatures and dates and times of sample transfer from the field to transporters 

and to the laboratory or laboratories; and  
• Bill of lading or transporter tracking number (if applicable). 

Samples collected in the field will be transported to the laboratory or field testing site as expeditiously as 
possible.  When a 4°C requirement for preserving the sample is indicated, the samples will be packed in 
ice to keep them cool during collection and transportation.  During transit, it is not always possible to 
rigorously control the temperature of the samples.  As a general rule, storage at low temperature is the 
best way to preserve most samples.  A temperature blank (a VOC sampling vial filled with water) will be 
included in every cooler and used to determine the internal temperature of the cooler upon receipt of the 
cooler at the laboratory. 

When transferring samples, the individuals relinquishing and receiving will sign, date, and note the time 
on the COC record.  The analytical laboratory will maintain a file copy, and the completed original will 
be returned to the TEC PM as part of the final analytical report.  This record will serve to document 
sample custody transfer from the sampler to the laboratory. 
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Samples collected in the field will be transported to the laboratory as expeditiously as possible by vehicle 
or via overnight courier.  Courier receipts will be retained as part of the permanent documentation and all 
sample shipments will be regulated by the DOT, as described in 49 CFR Parts 171 to 177.   

Once the samples have been received by the laboratory, a file of the original documents (e.g., COC 
forms, special analytical services request form, etc.) pertinent to sample custody and sample analytical 
protocol will be maintained. 

4.16 FIELD QUALITY CONTROL SAMPLES 

4.16.1 Trip Blank 

The trip blank consists of a VOC sample vial filled in the laboratory with ASTM Type II reagent grade 
water, transported to the sampling site, handled like an environmental sample and returned to the 
laboratory for analysis. Trip blanks are not opened in the field.  Trip blanks are prepared only when VOC 
water samples are taken and are analyzed only for VOC analytes.  Trip blanks are used to assess the 
potential introduction of contaminants from sample containers or during the transportation and storage 
procedures. One trip blank will accompany each cooler of samples sent to the laboratory for analysis of 
VOCs.  Trip blanks will only be used for non-frozen samples.   

• Trip blanks will be designated by “NemoTB”, and numbered sequentially. 

• Trip blanks will be given a designated sampling time of 0805. 

4.16.2 Field Duplicates 

A field duplicate sample is a second sample collected at the same location as the original sample.  
Duplicate samples are collected simultaneously or in immediate succession, using identical recovery 
techniques, and treated in an identical manner during storage, transportation, and analysis.  The sample 
containers are assigned an identification number in the field such that they cannot be identified (blind 
duplicate) as duplicate samples by laboratory personnel performing the analysis.  Specific locations are 
designated for collection of field duplicate samples prior to the beginning of sample collection: 

• Field duplicates will be designated by site ID, followed by the sample type indicator with an “A” 
and numbered sequentially (example: MWA01, MWA02…); and 

• Field duplicate samples will be given a designated sampling time of 1205. 

Duplicate sample results are used to assess precision of the sample collection process.  Precision of soil 
samples to be analyzed for VOCs is assessed from collocated samples because the compositing process 
required to obtain uniform samples could result in loss of the compounds of interest.   
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Table 4-2.  Requirements for Containers, Preservation Techniques, Sample Volumes, and  
Holding Times 

Name 

Analytical 

Methods Containera Preservationb,c 

Min. 
Container 

Size 
Maximum Holding 

Time 

Volatile Organic 
Compounds 
(VOCs) 

SW8260B G, Teflon-
lined 
septum, T 

4oC, HCl to 
pH>2/4oC for 
soil with water in 
40 mL vial 

3 x 40 mL 14 days 

VOCs E524.2/ 

E504.1 

G, Teflon-
lined 
septum, T 

4oC, HCl to 
pH>2 

3 x 40 mL 14 days 

Polynuclear 
Aromatic 
Hydrocarbons 
(PAHs) 

SW8270D G, Teflon-
lined cap, 
T 

4oC, store in dark 1 liter or 8 
ounces 

7 days until extraction 
and 40 days after 
extraction (water); 
14 days until extraction 
and 40 days after 
extraction (soil) 

Alkalinity SM2320B P, G 4oC 50 mL 14 days 

Hydrogen ion 
(pH) (W, S) 

SW9040B/ 

SW9045C 

P, G None required N/A Analyze immediatelyd 

Conductance SW9050A P, G None required N/A Analyze immediatelyd 

Temperature SM2550B P, G None required N/A Analyze immediatelyd 

Oxidation-
Reduction 
Potential 

ASTM 1498 P, G None required N/A Analyze immediatelyd 

Ferrous Iron Hach Kit P, G None required N/A Analyze immediatelyd 

Carbon Dioxide Probe P, G None required N/A Analyze immediatelyd 

Total 
Phosphorous 

E365.3 G 4oC, H2SO4 to 
pH < 2 

500 mL 28 days 

Nitrate E300.0 P 4oC 500 mL 48 hours 

Total Kjeldahl 
Nitrogen (TKN) 

E351.3 G 4oC, H2SO4 to 
pH < 2 

500 mL 28 days 
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Name 

Analytical 

Methods Containera Preservationb,c 

Min. 
Container 

Size 
Maximum Holding 

Time 

Methane, Ethane, 
Ethene 

ERSK-175 G 4oC, HCl to 
pH>2 

40 mL 14 days 

Grain Size ASTM D422-
63 

P, G None required 16 ounces No requirement 

Capillary 
Moisture 

ASTM 
D3152-72 

P, G None required 16 ounces No requirement 

Total organic 
carbon 

SW9060A G 4oC, HCl or 
H2SO4 to pH < 2 

500 mL  28 days  

Metals (lead and 
iron) 

SW6010B  

 

P HNO3 to pH < 2, 
4oC 

500 mL or 
8 ounces 

180 days (water and soil) 

Total petroleum 
hydrocarbons 
(TPH)-volatile 

SW8015 

(modified) 

G, Teflon- 
lined 
septum, T 

4oC, HCl to 
pH < 2 

3 x 40 mL 
or 4 ounces 

14 days (water and soil); 
7 days if unpreserved by 
acid 

Total petroleum 
hydrocarbons 
(TPH)-extractable 

SW8015 
(modified) 

G, amber,  4oC 1 liter or 
8 ounces 

7 days until extraction 
and 40 days after 
extraction (water); 
14 days until extraction 
and 40 days after 
extraction (soil) 

 
a. Polyethylene (P); glass (G); brass sleeves in the sample barrel, sometimes called California brass (T). 
b. No pH adjustment for soil. 
c.         Preservation with Na2S2O3 is only required when residual chlorine is present. 
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SECTION 5 
FIELD MEASUREMENTS 

5.1 PARAMETERS 

The following parameters will be measured in the field: 

• Organic and explosive vapors, using a Photovac 2020 PID or equivalent; 
• Water level, using  a cable electronic water level indicator or equivalent; 
• EC, pH, temperature, ORP, DO, and turbidity using a Horiba U-22 meter or equivalent; 
• Site features and certain sampling locations (boreholes, surface soil samples, sediment samples, 

surface water samples), elevation, and coordinates will be surveyed using GPS; and 
• Monitoring well, and water reference elevation and coordinates. 

Methods for measuring these parameters are discussed throughout this chapter. 

5.2 EQUIPMENT CALIBRATION AND QUALITY CONTROL 

5.2.1 Calibration Frequencies 

All field instruments will be calibrated on a daily basis, if they are used that day.  This does not apply to 
the PID, which will be calibrated at least twice per day.  In some instances, calibration will be performed 
more frequently.  Calibration will provide QA checks on all field equipment used during implementation 
of the field investigations.  Each instrument will have an individual identification number.  This number 
will be transcribed on field data records when using a particular instrument for a sampling event.  All 
calibration, repair, and service records will be kept in individual equipment log books maintained for 
each type of instrument.  Field equipment that consistently fails to meet calibration standards or exceeds 
manufacturer’s critical limits will be promptly repaired or replaced.  TEC will record equipment 
calibration.  Table 5-1 presents a summary of calibration requirements for field instrumentation.  

5.2.2 Calibration Procedures 

The following are examples of calibration procedures that may be performed during the RI/FS field 
investigations. 

5.2.2.1 Photo Ionization Detector 

The PID will be calibrated each day prior to the start of field activities.  If the PID is in continuous 
operation, it will be calibrated at 4-hour intervals.  Instrument calibration will be performed using 
isobutylene calibration gas of known concentration (100 or 250 ppm).  All adjustments to instrument 
settings will be recorded in a field log book. 
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5.2.2.2 Interface Meter 

Calibration of the Interface Meter is performed by checking the infrared and conductivity circuits.  The 
infrared circuit detects the presence of a liquid, while a conductivity circuit differentiates between 
conductive liquid (water) and nonconductive liquid (NAPL).   

To check the infrared circuit, follow these procedures:  with the main and probe switches on, insert the 
cleaning brush into the base of the probe until it reaches the zero measuring point.  The zero measuring 
point is the juncture between the stainless steel body of the probe and the brown Teflon/Delrin base plug. 
This cuts the infrared beam and activates a steady tone and two lights. 

To check the conductivity circuit, follow these procedures:  with both the main and probe switches on, 
insert the probe into normal tap water as far as the zero measuring point.  This causes a single light and 
intermittent tone to activate.   

The tape is calibrated annually by using a surveyor’s steel tape to adjust for stretching of the calibrated 
line. 

5.2.2.3 Electrical Conductivity, pH, Temperature, Dissolved Oxygen, and Turbidity 

Each of these water quality parameters will be calibrated at each groundwater sampling location and 
during well development and sample purging.   

The pH function will be calibrated immediately before well development and purging using at least two 
buffer solutions that bracket the expected pH.   

The EC function will be calibrated using two solutions of known value that bracket the expected ranges 
of conductivities.   

The DO function will be calibrated against temperature-compensated, air-saturated water. 

The calibration of the portable turbidimeter will be evaluated by using two supplied standards within the 
range of anticipated sample turbidities.  These standards have been carefully manufactured and are 
guaranteed to be accurate within one percent. 

5.2.3 Field Quality Assurance/Quality Control Program 

To ensure that sampling and monitoring activities will meet DQOs, QC checks will be implemented for 
parameters measured in the field.  All QC control check information will be recorded in project-specific 
field log books and/or forms.  The following sections discuss control parameters, control units, and 
corrective actions for the RI field investigation. 

5.2.3.1 Control Parameters 

Several parameters will be controlled during the RI/FS sampling and measurement activities.  As 
previously described, calibration of field instruments and operational checks will be conducted 
periodically.  The frequency of field control check duplicates will be a minimum of 10 percent of all field 
measurements.  Temperature, pH, EC, DO, and turbidity will be checked at the same frequency.  As 
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applicable, the materials used to verify control parameter measurements will be from certified sources.  
Instrument use, maintenance, and calibration will follow manufacturer guidelines. 

5.2.3.2 Control Limits 

Control limits are specified in Table 5-1.  Field instrument calibration accuracy and duplicate precision 
for field measurements must meet acceptance criteria, or instrument readings will be considered suspect. 
Appropriate corrective actions will be taken whenever field instruments fail to meet acceptance for 
accuracy and precision. 

5.2.3.3 Corrective Action 

The corrective action required for field instruments that are used to measure water quality parameters 
will include recalibrating and re-measuring the parameter.  Corrective action for all field instruments will 
involve a review of the operator’s manual.  If necessary, instrument maintenance and repairs will be 
performed as corrective actions in addition to normally scheduled maintenance operations.  Any 
maintenance will be recorded on an Instrument Maintenance Record Form. 

5.3 EQUIPMENT MAINTENANCE AND DECONTAMINATION  

All field measurement equipment will be decontaminated according to the specifications in Section 4.9 
prior to any measurement activities and will be protected from contamination until ready for use. 

5.4 FIELD MONITORING MEASUREMENTS 

5.4.1 Organic and Explosive Vapor Surveys 

During borehole advancement, the air in the breathing zone of on-site personnel will be evaluated for the 
presence of organic (e.g., VOCs, SVOCs, petroleum hydrocarbons) vapors  using a Photovac 2020 PID 
or equivalents.  Air monitoring data will be tabulated on a Health and Safety Exposure Monitoring Sheet. 
 Procedures provided in the HSP will be followed.  In addition to monitoring the breathing zone around 
the borehole, the PID will be used to screen for organic vapors in the well bore each time a well casing 
cap is removed for developing and purging groundwater monitoring wells and when performing field 
headspace screening of geoprobe soil samples.   

5.4.2 Ground-water Level Measurements 

Water-level measurements will be taken in all wells and piezometers to determine the elevation of the 
water table or piezometric surface at least once within a single 24-hour period.  These measurements will 
be taken after all wells and piezometers have been installed and developed and their water levels have 
recovered completely.  Any conditions (e.g., barometric pressure) that may affect water levels will be 
recorded in the field log. The field log will also include the previous water level measurement for each 
well (to determine if current water level is reasonable). 

Water-level measurements will be taken with electric sounders, air lines, pressure transducers, or water-
level recorders (e.g., Stevens recorder).  Devices that may alter sample composition will not be used.  
Pressure gauges, manometers, or equivalent devices will be used for flowing wells to measure the 
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elevation of the piezometric surface.  All measuring equipment will be decontaminated according to the 
specifications in Section 4.9.  Groundwater level will be measured to the nearest 0.01 foot.  (Two or 
more sequential measurements will be taken at each location until two measurements agree to within + or 
- 0.01 foot.) 

Static water levels will be measured each time a well is sampled, and before any equipment enters the 
well.  If the casing cap is airtight, allow time prior to measurement for equilibration of pressures after the 
cap is removed.  Repeat measurements until water level is stabilized. 

Water level measurements will be taken from existing and newly installed groundwater monitoring wells 
prior to well development and sample purging.  Groundwater levels in the bedrock groundwater 
monitoring wells will be recorded to the nearest 0.01 foot using a cable electronic water level indicator or 
the equivalent. The primary objectives of measuring water levels in the groundwater monitoring wells 
will be to estimate the volume of water to facilitate well development and sample purging, and to provide 
a preliminary evaluation of principal groundwater flow directions.  The total depth of each groundwater 
monitoring well will also be measured after installation to evaluate its usefulness for future monitoring. 

5.4.3 Electrical Conductance, pH, Temperature, Oxidation/Reduction Potential and Dissolved 
Oxygen 

During monitoring well development and sample purging, the above-referenced water quality parameters 
will be monitored using portable field equipment.  TEC anticipates that electrical conductance, pH, 
groundwater temperature, ORP, DO and turbidity will be monitored using a Horiba U-22 meter or an 
equivalent.  A multiprobe sampling chamber (flow cell) will be used for measuring parameters 
simultaneously.  The probes of the meters are attached to the individual sample ports of the flow cell.  
When groundwater is pumped in-line into the flow cell from the monitoring well, continuous readings of 
these water quality indicator parameters will be recorded until stabilization is reached for each parameter. 

5.4.4 Monitoring Well Elevation and Coordinates 

To evaluate principal groundwater flow elevations, directions, and hydraulic gradients, monitoring well 
elevations and coordinates will be obtained. 

5.5 FIELD PERFORMANCE AND SYSTEM AUDITS  

Field performance and system audits include on-site independent evaluations of sample collection, 
analysis, instrument calibration, measurement, and documentation procedures.  Although these audits are 
qualitative, they can readily evaluate the capability and performance of project personnel, 
instrumentation, field activities, and project documentation. 

Field work and project documentation will be audited by the TEC Project QA Manager, Jim Yocum.  
The auditor will have the organizational freedom to identify quality problems and to initiate, recommend, 
or provide solutions to quality problems and to verify implementation of corrective action.  Auditors will 
not have responsibilities for directing the technical aspects of the study audited. 

Generic audits of the TEC QA Program will be performed periodically for each engineering or 
environmental program, technical services area, and/or regional operation.  At the request of the TEC 
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Vice President responsible for the office work area, audits will be performed at a frequency warranted by 
the results of previous audits.   

At least one audit will be conducted by the TEC Project QA Manager near the beginning of the field 
work.  Results of the audit will be provided to the PM. 
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Table 5-1.  Summary of Calibration and QC Procedures for Screening Methods 
 

Method Applicable 
Parameter 

QC Check Minimum 
Frequency 

Acceptance 
Criteria 

Corrective Actiona Data Flagging 
Criteriab 

SW-846c Moisture Duplicate sample 1 per 20 samples % solid 

RPD ≤ 15% 

Correct problem, 
repeat measurement. If 

still out, flag data. 

J if RPD > 15% 
and ≤ 30% 

R if RPD > 30% 

SW 9050A Conductance Calibration with 
KCL standard 

Once per day at 
beginning of 

testing 

± 5% If calibration is not 
achieved, check meter, 
standards, and probe;  

recalibrate 

R 

Field duplicate 10% of field 
samples 

± 5% Correct problem.  
Repeat measurement. 

J 

SW 9040B pH (water) 2 point calibration 
with pH buffers 

Once per day ± 0.05 pH units 
for every buffer 

If calibration is not 
achieved, check meter, 
buffer solutions, and 

probe;  replace if 
necessary;  repeat 

calibration 

R 

pH 7 buffer At each sample 
location 

± 0.1 pH units Correct problem, 
recalibrate 

R 

Field duplicate 10% of field 
samples 

± 0.1 pH units Correct problem, 
repeat measurement 

J 

SM2550B Temperature Field duplicate 10% of field 
samples 

± 1.0oC Correct problem, 
repeat measurement 

J 

E 180.1 Turbidity Calibration with 
one formazin 
standard per 

instrument range 
used 

Once per day at 
beginning of 

testing 

± 5 units, 0-100 
range 

± 0.5 units, 0-0.2 
range 

± 0.2 units, 0-1 
range 

If calibration is not 
achieved, check meter, 

replace if necessary, 
recalibrate 

R 

Field duplicate 10% of field 
samples 

RPD ≤ 20% Correct problem, 
repeat measurement 

J 

None Organic vapor 
concentration (FID 

and PID) 

3 point calibration Monthly Correlation 
coefficient ≥ 

0.995 

Recalibrate;  check 
instrument and replace 

if necessary 

R 

Calibration 
verification and 

check 

Daily at beginning 
and end of day 

Response ± 20% 
of expected value 

Correct problem, 
recalibrate 

R 

SW 9060B Total organic 
carbon 

Method blank Daily or one per 
batch, whichever 
is more frequent 

< RL Clean system; 
reanalyze blank.  

Repeat until analyte < 
RL 

B 
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Method Applicable 
Parameter 

QC Check Minimum 
Frequency 

Acceptance 
Criteria 

Corrective Actiona Data Flagging 
Criteriab 

Field duplicate 10% of field 
samples 

RPD < 20% Correct problem, 
repeat measurement 

J 

Hach Kit 
Alkalinity, 
 Chloride,  
Sulfate, 
Nitrate, 

Ferrous Iron 

Field duplicate 10% of field 
samples 

RPD < 30% Correct problem, 
repeat measurement 

J 

E300.0 Nitrate Field duplicate 10% of field 
samples 

RPD < 30% Correct problem, 
repeat measurement 

J 

ASTM D1498 Oxidation 
reduction potential 

(ORP) 

Sensitivity 
verification 

Daily ORP should 
decrease when 
pH is increased 

If ORP increases, 
correct the polarity of 

electrodes.  If ORP 
still does not decrease, 
clean electrodes and 

repeat procedure 

R 

Calibration with 
one standard 

Once per day Two successive 
readings ± 10 

millivolts 

Correct problem, 
recalibrate 

R 

Field duplicate 10% of field 
samples 

± 10 millivolts Correct problem, 
repeat measurement 

J 

E360.1 Carbon Dioxide Field duplicate 10% of field 
samples 

RPD < 30% Correct problem, 
repeat measurement 

J 

SM4500O-G Dissolved Oxygen Field duplicate 10% of field 
samples 

RPD < 30% Correct problem, 
repeat measurement 

J 

ASTM D422-
63 

Particle Size Field duplicate 10% of field 
samples 

RPD < 30% Correct problem, 
repeat measurement 

J 

ASTM D3152 Capillary Moisture Field duplicate 10% of field 
samples 

RPD < 30% Correct problem, 
repeat measurement 

J 

a. All corrective actions shall be documented, and the records shall be maintained by the prime contractor. 

b. All screening results shall first be flagged with an “S” and also any other appropriate validation flags 
identified in the Data Flagging Criteria column of the table.  For example “SJ”, “SB”, “SR”. 
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SECTION 6 
RECORD KEEPING 

Weston/TEC will maintain field records sufficient to recreate all sampling and measurement activities 
and to meet all ERPIMS data loading requirements.  The requirements listed in this section apply to all 
measuring and sampling activities.  Requirements specific to individual activities are listed in the section 
that addresses each activity.  These records will be archived in an easily accessible form and made 
available to the Air Force upon request. 

The following information will be recorded with indelible ink in a permanently bound notebook with 
sequentially numbered pages for all field activities:  

• Location,  
• Date and time,  
• Identity of people performing activity, and  
• Weather conditions.   

For field measurements, the numerical value and units of each measurement, and the identity of and 
calibration results for each field instrument will also be recorded on field logs. 

The following additional information will be recorded for all sampling activities:  

• Sample type and sampling method; 
• The identity of each sample and depth(s), where applicable, from which it was collected;  
• The amount of each sample;  
• Sample description (e.g., color, odor, clarity);  
• Identification of sampling devices; and  
• Identification of conditions that might affect the representativeness of a sample (e.g., refueling 

operations, damaged casing). 

Records will be kept for all activities associated with the field activities, as a means to maintain full 
documentation of project QA/QC procedures and compliance.  In general, all documents will be 
completed in permanent black ink.  Errors will be corrected by crossing them out with a single line and 
then dating and initialing.  The use of correction fluids will not be allowed.  The documents used during 
the field investigation will remain on site (if possible) during the entire effort so that they can be 
reviewed by interested parties.  Forms will be kept organized and in a central file also located on site, if 
applicable.  Records will be kept in the form of log books and standardized forms which have been 
included as appendices to the FSP.   

6.1 LOG BOOK 

Weston/TEC field personnel will maintain a log book during the investigation. The site log book is the 
master field investigation document that is a bound book with a hard cover and sequentially numbered 
pages.  The primary objective of the Site Log book is to maintain, within one document, the actual field 
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data or references to other field documents that contain a specific description of every activity that has 
occurred in the field on any given day.  Any administrative occurrences, conditions, or activities that 
have affected the field work will be recorded in the Site Log book.  

All field activities entered into the Site Log book will be signed and dated by the responsible party.  The 
following is a list of the type of information that will be recorded in the Site Log book: 

• Name and title of author, date and time of entry, and physical/environmental conditions during 
the field activity; 

• Name and address of field contact; 
• Name and titles of field crew; 
• Name and titles of all site visitors; 
• Documentation of Health and Safety activities; 
• Type of sampled media (e.g., soil, groundwater); 
• Number and volume of samples taken; 
• Description of sampling points; 
• Date and time of overall sample collection; 
• Sample identification numbers; 
• References, maps and photographs of the sample sites; 
• General decontamination procedures; 
• Instrument calibration; 
• Records of telephone conversations; and  
• Weather conditions. 

6.2 FIELD DATA FORMS 

In addition to the above-referenced log books, Weston/TEC will complete and maintain standardized 
field data forms for all field activities.  Field data forms have been discussed in the applicable sections of 
this FSP. They consist of the following: 

• Field Sampling Form (Water); 
• Field Sampling Form (Soil); 

• Low Flow Purging and Sampling, Ground Water Sampling Measurements and Calculations Form 
• Soil Boring Log; 
• Well Construction Details Form; 
• Well Development Record; 
• Waste Inventory Tracking Form; 
• Monitoring Well Purging Form; 
• Monitoring Well Static Water Level Form; 
• Chain-Of-Custody Form; 
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• Health and Safety Monitoring Sheet; 
• Instrument Calibration Log; 
• Instrument Maintenance Record; and 
• Equipment Decontamination Log Sheet. 
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