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1.0 INTRODUCTION

This Work Plan was prepared to support field sampling activities associated with the Preliminary
Closure Assessment (the Assessment) of Tank Farms 4 and 5 located at the Naval Education and
Training Center (NETC), Newport, Rhode isiand (Figure 1-1). The Assessment will include an
investigation of soil and groundwater in areas adjacent to tanks within Tank Farms 4 and 5 (Figure 1-
2). This plan addresses work requested by the Naval Facilities Engineering Command (NAVFAC) under
Contract Task Order (CTO) #143, Contract Number N62472-90-D-1298 (CLEAN).

Tank Farms 4 and 5 at NETC Newport contain 23 - 2.5 million gallon concrete underground storage
tanks (USTs) that were previously used to store heavy fuel oils. The tanks were abandoned in the
1970’s; however, two tanks were used for a brief period during 1974-1975 to store waste oil. These
two tanks were cleaned and are being closed under Rhode island UST regulations.

Rhode Island reguiations enacted in 1992 removed the exemption for USTs storing heavy oils, making
the tanks subject to closure requirements. A request for extension of temporary closure of the
remaining 21 USTs under the regulations was granted in July 1993. Due to the complexity and
expense of closing the tanks, additional extensions wiill be needed. The Preliminary Closure
Assessments conducted under this CTO will provide the Navy with information needed to request
additional extensions.

This document, with the Quality Assurance and Quality Control (QA/QC) Plan, provides technical
guidelines and procedures to be followed by the field personnel for conducting field activities.

The Health and Safety Plan (HASP) is included in this document. The HASP is intended to protect
Halliburton NUS Corporation (HNUS) personnel during the conduct of the field activities discussed in
this document.

This Work Plan is divided into four major sections: Section 1.0 is this Introduction; Section 2.0, Site

Management Plan (SMP); Section 3.0, Field Sampling Plan (FSP); Section 4.0, Quality Assurance and
Quality Control Plan. The Health and Safety Plan is included in Appendix A.
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2.0 SITE MANAGEMENT PLAN

The Site Management Plan {SMP) outlines the overall project organization for the field investigation,
and identifies of key personnel and their responsibilities. The SMP also details site access, security,
and controi to be exercised during the field investigation. A tentative schedule for the startup and
termination of individual activities is presented later in this section.

2.1 SITE CONTROL
The following sections summarize the procedures to be implemented during the field activities.
2.1.1 Site Access

Access to the sites may be gained via Defense Highway. Access to the Tank Farms is essentially
uncontrolled. Tank Farm 4 is enclosed by an unsecured fence, while Tank Farm 5 has no perimeter
security.

Prior to commencing field activities, the Project Manager shall notify the Navy Northern Division
Environmental Branch Point of Contact (POC), Mr. Brian Helland (telephone 215-595-0567) and the
Newport Naval Education And Training Center (NETC) Base Coordinator, Mr. David Dorocz (telephone
401-841-3735).

No Halliburton NUS personnel shall perform work at the site until: {1) written or verbal authorization
is received from the Project Manager, {2} notice is given to the POC, (3) at least 24-hour notice is given
to the NETC Base Coordinator, and (4) each field team member has personal identification in the form
of a driver’s license, a Halliburton NUS identification card, or a suitable substitute approved by the Field
Operations Leader (FOL).

2.1.2 Site Security/Control

As discussed above, access to the Tank Farms is essentially unrestricted. Persons unconnected with
this project can enter either site unnoticed by on-site personnel. A minimal degree of security can be
achieved at Tank Farm 4 by closing the unsecured access road gate. The field team will conduct
activities from a lockable vehicle as discussed in the following section. Although the sampling points
cannot be protected, all sampling equipment and supplies {e.g., bottles, trowels, augers,
decontamination supplies, etc.) shall be maintained in the vehicle, and the field team shall secure all
supplies and equipment in the vehicle prior to each departure from the site. Additionally, the field team
shall conduct the work, to the extent possible, that all samples from a sampling point are collected
during a single day.

2.1.3 Field Office

Due to the brief field time anticipated for this project, a van-type vehicle will serve as a command post
through the duration of this scope of field work, providing shelter, office space, and space for
equipment storage and sample handiing. A cellular transportable teiephone will be used for
communications. Offsite sanitary facilities will be identified and utilized.

2-1



2.2 PROJECT ORGANIZATION AND RESPONSIBILITIES

Halliburton NUS will be responsible for the overall management and conduct of the activities covered
by this Plan. The sections. that follow present the names and organizations of the key personnel
connected with the work. Navy personnel will be actively involved in the investigation and will
coordinate between the regulatory agencies and Halliburton NUS.

2.2.1 Organization

The key personnel connected with this project, their respective organizations and the chain of
communications follow.

L] Northern Division
Naval Facilities Engineering Command
10 Industrial Highway
Mail Stop 82, Code 1812
Lester, PA 19113
Telephone: (215) 595-0567
Fax: {(215) 595-0555

Brian Helland
Point of Contact - Engineer in Charge (EIC)

L] Halliburton NUS Environmental Corporation
187 Ballardvale Street
Suite A-100
Wilmington, Massachusetts 01887
Telephone: (508) 658-7899
Fax: (508) 658-7870

Walter Martin, Project Manager
Point of Contact

Kayleen Jalkut
Field Operations Leader

Debra Scheib
Pittsburgh, PA
Quality Assurance/Quality Control Manager

Matt Soltis
Pittsburgh, PA
Health and Safety Manager

The Project Manager serves as the Halliburton NUS POC and has the primary responsibility for the
management and conduct of the work. He is responsible for the coordination of all onsite personnel
and for providing technical guidance for all activities that are directly related to the scope of work
associated with this CTO. The review of all environmental data will be conducted by the Project
Manager or his designee. If quality assurance issues requiring special action are identified, the Project
Manager and the Project QA/QC Advisor will identify the appropriate corrective action.
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All field work will be performed by a team composed of a Field Operations Leader (FOL) and Field
Technicians, one of whom will also serve as the Site Safety Officer {SS0O}). The FOL will direct and
participate in all field activities, and will report directly to the Project Manager. The SSO will report
to the Health and Safety Officer (HSQO) in connection with his SSO functions.

An organizational chart illustrating lines of communication is shown in Figure 2-1.

2.2.2

Responsibilities

Responsibilities of field operations personnel reporting to the Project Manager are discussed below.

Field Operations Leader {(FOL). The FOL is responsible for all day-to-day aspects of the field work. The

responsibilities of the FOL include:

Assuring that all field team members are familiar with this document; ultimate
responsibility for field operations, quality control, and documentation.

Providing team members with daily assignments.
Assuring that all field team members have completed health and safety training.

Reporting to the Project Manager on a daily basis regarding the status of all field work
and any problems encountered.

Completing the site logbook on a daily basis.

Completing Field Modification Records (FMRs), as necessary, for approval by the
Project Manager.

Assuring that team members comply with the procedures outlined in the FSP,
particularly documenting the sampling and groundwater level measuring activities.

Assuring sample shipping schedules are met.

Site Safety Officer (SSO). The SSO reports to the Program Health and Safety Officer (HSO) and

indirectly to the FOL and Project Manager. Details of the SSOs responsibilities are presented in the
HASP and include:

Controlling specific health and safety-related field operations such as personnel
decontamination, monitoring of worker heat or cold stress, distribution of safety
equipment,etc.

Assuring that field team personnel comply with all procedures established by the HASP.

Identifying Assistant SSOs or SSO designees in his absence.

Terminating work if an imminent safety hazard, emergency situation, or other
potentially dangerous situation is encountered.
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° Assuring the availability and the condition of health and safety monitoring equipment.

° Assuring the proper Health and Safety monitoring equipment calibration methods and
schedule is maintained and documented.

2.3 SCHEDULE

The target dates connected with the site investigation field activities follow.

09/30/93
11/12/93
12/24/93
09/12/94
09/19/94
10/03/94
10/17/94
11/11/94
01/09/95
02/21/95
03/12/95

Halliburton NUS notified of authorization to proceed
Submit Draft Work Plan

HNUS Receives Government Comments
Submit Final Work Plan

Initiate Subcontractor Procurements
Complete Subcontractor Procurements
Mobilize Field Crew

Demobilize Field Crew

Submit Draft Report

HNUS Receives Government Comments
Submit Final Report
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3.0 FIELD SAMPLING PLAN

This section provides the field sampling team with the direction necessary to meet the objectives of
the sampling program. General field procedures and the activity sequence are discussed below.

3.1 SAMPLING OBJECTIVE AND GENERAL PLAN

The objective of this project is to implement a field sampling task to evaluate the presence of soil and
groundwater contamination resulting from possible releases of petroleum products from USTs at NETC-
Newport, Tank Farms 4 and 5. The data collected during this field task will be used to; evaluate the
presence of petroleum related components in soil and groundwater adjacent to subject tanks; and to
request additional closure extensions at the sites. Tank numbers 37 through 52, 54 and 55, and 57
through 59 will be investigated by installing and sampling a groundwater monitoring well within each
tank ring drain. In addition, piping connecting tanks with the Piping Loop at Tank Farm 4 will be
investigated by advancing probes in the vicinity of the piping using a Geoprobe or similar technology
to collect soil samples. A round of groundwater samples will be collected from seven wells previously
installed by other contractors at tank 53; no new wells will be installed at tank 53.

The investigation will include the installation of a groundwater monitoring well in the ring drain of each
UST included in this investigation. The wells will be installed with an appropriately sized drill rig using
standard hollow stem auger methods at a hydraulically downgradient location at each tank. The ring
drain is a reported four foot thick layer of crushed stone which underlies each tank. The drains
reportedly protrude from the edge of the USTs a distance of approximately three feet. A collector pipe
is located within this portion of the ring drain. This feature is not well documented on construction
documents; and the distance could be significantly more or less than three feet, making the placement
of the monitoring well critical.

The exact location of tanks and piping is not available on construction drawings or documents provided
to HNUS. As soil samples and wells must be located in close proximity to the target structure, a
geophysical survey will be conducted to determine the location of piping and the edges of tanks. A
geophysical survey will be conducted to provide this information. This survey will be followed-up by
excavating selected features to confirm the effectiveness of the geophysical survey.

The ring drain directly overlies bedrock, which was blasted and excavated during construction of the
Tank Farms. The ring drain serves the function of a collector for groundwater; an associated sump
pump removes groundwater from the drain to prevent the tank from becoming buoyant when empty.
A release of petroleum product from the tank is likely to accumulate in the ring drain. A groundwater
monitoring well installed in the ring drain will therefore serve as a monitoring point for a release of
product from the tank.

A Geoprobe or equivalent technology will be used to coliect soil samples to evaluate possible releases
of product from piping (shunt lines) which connects the individual USTs to the Piping Loop feeding the
main base fuel supply pipeline. Approximately 40 probes will be advanced in the vicinity of the shunt
lines at Tank Farm 4. Ancillary piping is also located adjacent to the fuel Loop and shunt lines. Among
this piping is the Bottom Sediment and Water Line (BS&W). The BS&W line from the Piping Loop to
the oil-water separator at Tank Farm 4 will also be investigated with the Geoprobe. The Navy will
remove piping associated with tanks at Tank Farm 5, therefore, investigation of the lines will not be
included at Tank Farm 5. The BS&W lines are shown an the Site figures only where the lines are not
coincident with fuel supply lines. Soil samples will also be collected with the Geoprobe in the vicinity
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of the oil/water separators located at each Tank Farm. Up to 5 probes will be made at each oil and
water separator and the BS&W line at Tank Farm 4.

Soil samples will also be collected in conjunction with the Geoprobe investigation and the well
installation. Groundwater samples will be collected from all newly installed wells. This sampling will
investigate the presence of petroleum components in soils and groundwater in areas adjacent to the
Tanks and associated piping.

An Ensys Petro Risc immunoassay field screening kit will be utilized to semi-quantitatively determine
the presence of petroleum hydrocarbons in soils. Samples containing the highest concentrations of
petroleum hydrocarbons in each Geoprobe boring will be submitted to an analytical laboratory for
analysis of Total Petroleum Hydrocarbons (TPH). Soil samples collected from well borings will be
analyzed for volatile and semi-volatile organic compounds (VOCs and SVOCs), Total Petroleum
Hydrocarbons (TPH), and the 8 RCRA metals. Groundwater collected from newly installed wells will
be analyzed for the same parameters.

Groundwater samples collected from wells adjacent to Tank 53 will be analyzed by an analytical
laboratory for full VOCs, SVOCs, Pesticides/PCBs, 8 RCRA metals, and TPH.

Ceimic Laboratories was selected to conduct analytical work under this CTO. Ceimic is an approved
NEESA laboratory with which HNUS has a Basic Ordering Agreement (BOA} in place.

Following sampling activities, a subcontracted survey crew will conduct a land survey to establish
horizonta) and vertical control and locate all newly installed wells. The survey subcontractor will
provide maps of Tank Farms 4 and 5 which will be used as base maps for subsequent reporting to the
Navy.

3.11 Research - Task 0110

Research was conducted as part of the preparation of this document to locate records concerning the
locations of active and inactive underground utilities at the sites that could provide migration pathways
or otherwise impact remedial activities. This information was compiled from site drawings provided
by NETC-Newport and is presented in Figures 3-1 and 3-2 (see map pockets at the end of this section).
These drawings are not to replace "Digsafe”, which will be consuited, along with other appropriate
base offices, prior to conducting any intrusive work at the sites.

No attempt was made to research construction documents to evaluate the potential for each utility line
to act as a preferential contaminant pathway. However, it is assumed that backfill around any of the
utilities can act as a preferential contaminant pathway. Further research and evaluation will be
considered based on results of this investigation.

One significant discrepancy was noted during a review of tank construction documents. An outside
tank diameter of 68'8"’ is indicated by the specification of a 34’8’ radius for bending and forming
reinforcement bands installed on the circumference of each tank. The diameter of the tanks was
originally reported to be approximately 119 feet. The investigation includes a survey to more precisely
focate the edges of the USTs, and this discrepancy will be addressed during this phase of the work.

Available construction documents and excerpts from a tank report describing installation of tanks at

Tank Farm 3 and 5 are included in Appendix D. Document research will continue during field
operations.
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3.2 MOBILIZATION/DEMOBILIZATION - INCLUDED IN TASK 0220

All field team members will review the FSP, and the Health and Safety Plan (HASP) which is included
in Appendix A. [n addition, a field team orientation meeting will be held to familiarize personnel with
the scope of the field work. It is estimated that the field work will take approximately four weeks to
complete. A survey crew will be subcontracted to provide topographical and site survey services at
the completion of sampling activities. Demobilization will occur after all activities have been
completed.

3.3 GEOPHYSICAL SURVEY - TASK 0210

A GPR survey and/or magnetic utility locator survey will be conducted at each of the 21 tanks
addressed in this investigation to determine the location of the edge of each tank in the vicinity of the
proposed well (Figure 3-3 and 3-4); and the location and approximate depth of the associated piping
to be investigated by Geoprobe borings. The information will be used to accurately locate boreholes
in proximity to tanks and piping.

GPR systems transmit an electromagnetic puise into the ground and electrical contrasts in the
subsurface cause some of the pulse to be reflected back to the receiver. This returned pulse is
recorded as a function of the velocity and depth of penetration of the pulse. The density of materials
affects the velocity of the wave in the subsurface; therefore more dense materials {concrete} can be
distinguished from less dense materials (unsaturated sands}. Anomalies are the result of a large
percentage of the signal being reflected back to the receiver from a discrete GPR "reflector”.
Generally, good conductors, such as metal drums and steel reinforced concrete, reflect most or ail of
the electromagnetic pulse, resulting in an anomaly.

Utility locators measure the changes in magnetic field across a target area. Increases in magnetic
intensity indicate the presence of a buried magnetic body, in this case the steel reinforcing pan present
in the concrete tank walls. Ultility locators are capable of precisely locating magnetic objects and will
be tested at the Tank Farms.

Interpretation of the geophysical record can locate subsurface structures, with sufficient accuracy for
the purposes of this investigation provided the target is within the effective depth of penetration. It
is assumed for the purposes of this investigation that the geophysical targets, the tanks and piping,
are within the effective operating depth of the geophysical systems operating at standard
configurations, although, definitive documentation showing the depth to the piping is not presently
available. The effective depth of penetration for GPR under these field conditions, and considering a
target of a concrete reinforced pipe, is approximately 10 to 15 feet. Frequencies ranging from 300
to 600 megahertz will be tested and field checked by excavation to determine the most effective
survey frequency. Magnetic Utility Locators are effective to a depth of 15 to 20 feet.

The geophysical methods will be field tested by conducting two to three profiles in the vicinity of the
downgradient edge of one tank. The resulting anomaly, the interpreted edge of the tank, will be
excavated with an excavator (backhoe) to confirm the source and accuracy of the anomaly. Further
geophysical surveying will be reevaluated and the survey redesigned, if necessary, based on these
initial results. Geophysical services will be terminated if the tank edge cannot be interpreted from the
geophysical records to within two feet of actual locations, based on visual observation of the target

after excavation. The excavator may be retained to continue to locate tanks, and the best available
data will be utilized to locate piping runs.
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Geophysical methods will also be tested over the piping runs. Anomalies resuiting from cylindrical steel
reinforced targets are distinctive and, if present are easily interpreted. Because anomalies are expected
to be distinctive, they will not be excavated to avoid damage to piping. The geophysical survey will
be terminated after the field test if distinctive anomalies are not generated and the best available data
will be utilized to locate piping. If the field test demonstrates geophysics will be useful in locating the
piping two to three profiles wili be conducted over each piping run.

3.4 SUBSURFACE INVESTIGATION - TASK 0220

The subsurface investigation will be conducted in two phases; a groundwater well installation phase
and a Geoprobe soil sampling phase. Monitoring well and probe locations will be selected based on
results of the GPR survey described in Section 3.3. Twenty-one (21) groundwater monitoring wells
will be installed.

Subcontractors will be procured to conduct the intrusive work.

3.4.1 Soil Borings for Monitoring Well Installations

Borings will be advanced within several feet of operating tank ring drain collector pipes. There is a
possibility of damaging a pipe while advancing a boring. Precautions will be taken during the
advancement of the borings to minimize the possibility of damage. Neither HNUS, nor its
subcontractors, will be responsible for damages to ring drain installations.

The wells will be installed in boreholes advanced with hollow stem auger drilling methods. Minimum
6 1/4 inch inside diameter by nominal ten {10} inch outside diameter hollow stem augers will be used
to advance the borings. No driil fluids will be used, except for the use of potable water to control
running sands.

3.4.2 Soil Sampling in Monitoring Well Borings

Soil sampling will be conducted in each borehole beginning below the water table, which is present
at the site at approximately 15 feet below ground surface. Releases from tanks occurring above the
water table will migrate vertically downward to the water table where evidence of the release will be
detected in soils and possibly groundwater. Continuous split-barrel sampling will be conducted in each
boring from 20 feet below the ground surface to the estimated end of the boring, 45 feet. Two or
three inch diameter split spoons will be used. Standard penetration tests may not comply with
requirements of ASTM-D-1586-84, as this data is not significant to this investigation. Soil samples
will be described and documented by a HNUS on site geologist or engineer according to the Unified
Soil Classification System. Soil descriptions, and other significant information, will be included on .
boring logs which will be included in the final report. Soil samples will be stored by HNUS only until
the completion of field work. The Navy will be consulted concerning the disposition of the soil samples
prior to the completion of field work.

Soil samples collected from deeper than 20 feet below ground surface will be screened using the Ensys
Petro Risc field screening kit to determine the concentration of petroleum components in these soils.
Soil samples will be collected at five foot intervals, below 20 feet deep, to the estimated end of boring,
45 feet, for field screening with the Ensys kit. One soil sample containing the highest concentration
of petroleum components as determined by the Ensys kit will be selected from each boring and
submitted to Ceimic Laboratories for analyses. If no positive detects of TPH are noted, the soil interval
corresponding with the ring drain will be shipped to the lab for analysis.
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3.4.3 Monitoring Well Installation

Groundwater monitoring wells will be installed in borings advanced at the downgradient location of
each UST included in this investigation. Well screens will be five feet long and installed within the ring
drain materials or adjacent to the ring drain materials. If the borehole does not intersect the ring drain
materials, the well screen will be set at a depth corresponding to the depth of the ring drain. The RPM
will be notified if this condition is encountered. In no case will borings be advanced into bedrock.
Auger refusal at a depth corresponding to the anticipated bottom of the ring drain materials will be
interpreted as the bedrock surface. If subsurface conditions or the presence of contaminants is noted
in zones other than the ring drain, the Navy RPM will be contacted to discuss an alternative well screen
location.

The proposed well construction details are shown in Figure 3-5. General construction methods and
well materials will be standardized for this project.

Monitoring wells will be constructed through the hollow stem augers. The augers will be withdrawn
from the boring in increments during the placement of well materials to avoid caving of the borehole
wall. Monitoring wells will be constructed of nominal four inch inside diameter, flush joint, threaded
Schedule 40 PVC pipe and factory-slotted nominal 0.010 inch well screens. The bottom of the screen
will be plugged with a threaded weli cap and the top of the riser will be equipped with a loose fitting
cap to allow venting.

The geologic unit will be visually evaluated for grain size distribution and sand pack will be
appropriately sized for the existing geologic conditions. The sand pack will be placed around the well
screen to at least two feet above the five foot long screen. A bentonite pellet seal at least two feet
thick will be placed immediately above the sand pack. The interval above the bentonite pellet seal to
approximately four feet below the ground surface will be backfilled with a mixture of bentonite grout
and sand. A one foot thick layer of clean quartz sand (such as that used for the fiiter pack) will be
added to serve as a drainage layer beneath the protective casing. This minimizes the possibility of
water collecting in the annular space between the casing and the riser. During the winter weather,
water collecting in this annular space can freeze, resulting in binding the protective casing to the riser.
Subsequently, frost heaving of the installation can damage the well which has frozen to the casing.

A five foot long, minimum six inch inside diameter locking steel casing will be installed over the PVC
well pipe. A weep hole will be drilled in the protective casing at the ground surface. Cement grout
with vertical sides will be installed around the outside of the protective casing and the well number
inscribed in the concrete. The vertical sided cement grout seal will minimize frost heaving of the

casing.

Monitoring wells will be developed a minimum of one day after installation. Development will be
conducted using a combination of pumping and surging. The wells will be pumped until the formation
water is relatively free of fines. The standard well development criteria of stabilizing the pH may not
be feasible at this site, as a large volume of concrete is present below the water table and may affect
the pH of the groundwater system. The pH, however, will be monitored. Temperature, specific
conductivity and turbidity will be monitored during the development process. Wells wiil be purged until
these parameters stabilize or for a maximum time of four hours each.

Parameters to be analyzed include VOCs, method 8240; SVOCs, method 8270; TPH, method 8015;
and the 8 RCRA metals. Additional information pertaining to sample handling, analytical methods and
QA/QC requirements are provided in Section 4.0.
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3.4.4 Geoprobe Investigation

This task is scoped to use the Geoprobe system (or equivalent) to advance probes in order to collect
soil samples in the proximity of the piping runs connecting individual USTs to the Piping Loop. This
work will be conducted by a subcontractor, and therefore, costing will be requested from vendors
capable of providing a variety of technologies. For this reason, specific equipment operations will not
be discussed in this section.

Geoprobe investigations will be conducted in proximity of shunt lines at Tank Farm 4, in the vicinity
of the oil/water separators at Tank Farms 4 and 5, and in the vicinity of bottom sediment and water
lines in proximity to the oil/water separators. Piping Loops will not be investigated.

The probe locations will be selected using the data provided by the geophysical survey described in
Section 3.3 and will be advanced using standard operating techniques of the system utilized. As is
practical, probes will be located in the downgradient direction from each piping run. Probes will be
advanced below ground surface to a depth of three feet (as interpreted from the geophysical data, or
best available data) beneath the piping. If the interpreted depth to the piping is beyond the capabilities
of the contracted system, this task will be reevaluated.

The objective of this task is to provide soil samples to evaluate the presence of petroleum components
in the soils in the vicinity of the piping and oil/water separators. Continuous soil samples will be
collected at the same depth below ground surface as the piping is installed, to a depth of three feet
below the piping installation. These samples will be field screened with an Ensys Petro Risc kit for the
presence of petroleum hydrocarbon components. This procedure is discussed in a following section.
One soil sample from each boring, the sample containing the highest concentration of petroleum
hydrocarbon components as determined by the Petro Risc kit, will be analyzed by Ceimic Laboratories
for TPH using EPA method 8015. If no positive detects of TPH are noted, a sample from a lower
elevation than the piping will be shipped to the lab for analysis.

A total of 60 probings are anticipated, distributed among all the piping runs and oil/water separators.
Approximately 60 soil samples, one from each probing, will be analyzed by Ceimic Laboratories using
method 8015.

3.6 GROUNDWATER SAMPLE COLLECTION - TASK 0230

Sampling and analysis of groundwater will be conducted in the 21 newly installed wells and in seven
{7) existing wells in the vicinity of Tank 53. Table 4-1 provides applicable analytical parameters to be
sampled. Section 4.0 provides additional detail concerning the groundwater sample handling,
preservation, and analytical procedures.

Work elements for this task include:

Noting and measuring floating product, if present

Measuring water levels in wells prior to purging

Documenting pH, temperature, specific conductance and turbidity
Purging wells with a pump or bailer

Collecting groundwater samples

Documenting, packing and shipping samples for analysis
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Prior to collection of groundwater samples, the presence of floating prodljct in the wells will be
determined with the use of a ORS probe (or equivalent). The presence of product will be noted, and
if appropriate, the thickness measured.

The wells will then be purged using PVC bailers or chemically resistant pumps. Three to five well
volumes of water will be purged from each well before sampling. If the wells are purged dry with less
than three well volumes removed, the water level in the well will be allowed to recover to at least 70
percent prior to coilecting a sample. In the event that sampling is siow, samples will be collected the
following day. However, a period of no longer than 24 hours after purging will be allowed for

mnline Tamnaratiira maaciiramante will ha rallarnta i i i ili i
sampiing. 1emperatureé measurementis win o€ collected duﬂng purging to determine stabilization of

water chemistry prior to sampling. The wells will be sampled when temperature, specific conductance,
and turbidity have stabilized.

Samples will be poured directly from the sampling device to the sample bottles, preserved according
to the requirements discussed in Section 4.0 and submitted for analysis. Appropriate field data will
be recorded and chain-of-custody procedures will be followed.

3.6 SURVEY - TASK 0240
A location survey will be conducted to establish relative locations and elevations of wells installed
under Task 0220. A subcontractor will conduct this task. The survey will be tied into either the State
of Rhode Island or USGS grid systems. Horizontal and vertical measurements will be made relative to
existing wells or on-site control points. Measurements will be established to within +/-0.1 foot
horizontally, and +/-0.01 foot vertically.

HNUS will provide fuli time field oversight for the survey subcontractor.

3.7 GENERAL FIELD PROCEDURES
3.71 Sample Designation System

Field samples collected from both sites, Tank Farms 4 and 5, will be assigned a unique field sample
tracking number. Sample numbers will be keyed to specific tanks in each tank farm. The sample
tracking number will consist of a five-segment alphanumeric code that identifies the sample matrix,
the site and sample location, sample depth, and the quality control (QC) identifier. Other pertinent
information regarding sample identification will be recorded in the field logbook or on sample log
sheets.

The alphanumeric coding to be used in the sample numbering system is explained in the following
diagram and the subsequent definitions:

AA = (Matrix)

TFN-AA-NN = (Sample location, site identifier - borehole/probe - number)
NN = (Sample depth)

A = (QC identifier)

Character type: A = Alpha
N Numeric

Matrix: SO = Soil
GW = Groundwater



Sample location: Sample locations will be identified by specific tank farm and borehole or groundwater
monitoring well number. Two alpha characters will indicate the specific tank farm; a pair of numeric
characters will be assigned to correspond with individual tank numbers so that location is identifiable
from ali other locations of a similar type.

TF-4 = Tank Farm 4

TF-5 = Tank Farm 5

B = Borehole {subsequent monitoring well installation}
P = Probe

Sampie identifier: Depth in feet below ground surface representing the top of the interval sample was
collected.

QC l|dentifier: The QC identifier will be assigned only when applicable. The following identifiers will
be utilized.

D = Field Duplicate

R = Equipment Rinsate Blank
F = Field Blank

T = Trip Blank

Example: A soil sample collected from 2 to 4 feet below ground surface from a boring located in Tank
Farm 4, adjacent to tank number 39 will be numbered:

SO-TF4-B-39-02

3.7.2 TPH Field Screening

An Ensys Petro Risc petroleum field screening immunoassay kit will be used to preliminarily
characterize soils at Tank Farms 4 and 5. Soil samples from both monitoring well borings and probes
in the vicinity of piping will be screened using this method. Field technicians trained in the process will
conduct the field screening according to established industry and manufacturer recommended
procedures. The manufacturer’s operating manual is included in Appendix B.

3.7.3 Decontamination Procedures

All non-disposable sampling equipment which comes in contact with the sample medium will be
decontaminated before each sample to prevent cross contamination between sampling points. For
sampling equipment that will come in contact with the sample such as trowels and split spoons, the
following decontamination sequence will be followed:

Potable water and detergent (Alconox or Liquidnox) wash (scrub equipment with brush)
Potable water rinse

Methanol rinse

Distilled/deionized water rinse

Air dry (temperature permitting}

Wrap sampling device in clean aluminum foil (dull side towards equipment

The methanol rinse will not be conducted on sample equipment while collecting soils analyzed for TPH.
Residual methanol on sample tool may be entrained in the soil sample and result in false positive TPH
detects.
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A glove wash station will be utilized to decontaminate gloves between soil sample locations.

3.7.4 Investigative Derived Waste (IDW) Disposal

Disposable items such as Personal Protective Equipment (PPE)} materials, and plastic sheeting will be
decontaminated and containerized for off-site disposal. Decontaminated PPE will be disposed in an
industriai dumpster by HNUS.

Soil cuttings generated by augering will be temporarily stored on plastic sheeting, labeled, and covered.
If no positive detects of TPH are noted in the field screening, the soils will be disposed on the ground
surface. If a positive detect of TPH is noted, the soils will be containerized within 24 hours in DOT
approved drums for further evaluation by the Navy.

Well development and purge water will be visually inspected for the presence of sheens or floating
product. If none are observed, the water will be disposed on the ground surface near the point of
origin. If sheens are observed, the water will be containerized in DOT approved drums for further
evaluation by the Navy.

If sheens are noted on decontamination fluids, the fluids will be containerized for further evaluation by
the Navy. All IDW requiring containerization will be stored on-site in DOT approved drums and remain
the responsibility of the Navy.

3.75 Field Custody Procedures for Samples

The Field Operations Leader (FOL) is responsible for the care and custody of the samples collected until
they are either delivered to the analyzing laboratory or are entrusted to a carrier for shipment to the
laboratory. Sample logs and other field records shall always be signed and dated.

Chain-of-custody sample forms shall be completed to the fullest extent possible prior to sample
shipment. The forms shall include the following information:

Project Name

Sample Number

Location of the sample collection point
Description of the sample location

Type of sample {(grab, composite, etc)
Name of the person collecting the sample
Number of containers

Type of sampie container

Remarks

The chain-of-custody form will be completed legibly using waterproof ink and will be signed by the
sampler. Similar information will be provided on the sample label which will be securely attached to

the sample bottle. The label will also include a description of the analyses to be conducted on the
sample.

3.7.6 Transfer of Custody and Shipment Procedures

When shipped, samples will be accompanied by a chain-of-custody record. Sample chain-of-custody
will be maintained by HNUS personnel until relinquished to a courier. The original of the record will
be retained by HNUS field personnel.



3.7.7 Sample Shipping Procedures

Samples will be shipped in containers that meet all applicable state and Federal standards for safe
shipment. Samples requiring refrigeration will be stored on ice. lce will be sealed in containers to
prevent leakage of water. The field chain-of-custody forms will be ptaced inside the shipping container.
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4.0 QUALITY ASSURANCE/QUALITY CONTROL

This section provides technical guidelines and procedures for conducting the site assessment at the

for specific protocols pertaining to individual procedures discussed in Sections 3.0 and 4.0.
4.1 PROJECT DESCRIPTION

A description of the project covered by this document is provided in Section 1.0.

4.2 PROJECT ORGANIZATION AND RESPONSIBILITY

The project organization is discussed under Section 2.2.1 of this document. Personnel responsibilities
are discussed under Section 2.2.2.

4.3 QUALITY ASSURANCE OBJECTIVES

This document covers investigatory sampling at two tank farms, "Tank Farm 4" and "Tank Farm 5".
The objectives of this sampling are to provide sufficient data to determine the presence of petrofeum
hydrocarbon contamination in these areas and to provide preiiminary waste characterization data for
future site evaluation. To accomplish these objectives, two types of samples are to be collected:

o Field-screening samples for petroleum hydrocarbon contamination (soils)
L Laboratory-analyzed samples for petroleum hydrocarbon contamination (soils and
waters)

Achieving the above described objectives requires that the data collected from the field conform to an
appropriate level of quality. The quality of a data set is measured by certain characteristics of the
data, namely the PARCC parameters, precision and accuracy, representativeness, completeness, and
comparability. Some of the parameters are expressed quantitatively, while others are expressed
qualitatively. The PARCC goals for a particular project are determined by the intended use of the data,
usually referred to as Data Quality Objectives (DQOs). DQOs are discussed in Section 4.3.1; the
PARCC parameters are discussed in Section 4.3.2.

4.3.1 Data Quality Objectives

The intended use of the data resulting from a field investigation is a determining factor in defining the
Data Quality Objective (DQO) for that data. As described by the Naval Energy and Environmental
Support Activity (NEESA), in the guidance document entitled "Sampling and Chemical Analysis Quality
Assurance Requirements for the Navy Installation Restoration Program"” {(NEESA, June 1988}, the Navy
has adopted three analytical quality levels (C, D, and E) corresponding to EPA quality levels I, 1V,
and V, respectively as described in the EPA document "Data Quality Objectives for Remedial Response
Activities Development Process" (EPA/540/G-87/003, March 1987). The analytical data reports to be
generated for those samples which undergo laboratory analysis will conform with NEESA data quality
Level C requirements.

4.3.2 PARCC Parameters

The precision and accuracy, representativeness, completeness, and comparability {(PARCC) goals for
the work covered by this document are discussed in the following sections.
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4.3.2.1 Precision and Accuracy

Field and laboratory precision and accuracy performance can affect the attainment of project
objectives, particulariy when compliance with established criteria is based on laboratory analysis of
environmental samples.

Analytical precision and accuracy are evaluated based upon the laboratory data. Analytical precision
is measured as the relative percent difference of the data from the laboratory (internal) duplicates.
Analytical accuracy measures the bias as the percent recovery from matrix spike and matrix spike
duplicate samples. The samples will be analyzed using SW-846 protocols.

Field sampling precision and accuracy are not easily measured. Field contamination, sample
preservation, and sample handling will affect precision and accuracy. By following the appropriate
Halliburton NUS Standard Operating Procedures, precision and accuracy errors associated with field
activities can be minimized. Field duplicates and blanks {field and rinsate) will be used to estimate field
sampling precision and accuracy for soil and water samples submitted for laboratory analysis of
petroleum hydrocarbons.

No project resources will be expended to develop precision and accuracy data for method (field or
analytical) validation except those commonly applied for collection of routine QA/QC data. Routine
QA/QC data will include analyses of field duplicates and field quality control blanks based on the
existing NEESA guidance that specifies the type and frequency of QA/QC sampling and analysis.
QA/QC samples will not be collected for field-screening samples.

Field duplicate and field and laboratory quality control blank analyses results will be used to review the
laboratory-analyzed petroleum hydrocarbon results and determine the useability of the data with
respect to its intended use. In general, results that are rejected by the data review process will be
disqualified from application to the intended use. Qualified data will be used to the greatest extent
practicable.

4.3.2.2 " Representativeness

Representativeness describes the degree to which analytical data accurately and precisely define the
population being measured. Several elements of the sampling and sample handling process must be
controlled to maximize the representativeness of the analytical data (e.g., appropriate number of
samples collected, physical state of the samples, site specific factors, sampling equipment, containers,
sample preservation and storage, holding times, sample identity and chain-of-custody will be defined
to assure that the samples analyzed represent the population being measured). The sampling program
is designed to provide analytical data that is representative of the existing contaminant levels.

Representativeness of data is also affected by sampling techniques. Sampling techniques are described
in Section 3 and in the Halliburton NUS Standard Operating Procedures included in Appendix C.

4.3.2.3 Completeness

Completeness describes the amount of data generated that meets the objectives for precision,
accuracy, and representativeness versus the amount of data expected to be obtained. For relatively
clean, homogeneous matrices, 100 percent completeness is expected. However, as matrix complexity
and heterogeneity increase, completeness may decrease. Where analysis is precluded or where data
quality objectives are compromised, effects on the overall investigation must be considered. Whether
or not any particular sample is critical to the investigation will be evaluated in terms of the sample
location, the parameter in question, the intended data use, and the risk associated with the error.
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The sampling and analysis program for the site is sufficiently broad in scope to prevent a single data
point or parameter from jeopardizing attainment of the monitoring objectives. Each medium is critical
to the assessment of contaminant migration. Consequently, there exists some critical data requirement
below which the objectives of the monitoring program will be compromised.

Critical data points may not be evaluated until all the analytical resuits are evaluated. Additionally,
several sampling points, in aggregate, may be considered to be critical either by location or by analysis.
If in the evaluation of laboratory results it becomes apparent that the data for a specific medium are
of insufficient quality, either with respect to the number of samples or an individual analysis, a
subsequent sampling event may be necessary.

For the purposes of this effort, 90 percent is established as the minimum acceptable level of
completeness. A data point shall be determined to contribute to the completeness of the data set if
the information provided is meaningful, useful and contributes to the project objectives.

43.2.4 Comparability

One of the objectives of this document is to provide analytical data that is characterized by a level of
quality that is comparable between sampling points. By specifying the use of standard analytical
procedures in addition to standardizing field sampling procedures by employing Halliburton NUS SOPs,
the potential for variables to affect the final data quality will have been effectively minimized.
Analytical methods for this work are shown in Table 4-1, and Halliburton NUS SOPs appear in
Appendix C.

4.3.3 Quality Control Samples

Field quality control (QC) samples will be collected only for the soil and water samples which are to
undergo laboratory analysis. Field QC samples will not be collected for field-screening soil samples.
QC sampiles to be collected during the sampling effort are identified below, and include field duplicates,
source water field blanks, equipment rinsate blanks, and trip blanks. Each type of field quality control
sample defined below will undergo the same preservation, holding times, etc., as the field samples.
Table 4-1 presents a summary of these QC samples to be collected during this field sampling event.

4.3.3.1 Field Duplicates

Field Duplicates will be submitted at the rate of one for every 10 samples, per matrix (one for every
20 for TPH). Field personnel will note on the Sample Log Sheet and in the Logbook which samples are
field duplicates. However, the field duplicates will be sent "blind" to the laboratory, therefore, no
designation for duplicate samples will be noted on the sample labels or the Chain-of-Custody Forms.

Field personnel will note in the remarks block on the Chain-of-Custody Form which of the samples is
to be used for internal laboratory matrix spike/matrix spike duplicate analysis. Soil field duplicates are
collected by splitting split-spoon samples lengthwise and transferring each half into separate
containers. Groundwater field duplicates are collected by filling all of the bottles for one sample then
filling all of the bottles for the other sample. Field duplicates provide precision information regarding
homogeneity, handling, shipping, storing, preparation, and analysis.



v-v

TABLE 4-1

FIELD QUALITY CONTROL SAMPLE SUMMARY

CTO 143

NAVAL EDUCATION AND TRAINING CENTER

NEWPORT, RHODE ISLAND

EQUIPMENT
SAMPLE FIELD FIELD RINSATE FIELD TRIP TOTAL
TYPE MATRIX ANALYSIS SAMPLES* DUPLICATES BLANKS BLANKS BLANKS QUANTITY
Newly Soil VOC SW/8240 21 2 ** *x 23
Installed Ring SVOC Sw/8270 21 2 23
Drain Wells RCRA Metals 21 2 23
Water VOC SW/8240 21 2 4 2 4 33
SVOC sSw/8270 21 2 3 2 28
RCRA Metals 21 2 2 2 27
Existing Wells | Water VOC Sw/8240 7 1 1 2 11
(Tank 53) SVOC sw/8270 7 1 1 9
RCRA Metals 7 1 1 9
Pest/PCB SW/8080 7 1 1 9
TPH SW/8015 7 1 1 9
Geoprobe Soil TPH SW/8015 60 3 63
Water TPH SW/8015 0 0 3 0 3
Total Number
of Analyses 221 20 17 6 6 270

*

One field sample shall be collected in triple volume for the laboratory matrix spike/matrix spike duplicate (MS/MSD) sample at the rate of one per
twenty field samples, per matrix, per analysis. This sample should be designated "MS/MSD" in the "Remarks" section of the Chain-of-Custody Form.

**  Equipment rinsate and field blanks collected during soil sampling are aqueous samples and are inciluded under the "Water" category.



4.3.3.2 Field Blanks

Field Blanks will consist of the source water used in steam cleaning drilling tools and anaiyte-free
deionized water used to decontaminate hand tools. Field blanks will be prepared at the rate of one per
source of water per sampling event.

4.3.3.3 Rinsate Blanks

Rinsate blanks are obtained under representative field conditions by running analyte-free deionized
water through sample collection equipment after decontamination, and placing it in the appropriate
sample containers for analysis. These samples are used to assess the effectiveness of
decontamination procedures. Rinsate blanks will be prepared at the rate of one per day per 20 samples
per matrix.

4.3.3.4 Trip Blanks

Trip blanks are used to detect potential contamination by volatile organic compounds (VOCs) during
sample shipping and handling. Trip blanks consist of 40-ml volatile organic analysis {(VOA) vials filled
with water that is known to be free of VOCs. The vials are transported to the sampling site, and
returned to the laboratory with the VOA sampies. Each trip blank is stored and analyzed with
associated samples at the laboratory. Trip blanks are only analyzed for VOCs. Trip blanks must be
sent with both water and soil samples; however, they are always analyzed and reported as water
samples.

4.4 SAMPLING PROCEDURES

Field sampling will be conducted in accordance with Section 3.0 of this document and the Halliburton
NUS SOPs presented in Appendix C. Allowable sample holding times and preservation requirements
are shown in Table 4-2.

4.5 SAMPLE CUSTODY

The custody of field samples will be maintained, recorded and tracked in accordance with Section 3.0
of this document and the Halliburton NUS SOPs given in Appendix C.

4.6 CALIBRATION PROCEDURES

Field equipment normally requiring calibration will be calibrated and operated in accordance with the
manufacturer’s instructions and manuals. A log will be kept documenting the calibration results for
each field instrument.

Calibration procedures for laboratory equipment used in the analysis of environmental samples will be

performed in accordance with NEESA requirements (i.e., CLP requirements for NEESA level C, and the
laboratory’s quality assurance plan).
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TABLE 4-2

MAXIMUM SAMPLE HOLDING TIMES AND PRESERVATION

CTO 143

NAVAL EDUCATION AND TRAINING CENTER
NEWPORT, RHODE ISLAND

GENERAL SAMPLE 2
ANALYTE MAXIMUM HOLDING TIME"™ PRESERVATIVE MATRIX CONTAINER REQUIREMENTS
Volatile Organic 14 days Cool to 4°C Soil 2 4-oz clear glass/teflon septum
Compounds {VOCs)
7 days Cool to 4°C Water 2 40-ml clear glass/teflon
septum
14 days Cool to 4°C and HCl to pH < 2
Semivolatile 7 days to extraction, Cool to 4°C Soil 1 8-0z amber glass/teflon lined
Organic Compounds 40 days from extraction lid
(SVOCs) to analysis
o Water 2 80-0z amber glass/teflon lined
Pesticide/PCBs cap
{Pest/PCB)
RCRA Metals 6 months Cool to 4°C Soil 1 8-0z amber glass/teflon lined
lid
Cool to 4°C and Water 1 1-liter polyethylene bottle/
HNO, topH = 2 plastic cap
Total Petroleum 14 days Cool to 4°C Soil 1 8-0z amber glass/teflon lined
Hydrocarbons lid
(TPH)
Water 2 80-0z amber glass/teflon lined
cap
(1) Maximum holding times from date of sample collection to date of sample extraction or analysis for preserved samples.
{2) Actual sample containers provided by the laboratory may vary from those listed. Requirements listed here are EPA-based and incorporate NEESA

criteria.




4.7 ANALYTICAL PROCEDURES

The environmental samples collected for laboratory analysis during the field investigation covered by
this document will be analyzed by a laboratory previously approved by NEESA. The analytical
procedures will conform to NEESA quality level C as described in Section 4.3.1. Table 4-1 shows the
analytical methods that are to be employed. Formal data validation will not be conducted. Also note
that field QC samples will not be collected for field-screening samples.

The soil samples collected for field-screening will be tested using an enzyme immunoassay procedure
developed by Ensys. The analytical method and QC requirements for those samples which are to
undergo field-screening for petroleum hydrocarbons will be in accordance with the method specified
by the manufacturer.

4.8 DATA REDUCTION, REVIEW, AND REPORTING

Data reduction, review, and reporting will be conducted, however, full data validation is not required
for the analytical data since contaminant delineation is the intended data use. Halliburton NUS wiill
perform data review based on blank contamination and field duplicate precision. Data will be
summarized in spread-sheets and the same data qualifiers recommended by EPA Region | will be used.
The data review does not include assessment of the raw data and no validation report will be
generated.

4.9 INTERNAL QUALITY CONTROL

Section 4.3.3 discusses the types and frequency of quality control samples that will be prepared during
the field investigation activities for those samples to undergo laboratory analysis. The quantities of
the various types of the QC sampiles are shown in Table 4-1.

Laboratory analyses will be conducted in accordance with SW846 protocols.
4.10 PERFORMANCE AND SYSTEM AUDITS

System audits will be performed as appropriate, to assure that the work is being implemented in
accordance with the approved project SOPs and in an overall satisfactory manner.

] The FOL will supervise and check on a daily basis that the equipment is thoroughly
decontaminated, samples are collected and handled properly, and the field work is
accurately and neatly documented.

° The data reviewer{s) will review the data and will check that the data was obtained
through the approved methodology, and that the appropriate level of QC effort and
reporting was conducted.

° The project manager will oversee the FOL and data reviewer, and check that
management of the acquired data proceeds in an organized and expeditious manner.
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4.11 PREVENTATIVE MAINTENANCE

Halliburton NUS has established a program for the maintenance of field equipment to ensure the
availability of equipment in good working order when and where it is needed. This program consists
of the following elements:

] The equipment manager keeps an inventory of the equipment in terms of items (model
and serial number) quantity and condition. Each item of equipment is signed out when

in use, and its operating condition and cleanliness checked upon return.

° The equipment manager conducts routine checks on the status of equipment and is
responsible for the stocking of spare parts and equipment readiness.

° The equipment manager maintains the equipment manual library and trains field
personnel in the proper use and care of equipment.

] The FOL is responsible for working with the equipment manager to make sure that the
equipment is tested, cleaned, charged, and calibrated in accordance with the
manufacturer’s instructions before being taken to the job site.

4.12 DATA ASSESSMENT PROCEDURES

4.12.1 Precision, Representativeness, Comparability, and Completeness

All environmental data generated as a consequence of this field activity will be used for purposes of
contaminant plume delineation. No formal validation of the data will be conducted. The data will,
however, be reviewed as described in Section 4.8. The PARCC parameters will be evaluated to the
fullest extent practicable.

Precision will be assessed through the evaluation of field duplicate results. The representativeness and
comparability of the data will be assessed by determining if the data are consistent with known or
anticipated chemical conditions and accepted principals. The completeness of the data will be
assessed by comparing the acquired data to the project objectives to examine if these objectives are
being effectively addressed.

The PARCC parameter assessment will be conducted by qualified personnel.
4.12.2 Data Validation

Formal data validation will not be conducted, however, data review as described in Section 4.8 wili
be conducted.

4.12.3 Data Evaluation

The evaluation of the data collected during the field investigation will include a comparison of closure
goals and chemical concentrations in soil samples collected from the field. Evidence of the presence
of contamination at concentrations greater than the closure goals will indicate the need for additional
site evaluation.



4.13 CORRECTIVE ACTION

The QA program will enable problems to be identified, controlled, and corrected. Potential problems
may involve nonconformance with the SOPs and/or analytical procedures established for the project,
or other unforeseen difficulties. Any person identifying an unacceptable condition will notify the
Project Manager. The project manager, with the assistance of the Quality Assurance Manager and the
project QA/QC officer, will be responsible for developing and initiating appropriate corrective action
and verifying that the correction action has been effective. Corrective actions may include resampling
and/or reanalysis of samples taken or modifying project procedures. If warranted by the severity of
the problem (for example, if a change in the approved work plan is required), the Navy will be notified
in writing and their approval will be obtained prior to implementing any change. Additional work that
is dependent on a nonconforming activity will not be performed until the source of the problem has
been addressed.

4.14 QUALITY ASSURANCE REPORTS/DOCUMENTS

A bound/weatherproof field notebook shall be maintained by the SSO, and by the FOL. The FOL or
designee shall record all information related to sampling or field activities. This information may include
sampling time, weather conditions, unusual events, field measurements, description of photographs,
etc. The site logbook maintained by the FOL will contain a summary of the day’s activities and will
reference the field notebooks when applicable.

Custody of samples must be maintained and documented at all times. Chain-of-custody begins with
the collection of the samples in the field; Section 3.0 addresses the topic of chain-of-custody.

At the completion of field activities, the FOL shall submit to the Project Manager all field records, data,
field notebooks, logbooks, chain-of-custody receipts, sample log sheets, etc. The Project Manager
shall ensure that these materials are entered into the project file.

Changes in project operating procedures may be necessary as a result of changed field conditions or
unanticipated events. A summary of the sequence of events associated with field changes is as
follows:

L The FOL notifies the Project Manager of the need for the change.
] If necessary, the Project Manager will discuss the change with the pertinent individuals

{e.g., Navy personnel, CLEAN Quality Assurance Manager) and will provide a verbal
approval or denial to the FOL for the proposed change.

L The FOL will document the change on a Field Modification Record and forward the
form to the Project Manager at the eariiest convenient time {e.g., end of the
workweek).

L The Project Manager will sign the form and distribute copies to the Program Manager,

Quality Assurance Manager, Field Operations Leader, and the project file.

] A copy of the completed Field Modification Record form will also be attached to the
field copy of the affected document (i.e., Work Plan and Sampling and Analysis Plan).
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1.0 INTRODUCTION

This Health and Safety Plan (HASP) is designed to provide practices and procedures
for HALLIBURTON NUS Environmental Corporation (HNUS) personnel and
subcontractor personnel engaged in the Preliminary Closure Assessments of Tank
Farms 4 and 5 at the Naval Education and Training Center (NETC) in Newport, Rhode
Island. This plan has been developed to conform to the requirements of OSHA
Standard 29 CFR 1910.120 - Hazardous Waste Operations and Emergency Response
and is based on available information regarding possible contaminants and physical
hazards that may exist on the site. If more information concerning the nature and/or
concentrations of contaminants becomes available, this HASP will be modified
accordingly. It will be the HALLIBURTON NUS Project Manager’s responsibility to
communicate any such information to the CLEAN Health and Safety Manager (CHSM)
(Matthew M. Soltis) who will, in turn, determine the need for modifying the HASP.

1.1 KEY PROJECT PERSONNEL AND ORGANIZATION

The table below presents Key Project Personnel and Responsibilities and establishes
responsibility for site safety and health. The HALLIBURTON NUS Project Manager
(PM) is responsible for the overall direction and implementation of heaith and safety
for this project. The HALLIBURTON NUS Field Team Leader (FTL) is responsible for
implementation of this HASP with the assistance of an appointed Site Safety Officer
(SSO). The activities of the SSO are monitored by the CLEAN Health and Safety
Manager (CHSM) for compliance with this HASP and the CLEAN Health and Safety
Management Plan.

NAME RESPONSIBILITY
Walter Martin HNUS Project Manager
TBA Field Team Leader
TBA Site Safety Officer
Janet Pillion HNUS Health & Safety Officer
Matthew M. Soltis CLEAN Health & Safety Manager
1.2 SITE/PROJECT BACKGROUND

The NETC is located within the Newport Naval Base which encompasses
approximately six miles of the western shore of Aquidneck Island, Newport County,
Rhode Island. Aquidneck Island is comprised of three towns: Newport, Middletown,
and Portsmouth. The NETC serves as a training facility and provides logistic support
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for the Newport Naval Base. The NETC occupies approximately 1,063 acres of iand.
The locations of Tank Farms 4 and 5 are within the Newport Naval Base property.

Tank Farms 4 and 5 are located on the east side of the Defense Highway and Tank
Farm 4 is approximately 4,500 feet north of Tank Farm 5. Tank Farms 4 and 5
contain 23, 2.5 miilion gallon concrete underground storage tanks that were used to
store heavy fuel oils from World War |l to 1974. The tanks are approximately 116
feet in diameter, 33 feet deep, and are covered by approximately four feet of soil.
Each tank is surrounded by a ring drain which consists of a 12-inch reinforced
concrete drain pipe located within a permeable backfill approximately four feet wide.
The drain is connected to a sump pump to remove groundwater from the backfill area.
The tanks were abandoned in the 1970’s. Two of the tanks (563 and 56 at Tank Farm
5) were also used to store waste oils. These tanks have been cleaned and are being
closed under Rhode Island hazardous waste regulations.

Other facilities located adjacent to Tank Farm 5 include the Fire Fighting Training

Area, a small metal building which was used as an electrical substation, and a
concrete structure formerly used as an oil-water separator on Tank Farms 4 and 5.

1.3 SCOPE OF WORK
The objective of the work is to perform an Underground Storage Tank (UST)
Preliminary Closure Assessments at Tank Farms 4 and 5. Additional data regarding
groundwater quality in the vicinity of Tank 53 will also be gathered. The following
field activities are planned:
° Drilling (Monitoring well installation, Split Spoon Sampling) - Installation
of 4 inch diameter monitoring wells within each tank ring drain on the
downgradient side of the tank (not to include Tanks 53 and 56);

] A survey of each monitoring well;

° A Geoprobe investigation of piping connecting the tanks to the piping
loop (not to include piping loops);

° Groundwater Sampling (sampling will include some existing wells around
Tank 53).

For additional information or detail, refer to the Field Sampling Plan.
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2.0 HAZARD ASSESSMENT

This section presents information regarding known and suspected chemical and
physical hazards associated with the work areas, tasks and operations described in
Section 1.3 of this HASP. Any additional activities must be communicated to the
CHSM for inclusion into this plan. This evaluation is based solely on the currently
available information. As new data comes available, this HASP may need to be

PP pe: |y Y P Y X 2. . Y. wyyN |

P P -\rr\no\“ nln-.. can lhon £
mounleu dCCOruinyly. IVIGdbUIUb LW Luliuui lllU lldelUb PIicoo €G 0e10wW Can oe UUlld

in Sections 3.0, 4.0, and 5.0 of this plan.

The onsite work areas will be limited to Tank Farms 4 and 5 on the NETC property.
The greatest potential for worker exposure exists during drilling activities at the
downgradient locations of the fuel tanks.

" - ~ 1AL ATARNS
.1 UHRAENVIIVAL NALARUO

The degree of hazard potential(s) posed to onsite personnel depends not only on
where work will be conducted but also upon the task or tasks being performed. The
tasks scheduled to take place generally can be grouped into two categories: non-
intrusive and intrusive activities. Potential health risks posed to onsite workers will
be of greater concern during intrusive activities such as drilling monitoring wells, and
split spoon sampling. Non-intrusive activities, such as groundwater sampling and
surveying activities will be of lesser concern to worker health.

Hazards associated with this investigation include the potential for exposure to site

contaminants via inhalation of toxic vapors and/or airborne particulates, ingestion, and
direct dermal contact.

2.1.1 Fuel Qils

Previous site activities and observations indicate the potential for fuel oil
contamination to be present at the well installation locations.

Fuel oils are considered to be of moderate to low toxicity and are not considered to
be carcinogenic by NTP, OSHA, or IARC. Potential route(s) of entry are inhalation and
skin/dermal contact. Fuel oil health hazard data sheets present dermal exposure as
the primary route of concern. Federal or recommended airborne exposure limits have
not been established for fuel oil vapors. However, effects of short-term (acute)
overexposure may be indicated by symptoms such as headache, dizziness, blurred
vision, drowsiness, dermatitis, difficulty in breathing, irritations of the eyes, nose and
throat, and at extremely high concentrations death may occur. Effects of long-term
(chronic) overexposure typically result in the development of chronic dermatitis.
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Because of the very low vapor pressure of fuel oils, and the work being conducted in
an outdoor environment, overexposure to their vapors is not expected to occur. Dusts
from soils that are contaminated with fuel oils may be generated during subsurface
activities. Dermal contact is the most likely route of exposure.

2.1.2 Waste Oils

In 1975, the Navy began using Tanks 53 and 56 for used oil storage. Volatile organic
compounds (VOC's), base neutral/acid extractable (BNA) compounds, and inorganics
were present in the groundwater samples collected from wells located near Tanks 53
and 56.

Low VOC levels in downgradient well MW-4 have been detected and inorganic
concentrations have exceeded groundwater action levels in all wells, including the
background well.

Because of the low concentrations previously detected, the nature of the matrix
(groundwater) being sampled, and the work being conducted in an outdoor
environment, an overexposure to site contaminants is not expected to occur.

2.1.3 Hazard Evaluation of Each Site Task

A hazard evaluation for the work activities is as follows:

Well Installation/Geoprobe Investigation/Subsurface Soil Sampling

Drilling activities and other soil-disturbing subsurface investigation activities present
the highest exposure potentials of this investigation. Exposure concerns include
inhalation of contaminant-laden dust and/or volatile organic emissions caused by soil
disturbance, and direct skin contact with contaminants. The physical hazards
associated with these tasks are addressed in following sections.

Exposure potentials could vary depending on where the drilling is taking place; drilling
near the underground tanks poses the greatest risk of worker exposure. Drillers and
laborers are especially at risk to exposure due to their work position directly over the
boreholes and their handling of potentially contaminated augers/rods when pulling the
augers/rods out of the ground (inhalation and dermal contact). Additionally, the
exposure potentiai may be the greatest when drilling activities intersect the
groundwater table. Heavy fuel oils are not miscible with water and there may exist
a floating product layer on the water table.
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Groundwater Sampling

This task presents a low to moderate exposure potential. The primary concern for this
task is dermal contact with contaminated water. When sampling groundwater from
monitoring wells, however, inhalation exposure could occur when removing the well
cap. To reduce this potential hazard, the wellhead should be opened while standing
upwind and allowed to vent before sampling activities commence. Additionally, there
exists the potential for a floating product layer on the water table.

Land Surveying

This task has low to no exposure potential. This task is limited to surveying the
locations and elevations of the monitoring wells. There is no known surficial
contamination onsite, therefore, there is no exposure potential anticipated during this
activity.

2.2 PHYSICAL HAZARDS

In addition to the chemical hazards presented above, certain physical hazards may also
be encountered. The most significant of these hazards include:

] The potential for a worker to become entangled in the rotating tools of
the drill rig

° Contact with overhead energized sources

°

Exposure to moving and heavy machinery/vehicles (drill rigs, Geoprobe,
trucks) - stuck by/caught between hazards and nip points
Manual lifting

Noise exposure

Fire/Explosion potential

Buried/Underground Utilities

Slip/Trip/Fall/Puncture hazards

Uneven or unstable terrain

Heat/Cold stress

Confined Spaces

Insects/Rodents

Lightning/Inclement Weather Conditions

2.2.1 Hazard Description & Hazard Prevention
Rotating Tools - Entanglement within the rotating tools of the drill rig can occur

anytime a worker or their clothing contacts the moving machinery. This hazard can
result in a worker being fatally crushed and/or dismembered.
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Overhead Energized Sources - Overhead utility wires, i.e. electrical and telephone, can
be hazardous when the drill rig boom/mast or any other such projecting items are in
the upright position.

° Overhead utilities should be considered "live" until determined otherwise.

o No drilling boom/mast or any other such projecting items shall be erected
within 20 feet of an overhead/electrical line until the line is deenergized,
grounded, or shieided and an electrician has certified that arcing cannot
occur.

° To avoid contact with any overhead lines, the drill rig boom should be
lowered prior to moving the rig.

Heavy Equipment/Vehicles - Operation of, and proximity to, Geoprobe, drill rigs/heavy
equipment pose a threat of serious injury to operators and workers; operators of the
Geoprobe, drill rigs/heavy equipment and vehicles typically have decreased visibility
and hearing.

L Motor vehicles and material handling equipment shall be in compliance
with the OSHA Construction Industry Standards 29 CFR 1926.

L Only qualified/licensed people are to operate heavy equipment.

° Never walk directly in back of, or to the side of, heavy equipment
without the operators’ knowledge.

° Steel-toe/shank workboots shall be worn when working around, or with,
heavy equipment.

] Heavy equipment vehicies will have back-up alarms or will only back-up
when assisted by a flag person.

] Pedestrians and lighter vehicles will yield to heavy equipment/ vehicles.

° All chains, lines, cables, etc. should be inspected daily for weak spots,
frays, etc.

° All high pressure lines should be checked prior to and during use.

Manual Lifting - Back strain may occur as a result of lifting or handling heavy
equipment.
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Back strain may be prevented by employing proper lifting and bailing
techniques.

During any manual handling tasks, personnel are to lift with the force of
the load supported by their legs and not their backs. The correct number
of personnel must be used to lift or handle heavy equipment.

Noise Exposure - Elevated sound levels may be generated as a result of activities
onsite which may cause hearing damage and/or be a hinderance to communication.

Noise levels are not to exceed the 8-hour time-weighted average OSHA
PEL of 90 dBA without the use of hearing protection. As a generai rule-
of-thumb, hearing protection is required if personnel standing
approximately 2 feet apart cannot converse without raising their voices
to be heard. The use of hearing protection, either ear muffs or ear plugs,
will be worn to effectively reduce noise levels.

Buried/Underground Utilities - Excavation work or any intrusive earthwork presents the
possibility of contacting or puncturing an underground line or utility.

A thorough underground utilities search must be conducted before the
commencement of any intrusive earthwork. The Base "Dig Safe", the
National Dig Safe, and the base Engineering and Defense Fuel Support
departments must be contacted and clear all drilling and Geoprobe
locations prior to any ground penetrating work.

No subsurface activities will commence until the work area has been
positively cleared of utilities or underground lines.

Any utilities confirmed or suspected will have their location marked and
these areas will be avoided.

Known buried utilities include electric, phone, diesel, steam, water,
wastewater, and oil.

Heat/Cold Stress - Heat/Cold stress shall be monitored and controlled in accordance
with the guidelines presented in Attachment B.

Slip/Tri

Fall/Puncture Hazards - Due to wet, slick, uneven or steep terrain, or

cumbersome protective equipment, injury (strained muscles, sprained ligaments, cuts,
and/or abrasions) or exposure could result due to a fall or puncture.
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In General:

2.3

Slipping on wet surfaces can be prevented by wearing boots with good
treads and be alert where personnel are walking to decrease the chance
of slipping.

Tripping caused by wearing disposable footwear can be reduced when
properly sized disposable boots are selected.

To reduce potential puncture hazards, steel-shank work boots should be
worn.

All work areas must be kept free of ground clutter.

Hardhats shall be worn at all times when working around a drill rig or
when the potential for overhead hazards exist.

Loose clothing and straps should be secured when working around a drill
rig or any other heavy or high hazard equipment.

Electrical cords or extension cords should be protected or guarded from
damage (i.e. cuts from other machinery) and be maintained in good
condition.

Eye protection should be worn where the potential for injury from objects
or exposure from chemicals or contaminated media may occur.

Inclement weather (i.e. lightning, heavy rain) should be evaluated as a
condition to stop work.

Be sure that any compressed gas cylinders are secured properly to heavy
mobile equipment.

BUDDY SYSTEM/SITE COMMUNICATIONS

The activities conducted and equipment utilized during the site work demand
competency, coordination, and concentration. To prevent accidents and injuries
occurring on-site, and in order to provide rapid assistance to employees in the event
of an emergency, implementing the "buddy system" or organizing employees to
support "line-of-sight" is required.

The buddy system will be implemented in all work areas where there exists the
potential for a significant chemical exposure and work areas proximal to vehicle
traffic, heavy equipment and other machinery or equipment that poses a threat of

2-6



serious injury to on-site workers. Line-of-site or a communication system can be via
visual, voice, or regular radio contact and must be maintained at all times.

In order to control these hazards, the measures previously discussed and the Standard
Work Practices specified in Section 5.0 of this HASP (as weil as the other

requirements stated in this document) will be implemented and enforced throughout
site operations.

2.4 CONFINED SPACE ENTRY

Confined space entries are not anticipated during this site investigation and, therefore,
are not authorized and wiil not be discussed in this HASP. If confined space entry
becomes necessary for any reason, the project manager and the CHSM must modify

this HASP prior to authorizing entry. This includes entry to building housing tank
manholes (some of these are open).
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3.0 AIR MONITORING

This section presents requirements for the use of real-time air monitoring instruments
during site activities involving potential for exposure to site contaminants. It
establishes the types of instruments to be used, the frequency of which they are to
be used, techniques for their use, action levels for upgrading/downgrading levels of
protection, and methods for instrument maintenance and calibration.

Heavy fuel oil is the primary site contaminant. The physical properties of this
compound include a very low vapor pressure and high boiling point. The onsite
activities will be conducted in an outdaor environment where it is unlikely that vapor
emissions will exist or be of sufficient quantity to cause adverse health effects.
However, air monitoring using direct reading instrumentation will be conducted to
assure that vapor concentrations do not exceed acceptable levels.

3.1 INSTRUMENTS AND USE

Air monitoring using a photoionization detector (PID) or a flame ionization detector
(FID) will be conducted onsite in the breathing zone of high risk workers during
subsurface explorations and during any other activity deemed necessary to determine
the presence or absence of ionizable organic compounds.

The Photovac MicroTip, a PID, equipped with a 10.6 eV lamp, or the OVA Model 128
FID, will be used to detect the presence or absence of airborne ionizable chemical
gases and vapors. The PID/FID wiil be calibrated and operated as outlined in the
HNUS Standard Operating Procedures. These SOP’s will be maintained onsite. The
OVA 128 does detect methane (and the PID does not); if there are any sustained
readings in the breathing zone using the OVA 128, the methane screening technique
will be used to determine if there are other VOCs present, or a PID will be used in
tandem with the OVA to determine if the readings are due to methane. Respiratory
protection upgrade need not occur if the readings are determined to be from methane
and are less than 10% of the Lower Explosive Limit (LEL) reading.

A combustible gas (lower explosive limit {LEL) and oxygen (O,) alarm meter will be
used to monitor levels of combustible gas and oxygen deficient atmospheres during
subsurface activities. The LEL/O, meter will be calibrated using pentane (0.75 percent
by volume in air) and operated as outlined in the HNUS Standard Operating
Procedures. If airborne concentrations of flammable vapors exceed 10 percent or
greater of the LEL, no work will take place until the source of the emission has been
identified and control measures instituted or until vapor concentrations subside.
Monitoring with the LEL/O, meter will only be necessary if there are sustained
readings detected using the PID/FID air monitoring instrument.
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In summary, the following air monitoring instruments will be utilized during the
following tasks as specified above and in accordance with the action levels specified
in Section 3.3:

® Site Walkovers - None.

o Drilling/Geoprobe Investigation/Soil Borings/Split _Spoon Sampiing -
PID/FID monitor; LEL/O, monitor.

° Groundwater Sampling - PID/FID monitor.

o Surveying - None.

3.2 MODIFICATION OF AIR MONITORING REQUIREMENTS

The air monitoring requirements presented in Section 3.2 are based upon the tasks
presented in Section 1.3 and the assumption that the contaminants presented in
Section 2.1 are the only contaminants which pose a reasonable health risk to site
workers covered by this HASP. In the event that this assumption is found to be
invalid, the requirements will be subject to change.

3.3 ACTION LEVELS

The following action levels represent background readings in the breathing zone and
will apply to this project:

PID/FID Monitor Greater than 0.0 ppm To be evaluated using CTD'"
0.0 ppm to 50 ppm Level D
50 ppm to 100 ppm Level C
Greater than 100 ppm Level B
Less than 19.5% O, Level B

Greater than 200 ppm Stop work and contact
CLEAN Health & Safety
Manager

These action levels are based upon the assumption that volatile organic compounds
typical of petroleum products will be the only air contaminants which pose a
reasonable health risk to site workers. In the event that this assumption is found to
be invalid, the action levels will be modified as appropriate.

M _ A Colorimetric Detector Tube (0.5/c Draeger tube) for benzene will be used initially

when there are any PID/FID readings in the breathing zone. If it is determined that
benzene is an airborne contaminant then the following action leveis will be used:
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Level C 1 -50 ppm
Level B 50 - 100 ppm

3.4 INSTRUMENT MAINTENANCE AND CALIBRATION

Air monitoring instruments will be maintained and pre-field calibrated. Field calibration
will be conducted in accordance with the HNUS Standard Operating Procedures. Field
maintenance will consist of daily cleaning of the instruments using a damp towel or
rag to wipe off the instrument’s outer casing and overnight battery recharging.

3.5 RECORDKEEPING

Instrument calibration notes and readings will be recorded in the respective instrument
log. Instrument readings observed during site monitoring activities will be recorded
in the field logbook. PID/FID readings, including the absence of readings, must be
recorded in the field logbook. Exceedances above background leveis in the workers
breathing zone must be recorded specifying the date, reading(s) observed, workers
potentially affected, operators name, duration of reading, and the location of the
reading, and actions taken to reduce exposures.



4.0 PERSONAL PROTECTIVE EQUIPMENT (PPE)

This section presents requirements for the use of personal protective equipment for
each of the activities being conducted as defined in Section 1.3 of this HASP. This
section includes anticipated levels of protection for each of the activities, the criteria
used for selecting various levels of protection, and criteria for modifying levels of
protection based on personal observations.

4.1 ANTICIPATED LEVELS OF PROTECTION

All work is anticipated to be performed in a Level D Protection, as defined in Appendix
B of OSHA Standard 29 CFR 1910.120 - "Hazardous Waste Operations and
Emergency Response: Final Rule.”" Many activities will require the use of chemical
resistant coveralls, gloves, and boot covers as presented in the task breakdown which
follows. Where activities overlap, the more protective requirements will be applied.
Additionally, it is possible that work will be upgraded to Level C protection (air-
purifying respirators equipped with GMC-H fiiters) depending on site conditions and
observations as discussed in Section 4.3.2 of this HASP.

4.1.1 Mobilization/Demobilization/Site Walkovers/Surveying

Minimum requirements include steel-toe/shank work boots. Leather or cotton work
gloves will be worn, as needed, to prevent cuts and abrasions when handling drilling
or Geoprobe equipment.

4.1.2 Drilling Operations

Minimum requirements include hard hat, safety glasses, steel-toe/shank work boots,
Tyvek coveralls, disposable boot covers, and nitrile or neoprene gloves over latex inner
gloves. All ankle and wrist seams will be taped and all loose clothing will be secured.

If activities present the potential for tyvek to become saturated, PVC coveralls will be
substituted.

4.1.3 Groundwater Sampling

Minimum requirements include steel-toe/shank work boots, Tyvek coveralls,
disposable boot covers, and nitrile or neoprene gloves over latex inner gloves, and eye
protection/splash goggles. All ankle and wrist seams will be taped. If activities
present the potential for tyvek to become saturated, PVC coveralls will be substituted.

4.2 PPE SELECTION CRITERIA

Respiratory protection was not selected for use during initial stages of work as it is
uniikely that exposures will exceed OSHA permissible exposure limits or of sufficient
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concentration to cause adverse health effects. Nitrile and/or neoprene gioves were
selected to provide protection against potential contamination that could be
encountered and to help reduce ingestion as a resuit of incidental hand to mouth
contact. Hard hats, safety glasses, and work boots were selected to provide
protection against some of the physical hazards associated with heavy equipment and
drilling operations and disposable boot covers were selected to help minimize the
spread of contamination. Tyvek coveralls were selected to minimize the potential for
contamination of street clothes and PVC coveralls were selected for use in the event
that drilling and/or sampling operations have the potential to result in the saturation
of work clothes and dermal contact.

4.3 PPE MODIFICATION CRITERIA

This section presents criteria for upgrading and downgrading chemical protective
clothing (CPC) and/or respiratory protection. Where uncertainties arise, the more
protective requirement will apply.

4.3.1 CPC Madification Criteria

Tyvek coveralls and boot covers must be worn anytime there is a reasonable potential
for contamination of street clothes. Polyvinyl chioride (PVC) coveralls must be worn
if there is gross heavy fuel oil contamination of groundwater and/or soils encountered
or anytime there is a reasonable potential for saturation of work clothes.

Nitrile or neoprene gloves must be worn anytime there is a reasonable potential for
contact with site contamination.

4.3.2 Respiratory Protection Modification Criteria

Level C respiratory protection consisting of full/half-face, air-purifying respirators,
equipped with GMC-H filters must be worn if gross contamination of heavy fuel oil is
encountered which emit vapors that exceed the action limits presented in section 3.3.
The SSO will evaluate and determine the need for upgrading respiratory protection.
Additionally, at any time during intrusive activities onsite, workers may elect to don
Level C respiratory protection.
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5.0 STANDARD WORK PRACTICES

The following standard work practices will apply to all HALLIBURTON NUS and
subcontractor personnel as applicable to the work being performed at this site.

5.1

GENERAL REQUIREMENTS (ALL TASKS)

Work areas shall be physically cordoned off (using items such as caution
tape, hazard cones, etc.) to clearly identify the work area, and to aid in
restricting access of unauthorized persons.

Objects that cannot be manually handled comfortably shall either be
handled by more than one person or with mechanical lifting devices.

Eating, drinking, chewing gum or tobacco, taking medication, and
smoking are prohibited in the exclusion or decontamination zones, or any
location where there is a possibility for contact with site contamination
exists.

Upon leaving the exclusion zone, hands and face must be thoroughly
washed with soap and potable water. Any protective outer clothing is
to be decontaminated and removed as specified in this HASP, and left
at a designated area prior to entering the clean area.

Contact with potentially-contaminated substances must be avoided.
Contact with the ground or with contaminated equipment must also be
avoided.

No facial hair, which interferes with a satisfactory fit of the mask-to-face
seal, is permitted on personnel required to wear respiratory protective
equipment.

All personnel must procure a site-specific Health and Safety Plan from

the project Health and Safety Officer prior to commencing work on site.

All site personnel must read and understand all components of this
HASP.

All personnel must satisfy medical monitoring procedures.
All work areas must be kept free of ground clutter.
Areas must be designated for chemical storage. Acids, bases and

flammable shall all be stored separately. Storage areas must be labeled
as to the contents within the storage area.
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5.2

All compressed gas cylinders must be stored and used in an upright
position, properly secured and protected from damage, segregated, and
labelled as empty or full.

Site personnel must immediately notify the HALLIBURTON NUS Health
and Safety Officer of all incidents for OSHA recordkeeping purposes.

If personnel note any warning properties of chemicals (irritation, odors,
symptoms, etc.) or even remotely suspect the occurrence of exposure,
they must immediately notify the CLEAN Health and Safety Manager for
further direction.

Site personnel are not to undertake any activity which would be
considered a confined-space entry without first being trained in the
proper procedures as required by the CLEAN Health and Safety Manager,
and without first obtaining a Confined Space/Limited Egress Permit.

DRILLING AND GEOPROBE OPERATIONS

The location of all underground and overhead utilities must be confirmed
and visibly identified prior to initiating ground penetrating activities. The
mast of the drill rig shall be positioned so as not to contact live
conductors, raceways, conduit, or piping.

All drill rigs must be equipped with an operational emergency stop device
or on/off switch. Drillers and geologists must be aware of the location
of this device. This device must be tested prior to job initiation, and
periodically thereafter. No one shall handle rotating augers unless
absolutely necessary and unless there is a standby person in the ready
position to activate the emergency stop.

The driller must never leave the controls while the tools are rotating
unless all personnel are clear of the rotating equipment.

A long-handled shovel or equivalent must be used to clear drill cuttings
away from the hole and from rotating tools. Hands and/or feet are not
to be used for this purpose.

A remote sampling device must be used to sample drill cuttings if the
tools are rotating. Samplers must not reach into or near the rotating
equipment. If personnel must work near any tools which could rotate,
the driller must shut down the rig prior to initiating such work.
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Drillers, helpers, and samplers must secure all loose clothing when in the
vicinity of the drilling operations.

Only equipment which has been approved by the manufacturer may be
used in conjunction with site equipment and specifically to attach
sections of drilling tools together. Pins that excessively protrude from
augers shall not be allowed.

No persons shall climb the drill mast while tools are rotating.

No person shall climb the drill mast without the use of ANSI approved
fall protection (i.e. approved belts, lanyards, and a fall protection slide
raill) or portable ladder which meets the requirements of OSHA
standards.

Hearing protection shall be worn while the drill rig is in operation unless

it can be demonstrated that noise exposures will not exceed 85 dBA as
an 8-hour time-weighted average.
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6.0 DECONTAMINATION

This section describes the steps site personnel will follow to prevent the spread of site
contaminants into areas that may affect unprotected, unsuspecting site personnel or
the public. It includes requirements for decontamination of personnel, sampling
equipment, and drilling equipment.

6.1 PERSONNEL DECONTAMINATION

The decontamination of personnel and their protective clothing will be performed in
three stages.

] Stage 1 includes removing contamination from reusable
protective clothing and/or disposable clothing. These efforts
will involve washing and rinsing these items in a sequence that
begins at the highest level to the lowest level (i.e.: from the
head down towards the feet).

° Stage 2 will include removal of protective clothing, discarding
disposable clothing into a drum conspicuously marked
"Contaminated Clothing” and/or storing reusable protective
clothing in the contamination reduction zone. Stage 2 efforts
involve a structured, segregated process carefully removing
PPE items beginning with the outermost item and progressing
inward.

® Stage 3 will consist of workers washing their hands and face
with potable water and soap each time they leave the
exclusion zone, before performing any type of hand-to-mouth
activity.

All decontamination fluids generated will be contained as described in the site work
plan. The decontamination area will be physically identified with rope or flagging and
well equipped to be conducive for completion of proper decontamination activities.

6.2 SAMPLING EQUIPMENT DECONTAMINATION

Decontamination of sampling tools may involve the use of deionized water, detergents
(Alconox), and/or methanol. Requirements for decontaminating sampling equipment
are presented in the site work plan. Methanol will only be used in well ventilated
areas and personnel will avoid breathing vapor and/or mist. Material Safety Data
Sheets for the decontamination solutions will be presented during site specific training
and maintained on site for reference upon request.
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6.3 HEAVY EQUIPMENT DECONTAMINATION

Decontamination of drilling tools and other heavy equipment will be accomplished
through the use of a high pressure steam system. The HALLIBURTON NUS
representative or Field Team Leader (FTL), or designee, will inspect all heavy
equipment prior to being released from the site. All decontamination fluids generated
will be contained and disposed of as described in the site work plan.
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7.0 TRAINING

7.1 INTRODUCTORY AND REFRESHER TRAINING
7.1.1 Requirements for HALLIBURTON NUS Personnel

All HALLIBURTON NUS personnel must complete 40 hours of introductory hazardous
waste site training prior to performing work at the NETC-Newport. Additionally,
HALLIBURTON NUS personnel who have had introductory training more than 12
months prior to site work must have completed 8 hours of refresher training within
the past 12 months before being cleared for site work. Supervisory training is
required of any onsite personnel directly responsible for, or who supervise, employees
working onsite.

Documentation of HALLIBURTON NUS introductory, refresher and supervisory training
can be obtained through the Health and Safety Officer. Copies of certificates or other
official documentation wiill be used to fulfill this requirement.

7.1.2 Requirements for Subcontractors

All HALLIBURTON NUS subcontractor personnel must have completed introductory
hazardous waste site training or equivalent work experience as defined in OSHA
Standard 29 CFR 1910.120(e) and 8 hours of refresher training meeting the
requirements of 29 CFR 1910.120(e)(8) prior to performing work at the NETC-
Newport. Additionally, supervisory training is required of any onsite personnel directly
responsible for, or who supervise, employees working onsite. HALLIBURTON NUS
subcontractors must certify that each employee has had such training by sending
HALLIBURTON NUS a letter, on company letterhead, containing the information in the
example letter provided as Figure 7-1. Copies of training certificates will not be
accepted as a substitute for the official letter but may be provided as supporting
documentation.

7.2 SITE-SPECIFIC TRAINING

HALLIBURTON NUS will provide site-specific training to all HALLIBURTON NUS
employees and subcontractor personnel who will perform work at this project. This
training will only be provided once and personnel who do not attend will not be
permitted to perform work at the NETC-Newport. Site-specific training will include:

Names of personnel and alternates responsible for site safety and health
Safety, health and other hazards present on site

Use of personal protective equipment

Work practices to minimize risks from hazards

Safe use of engineering controls and equipment

7-1



Medical surveillance requirements

Signs and symptoms of overexposure

The contents of the health and safety plan and addendum
Review of relevant MSDSs

7.2.1 Site-Specific Training Documentation

HALLIBURTON NUS and subcontractor personnel will be required to sign a statement
indicating receipt of site-specific training and understanding of site hazards and control
measures. Figure 7-2 will be used to document site-specific training.
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FIGURE 7-1
OSHA TRAINING CERTIFICATION

The following statements must be typed on company letterhead and signed by an
officer of he company:

LOGO

XYZ CORPORATION

555 E. bth Street
Nowheresville, Kansas 55555

Month, day, year

Mr. Walter Martin

Project Manager

HALLIBURTON NUS Corporation
187 Ballardvale St. Suite A-100
Wilmington, MA 01887

Subject: Hazardous Waste Site Training - NETC-Newport

Dear Mr. Martin:

The employees listed below have had introductory hazardous waste site training
or equivalent work experience as required by 29 CFR 1910.120(e) and those
employees listed below who have received their introductory training more than
12 months ago have also received 8 hours of refresher training in accordance
with 29 CFR 1910.120 (e)(8). In addition, supervisory training is required of

any onsite personnel directly responsible for, or who supervise, employees
working onsite.

LIST FULL NAMES OF EMPLOYEES

Should you have any questions, please contact me at (555) 5655-5555.

Sincerely,

(Name of Company Officer)



My signature below indicates that [ am aware of the potential hazardous nature of
working at the NETC-Newport site and that | have received site-specific training which

SITE-SPECIFIC TRAINING DOCUMENTATION

FIGURE 7-2

included the elements presented below:

| further state that | have been given the opportunity to ask questions and that all of

Names of personnel and alternates responsible for site safety and health
Safety, health and other hazards present on site

Use of personal protective equipment

Work practices to minimize risks from hazards
Safe use of engineering controls and equipment

Medical surveillance requirements

Signs and symptoms of overexposure
The contents of the health and safety plan and addendum
Review of relevant MSDSs

my questions have been answered to my satisfaction.

Training Conducted By:

Date:

NAME (PRINT CLEARLY)

SIGNATURE

DATE
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8.0 MEDICAL SURVEILLANCE
8.1 REQUIREMENTS FOR HALLIBURTON NUS PERSONNEL

All HALLIBURTON NUS personnel participating in project field activities will have had
a physical examination meeting the requirements of HALLIBURTON NUS’ medical

surveillance program and will be medically qualified to perform hazardous waste site
work using respiratory protection.

Documentation for medical clearances can be obtained from the HALLIBURTON NUS
Health and Safety Officer.

8.2 REQUIREMENTS FOR SUBCONTRACTORS
Subcontractors are required to obtain a certificate of their ability to perform hazardous
waste site work and to wear respiratory protection. The "Subcontractor Medical

Approval Form" (Figure 8-1) must be used to satisfy this requirement providing it is
properly completed and signed by a licensed physician.
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FIGURE 8-1
SUBCONTRACTOR MEDICAL APPROVAL FORM

For employees of

Company Name

Participant Name: Date of Exam:

Part A

The above-named individual has:

1. Undergone a physical examination in accordance with OSHA Standard 29 CFR
1910.120, paragraph (f) and found to be medically -

( )} qualified to perform work at the NETC-Newport work site
( ) not qualified to perform work at the NETC-Newport work site

and,

2. Undergone a physical examination as per OSHA 29 CFR 1910.134(b){10) and
found to be medically -

( ) qualified to wear respiratory protection

() not qualified to wear respiratory protection

My evaluation has been based on the following information, as provided to me by the
employer.

{ ) A copyof OSHA Standard 29 CFR 1910.120 and appendices.

{ ) A description of the employee’s duties as they relate to the employee’s
exposures.

Alist of known/suspected contaminants and their concentrations (if known).
A description of any personal protective equipment used or to be used.
Information from previous medical examinations of the employee which is
not readily available to the examining physician.

— — —
S —

I, , have examined
Physician’s Name (print) Participant’s Name (print)
and have determined the following information:
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FIGURE 8-1
SUBCONTRACTOR MEDICAL APPROVAL FORM
PAGE TWO

1. Results of the medical examination and tests (excluding finding or diagnoses
unrelated to occupational exposure):

2. Any detected medical conditions which would place the employee at increased risk
of material impairment of the employee’s health:

3. Recommended limitations upon the employee’s assigned work:

| have informed this participant of the results of this medical examination and any
medical conditions which require further examination of treatment.

Based on the information provided to me, and in view of the activities and hazard
potentialsinvolved at the work site, this participant

() may
{ )} may not

perform his/her assigned task.
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FIGURE 8-1
SUBCONTRACTOR MEDICAL APPROVAL FORM

PAGE THREE

Physician’s Signature

Address

Phone Number

NOTE: Copies of test results are maintained and available at:

Address
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9.0 SITE CONTROL

This section outlines the means by which HALLIBURTON NUS will delineate work
zones and use these work zones in conjunction with decontamination procedures to
prevent the spread of contaminants into previously unaffected areas of the site. In
general, a three zone approach will be used during work at this site; exclusion zone,
contamination reduction zone, and support zone.

9.1 EXCLUSION ZONE

The exclusion zone will be considered those areas of the site where subsurface
activities or groundwater sampling activities are being conducted. Significantamounts
of surface contamination will not be encountered in the proposed work areas of this
site until/unless contaminants are brought to the surface by drilling or other
subsurface exploration activities. Furthermore, once such activities have been
completed and surface contamination has been removed, the potential for exposure
is again diminished and the area can then be reclassified as part of the contamination
reduction zone. Therefore, the exclusion zones for this project will be limited to those
areas of the site where active work is being performed and/or anywhere there is
believed to be the potential for inhalation exposure to site contaminants. During
subsurface explorations, a 25-foot exclusion zone around the operating equipment will
be demarcated using caution tape, signs, safety cones, or barricades.

9.2 CONTAMINATION REDUCTION ZONE

The contamination reduction zone (CRZ) will be a buffer area between the exclusion
zone and any area of the site where contamination is not suspected. For purposes of
this project, the CRZ will be considered the areas abutting the exclusion zone/work
areas. In addition, the equipment decontamination area established for this project
will be considered as a separate CRZ.

9.3 SUPPORT ZONE

The support zone for this project will be located in areas designated outside of the
exclusion and contamination reduction zone. This area will include a staging area
where site vehicles will be parked, equipment will be unioaded, and where food and
drink containers will be maintained. In all cases, the support zones will be established
at areas of the site where exposure to site contaminants would not be expected
during normal working conditions or foreseeable emergencies.
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10.1

10.0 OTHER MISCELLANEOUS REQUIREMENTS

SPILL CONTAINMENT PROGRAM

The procedures defined in this section comprise the spill containment program in place
for activities at the site.

10.1.1

Spill Control

Drums and containers used during site activities shall meet the appropriate
DOT, OSHA, and EPA reguiations for the wastes that they contain.

Drums and containers shall be inspected and their integrity assured prior to
being moved. Drums or containers that cannot be inspected before being
moved because of storage conditions (i.e. buried, stacked behind other
drums or several tiers high, etc.) shall be moved to an accessible location
and inspected prior to further handling.

Unlabeled drums and containers shall be considered to contain hazardous
substances and handled accordingly until the contents are positively
identified and labeled.

Site operations shall be organized to minimize the amount of drum or
container movement.

Prior to movement of the drums or containers, all employees involved shall
be warned of the potential associated hazards.

Where spills, leaks, or ruptures may occur, adequate quantities of spill
containment equipment (absorbent, pillows, etc.) will be stationed in the
immediate area. The spill containment program must be sufficient to
contain and isolate the entire volume of hazardous substances being
handled.

Drums or containers that cannot be moved due to their integrity, shall be
emptied into a sound container.

Fire extinguishing equipment meeting 29 CFR part 1910, subpartL, shall be
on hand and ready if needed.

It is not anticipated that bulk hazardous materials will be handled as part of this scope
of work such that spillage would constitute a danger to human heaith or the
environment.

10-1



10.2

MATERIALS AND DOCUMENTS

The HALLIBURTON NUS Field Team Leader shall ensure the following
materials/documents are taken to the project site and utilized as required.

Incident Reports

Material Safety Data Sheets for decon solutions and other substances
brought to the site

Follow-Up Reports (to be completed by the Field Team Leader)

OSHA Job Safety and Health Poster (posted in site trailer)

Site-specific Training Documentation Form

First Aid Supply Usage Form

Emergency Reference Posting (Figure 11-1)
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11.0 EMERGENCY RESPONSE PLAN
11.1 INTRODUCTION

In the event of any on-site emergencies, site personnel will be immediately evacuated
to a safe place of refuge and the appropriate off-site response agencies will be
notified. HALLIBURTON NUS and subcontractor personnel will not provide emergency
response support. This approach has been selected based on the types of
emergencies most likely to be encountered during performance of this work and the
fact that off-site emergency response organizations will provide the most effective
repose to these emergencies. Specifically, fire/explosion or personal injury/illness,
resulting from exposure to physical hazards are the emergencies most likely to be
encountered. The local fire department and ambulance service will be best suited for
handling these emergencies and are located within a reasonable distance from the site
to ensure adequate response time. In light of this approach, this emergency response
plan has been prepared to conform to the requirements of OSHA Standard 29 CFR
1910.38(a), as permitted by OSHA 29 CFR 1910.120(1)(1)(ii).

11.2 PRE-EMERGENCY PLANNING
Pre-emergency planning activities associated with this project include the following:
° Coordinating with NETC base personnel to ensure that HALLIBURTON NUS
emergency response activities are compatible with existing facility
emergency response procedures.
® Establishing and maintaining information at the project staging area (support
zone) for easy access in the event of an emergency. This information will
include the following and it will be the responsibility of the HALLIBURTON

NUS FTL to ensure the information is available.

- An inventory of chemical substances used on site, with
corresponding Material Safety Data Sheets.

- Site personnelrecords regarding medical treatment concerns (medical
data sheets).

- A log book identifying personnel present on site each day.

° Identifying a chain of command for emergency response.
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11.3 EMERGENCY RECOGNITION AND PREVENTION

11.3.1 Recognition

These situations will generally be recognizable by visual observation. An injury or
illness will be considered an emergency if it requires treatment other than first-aid (i.e.
requires treatment by a medical professional).

11.3.2 Prevention

HALLIBURTON NUS will prevent emergencies by ensuring compliance with the site-
specific health and safety plan.

11.4 SAFE DISTANCES AND PLACES OF REFUGE

In the event that the site must be evacuated, all personnel will immediately stop
activities and report to the support zone. Upon reporting to the refuge location,
personnel will remain there until directed otherwise by the HALLIBURTON NUS FOL.
The SSO will take roll at this location, using the log book, to confirm the location of

all site personnel.
11.5 EVACUATION ROUTES AND PROCEDURES

An evacuation mist be initiated whenever personnel show signs or symptoms of
overexposure to potential site contaminants. In the event of an evacuation, personnel
will proceed immediately to the support zone, unless doing so wouid further jeopardize
the welfare of workers. Personnel will proceed to an alternate location until instructed
otherwise by the HALLIBURTON NUS FTL.

Evacuation procedures will be discussed prior to the initiation of any work at the site.
Evacuation from the site is dependent upon the location at which work is being
performed at the site. [n the event that an emergency evacuation is effected during
the course of work at any of the areas, personnel shall immediately report to the
designated refuge location, and remain there. The Site Health and Safety Officer shall
conduct a roll call (using the site log book) to account for all personnel to ensure that
a total work site evacuation has taken place.

11.6 DECONTAMINATION PROCEDURES/EMERGENCY MEDICAL
TREATMENT

Decontamination procedures will be performed only if doing so does not further

jeopardize the welfare of site workers. Decontamination will not be performed if the
action which initiates an evacuation would further endanger the lives of workers if
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workers were to perform decontamination procedures. However, it is uniikely that
such an event could occur at this site that would require workers to evacuate the site
without first performing decontamination procedures.

11.7 EMERGENCY ALERTING AND RESPONSE PROCEDURES
Since HALLIBURTON NUS personnel will be working in close proximity to each other,

hand signals and voice commands, and 2-way radio will be sufficient to alert site
personnel of an emergency.

In the event of an emergency situation, Base Security and appropriate emergency
services will be contacted using Figure 11-1.

11.8 PPE AND EMERGENCY EQUIPMENT

A first-aid kit will be maintained on site and immediately available for use in the event
of an emergency.



FIGURE 11-1

EMERGENCY REFERENCE
NAVAL EDUCATION AND TRAINING CENTER
NEWPORT, RHODE ISLAND

Contact

Phone Number

Newport Emergency Numbers:
Police

Fire

Newport Hospital

911 or (401) 847-1212
911 or (401) 846-2211
(401) 846-6400

NETC Emergency Numbers:
Command Duty Officer

Security Office - Police

NETC Fire Protection

Public Works

NETC Safety Officer:Robert Hanley
NETC Env. Coord.:Rachel Marino

(401) 841-3456 or 3457
(401) 841-3241
(401) 841-3333
(401) 841-4001
(401) 841-2478
(401) 841-3735

Utilities:

Rhode Island Dig Safe

Base Dig Safe:Linda Farric

NETC Engineering:Jack Belleveau
Defense Fuel Support:Warren Pretti

(800) 225-4977
(401) 841-4497
(401) 841-3735
(401) 841-2451

Chemtrec:
National Response Center:

"(800) 424-9300

(800) 424-8802

HNUS Project Manager:
Walter Martin

(508) 658-7899

CLEAN Health and Safety Manager:

Matthew M. Soltis

(412) 921-8912

HNUS Medical Consuitant:
Health Resources

(617) 935-85681
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FIGURE 11-1
EMERGENCY REFERENCE
NAVAL EDUCATION AND TRAINING CENTER
NEWPORT, RHODE ISLAND
PAGE TWO

EMERGENCY ROUTE TO HOSPITAL (See Map Figure 11-2 and 11-3)

HOSPITAL ROUTE DIRECTIONS:

Newport Hospital Phone: (401) 846-6400
Friendship St.

Newport, RI

1. Leave site and take a left onto Defense Highway.

2. Bear left onto Connell Memorial Road.

3. Take a left onto Kalbfus Road.

4. Follow to end and take a right onto Route 114/138 South.

5. Bear right onto Broadway Street.

6. Take a left onto Friendship Street. Hospital will be on your left.
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ATTACHMENT A

CHEMICAL, PHYSICAL, AND HEALTH HAZARD INFORMATION
FOR SITE CONTAMINANT



OILS,

FUEL: 5

OFV

Oy acuad Oark Strong uDe od odor

Remdual tuet on

§.  FIRE HAZARDS

10.  HAZARD ASSESSMENT CODE

No S 6.1  Fiash Point >130°F CC. (S60 Hazerd Assssament Hanabook)
° 62 Flammaebie Limits in Air: 1%-5% A-T-U
Usuay floats on water. $3  Firs Extinguishing AQerms: Ory Chemecal,
foam, of CArbon CVoe
8.4 Firs Extinguishing AQents Not to be
130 ZACNAIGE 1IN0 Used: Water may D8 neftecuve. 11, HAZARD CLASSIFICATIONS
A Rsporbiin R 65  Special Mazaras ot Combustion
5018 ana "aMOve CHCN/gea Tatensl Produets: Not pertnent 11.1 Code of Federsl Reguistions:
GO OCH NMOAN ANG DOHLLON IONTD! JQeNCIes. (X} Behavior in Fire: Not peronent Ccmwn L. T ]
07 lgntion T Deta not 112 NAS Mazara RAating for Butk Water
(2] Hazare: Not Trameporation: Not meted
6.9  Burring Asts: 4 mm/mmn. 113 NFPA Hazwrg Clssafication:
ZaUNQUISN with Orv CHeMICA. 10&M Of CADON G008, 6.10 Adisbetic Flame Temperature: Categary Classification
Ntef MRy 08 ETACTVE ON fYe Data nOt avesabie Health Hazaro (Biue) .. . .0
CoOt 9RDOBEA CONULNEN Wt waler. €11 st Ake 10 Fuel Fammanity (Red) ... 2
Data not avasadie Rescwwty (YeHow) ... .0
Fire 812 Flame T Deta not
SALe 7R MEDICAL 40 7. CHEMICAL REACTIVITY
uouio 7.1 Reectivity With Water: No reacton
MMADAG 1O SKIN aNnd eves. 72 w'th & No
HATTRA 1t SWBNOWSD. .
nga CONMAMASTSG COUWNG and m:m reacton
i MecCieo 3 win Clenty O waler
F“‘: E.V:S ho:;.:vo--:s open ana flusn with cienty Ot water. 7.3 Stability Ouring Tranepart: Stadie
F SWALLOWED ana vicum 13 CONSCIOUS. have vichim annk waier 7.4 Neutrsizing Agents for Acids and
* "
50 NOT ‘NDUCE YOMITING Caustice: Not peronent
7.5 Polymerzation: Not Dertinent
Exposure 7.6 innibitor of Polymertzation:
Not perbremt
7.7 Moler Ratio (Resctant to
Producty Oats not svasabie
7.8 Reactivity Group: 33
12 PHYSICAL AND CHEMICAL PROPERTIES
121 Physicet Stete ot 15°C ang 1 atm:
EHmalmmemncm-nmm Lowd
oulng 10 Shorewns
Water M.v'; OANQEroUS A 1 BreNs waler NtANes. 122 Molecutar Welght: NOt oeranenm
1
Pollution Noftrfy 1OCAI RATN SN0 wnNt® OMMClS. 2.3  Boung Pom n.; oo
NOITY OOSrAIONS Of "GarDY waler ntares. 426 > 1082"
= 21B=2570'C = 481 >843R
124 Freszing Point
1. RESPONSE TO DISCHARGE 2 ABEL 8. WATER POLLUTION 0°F m —18°C = 258°K
(See 2t Category: Nons 8.1 Aquetic Toxicity: Data not svasabie 125 Critical Temperature: Not Derbnent
MeChRMCal Contament 22 Class: Not peronem 4.2 Wsterfowl Toxicity: Data not avadabie 12.6  Critical Pressure: NOt peronent
Showd De removed 4.3 Biological Oxygen Demans (8OO 127  Specific Gravity: (hauad)
“hefrecal ana pNysca: treatment Data not avaiabie 0938 at 16°C
8.4 Food Chain Concentration Potentiat 128 Uouid Surtsce Tension: Data not avaiadie
None 128 Uquid Water interteciad Tension:
Data not svasabie
1210 Vapor (Gas) Soecific Qravy:
1. CHEMICAL DESIGNATIONS 4 OBSERVABLE CHARACTERISTICS ot perunent
11 CGC y Class: 4.1 Physical Siate (se aNOPEOX LIQUG 1211 Ratio of Spectfic Meats of Yapor (Gask
~vOTOCADON Mmures 4.2 Color: Brown NOT peronent
3.2 Formulc NO! S0DHCADS 4.3 Odor: Chasactensbc 12.12 Latent Heat of Yaporastion:
3.3 IMO/UN Designator ) 3/1223 Not peronent
3.4 DOTID No. 1222 1213  Hest ot Combustiore — 18 000 Btu/ib =
3.5 CAS Registry No- Data NOt avaiadie —10.000 cal/g = —41868 X 10% J/hg
12.14 Hest of Decomposstion: Not Dertinent
12,15 Heat of Solstiors NO! DErvnemt
Potymerzation:
5. WEALTH HAZARDS 9. SHIPPING INFORMATION 1218 Heat of Nt Dertinent
12.25 Heat of Fusion: Dats not svasadie
31 GOV QOOgHes of Tace Shemd. 9.1 Grades of Purtty: Fuel od No. 5 (heavy): 12.28 Umiting Yee: Oata not avaisdie
52 Y ° € INGESTION: gasi manon. ASPIRATION: Cestme Fuet oh No 5 thght) 1227 Reid Yapor Pressurs: Data rot avauadie
MOOADY NO( rOGUIred. GEEYEU GEVEIODMent Of DUIMONArY ¥TMETON CAN DE Gdtected Dy sengl 9.2 Storage Temoermture: Ambwent
Inest n-rays; regpme 4 . EYES. wash witn Inert Atmosoners: No recursment
2opm0us Quantty Of water SKIN wiDe off and wash with 3080 and water Ventng Open (flame aresier)
$3 T of € Oata not
$.4 Threahowt Limit Yeius: Data not avadladie
$.5  Short Term inhalation Limmti NOt peronent
58 Tomerty by ingestor Grade 1 L0 = 5 t0 15 grag
4.7 Late Torictty: Data not avasanie
$.8  Vapor (Gas) irrtant Charscteristica: None
5.8 Lqud or Sold irrmant Charsctenatics: Minwnum NRazard. It soded on CIothig and allowed 10
SMAN. May CAUSE SMADNG &Nd reQcereng Of Ihe sun.
5.10 Odor Threshoit Data NOt svarabie
S.11 10LM Yakue Data not avasabie
NOTES
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OILS,

FUEL: 6

0sX

10. MAZARD ASSESSMENT CODE
1See Hazard Assseament Handbook)

A-TY

11. HAZARD CLASSIFICATIONS

Code ot Fecern Reguistions:

Combustiie kaua

NAS Hazerg Agting for Bulk Weter

Traneporatiore Not ested

NFPA Hazard Classificstion:

Category Clasaification
Health Hazwra (Blue) bl
F* urwnabaty (Red) 2
Teactaty (Y etiow) 3

PHYSICAL ANO CHEMICAL PROPERTIES

Phrysical Strte st 15°C and Y st

onad
Moleouter Welght: NOt ceranenm
Botting Point at 1 stre

415—> > 1000°F

= 212=> >588°C = 485~ >861°K
Freszing Poiw:

25 to S8°F

= —410 +13°C = 269 10 208°K
Critiend Temperatiare: Not Oeronenm
Critical Presaurec NOt perinem
Soecic Gravnty:

) 95 (aporow) &t 20°C (g}
Ucaag Surface Tenator: (seL)

35 dynesrom = 0025 N/m at 20°C
U Weter intertactsl Termion: (e3t)
50 gynes/cm = 005 N/m 2t 20°C

Vaoor (Gas} Soecic Gravety:
Not perthenm
Ratio of Soecific Hests of Yapor (Gask
Ot Daronent
Litant Nast of Veperation:
Not peranene
Hemt of Combustion: — 18 000 Btu/ib =
= 10,000 cai/Q = —<18 88 X 10° Jrkg
Hest 0! DECOMPOSION: NOt Dertrent
Heat ot SohION: NOt Dartnem
Heat of POIYMINESNOIT NOt Dertnem
Hemt ot Fusiore Oata N0t Svasadie
Limiting Vensme: Deta not svasanie
Reid Vapor Pressurs: Dets not evassDie

Common Synornyms Treck wousd Slack Ta ocor 6. FIRE HAZARDS
gutucn:u 4.1  Flash poit > 150°F CC
[} foats on $2 Flammadie LIMNS N A 1%-5%
.""' €3 Fire Exungumshing Agents: Dry chemecal,
foam. of CArbon xnode
64 Fire Extinguishing Agents Not to be
1100 OreChArye 1 DCSS0N. Utect Waler Miry Be neftectve
Z4il tre seoarvment 8.5 Soecwal Harards of Combustion
AvOud CONACT W “Gusd
AMELE AN ‘aMOvVe JCIArQed Matenal Producti: NOt peronert 1t
NOtty 10CA NeAlTN 4N DOIULION CONTON AGencies. 46 Behavior in Fire: Not perbnent
L7 igrwtion Temperstury: /65°F 12
43 Elctrics Hazarg: Not pertnem "
6.8 Burming Rate: 4 mmsmen. -
. 410 Adabatic Flame Tempersture:
H Wit OFy CHEMTCA). I0M OF CATDON CWOXIe.
Aater May 08 NereCtve On hre Data not svasatee
SO0 eXDOsed CONANErs with weter 611 Stolhiometric AX to Fuel Ratio:
Oata not svasabie
Fire 612 Flame T Osta not
TALL FOR MEDICAL AID 7. CHEMICAL REACTIVITY
LIGWID
h 10 san end eves. 7.1 Resctvity With Weter: No rsecton
¢ swasowed. 12 with C No
Aemove CoNaMINaLed CIOThNg and SNOse. reacnon
Fisn aNeCIed weas with (wenty of water
£ N EYES. Now evencs 0pen ana Nush with pienty Of water 7.3 Stabiity Ouring Tranepore Stabie
7 SWALLOWED and victm 8 CONSCIOUS. nave wvicum ann water 7.4 Meutratzing Agents tor Acids end
ALY Caustica: NOt Deronent
IC NOT INDUCE VOMITING 78 Nt
Exposure 7.8 inribior of Potvmertzation:
Not psronent
1.7 Molr Ratio (Reactamt to
Producty Data not svasabie
7.0 Rescuwry Group: 33
12
21
wnm“nmm
0 snoreans.
Water mmnnmn-m 122
123
PO"U"O“ SOUty 10Ca Nearth and wuaide othcaie.
Sy OOSratone 01 "eATY wals NAKes.
124
1. RESPONSE TO DISCHARGE 1 LABEL £ WATER POLLUTION
(see 21 Catagory: None L1 Aquatie Tomsery:
MeChercel Conmanyment 23 Clasac Mot perunent 2400 ppm/ 48 I'v/nverse Amencan 128
Shoutd be rermoved shag/TL,/treeh water 1248
Chermcas and DIvecll TeaTNBM 2417 mg/l/ 48 N/ wuversie Amencan 127
snad/ T,/ salt water
02 Wetartowt Toxicty: Dats NOt Fvesstie 128
43 Bioiogical Oxygen Oemand (800
Oata not svesace 129
L CHEMICAL DESIGNATIONS § OBSERVABLE CHARACTERISTICS 1.4 Food Ghain Concenration Potentiet
it ca Qasx 41 Physical Stats (88 SPOSTR L Data Not avesadie 1210
~varocaron mrnrs 42 Cotor: Dark
32 Formuam NOt wseed 4.3 Odor: Tary. ke kerosens 7n
13 IMO/UN Ossigrascr ) )/1223
34 DOT IO Mo 1222 1212
15 CAS Regintry Mo. Dsts nOl aveasates
1213
S HEALTM KAZAROS 9. SHIPPING INFORMATION :’1-::
[N POVeR. QOO(IS Or tace sresid 9.1 Greces of Purity: Commeras 1218
[® INGESTION: gastrorwsstingl srrtason. ASPIRATION: cumonary 9.2 Storege Tempervass: Elevaiac 12.28
TENON @ NOMMaly TErETEl DU MY DECOIMS MOTS SEOVENe Svernl NOUS SNEY SXDONSS. 13 Inent Atmossnare No recuramen 1298
43 Treawmem of Expomwre INGESTION: do NOT lavage of induce vormiing. ASPIRATION' treawnent 3.4 Vermang Oven (fame arester) 1227
not Osiaved ot Y FYRENON CAN DS JEWCIS Dy senat
Shem AevR: CONmOS reqms 4 EYES: wasn wan
SOMOUS GUArEly Of weuE. SKR¢ WO Off N0 wesh wWil S0RD end water.
L4 Treounatd Limit Yatus Oxta Aot eveiadis
15 Bhort Term Inraistien LIME: NOt perenent
3.8 ToxiaRy by ingesuerc Grage 1 LOse = 5 0 15 g/kg
$7 Lawe Toxicity: Owta nOt Svasiarss
&8  Yapur (Gay) wTRAN Charsctartion None
“ Muwmmmmnu‘emmwmn
mmnmwmamm
£10 Odor Nvesness Oua Not evesatie
$11 0LM Yahme Outa rot svedates
NOTES
4

JUNE 1985



ATTACHMENT B

HEAT AND COLD STRESS MONITORING



HEAT STRESS MONITORING

Heat stress monitoring program will be managed on-site by the SSO. Monitoring will
based on heat stress monitoring.

Heat Stress Symptoms

Heat stroke is always life-threatening. The person’s temperature control system that
causes sweating stops working correctly. The body temperature rises so high that
brain damage and death will result if the person is not cooled quickly. The main signs
of heat stroke are red or flushed skin; hot, dry skin, although the person may have
been sweating earlier; and extremely high body temperature, often to 41°C (106°F).
There may be dizziness, nausea, headache, rapid pulse and unconsciousness.

Heat exhaustion is much less dangerous than heat stroke. The major signs of heat
exhaustion are pale, clammy skin, profuse perspiration, and extreme tiredness or
weakness. The body temperature is approximately normal. The person may have a
headache and may vomit.

Cool a victim of heat stroke quickly. If the body temperature is not brought down
fast, permanent brain damage or death may result. Soak the person in cool but not
cold water, sponge the body with rubbing alcohol or cool water, or pour water on the
body to reduce the temperature to a safe level, about 39°C (102°F). Then stop
cooling and observe the victim for 10 minutes. Call an ambulance as soon as
possible. If the temperature starts to rise again, cool the victim again. Do not give
coffee, tea, or alcoholic beverages.

For mild heat exhaustion, stop work, remove the protective coveralls and get out of
the sun. Give the person water, juice, or Gatorade. Medical care is needed for severe
heat exhaustion.

Of particular importance is heat stress resuiting when protective clothing decreases
natural body ventilation. One or more of the following will help reduce heat stress:

1. Drinking water shall be made available to the workers in such a way that
they are stimulated to frequently drink small amounts, i.e., one cup, every
15-20 minutes (about 150 ml or 1/2 pint).

The water shall be kept reasonably cool (55-60°F) and shall be placed close
to the workplace so that the worker can reach it without abandoning the
work area. However, where contaminants are known/suspected to exist
that pose an ingestion toxicity hazard potential, workers shall not be
permitted to consume any fluids without first being decontaminated and
going to a noncontaminated area.



2. Long cotton underwear acts as a wick to help absorb moisture and protect
the skin from direct contact with heat-absorbing protective clothing. It
should be the minimum undergarment worn.

3. When necessary/applicable, install mobile showers and/or hose-down
facilities to reduce body temperature and cool protective clothing.

4, In the extremely hot weather, conduct non-emergency response operations
in the early morning or evening.

5. In hot weather, rotate shifts of workers wearing impervious clothing.

6. Good hygienic standards must be maintained by frequent changes of
clothing and daily showering. Clothing should be permitted to dry during
rest periods. Persons who notice skin problems should immediately consult
medical personnel.

7. Acclimatization to heat involves a series of physiological and psychological
adjustments that occur in an individual during their first week of exposure
to hot environmental conditions. The work-rest regimen in this procedure
is valid for acclimated workers who are physically fit. Extra caution must
be employed when unacclimated or physically unfit workers must be
exposed to heat stress conditions.

8. Provide a shaded rest area.
Heat Stress Monitoring

In the event that heat stress/heat exhaustion is observed during work activities, the
on-site HALLIBURTON NUS representative determines that the type of work may
require careful monitoring, or environmental conditions dictate careful monitoring (e.g.,
respirators, plastic tyvek, and heavy workload) the following procedures could be
implemented.

Work-Rest Regimen

Establishment of a proper work-rest regimen may be used in conjunction with the
work load required to perform each task. Light work examples include sitting or
standing to control machines or performing light hand or arm work. Moderate work
includes walking about with moderate lifting and pushing or use of coated coveralls
and respirators. Heavy work corresponds to pick and shovel-type work or the use of
full body protective clothing. It must be assumed that any activity involving this type
of clothing will be considered heavy work.



The work-rest regimen selected will be utilized as a baseline. The actual or adjusted
period of work will be determined based on the biological monitoring outlined in the
biological monitoring section.

Biological Monitoring

One of the following procedures shall be followed when the work-place temperature
is 70°F or above, and/or upon this site HSO's discretion, in order to make sure the
work/rest regime is providing proper personal protection and to document exposure.

1.

Heart rate (HR) shall be measured by the pulse for 30 seconds as early as
possible in the resting period. The HR at the beginning of the rest period
should not exceed 110 beats/min. If the HR is higher, the next work period
should be shortened by 10 minutes (or 33 percent}, while the length of rest
period stays the same. If the pulse rate is 100 beats/min at the beginning
of the next rest period, the following work cycle should be shortened by 33
percent.

Body temperature shall be measured orally with a clinical thermometer as
early as possible in the resting period. Oral temperature (OT) at the
beginning of the rest period should not exceed 99°F. If it does, the next
work period should be shortened by 10 minutes (or 33 percent), while the
length of the rest period stays the same. However, if the OT exceeds
99.7°F at the beginning of the next rest period, the following work cycle
should be further shortened by 33 percent. The worker’s OT should be
measured at the end of the rest period to make sure that it has dropped
below 99°F. At no time shall work begin with OT above 99°F.



HEAT STRESS PREVENTION WORK-REST REGIMENT GUIDELINES
{Values Are Given in 0°F WBGT)

Work Load
Work Rest )
Regimen Light Moderate Heavy
Continuous Work 86.0 80.0 77.0
75% Work - 87.0 82.0 78.6
25% Rest Each
Hour
50% Work - 89.0 85.0 82.0
50% Rest Each
Hour
25% Work - 90.0 88.0 86.0
75% Rest Each
Hour




COLD STRESS MONITORING

Persons working outdoors in temperatures at or below freezing may experience
frostbite. Extreme cold for a short time may cause severe injury to the surface of the
body. Areas of the body that have a high surface area to volume ratio, such as
fingers, toes, and ears, are the most susceptible.

Two factors influence the development of a cold injury: ambient temperature and the
velocity of the wind. Wind chill (Table 1, Attachment A) is used to describe the
chilling effect of moving air in combination with low temperature. Forinstance, 10°F
with a wind of 15 mph is equivalent in chilling effect to still air at - 18°F.

As a general rule, the greatest incremental increase in wind chill occurs when a wind
of 5 mph increases to 10 mph. Additionally, water conducts heat 240 times faster
than air. Thus, the body cools suddenly when chemical-protective equipment is
removed, if the clothing underneath is soaked with perspiration.

Frostbite

Local injury resulting from cold is included in the generic term frostbite. There are
several degrees of damage. Frostbite of the extremities can be categorized into:

1. Frost nip or incident frostbite - the conditions are characterized by sudden
blanching or whitening of skin.

2. Superficial frostbite - skin has a waxy or white appearance and is firm to the
touch, but tissue beneath is resilient.

3. Deep frostbite - tissues are cold, pale, and solid; extremely serious injury.

Hypothermia

Authorities agree that there are degrees of hypothermia which are characterized as
"moderate" and "severe". A victim of moderate hypothermia, who may exhibit the
first seven signs listed below, is still conscious but often confused. Severe
hypothermia is determined by extreme skin coldness; loss of consciousness; faint
pulse; and shallow, infrequent, or apparently absent respiration. Death is the ultimate
result.

Practically, the onset of severe shivering signals danger to personnel. Exposure to
cold shall be immediately terminated for any severely shivering worker.



Signs of Hypothermia

1.
2
3
4
B.
6.
7
8
9
1

0.

Severe shivering
Abnormal behavior
Slowing

Stumbling
Weakness
Repeated falling
Inability to walk
Collapse

Stupor
Unconsciousness

Cold Stress Emergency Action

1.

2.

Remove the victim from the hypothermia-/frostbite-producing environment.
Seek expert medical help immediately.
Reduce handling to a minimum. Do not rub or massage the victim.

Prevent further body heat loss by covering the victim lightly with blankets.
Plastic may be used for further insulation. Do not cover the victim’s face.

If the victim is still conscious, administer hot drinks. Encourage activity, such as
walking while wrapped in a blanket. Do not administer any form of sedative,
tranquilizer, or analgesic (pain reliever), because these may facilitate further heat
loss and convert moderate hypothermia into a severe case.

Cold Stress Work-Place Monitoring

Work-place monitoring is required as follows:

1.

A thermometer accurate to 1°F shall be assigned at any workplace where the
environmental temperature is known or expected to be below 60°F to enable
overall compliance with the requirements of this procedure.

Whenever the air temperature at a work place falls to 30°F or below, the dry-bulb
temperature and wind speed shall be measured and recorded at least every 4
work-hours.

The equivalent chill temperature (ECT) shall be obtained (in all cases where air
movement measurements are required) and shall be recorded with the other data
in the site log, together with a record of the length of time spent working and
resting.



Personal Protective Equipment Requirements for Cold Environments

Since prolonged exposure to cold air can lead to dangerous hypothermia, whaole body
protection must be provided as follows:

® Adequate insulating clothing, to maintain core temperatures above 97°F, must
be provided to workers if work is performed in air temperatures below 40°F.
Wind chill or the cooling power of the air is a critical factor.

As wind speed increases and work area temperature decreases, the insulation
values of the workers’ protective clothing must increase. The equivalent chiii
temperature must be used when estimating the combined cooling effects of wind
and low air temperatures on exposed skin or when determining clothing insuiation
requirements to maintain the deep body core temperature.



APPENDIX B

PETRO RISC OPERATING MANUAL
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WORKSTATION SET-UP

READ ALL INSTRUCTIONS BEFORE PROCEEDING WITH THE TEST

WORKSTATION SET-UP

= mechanical nipene o T Suhsiratn A O Sulistrate B

o Stop sofotion O Fiflralion Daitel & DIURGRT  © Buih pipete

S FETRO stangars ampule @ 100 ppm dilution ammole T & tiue buffer tubes
O & Gonjugale tubes o & antibody coated tubes

$ee reverse for individual compousat iliustrations
Warkstation shows campenents tor 1 sampie 1ested at 2 levels

Filter

{Barret &
B Ston Sofution .

Bulb Pipene
Ampuie v
2 Mechanical  Cracker

Pinette TinS 100 ppm Bliutian AmMAuIA

PETRD
Standard Amnule

4 Blue Butfer

“Sampie” fube
Tubes @ row)

per etsetion lavel

3 Conjugate (2leveis x1 ;amule = 2 lubies)

Tubes 127 row) ~
4 Antibody 2 Sets of “Standard™ tubes

Coated Tubes
113l row)

READ BEFORE PROCEEDING
* Follow diagram above to setup workstation. ]
o Items that you will need that are not provided in the test kit
include: _
a permarnent marking pen, laboratory tissue (or paper
o towels), a liquid waste container, and disposable gloves.
' .-“#_s Do not expose reagents to direct sunlight.
+ This User’s Guide was written tor analyzing soil samples for

gasoline at 10 and 100 ppm. The detection lével for diesel is

15 ppm. See table on page 9 for sensitivity to other
compounds.

\
-
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pHASE ONE EXTRAGTION & PREPARATION OF THE SAMPLE

READ ALL INSTRUCTIONS BEFORE PROCEEDING WITH THE TEST

WEIGH SAMPLE =
o 1a Open methanol crimp top vial

and pour the entire contents
into the extraction jar.

1b Place unused weigh boat on
pan balance.

1¢ Press ON/MEMORY button
on pan balance. Balance will
beep and display 0.0.

1d Weigh out 10 # 0.1 grams of = )
soil. Pan balanse Woodsn Spamia

1e If balance turns off prior to
completing weighing, use
empty weigh boat to retare,
then continue,

Methanol Crima Top Vial
\Welah Boat

EXTRACT PETROLEUN HYDROCARBONS

2a Using wooden spatula,
transfer 10 grams of soil from
weigh boat into extraction jar.

2b Recap extraction jar tightly and
shake vigorously for one
minute.

2¢ Allow to settle for one minute.

Repeat steps 1a - 2¢ for each
sample to be tested.

FILTER SANMPLE Sample extraction far

3a Disassemble filtration plunger
from filtration barrel.

3b Insert bulb pipette into top
(liquid) layer in extraction jar
and draw up sample. Transfer
at least % bulb capacity into
filtration barrel. Eo not use
more than one full bulb. (—
3¢ Press plunger firmly into
barrel untif adequate filtered
sample is available (place on
table and press if necessary).
Repeat steps 3a » 3¢ for each
sample to be lested.

Filtration plunger

Fiitration barre!
Page 2



PHASE Two SAMPLE AND STANDARD PREPARATION

READ ALL INSTRUCTIONS BEFORE PROCEEDING WITH THE TEST

READ BEFORE PROCEEDIMNG

s Label the conjugate and antibody coated tubes
with a permanent marking pen.

» “Shake tubes” means to thoroughly mix the
contents with special care not to spill or splash.

DILUTE AND RUFFER SAMPLE

EOR 10 PPM AND 100 PPM DETECTION LEVELS

4a Open dilution ampule by
slipping ampule cracker over
top, and then breaking top at
scored neck.

ab Uncap enough blue buffer,

cor\ju%ate, and antibody coated
tubes for sammes and standards.

4c¢ Empty a blue buffer tube into
each conjugate lube.

dd Assemble new tip onto
mechanical pipette.

4e Withdraw 60 uL of sample
from filter unit using
mechanical Fipette and
dispense below the liquid level
in 109sm conjugate tube. Wipe
mechanical pipette tip.

af Withdraw 60 uL of filtered
sample from the filter unit and
disglense below the liquid level
in the 160 pm dilution ampule.

Shake ampule for 5 seconds.

a4 Withdraw 60 uL of diluted
sample from 100 ppm dilution
ampule and dispense below
the liquid level 1n 100 ppm
conjugate tube.

4h Discard mechanical pipette tip.

t steps 4a - 4h for each
sample to be tested.

Page 3
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pHASE Two SAMPLE AND STANDARD PREPARATION

READ ALL INSTRUCTIONS BEFORE PROCEEDING WITH THE TEST

DILUTE AND BUFFER SAMPLE a

FOR NONSTANDARD DETECTION LEVELS

+ This prodecurc replaces the one outlined in Steps
1e-4h for tests designed for detection levels other
than 10 and 100 ppm. Follow steps 4a~4d.

+ Always transfer 60 UL from filter unit to the U
lowest level dilution ampule. Then, transfer 60 - Aatibody
L from lower to next higher dilution ampule. et Sanjumaie coattt
Continue until 60 L has been transferred to tubes ':::ﬂ’ {contalued s
highest level dilution ampule. aluminizad nowch)

» Always withdraw and dispense solution with
mechanical pipette tip below the liquid level.

TR TR AT R
Vi A I é

ﬁiu Wzy‘ﬁz Lower *Additionai ngher *You may be

%44 Wet 14340131 ] 3 N X \ a o
RS ) . Detection Dilution Detection 2::’%& :mtn
U A s
¥ %3 : Lev Ampuie Level na
29?&@322;w::wmﬁ::.'::f\c el ! dliiution

I~0=0=-0 = =&

e Select the dilution ampules represesting your
desired detection levels. Transre’?. om

each selected dilution ampule to Zpptopriate
conjugate tube

« Wipe mechanical pipette tip after dispensing into
conjugate tube.

e If after reviewing this User’s Guide you slill have
guestions, contact technical support at 800-242-
7472.

BUFFER STANDARDS

8a Assemble naw tip onto
mechanical pipette.

5b Open PETRO Stantard ampule.

5¢ Withdraw 60 uL of PETRO
standard and dispense below the

liquid level in Standard
conjugate tube. Wipe

\ | ;}W"“*{"&R',m
" se Wl
(71 ““’1‘3
i

PETARO Standard plastic
Safety

mechanical pipette tip. Mechanical Sleeve
plpette
; 5d Repeat step B¢ for the 2nd tip
Staodard,
Se Shake all conjugate tubes for
5 seconds. Mechanical
pipetie
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PHASE THREE THE IMMUNOASSAY

READ ALL INSTRUCTIONS BEFORE PROCEEDING WITH THE TEST

READ BEFORE PROCEEDING

 This phase of the procedure requires critical
timing and care in handling the antibody coated
tubes.

INCUBATIONM

6a Set timer for exactly 10
minutes.
6b Start timing and immediately
i pour solution from each
| bl | conjugate tube into
s B appropriate antibody coated
tube.
6& Shake all tubes for 5 seconds.

6d Let tubes stand exactly 10
minttes.

READ BEFORE PROCEEDING

WASH PROCEDURE
e Washing must be done vigorously and with force.

* Place nozzle fust above antibody coated tube,
squeeze bottle to fill each tube with a vigorous
stream and empty into liquid waste container.

+ The wash solution is a harmless, dilute solution
of detergent. Do not hesitate to wash vigorously
even if Sme solution contacts gloved hands.

WASHING

7a After the 10 minute incubation,
empty antibody coated tubes
into liquid waste container.

7h Wash antibody coated tubes by
vigorously filling and
emptying a total of 4 times.

7¢ Tap antibody coated tubes

e i upside down on paper towels
it to remove excess liquid.
— Residual foam in the tubes will Antibody Wash Botlle
Sy e L not interfere with test results. poated
. ] 7 (containad in
resealable
“zip-seal”
aluminized
{ pouch)
)
i - 'Page 5
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PHASE THREE THE IMMUNOASSAY

READ ALL INSTRUCTIONS BEFORE PROCEEDING WITH THE TEST

READ BEFORE PROCEEDING

e Keep Substrate dropper bottles vertical and direct
each drop to bottom of antibody coated tubes.
Addition of more or less than 5 drops may give
inaccurate results.

+ This phase requires accurate timing.

COLOR DEVELOPMENT

8a Add 5 drops of Substrate A
(yellow cap) to each antibody
coated tube. al

8b Set timer for exactly 2 4 %
minutes. -

8¢ Start timer and immediately
add 5 drops of Substrate B A 9 (114
(green cag) to each antibody
coated tube.

8d Shake all tubes for 5 seconds.

Solution will turn blue in some
or all antibody coated tubes.

8e Stop reaction atend of 24
minutes by adding 5 drops of
Stop Solution (red cap).
Note: Blue solution will turn

yellow when Stop Solution is
added.

substrate A Substrate B Stog
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| pHASE FO“R INTERPRETATION

READ ALL INSTRUCTIONS BEFORE PROCEEDING WITH THE TEST

SELECT DARKER STANDARD

9a Wipe outside of all antibody
coated tubes.

9b Place both Stasdard tubes in
photometer.

9c¢ Switch tubes until the
photometer reading is negative
or zero. Record reading.
reading is greater than 0.2 in
magnitude (+ or -), results are
outside of QC limits. Retest
the sample(s).

9d Remove and discard tube in
right well. The tube in the left
well is the darker standard.

INTERPRET RESULTS

10aPlace 10mm tube in right well of
photometer and record
reading.

If photometer reading is
negative or zero, petroleumn
hydrocarbons are present.

If photometer rcading is
ositive, concentration of

petroleum hydrocarbons is less
than 10 ppm.

Sec table on page 9 for specific
detection levels.

10bPlace 100 ppm tube in right well
ot photometer and record
reading shown on display.

If photometer reading is
neg;tive T zero, petroleum
hydrocarbons are present.
If photometer reading is
positive, concentration of

asoline or petroleum fuel is
ess than 100 ppm.

Page 7



QUALITY CONTROL

READ ALL INSTRUCTIONS BEFORE PROCEEDING WITH THE TEST

How it Works

Standards, Sampies. and color-change reagenta are added to
rest tubes coated with a chernical specific to pewroleum tuels. The
concenrration ar netroleum fuel in an unknown Sampie is
determuned by comparing its color intensity with that of a
Standard.

Note= petroleum ruel concentration is inversely proportional to
¢olor intensity: the lighter the coior development of the sample,
the higner the concentration of petroleum fuel.

Quaiity Controi

Standard precautions for maintaining qualitv control:

1 Do not use reagents or test tubes from one Test System wath
seagents OF test tubes from another Test System.

3 Du not use the Test System after its expiration date.

a3 Eacn una%zsis must include 2 Standards, with no more than a
total of12 anfibody coated tubes.

a Do not exceed incubation periods prescribed by the specinic
steps.

w Results may nut be valid if photometer reading for
Standards exceeads 0.2 in magnitude.

Storage and Handling Precautions

¥ Wear protective zloves and eyewear.

W Stote kit at room temperarure and out of direct suniight (less
than 60°F).

x Keen aluminized pouch (contatrung unused antibody coated
rubes) sealed wiien not ut use.

3 If igwd from the extracton jar, or PETRO Standard comes
::l0 contact with eyes, wash thoroughdy with cold water and
ek immeniate medical attention.

a4 OQoerate wetartemperatures greater than 15° C/60° F and
less tharh 39" C/1007F.

J Afeer use. dispose of kit components in accordance with
appicable tcaeral and local regulations.

Page ¥

System Description

Tach PETRO RiS“P Soil Test System contains enough
material to perform four complete tests, each at 10 and 100
;pm.

The PETRO RISE® Soil Test 1s divided into four phases. The
instructions and notes shouid be revicwed pefore
oroceeding with each phase,

Hotline Assistance

If you need assistance or are missing necessary Test Svstem
materials, call toll free: 1-800-242-RISC (7472).

Validation and Warranty
Information

Product claims are based on validation studies carnieda out
under eontrolled conditions. Data has been collected in
aecordance with valid statislical methods and the product
has undergone quaiity control tests of each manusactured
lot.

Casoline-free snil and soil containing 10 ppm of gasoline
were tested with the EnSys PETRO RIS analytical
meathod, The method correctly identified 95% of these
samples. A sampie that has develnped less color than the
standard is interpreted as posidve. It contains gasoline.

Diesel tuel-free soil and seil containing 15 ppm of diesel
fuel were tested with the EnSys PETRO RISS® analyticul
method. The method correctly identified 95% of these
samples. A sampie that has developed less color than the
srandard is interpreted as posttive, It contains diesel fuei.

'The company dees not guarantee that the resuits wath the
PETRO RISS® Soil Test System will always agree wilh
instrument-based anaiytical laboratory methods. All
analytical methods, both field and laboratory. neea tn o2
subject to the appropriate quality control procedures.

EnSys, Inc. warrants that this product conforms to the
descriptions contained herein. No other warranties,
whether expressed or implied, including warranties of
merchantability and of fitness for a particutar purpose shall
apply to this product.

EnSys, Inc. peither assumes nor authonzes any
rgpresentative or other persun tu ussume lor it any
obligation or ilability other than such as 14 expressly set
forth herein.

Under no circumstances shall EnSys, Inc. be liable for
incidental or consequential damages resuiting from the use
or handling of this oroduct.



MECHANICAL PIPETTE

READ ALL INSTRUCTIONS BEFORE PROCEEDING WITH THE TEST

R .
HOW TO OPERATE THE MECHANICAL PIPETTE P"";::““"
To $ot Or Adjust Valums

Remove push-button cap and use it to loosen volume lock screw. Turn
lower part of push-button to adjust volume up or down. Meter should
read "060". Tighten volume lock screw and replace push-button vup.

To Assemble pipatta Tip

Slide larger maunting end of pipette tp onto end of pipette. Halding
tip in place, press push-button until plunger rod enters pipette tip.
Ensure nu gup exists between piston and plunger rod (see illustration).
To Withdraw Sample

With tin mounted in position on pipette, press push-button to first stop
and hold it.

Place tip at bottom of liquid sample and slowly relense pusivbutton to
withdraw measured sample. Ensure that no bubbles exist in liquid
partion of sample. [f bubbles exist, dispense sampie and re-withdraw
sampie.

To Dispense Sample

Place tip into dispensing vessal (immersing end of the tip if vessel Plunger Rod
cantains liguid) and slowly press push-button to first stop. (Do not
push to second stup or tip will cject).

Remove tip frum vessel and release push-button.
To Eject Tip
Press push-button to second stop. Tip is ejected.

For additional information regarding operation and use of pipette,
picase refer to your pipette manual.

TEST SENSITIVITY PR eneTo

The PETRO RISE® Soil Test System has sensirivities i the following
chemicals at the stated levels,

Concentation necessary to
give a positive result greater
than 95% of the time (ppm)

Petroleurn Fuels:

Gasoline 10
Diesel 15
#2 Fuel Oil 15
Kcrosene 15
Jet Fuel A 15
Jet Fuel JP-4 15
#6 Fucl Qil 25
Other Compounds: .
Mincral Spirits 4()

kor a complete wble of sensitivilies, consult the PETRO RISS® $oi] Test
Sysrem ‘technical Guide.

Page 9
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Contamination of soil with petroleum hydrocarbons is a widespread problem due to
the ubiquity of underground storage tanks containing petroleum fuels. The federal
Underground Storage Tank Act has catalyzed the clean-up and replacement of
thousands of leaking storage tanks. Individual state regulatory agencies have
control aver the clean-up levels and testing for contamination and closure.

Petroleum Hydrocarbons

Petroleum hydrocarbons are a diverse group of chemical compounds consisting of
aliphatic and aromatic hydrocarbons. They are sold commercially as mixtures of
compounds with similar boiling points. These mixtures are derived from the
splitting (cracking) of larger compounds comprising crude oil and subsequent
distillation. The lighter, or lower boiling, mixtutes obtained in this process are used
rimarily as fuels or solvents. These includc gasoline, mineral spirits, kerosene, jet
" fuels, diesel fuel, and fuel oils..

The regulatory concern surrounding petroleum fuels contamination lies primarily
with the aromatic hydrocarbon fraction of these substances. However, only a few
states directly address soil contamination with BTEX or benzene. Most specify
regulatory levels relating lo total petroleum hydrocarbons or to the substance found
to be contaminating the soil at the site. These Jevels range from sub-ppm to 10,000
ppm depending on the statc and the circumstances. ’

Existing Laboratory Methods

Numerous analytical methods exist that can be (and are) used tc analyze soils for the
presence of petroleum hydrocarbons (PIIC). Unfortunately, these methods usually
do not produce intercomparable results, because they rely on different means for
calibration and detection. The two most common laboratory methods employed for
PHC analysis are EPA methods 418.1 (IR) and 8015 (modified, CC). The IR method
is commonly referred to as measuring total recoverable petroleum hydrocatbons
(TRPH). A freon extraction of the soil sample is performed, the freon extract
cleaned up to remove polar organic compounds not originaling from petroleum
sources, and the PHC content measured relative to a multi-component synthetic
standard by IR. Because of the extract handling protocol, the IR method can badly
underestimate soil contamination that is primarily attributable to gasoline. The GC
method is usually employed to measurc the concentration of the substance of
interest rather than the total PHC content of the contaminated soil. The soil sample
i either extracted with a solvent or the components vaporized directly (for gasoline)
and collected on a temporary storage medium. Either way, the resulting material is

1
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analyzed by GC and the resulis compared to the relevant standard. Standards are
made up from the substance to be analyzed or a synthelic mixture that is meant to be
representalive of the substance to be analyzed.

it is not widely recognized outside of the analytical communily that much of the
variability observed in PHC analysis data is a result of sampling and sample
handling artifacts. This is due largely to the volatility of the analytes present in the

sample and the difficulty in providing a homogeneous sample without losing a
large fraction of the volatiles.

Existing Field Methods

Several methods are currently available for the field estimation of PHC

contamination in soil. Most of these employ organic vapor meters (OVM) of one
sort or another. Methods that rely on OVMs for detection of PHCs are headspace
methods. While OVM headspace methods are useful for the qualitative detection
of PHC contamination, they suffer from several practical shortcomings that limit
their accuracy. The primary source of variability with these methods resulls from
the fact that they can only measure PHCs in the vapor phase, rather than directly in
soil, For this reason the results obtained are greatly influenced by the temperature
at which the measurements are taken. Even if the temperature of measurement
could be controlled in the field, headspace methods will still be substantially affected
by the fact that different PHC materials have greatly differing volatilities. The

nature of the conlaminant (i. e. gasoline, diesel, #6 fuel oil) clearly has a very large
effect on the outcome of the measurement.

Test Characteristics

The PETRO RISs* Soil Test serves as an accurate field-based alternative to sending all
soil samples for analysis by laboratory-based methods. The PETRO RIS Soil Test
measures the petroleum {uel contaminant concentration in the soil rather than
rclying on headspace analysis. For this reason, the immunoassay-based test is not

subject to variation due to temperature, humidity, wind speed, or the volatility of
the PHC present.

The results obtained using the PETRO RIS® Soijl Jest are expressed in terms of the
petroleum fuel product being measured, e.g., 10 ppm gasoline or 100 ppm diesel.
[Iowever, the test does not measure every component of gasoline or diesel to arrive
at this result. The immunoassay responds to a selected subset of the chemical
components in petroleum fuels. This subset includes a large portion of the
aromatic compounds (e.g., toluene, xylenes, naphthalenes) and a significant number
of aliphatic compounds (e.g., hexane, isooctane). The balanced response to both
aromatic and aliphatic compounds gives the PETRO RIS<® Soil Test wide
applicability to petroleum fuels at low detection levels.

2
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Table 1 shows the sensitivity of the PETRO RIS 8oil Test to a variety of commercial
substances and chemical compounds. Minimum sensitivities to petroleum fuecl
products are approximately equal, varying between 10 and 15 ppm in soil. The
minimum sensitivity to other commercial formulated petroleum products varies
much more widely, roughly correlating with the volatility of the product. The last
part of Table 1 shows the two classes of compounds present in petroleum fuels that
are measured by the test: the aromatic compounds and the aliphatic compounds

ARdipiay

Regulatory Status

The PETRO RIS® Soil Test conforms to EPA SW-846 Method 4030 for screening for
petroleum hydrocarbons using immunocassay detection. The EnSys test actually
was the basis for the draft method and it is currently the only test kit for which data
have been submitted and favorably reviewed by Lhe Office of Solid Waste Organic
Methods Work Group.

Correlation with Laboratory Methods

The PETRO RIS® Soil test provides a high degree of accuracy when used to analyze
soils contaminated with PHCs. Product validation studies indicate that the test
correctly identifies PHC contaminated samples that are spiked with petroleum fuels
at or near the chosen action level. The accuracy of the PETRO RISS® Soil test is
comparable to thal of the modified SW-846 Method 8015 (laboratory GC method)
that is commonly used for the determination of petroleum fuel contamination in.
soil (Table 2).

The PETRO soil test has been used to test samples from a variety of sites
contaminated with petroleum fuel products, such as gasoline and diesel fuel, and
the results were compared to analytical data obtained using conventional Jaboratory
analysis (Tables 3 through 6). Correlation of these results with the standard
analytical methods for petroleum hydrocarbons was very good. The laboratory
analytical data in Table 4 shows the difficulty in obtaining good correlation between
even the most common standard methods. The volatility of the materials being
analyzed makes it difficult to properly homogenize samples to split them for
analysis by multiple methods. Effective homogenization results in loss of a
substantial fraction of the volatile hydrocarbons.

Field Application

The test is similar in format and operation to other EnSys RIS tests. The
operational temperature range for use in the field with full performance as

3



EnSys, Inc.
PO. Box 14083
RTP, NC 27708

described above is 60°F to 100°F. Up to 12 tubes can be run in one batch, so that
several samples can be tested concurrently. The shelf life of the PETRO RIS Soil
Test is currently 3 months, with longer shelf life expected when the real-time data
are available,

The PETRQ RIS® Soil Test is available in two configurations supporting the analysis
of soil samples at one or two semi-quantitative lest levels. The single level test
requires the use of a simple hand-held autodilutor, which simplifies the sample
extract dilution phase of the test procedure. The two level test retains the use of the

hand-held pipettor in order to obtain the flexibility necessary for two detection level
testing.

Rather than sending every samplc to the laboratory for analysis, samples collected
can be analyzed in the field to provide real-time information about PETRO levels to
guide further sampling or excavation. The appropriate use of field testing can
resull in substantial savings in project cost due to more efficient use of project
resources. All results from field analysis of soil samples using the PETRO test
should be accompanied by supporting QA data. At the least, method and soil blanks
should be tested daily. In addition, one duplicate sample should be tested for ever:
twenty samples analyzed. Confirmation of a portion of the field results should also

be obtained by modified Method 8015 or another method applicable in the specific
state.

The PETRO test can be used to screen soil samples for the presence of petroleum
fuels. Field test data have shown that the results from the PETRO Soil Test
correlates well with standard total PHC methods. Therefore, the results from the
field method can be interpreted as you would normally interpret a total petroleum
hydrocarbons measurement with petroleum fuels. The PETRO Soil Test is ...
configured to give less than 5% false negatives for samples containing petroleum
fuels at or above the detection level used. The lack of false negatives gives the user
confidence that all contaminated soil has been identified correctly. Because Lhe
PETRO test is sensitive to a range of fuel constituents that spans the volatile and

semi-volatile component classification, the age of a fuel spill is relatively
unimportant.



EnSys, Inc.
P.O. Box 14083
RTP, NC 277089

4

Table 1
PETRO RIS Soil Test Sensitivity

Compound or Substance Concentration Necessary to
Result in Positive Test (ppm)#

— e — AT BED WP g T e i e = G S e e e e - — — s S D S S v ——

Petroleum Fuel Products

gasoline 10
diesel fuel, #2 15
jet A fuel 15
jet fuel, JP4 15
kerosene 15
fuel oil, #2 15
fuel oil, #é 25
Formulated Petroleum Products
mineral spirits 40
machine oil =1000
brake fluid >1000
unused motor oil >1000
used motor oil* 50
grease >1000
mineral oil >1000
Crude Oil*
Ingram 60
Vermilion 130
Walker 100
Louisiana 100
Main Pass 100
Aromatic Compounds
benzene 400
toluene 40
ethylbenzene 7
, o-xylene 8.5
m -xylene 8
p-xylene 45
styrene 7
1,2-dichlorobenzene 2.5
hexachlorobenzene 10
naphthalene 0.8
acenaphthene 0.5
biphenyl 10
creosote 1.5
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Compound or Substance

—— - — —— — e — A ——— — ——

Aliphatic Compounds
2-methylpentane
hexanes, mixed
heptane
iso-octane
undecane
trichloroethylene
MTBE

# Samples with stated concentration will give positive result greater than 95% of the time when tested

at stated conecentration level.

Table 1
Conlinued

Concentration Necessary to
Result in Positive Test (ppm)

— D e — — T —  — - ——

35

65

130
8.5

>1000

>1000

>1000

* Variable, depending on source; consult Technical Services for application guidance
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none
gasoline
gasoline
diesel
diesel
fuel oil, #2
[uel oil, #2

@lmmunoassay performed on 3 spiked samples, 4 replicate determinations eacly

Table 2

PETRO RISt® Soil Test Spike Correlation

Spike

Level (ppm)

22.5
4.4
22

PETRO RISse* Test
Results@ (ppm)

<10 (12/12)
<10 (12/12)
=10 (12/12)
<15 (12/12)
215 (12/12)
<15 (12/12)
=215 <75 (12/12)

Evaluation

GC Result”
(ppm)

<1
2.680.6
12.14+2.1
4,0£0.8
19.8+0.8
3.8£0.6
19.7+0.8

* Modified SW-846 Method 8015; mean of 3 spiked sample determinationw * standard deviation
» Immunoassay and spike agree

Table 3

PETRO RIS Soil Test Customer Trial 1
Gasoline Contaminated Soil

Sample ID IR Result”

AST-07
AST-08
AST-09

(ppm)

1600

« - Immunoassay and IR agree
FP - false positive

* Method 418.1

100 ppm Test
Result Evaluation

<100 .
2100 .
2100 J
2100 .
=100 FP
2100 Fr
2 100 .
2100 .
2100 .

1000 ppm.Test
Result Evaluation

< 1000
= 1000
2 1000
< 1000
< 1000
< 1000
< 1000
< 1000
= 1000
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R Table 4
PETRO RIS Soil Test Customer Trial 2
Diesel Contaminated Soil
Sample GC IR™™ 75 ppm Test 750 ppm Test
ID extractibles* (ppm)  Result Evaluation Resuit  Evaluation
(ppm) | GC IR GC IR

1-B 5720 20800 275 . . 2750 . .
2-A 610 14700 275 . . 2750 FP .
2-B 370 6800 275 . . =750 FP .
2-C 2270 1950 275 . . 2750 ¢ .
3-B 4870 18600 275 . . 2750 . .
3-C 760 1180 275 . . <750 FN* FN
4-A 66 4100 275 FP* o <750 ¢« FN
4-B 303 2100 275 . . <750 » EN
5-A 20400 29600 275 . . 2750 . \d
5-B 26300 28600 275 . . 2750 . .
5C 267 330 275 ¢ J 2750 FP FP
6-B 550 22700 275 . . 2750 FP .

8 59300 64400 275 . . 2750 . .

9 26500 12900 275 . . 2750 . .

¢ - Immunoassay and GC or IR results agree

FP - False positive

FN - False negative

FP* - False positive bul within 25% of GC or IR results
FN* - False negative but within 25% of GC or IR results
* Modified SW-846 Method 8015

** Method 418.1
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Table 5
PETRO RIS Soi] Test Customer Trial 3
Diesel Contaminated Soil

Sample [D  GC Result” 15 ppm Test
(ppm) Result Evaluation

N102504 40.0 215 .
IN91701 83.0 =15 -
IN92401 17.0 215 .
N91801 73.0 215 .
N100103 16.0 =15 ’
N102301 <10 <15 .
N100502 43.0 215 .
N91401 <10 <15 .
NC03004 =200 215 .
N91501 <10 <15 .
N102502 44,0 215 .
NC103003 >200 215 .
N100902 17.0 <15 EN*
N100503 26.0 218 .
N102202 <10 <15 .
N93001 61.0 215 .
N101301 <10 <15 '
N90901 15.0 <15 FN~
N110111 <10 <15 .
N110108 <10 <15 ¢
N110112 <10 <15 .
N110110 <10 - <15 .

+ - Immunoassay and GC results agree
FN" - False negative but within 25% of GC results
* Madified SW-846 Method 8015
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Sample 1D

— o o

E92002
E100701
E100501
E100602
E92001
E101001
ES2201
E92802
E93001
E100901
E101002
E101401
E101201
E100403

Table 6
PETRO RIS Soil Test Customer Trial 4
Crude Qil Conlaminated Soil

GC Result*
(ppm)

—— . —— - —

<40
105
<40
320
133
124
<40
186
<40
<40
<40

100 ppm Test
Result ELvaluation

< 100
2100
2100
< 100
2100
2100
2100
2100
< 100
=100
2100
< 100
2100
<100
2100
< 100

.:g....’%%-%. .;?é_%’

¢ - Immunoassay and GC results agree
FP - False positive

FN - False negative
* Modified SW-846 Method 8100
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1.0 PURPOSE

The purpose of this proceaure is to identfy the equipment, sequence of events, and appropriate
metnoas necessary to ootain soil, both surface and subsurface, and rock sampies during field
sampling activities.

2.0 SCOPE

The methods described within this procedure are applicable whiie cotlecting surface ana subsurface
soif samples; obtaining rock core samples for lithoiogic and hydrogeoiogic evaiuation;
excavation/foungation aesign and refated civii engineernng purposes.

3.0 GLOSSARY
—=ang Auger- A sampling gevice used to extract soi from the grouna in a retatively undisturoed form.

Thin-Walled Tube Sampter - A thin-wailed metal tube (also called Sheiby tuoe) used to recover
relatively unaisturpea soii sampies. These tubes are available in various sizes, ranging from
2toSinches O.D. and 18to S54inches iong. A stationary piston device may be inciuded in the sampier
to reduce sampiing disturbance and increase sample recovery.

Split-Barrei Samoter - A steei tube, spiit in half iengtnwise, with the haives heid together by threaded
collars at either end of the tube. Also called a spiit-spoon sampier, this device can be driven into
resistant materials using a drive weight mounted in the drilling string. A standard spiit spoon sampler
(used for performing Standarad Penetration Tests) is 2inches outside diameter (OD) and 1-3/8 inches
inside diameter (ID). This standard spoon typically is available in two common fengths, providing
either 20-incn or 26-incn longitudinal clearance for obtaining 18-incn or 24-incn ‘ong sampies,
respectively. These split-spoon samplers range i1n size from 2-incn Q.D. to 3-1/2-incn O.D., depending
.spon manufacturer. ~he larger sizes are commonly used wnen a larger volume of material 1s
reguired.

Rock Coring - A methoa in which a conunuous solid cylindrical sampte of rock ar compact rock-like
soil is optainea by the use of a double tube core barrei that is equippea with an aoprooriate
diamond-studded driil bitwnich is advancea with a hydrauiic rotary drilfing machine.

Wire-Line Coring - As an aiternate for conventionai coring, this is vaiuabte in aeep nole ariling, since
this metnoa eliminates trips in and out of the nole with the coring equipment. ‘WVith this techniaue
the core barrel becomes an integrai part of the dnii rod string. The ariil rod serves as both a coring
device ana casing.

4.0 RESPONSIBILITIES

“ield Qperauons Leader - Responsible for overall management of field acuwities ana ensuring that the
appropriate samoting proceaures are being imoiemented.

Site Geoloaist - The site geologist directly oversees the sampiing proceaures, cassifies soil and rock
samples, ang airects the packaging ana shipping of soii samptes. Such auties may also be periormed
3y geotecnnical engtneers, fieid tecnnicians, or other quaiified field personnel.
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5.0 PROCEDURES
5.1 SUBSURFACE SOIL SAMPLES

Subsuriace soii samples are usea to characterize subsurface stratigrapny. This cnaracterization can
‘ndicate tne potentiai for migration of chemicai contamnants In the subsurface. n addition,
definition of the actual migration of contaminants can be optained through chemical analysis of the
soll sampies. ‘Nhere the remedial acuvities may inciude in-situ treatment or the excavation and

removai of the contaminated soii, the depth and areal extent of contamination must be known as
accurately as possible.

Sngineering ana physicai properties of soil may also be of interest should site construction activities
pe pianned. Soil types, grain size distribution, shear strength, comoressibility, permeanility, plasticity,

unit weignt, ana moisture content are some of the pnysicai characteristics that may oe determined
for soll sampies.

Jenetration tests are aiso describea (N this procegure. The tests can pe usea 10 esumate various

pnysical ang engineering parameters sucn as relative density, uncontined compressive strengtn, and
consolidation cnaracteristics of soils.

The procedures described here are representative of a larger number of possible driiling and
sampling tecnniques. The choice of techniques is based on a large number of variables such as cost,
DQOs, local geology, etc. The final choice of methods must be made with the assistance of dritling
subcontractors familiar with the local geologic conditions. Alternative techniques must be basea
upon the underiying principies of quality assurance implicit in the following procedures.

5.1.1 Equipment

The following equipment Is used for subsurtace soii sampiing ang test boring:

» Driliing equipment, provigea Dy SUDCONTraclor.

e Split parrel (split spoon) samplers, OD 2 inches, |D 1-3/8 incnes, either 20-incn or 26 incnes

‘ong. .arger O.D. samplers are avaiiable if a larger volume of sampie is neeged. A common
sizets 3-incn Q.D. (2-1/2-incn i.D.).

e Thinwailed tubes (Sheiby), 0.D. 2to Sincnes, 18 to 54 inches tong.

Drive weignt assemply, 140-1b. ( = 2 1b.) weight, driving nead and guide permitting free fall
of 30 incnes( £ 1incn).

Drive weignt assembly, 300-ib. ( = 2 Ib.) weignt, driving nead ana guide permitung free fall
of 18 incnes{ £ ! inch).

Accessory equipment, inciuding 1apeis, logbook, paratfin, ana sampie jars.

2334300
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5.1.2

Split Barrei (Split Spoon) Sampiing (ASTM D1586-84)

The foilowing metnod wiil be used for split barret sampling:

Ciean out the borenoie to the desired sampling deptn using equipment that wiil ensure
that the material to be sampied is not disturbea by the operation. In saturated sands ana
siits, withdraw the drill bit siowiy to prevent lcosening of the soil arouna the noie and
maintain tne water ievei in the hoie at or above groundwater levei.

Side-discharge bits are permissible. A bottom-discharge bit shall not be used. The process
of jetting througn an open tube sampier and then sampiing when the desired depth is
reached shail not be permitted. ‘Where casing i1s used, it may not pe driven below the
sampiing elevation.

install the spiit barrei sampler and sampiing roas into the boring to the aestred sampling
deptn. After seating the sampier oy means of a singie hammer blow, nree 6-inch

‘ncrements snall be marked on the sampling roa so tnat tne progress of the samoier can pe
monitored.

The 2-incn OD sphit barrel sampier shall be driven with blows from a 140-ib. (£21b.)
hammer falling 30inches (% 1incn) untl either a total of 50 biows have peen applied
during any one of the three 6-inch increments, a total of 100 blows have been applied,
there 1s no observed advance of the sampier for 10 successive hammer blows, or until the
sampier has advanced !8inches without reaching any of the blow count limitation
constraints described herein. This process is referrea to as the Standard Penetraton Test.

A 300-lb. weight falling 18inches is sometimes used to drive a 2-1/2-inch or 3-inch O.D.
spoon sampter. This procedure 1s used where gense materiais are enountereg or wnen a
‘arge voiume of sample s requirea. Sowever, this methoa does not contform the ASTM
specifications.

Repeat this operauon at intervals not greater than S feet 1n nomogeneous strata, or as
spectiied in the sampling pian.

Recora the numbper of blows required to effect eacn 6inches of penetration or fraction
:hereof. The first 6inches is considered to be seating drive. ~he sum of the number of
blows required for the second and thira 6 inches of penetration 1s termeaq ne penetration
resistance, N. If the sampier (s driven fess than 18 incnes, the penetration resistance s that
forthelast 1 foot penetrated.

3ring tne sampier to the surface ana remove poth enas and one haif of the spirt barre! so
that tne soil recovered rests in the remaining nalf of the parrel. Descrive carefuily the
sampie intervai, recovery (lengtn), composiuon, structure, consistency, colar, condition,
atc., o the recovered soil then put a representative portion of eacn sampie 1Nt0 a jar,
without ramming. jars with samples not taken for cremical analysis snali be sealed witn
wax, or nermeticaily sealed (using a teflon cap iiner) to prevent evaporaton of the sou
moisture, 1f the sample is to be 1ater evaluated for moisture content. Affix 1apeis to the jar
ana compiete Chain-of-Custody and otner requirea sampie gata forms. 2rotect sampies
against extreme temperature changes ana breaxage by placing tnem 'n appropriate
cartons stored in a protected area. “ertinent aata wnicn snail be notea on tne iabet or
~ritten on tne jar 11d for eacn samoie includes tNe project nuMper, DOriNg rumoer, samoie
numnber, gepth interval, blow counts, and date of samptng.




Supiect

SOIL AND ROCK SAMPLING

Numoer Page
GH-13 Sof13

Revision Effective Date

2 25/04/90

5.1.3

An addition to the sampler mentionea above 1s an internai liner, which is spiit
‘ongrtuainaily ana nas a thin-wail brass, steel, or paper finer inserted inside, wnich wiil
preserve the sampie. -owever, since the development of the tnin-walied sampiers
(mentioned peiow) the spiit barrei sampter with liner has aeclined in use.

Thin Walled Tube (Shelby Tube) Sampiing (ASTM D1587-83)

When 1t is desired to take undisturbed sampies of sail, thin-wailed seamiess tube samoiers {Sheiby
tubes) wiil be used. The foilowing metnod will be used:

Clean out the borenoie 10 the sampiing depth, being careful to minimize the chance for
disturbance of the material to be sampied. In saturated materiais, withdraw the drill bit

siowly to prevent ioosening of the soii around the borenole and maintain the water level in
the hole at or apove groundwater ievel.

The use of bottom aischarge bits or jetting througn an open-tube sampier to ciean out the
nole snail not pe ailowea. Any side discharge bits are permitted.

A stationary piston-type sampier may be required to limit sampie disturbance and aid in
retaining the sample. Either tne hydrauiically operated or controf rod acuvated-type of
stationary piston sampler may be used. Prior to inserting the tube sampier in the hole,
check to ensure that the sampler head contains a check vaive. The check vaive is necessary
to keep water in the sampling rods from pushing the sample out of the tube sampier

during sampte withdrawal ang to maintain a suction within the tube to nelp retain the
sampie.

To minimize chemicai reaction petween the sampie and the sampting tube, brass tubes
may pe requirea, especiaily if the tupbe i1s stored for an extended time prior 10 tesung.
While steei tubes coatea with shetlac are less expensive than brass, they are more reactve,
and shall only e usea wnen tne sampie wiii be tested within a Tew aays arter sampling or 1
cnemicai reaction 1s not anticipated. With the sampiing tube resting on the bottom of the
nole ana the water ievel In the boring at the groundwater ievei or aoove, pusn the tuoe
into the soil by a continuous and rapid motion, without impactng or twisting. [n no case
shall the tube be pusned fartner tnan the iength provided for the soii sampie. Allow about
3incnesin the tube for cuttings and siudge.

Upon removai of the sampter tube from the hole, measure the length of sampte 1n the tune
and also the iength penetrated. Remove disturbed materiai in the upper end of the tuoe
and measure the iengtn of sampie again. After removing at feast an incn of soil from tne
lower end and after inserting an impervious disk, seal both enas of the tube with at least a
1/2-inen thickness of wax applied in a way that wiil prevent the wax from entering the
sampie. Newspaper or other types of filler must be placed in voids at either end of the

sampter prior to sealing with wax. Place piastic caps on the enas of the sampter, tape 1n tne
caps place, and dip the ends 1N wax.

Affix labels 1o the tubes as reauired ana record sampie number, depth, penetration, and
recovery iength on tne label. Mark the same information and “up” direction on the tube
with indelible ink, ana mark the end of the sampie. Compiete Chain-of-Custody ang otner
required forms. Do not allow tubes to freeze ana store the sampies verticaily (with the
same orientation they nad in the grouna, ! e., 10D Of sample Is up) in a coo! ptace out of the

2334901
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sun at all times. Ship samples protected with suitable resiiient packing materiai to reduce
shock, vibration, and disturbance.

Thin-walled undisturbed tube sampiers are restricted in their usage by the consistency of the soil to
be sampied. Often, very loose and/or wet sampies cannot be retrieved by the sampters, and sciis with
a consistency in excess of very stiff cannot be penetrated by the sampier. Devices such as Denison or
Pitcher core samplers can be used to obtain undisturbed sampies of stiff soiis. Using these devices
normatly increases sampling costs and therefore their use shall be weighed against the increased cost
and the need for an undisturbed sample. In any case, if a sampie cannot be obtained with a tube
sampier, an attempt shali be made with a spiit barrel sampler at the same depth so that at least a
sampie can be obtained for classification purposes.

5.1.4 Continuous Core Sail Samples

The CME continuous samole tube system provides a method of sampling soil contnuously during
hotlow stem augering. The 5-foot sampie barrei fits within the lead auger of a hollow auger cotumn.
The samping system can be used with a wide range of 1.D. hoilow stem augers (from 3-1/4-inch to
8-1/4-incn 1.D.). This method has been used to sampie many different materiais such as glaciai drift,
hard clays and shaies, mine tailigs, etc. This method is parucuiarly usea when SPT sampies are not
required and a large volume of material is needed. Also, this method is useful when a visual
description of the subsurface lithology is required.

5.2 SURFACE SOIL SAMPLES

For looseiy packed earth or waste pile sampies, stainless steel scoops or troweis can be used to coliect
representative samples. For densely packed soils or deeper soil sampies, a hand or power soil auger
may be used.

The following methods are to be used:

e Use a soil auger for deep sampies (6 to 24 incnes) or a scoop or trowet for surface samoies.
Remove debris, rocks, twigs, and vegetation before cotiection of soii. Mark the jocation
with a numberea stake if possible and locate sampie points on a sketcn of the site.

e Use a new or freshiy-decontaminated sampier for each sample taken. Attach a labei and
dentification tag. Record all required information in the fietd loghook and on the sampie
log sheet, Chain-of-Custody record, and other required forms.

® Pack and ship accordingly.

® When a representative composited sample is to be prepared (e.g., samples taken from a
gridded area or from severai different depths), it is best to composite individual samptes in
the taboratory where they can be more precisely composited on a weight or voiume basis.
If this 1s not possible, the individual sampies (all of equal volume, i e., the sampte bottles
snall be full) shall be placed in a decontaminated stainiess steel bucket, mixed thoroughly
using a stainiess steei spatula or trowel, and a composite sampile collected.

Nelsh
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5.3 WASTE PILE SAMPLES

The use of stainiess steel scoops or trowels 1o optain smail discrete sampies of homogeneous waste
oiles 1s usually sufficient for most conaitions. Layered (nonnomogeneous) piies require tne use of
tube sampters 10 obtain cross-sectionat samotes.

e Collect small, equal portions of the waste from several points around the piie, penetrating
it as far as practical. Use numberea stakes, If possible, to mark the sampling tocations and
locate sampling points on the site sketch.

e Place the waste sample in a glass container. Attach a label and identification tag. Record

all the required informatuion in the fieid logoook and on the sampie iog sneet and other
required forms,

For layerea. nonnomogeneous piies, grain sampiers, sampiing triers, or waste piie samoiers must be
Jsea at several representative {0Cations 1o acquire a cross-section of the piie. The basic s1eps to ootain
eacn sample are

® Insert a sampler into the piie at a 0- to 45-degree angie from the horizontal to minimize
spritage.

e Rotate the sampier once or twice to cut a core of waste material. Rotate the grain sampter
inner tube to the open position and then shake the sampiler a few times to allow the
material to enter the open slits. Move the sampier into positian with siots uoward {(grain
sampter ciosed) and siowly withdraw from the piie.

5.4 ROCK SAMPLING (CORING) (ASTM D2113-83)

Rock coring enables a detailed assessment of borenole conditions 10 be made, snowing precisely all
iithotogic cnanges ana characteristics. Because coring 1s an expensive driiling metnoa, 1t :s commonty
Jseqa for snailow studies of 500 feet or tess, or for specific intervals in the ariil hote that reauire
detaiteg logging and/or anaiyzing. 't can, nowever, proceea for thousanas of feet contnuousiy,
depenaing on the size of the dnill rig. It yieids better quality data than air rotary ariiling, aithougn at
asupstantiaily reauced driffing rate. Rate ot dniliing varies widely, depenaing on the cnaracteristics of
lithologies encountered, drilling methoas, depth of drilling, ana condition of drilling equipment.
Average outout in a i0-hour day ranges from 40 to over 200 feet. Downnole geopnysical logging or
television camera monitoring is sometimes used to complement the gata generatea by coring.

Borenoie artameter can be drilled to various sizes, depenaing on the information neegea. Standard
sizes OT core parrels (showing core aiameter) ana casing are snown in Attacnment No. 1.

Core dariling 1s used when formations are too nard to be sampied by soii sampiing methods and a
continuous solid sample is desired. Usually, soli samptes are used for overpburden, ana coring begins in
souna pearock. Casing 1s set Into bedrock pefore coring begins 1o prevent !oose matenal from

entering the porenole, to prevent foss or arilling fluid, and to prevent cross contaminaton of
aquifers.

233430
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ATTACHMENT 1

STANDARD SIZES OF CORE BARRELS AND CASING

Nominat ¥ Set size ¥

Coring bit size

00 0. 0.0. D,
IWT Y + 1160 735
EWT |5 a 1470 905
EX,EXL,EWG, EWN | 1 & 3 | 470 84s
AWT '+ ' 5 | 879 | 281
AX, AXL, AWG , AWM e V2 ).87% | 188
BWT 2 13 2.34% | 7%
BX,BXL,BWwG, BwM| 21 e 2 348 1.658
NWT 3 2 2 968 2.313
NX,NXL, NWG, NWN 3 25 2 965 2.155
HWT 342 3t 3 889 3.187
HWG 382 3 3.889 3.000
24 x 3L y - o 3 840 2.690
4355 S = . 5 438 3.970
6x 73 T3 6 7 655 5970
AX Wire line _LJ 5 | | 875 | 000
8x Wire line _LJ 2% = 2.348 | 437
NX Wire line _LJ 3 |12 2 968 1937

* All dimensions are in inches; 1o convert ta mulimeters, muitiply by 234.
L/ Wire iine dimensions and designahions moy vary acccrding fo manufacrurer

224901
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Size Designations Casing coupiing éi’-ﬁ'&:’?&'&

Céamnq;
asin

mup!nrg;q Rod. |Casing on. 1l 1a Casing bii:i Orill i\ ormat [Thinwall,

Casmg Rod | 0.0, mche's inches bit, 0.04, 54 O.D.de 00y i ncnes | inches
bifs; fcouplings| inches Inches | o] inches
Core

berret
bits
RX RW | 1437 | 1437 | 1188 | 1485 | 1160 | 1094 | — 738
2 ¢ £ 1812 11812 150 |187%5 | 1470 | 1.313 848 308
AX A 2250 | 2250 | 1908 | 2345 | 1875 | 1625 | 1185 128!
BX 2875 | 2878 | 2375 [2965 | 2.345 | 1906 | 1655 | 1.750
NX N 3.500 | 3500 | 3000 | 3615 | 2965 | 2.375 | 2155 |2.313
HX HW 4500 | 4500 | 3938 | 4625 | 3890 | 3500 | 3.000 | 3.187
RW RW | 437 1488 | 1160 | 1094 —_ 733
EwW Ew 1.812 1875 | 1.470 | | 373 843 908
AW AW | 22%0 2345 | 1873 | 1.750 | 1.188 | 1281
8w BW | 2.87% - o | 2968 | 2.345 | 2128 | 1.655 } 1.730
Nw | Nw 3800 | § | S |361s |296s | 2625 [ 2155 | 2313
Hw | Hw | 4500 | < 3 |e62s | 3890 | 3500 | 3000 | 3.87
Pw | — |ssoo| = 2 |seso | — - - | -
Sw - 6629 6.790 - - - -
uw — 7628 7800 _ —_— —_ —_
iw - 8625 8810 _— _— _— -
— | AXY —_ —_— - — 1875 | 17%0 | 1000 —_
- -} S —_ —_ — —_— 2348 | 2250 | ) 437 _—
- | MY} — ) — — — {2968 {2813} 1937 | —

* For hole diometer cpproximgnon, assume yx inch larger than core
barret bit,

_L/ Wire fine size designotion, drill rod only, serves as both casing and dnil
rod. Wire line core bit, and core diameters vary slightly acccording to
monufacturer

NOMINAL DIMENSIONS FOR DRILL CASINGS AND
ACCESSORIES.  (Diamonp Core DRILL MANUFACTURERS
AssOCIATION). 288-D-2889.

032"




Sub.ect Numoer 2aqe

GH-1.3 ‘Oof13

SOIL AND ROCK SAMPLING

Revision 2 Effective Date

J5/04/90

Srilling througn bedrock Is INitiated by using a alamona-tiopea core bit threaaed to a dnil rod (outer
core barret) with a rate of drilling aeterminea by tne downward pressure, rotation speea ot driii roas,
drifling tiuid pressure in the borenoie, ana the craracteristics of the rock {mineratogy, cementation,
weathering).

5.4.1 Diamond Core Drilling

A penetration of typicaily less than 6inches per 50 blows using a 140-lb. hammer drooping 30 incnes
with a 2-incn split spoon sampier shall be considered an indication that soli sampiing metnods may
not be applicable and that coring may be necessary to obtain sampies.

When formations are encountered that are too hard to be sampted by soil sampiing methods, the
following aiamond core ariiling procedure may be used.

® Firmiy seat a casing Into the bedrock or the hard materiai to prevent ioose materials from
entering the nole ana to prevent the 10ss of drifling Tiuid return. Level the surtace of the
rock or nara material when necessary by the use ot a fishtail or otner pits. if the anil hote
can be retainea open without the casing and if cross contamiaton of aquifers in the
unconsoiidatea materiais is uniikeiy, 1t may be omitted.

e Begin the core drilling using a double-tube swivei-core barrel of the desirea size. After
drilling no more than 10 feet (3 m), remove the core barrei from the hole, ana take out the
core. If the core blacks the flow of the drilling fiuid during drilling, remove the core barrel
immediately. in soft matenals, a large startuing size may be specified for the coring tools;
where local experience indicates satisfactory core recovery or where hara, souna materais
are anticipatea, a smaller size or the singie-tube type may be specified ana fonger runs may
be drilled. NX/NW size coring equpment is the most commonly used size.

® 'Nhen soft materiais are encountered that produce iess than 50 percent recovery, stop the
core aniling. .f soil samples are qesired, secure sucn samples In accoraance with the
oroceaures gescriped in ASTM Methoa D 1586 (Spiit Barrer Sampting) or in Method D 1587
(Thin-walled Tube Sampting) for Sampnng of Soiis (see Section5.1.% ana 5.1 2). Resume
diamona core ariiling when retusal materials are agatn encountereqa.

® Since rock structures and the occurrence of seams, fissures, cavities, ana broken areas are
among the most important items 10 be detected ana described, take speciat care to obtain
and recora these features. If such broken zones or cavities prevent further aavance of the
boring, one of the following three steps shall be taken: (1) cement the noie; (2) ream and
case; or (3)case and advance with tne next smailer size core barrel, as the conditions
warrant.

e 'nsoft, seamy, or otherwise unsouna rock, where core recovery may pe aifficult, M-design
core barreis may be used. In nard, sound rock wnere a nigh percentage of core recovery is

anticipated, the singie-tube core barrer may oe empioyeq.

5.4.2 Rock Sampie Preparation and Documentation

Once tne rock coring nas been compieted ana the core recoverea, the rock core snail be carefully
removea from the barrei, nlacea in a core tray (previousiy labeied “top’ ana “tottom’ to avoid
confusion), classified. ana measured for percentage of recovery as weil as tne rock auaiity designauon
(RQD). Zacn core snall be aescrioed, ciassified, ana ioggea using a uniform systeém as oresentea in
Srocegure GH-1.5. if moisture - -~-2nt wil be geterminea or If it s desirapie to prevent drying (e.g.,

73349018
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to prevent snrinkage of clay formations) or oxidation of the core, the core shall be wrapped in piastic
sleeves immeaiately after logging. Each plastic sieeve shail be labeied with indelible ink. The boring

number, run number, and the footage represented in each sieeve shall be inciuded, as weli as the top
and bottom of the core run.

After sampling, rock cores shall be placed in the sequence of recovery in weil-constructed wooden
boxes provided by the drilling contractor. Rock cores from two different borings shail not be placed
in the same core box uniess accepted by the Site Geologist. The core boxes shall be constructed to
accommodate at least 20linear feet of core in rows of approximately 5feet each and shail be
constructed with hinged tops secured with screws, and a iatch (usualiy a hook and eye) to keep the
top securely fastened down. Wood partitions shatl be placed at the end of each core run and
between rows. The depth from the surface of the boring to the top and bottom of the drill run and
run numoer shatl be marked on the wooden partitions with indelible ink. A woogden partition
(wooden block) shall be placed at the end of each run with the depth of the bottom of the run
written on the block. These blocks will serve to separate successive core runs and indicate depth
intervais for each run. The oraer of placing cores shaii be the same in ail core boxes. Rock core shatl
be placed in the box so that, when the box is open, with the inside of the lid facing the observer,the
top of the cored interval contained within the box is in the upper left corner of the box,and the
bottom of the cored interval is in the iower right corner of the box (see Attachment 2). The top and
bottom of each core obtained and its true depth shail be clearly and permanently marked on each
box. The width of each row must be compatibte with the core diameter 10 prevent {ateral movement
of the core in the box. Similarly, an empty space in a row shall be filled with an appropriate filler
material or spacers to prevent longitudinal movement of the core in the box.

The inside and outside of the core-box lid shall be marked by indelible ink to show ail pertinent data
on the box’s contents. Ataminimum, the following information shail be included:

Project name
Project number
Boring number
Run numbers
Footage (deptns)
Recovery

RQD (%)

Box number and total number of boxes for that boring (Exampie: Box 5 of 7).

For easy retrieval when core boxes are stacked, the sides and enas of the box shall also be iabeled and

Include project number, boring number, top and bottom depths of core and box number.
Attacnment No. 2 illustrates a typical rock core box.

Prior to final closing of the core box, a photograph of the recovered core and the labeling on the
msude.cover shall be taken. If moisture content is not critical, the core shall be wetted and wiped
clean for the pnotograph. (This will heip to show true colors and bedding features in the cores).
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1.0 PURPOSE

The purpose of this procedure is to describe t- : nethods, the sequence of operations and the
equipment necessary to perform soil and rock borings.

2.0 SCOPE

This guideline addresses most of the accepted and standard drilling techniques, their benefits and
drawbacks. It should be used generaiily to determine what type of drilling techniques would be most
successtul depending on site-specific geologic conditions and the type of sampting required.

3.0 GLOSSARY

Boulders - Rounded, semi-rounded or naturally angular particles of rock larger than 12inches in
diameter.

Clay - Fine grained soil or portions of soii having certain physicai properties, COmposition and texture.
Clay exnibits plastic properties within a range of water contents and exhibits considerable strength
when air dried. Clay consists usually of fragments of hydrous aluminum or magnesium silicate
minerals, and it consists predominantly of grains with diameters of less than 0.005 mm.

Cobbles - Rounded, semi-rounded or naturaily angular particles of rack between 3inches and
12 inches in diameter.

Gravel - Rounded or semirounded particies of rock that will pass a 3inch sieve (7.62¢m) and be
retained on a No. 4 U.S. standard sieve (4.76 mm). Coarse gravel is larger than 3/4-inches, while fine
gravei is finer than 3/4-inches.

Stone - Crushed or naturally anguliar particles of rock that wili pass a 3inch sieve (7.62¢m) and be
retainea on a No. 4 U.S. standard sieve (4. 76 mm).

Rock - Any consolidated or conerent and relativeiy hard, naturally formed mass of minerai matter.
Sand - Particles of rock that wiil pass a No.4 U.S. standard sieve (4.76 mm) ana be retained on a

No. 200 U.S. standard sieve (0.074 mm). Coarse sand is larger than a No. 10 sieve, and fine sand is finer
than a No. 40 sieve (0.42 mm).

Silt - Matenai passing the No. 200 U.S. standard sieve (0.074 mm) that is nonplastic or very slightly
plastic and that exhibits little or no strength when air dried.

Soil - Sediments or other unconsolidated accumulations of sofid particies that are produced by the
pnysicai and chemical disintegration of rock and that may contain organic matter.

Undisturoed Sampie - A soil sample that has been obtained by methods in which every precaution has
been taken to minimize disturbance 1o the sample.

Water Table - A surface in an aquifer where groundwater pressure s equal to atmospheric pressure.
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4.0 RESPONSIBILITIES

Site Manager - in consuitation with the oroject geologist, responsible for evaluaung the drilling
-equirements for the site ana specifying arilling techniques that wiil be successfui given the study
objectives and geologic conditions at the site. He should aiso aetermine the disposal methods for
products generatea by drniling, sucn as anil cuttings and well deveiopment water, as weil as any
speclalizea suppties or iogisticat support required for the aniling operations.

Site CeoloaisURig Geologist - Responsipie for insuring that standara and aoproved drilling
oroceaures are followea. The geoiogist wiil generate a detaiied boring tog for eacn test hole. This
i0g shall include a description of materiais, sampies, method of sampiing, blow counts, and other
pertinent drilling and testing information that may be obtainea during dritling (see Attacnment A of
Proceaure GH-1.7). Often tnis position for inspecting the driiling operations may pe filled by other
geotecnnical personnel, sucnh as soils ana founaation engineers, civii engineers, etc.

Determinauon of the exact location for borings is the responsibiiity oTf the site geotogist. The final
‘ocation for anilling must be oroperiy documented on the boring tog. The generai area in which the
borings are to be focated wiil be snown on a site map inciudeq 1n the Work Plan.

field Operations Leader - Responsible for overail supervision and scneauling ot drilling activities.

Drilling Subcontractor - Responsible for obtaining ail driiling permits and clearances, and supplying
all services (inciuding tabor), equipment and material required to perform the driifing, tesung, and

well installation program, as weil as maintenance and guaiity controi of such requiread equipment
excent as stated in signed and approved subcontracts.

The arnlier must report any major technicai or analytical problems encountered in the fieid to the
Field Operations Leadger within 24 hours, and must provide aavance written notfication for any

<nanges In Tieid orocegures descrining ana justifying such cnanges. No such changes snail be maae
iniess requestea and authorizea in writing oy the Field Operauons Leader.

“he aritling suocontractor wiil be responsiole for following gecontamination proceaures specified tn
the Work Plan. Upon comptetion of the work, the Driliing Subcontractor wiil be responsible for

demooiiizing ail eauipment, cleaning up any materiais depositea on site during arilling operatons,
and property backfitling any open borinas.

5.0 PROCEDURES
5.1 GENERAL

The purpose of driiling borenoles is:

¢ Todetermine the type, thickness, and certain onysicai ana chemical prooertes of the soli,

water ana rock strata which unageriie the site. and

% Toinstali monitoring weils or piezometers.

All dritling ana sampling equipment wiii be cieaned using appErooriate decontamination procegures
{see Procegure GH-1.6 ana SF-2.3) between samples ana borings. Unless otherwise specifiea. it :s
generaily aavisapie to driil borings at ‘c'ean” locations first, and at the most contaminated locations
ast. 1o reguce tne risk Of spreading contamination pbetween iocations. All borings must be loggea by
“ne rng geologist as they proceea (see Procequre GH-15) uniess tne FSAP specificaily states trat
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logging s not required. Situations where fogging would not be required wouid include installation
of muitipie weil points within a small area, or a “second attempt” boring adjacent to a boring that
could not be continued through resistant materiai. In the latter case, the boring tog can be resumed
5 feet above the gepth at which the initial boring was abandoned, aithough the rig geologist should
still confirm that the stratigrapny at the redriiled iocation conforms essentially with that encountered
at the original location. If significant differences are seen, each hole should be logged separately.

5.2 DRILLING METHODS

The selected drilling methods described beiow apply to drilling in subsurface materials, including, but
not limited to, sand, gravel, clay, siit, cobbles, boulders, rock and man-made fill. Drilling methods
should be seiected after studying the site geology and terrain, purpose of drilling, waste conditions at
the site, and the overall subsurface investigation program proposed for the site. The full range of
different driiling methods appiicable to the proposed program shouid be identified with final
selection pased on relative cost, avaiiability, time constraints, and how weil each metnod meets the
sampting ana testing requirements of the individual driiling program.

5.2.1 Continuous-Flight Hollow-Stem Auger Drilling

This method of drilling consists of screwing augers with a hollow stem into the ground. Cuttings are
brougnt to the surface by the rotating action of the auger. This method is reiatively quick and
inexpensive. Advantages of this type of drilling include:

e Samples can be obtained without pulling the augers out of the hole. However, this is a
poor method for obtaining grab sampies from thin, discrete formations because of mixing
of soiis which occurs as the materiai is brought to the surface. Sampiing of such formations
wiil require the use of spiit-barreil or thin-wail tube sampiers advanceg through the hollow
core of the auger.

o Nodnliling tiuids are requirea.

e Aweil can benstalled inside the auger stem and backfiiled as the augers are withdrawn.
Disadvantages and limitations of this method of drilling inciude:

® Augering can oniy be done in unconsolidated materiais.

e The inside diameter of hoilow stem augers used for well instaliation should be at least four
inches greater than the weil casing. Use of sucn large aiameter hollow stem augers is more
expensive than the use of smail diameter augers in borenoies not used for weil installation.
Furthermore, the density of unconsoiidated materiais and depths become more of a
limiting factor. More friction 1s produced with the iarger diameter auger and subsequently
greater toraue Is needed to advance the boring.

® The maximum effective deptn for dnilling is 150 feet or less, depending on site conditions
and the size of augers used.

® In augering througnh ciean sand formations below the water table, the sand wili tena to
flow into the hollow stem wnen the piug is removea for soit sampiing or weil installation.
If the conaition of “running” or “flowing” sands is persistent at a site, an alternauve
methoa of dniling 1s recommenaed, in parucular for weils or borenotes deeper tran
25 feet. Hollow stem auger arilling 1s the preferrea method of driffing. Most aiternauve
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metnods require the introduction of water or mud downhole (air rotary is the exception)
to maintain the open porehofe. With these other methods great care must be taken to
ensure that the method does not interfere with the coilection of a representative sample
which is the object of the construction. With this in mind, the preferred order of choice of
drilling method after hotlow stem augering (HSA) is:

- Cabletool

- Casing drive (air)
- Airrotary

- Mud rotary

- Drive and wash

- Jetting

However, the use of any method wiil also depend on efficiency and cost-effectiveness. in many cases,
mud rotary i1s the only feasibie aiternative to hoilow stem augering. Thus, mud rotary drilling is
generally acceptable as a first substitute for HSA.

The procedures for sampling soils througn holes dritled by hollow-stem auger shaii conform with the
appiicable ASTM Standaras: D1587-83 and D1586-84. The hoilow stem auger may be advanced by
any power-operated driiling machine having sufficient torque and ram range to rotate and force the
auger to the desired depth. The machine must, however, be equipped with the accessory equipment
needed to perform required sampling, or rock coring.

When taking soil sampies for chemical analysis, the hoilow-stem auger shall be piugged until the
desired sampling depth 1s reached. Sampies can be taken using spiit-spoon or thin wall tube sampiers
driven into the formation in advance of the auger (see Procedure GH-1.3). If the sampie is to be taken
at a relatively deep point, the auger may oe advanced without a plug to within five feet of the sample
depth. Then ciean out the auger stem, insert a plug and continue to the sampling depth. The plug is
then removed and samples taken as specified by the rig geoiogist. Samples shouid be taken
accoraing to the specifications of the sampiing pian. Any reauired sampiing snall be performed by
rotation, pressing, or driving tn accordance with the standara or approved metnog governing use of
the particular sampiing tool. The seguence shall be repeated for each sampte desirea.

The notlow-stem auger may be used without the piug when boring for geotechnical examination or
for well instatiauon.

When drilling pelow the water table, specially-designed piugs which allow passage of formation
water but not solid material shail be used (see Reference | of this guideline). This method also
prevents blow back and plugging of the auger when the piug is removed for sampling.

Alternately, 1t may be necessary 10 keep the holiow stem full of water, at least to the level of the
water table, to prevent blowback and plugging of the auger. If water is added to the hole, 1t must be
samoled and analyzed to determine f it is free from contaminants prior to use. in addition, the
amount of water introduced, the amount recovered upon attainment of depth, ana the amount of
water extracted durning weil deveiopment must be carefully logged in order to ensure that a
representative sampie of the formation water can be obtained. Well deveiopment shouid occur as
soon after well compietion as oracticapie (see GH-1.7 for Well Deveiopment Procedures). If graveily
or hard matenal is encountered which prevents advancing the auger to the desired depth, augering
shouid be haited ana either ariven casing or hydrauiic rotary methods should be attempted. If the
dean to the pedrock/soli interface ana bedrock lithology must be determined, then a 5-foot
contirmatory core run shou!d be conducted (see Section 5.2.9).
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At the option of the Field Operations Leader, when resistant materiais prevent the advancement of
the auger, a new baring can be attempted. The originai boring must be properiy backfilled and the
new boring started a short distance away at a location determined by the site geologist. If muitipie
water bearing strata were encountered, the original boring must be grouted. in some formations 1t
may be prudent to also grout borings which oniy penetrate the water table aquifer, since {oose solii
backfill in the boring wouid still provide a preferred pathway for surface liquids to reach the water
table.

5.2.2  Continuous-Flight Solid-Stem Auger Drilling

This method is similar to hollow-stem augering. Practicai application of this method is severely
restricted as compared with hollow stem augers. Spiit barrel (split-spoon) sampling cannot be done
without pulling the augers which may ailow the hole to collapse. The method is therefore very time
consuming and is not cost effective. Also, augers wouid have to be withdrawn before installing a
monitoring weil, which again, may aillow the hole to collapse. Furthermore, geoiogic logging by
examining the sotis brougnt to the surface is unreliable as in the case of the hoilow stem auger, and
deptn to water may be difficuit to determine while dritiing.

There would be very few situations where use of a solid stem auger wouid be preferabie to other
drilling methods. The only practical appiications of this method wouid be to drill boreholes for well
installation where no lithologic information is desired and the saiis are such that the borehole can be
expected to remain open after the augers are withdrawn. Alternatively, the technique can be used to
find depth to bedrock in an area when no other information is required from drilling.

5.2.3 Rotary Oriiling

Direct rotary dritling includes air-rotary and fluid-rotary drilling. Air-rotary drilling is a method of
driiling where the drill rig simuitaneously turns and exerts a downward pressure on the drilling rods
and bit while circuiating compressed air down the inside of the drill rods, around the bit, and out the
annuius of the porehole. Air circulation serves to both cooi the bit and remove the cuttings from the
borenole. Advantages of this method inciude:

The driiling rate is high (even in rock).

The cost per foot of drilling is reiatively low.

Air rotary rigs are common in most areas.

No drilling fluid is required (except when water isinjer 4 to keep down dust).

The borenole diameter is large, to allow room for pror  ~eli installation procedures.

Disadvantages to using this method include:

e Fformations must be fogged from the cuttings that are blown to the surface and thus the
depths of materials logged are approximate.

® Air blown into the formation during dritling may “bind” the formation and impede weil
deveiopment and natural groundwater flow.

® in-situ sampies cannot be taken, unless the hole is cased.
¢ Casing must generaiiy be used in unconsoiidated materials.

® Airrotaryariil rigs are large and heavy.
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A variation of the typical air-rotary drill bit is a down hole hammer which hammers the drill bit down
as it drills. This makes drilling in hard rock faster. Air-rotary drills can also be adapted to use for rock
coring aithough they are generaily siower than other types of core drills. A major application of the
air-rotary drilling method would be to drill holes in rock for well installation.

Fluid-Rotary drilling operates in a similar manner to air rotary drilling except that a drilling fluid
(“mud”) or clean water is used in place of air to cool the driil bit and remove cuttings. There are a
variety of fluids that can be used with this drilling method, inciuding bentonite siurry and synthetic
slurries. If a drilling fluid other than water/cuttings is used, it must be a naturai clay (i.e., bentonite)
and a “background” sample of the fluid should be taken for analysis of possible organic or inorganic
contaminants.

Advantages to the fluid-rotary drilling method include:

® The ability to drill in many types of formations.

® Relatively quick and inexpensive.

e Split barrel (split-spoon) or thin-wail tube samples can be obtained without removing drill
rods if the appropriate size drill rods and bits (i.e., fish-tail or drag bit) are used.

® In some borings temporary casing may not be needed as the drilling fluids may keep the
borehole open.

® Drill rigs are readily available in most areas.
Disadvantages to this method include:
® Formation logging is not as accurate as with hollow stem auger method if split barre! (split-
spoon) samples are not taken (i.e., the depths of materials iogged from cuttings delivered

to the surface are approximate).

® Drilling fluids reduce permeability of the formation adjacent to the boring to some degree,
and require more extensive well development than “dry” techniques (augering, air-rotary).

® Noinformation on depth to water is obtainable while drilling.

® Fluids are needed for drilling, and there is some question about the effects of the dritling
fluids on water samples obtained. For this reason as well, extensive well development may
be required.

® |n very porous materials (i.e., rubble fill, boulders, coarse gravel) drilling fiuids may be
continuously lost into the formation. This will require either constant repienishment of the
drilling fluid, or the use of casing through this formation.

® Drill rigs are large and heavy, and must be supported with supplied water.

® Ground water samples can be potentially diluted with drilling fluid.

The procedures for performing direct rotary soil investigations and sampling shall conform with the
applicable ASTM standards: D2113-83, D1587-83, and D1586-84.
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For air or fluid-rotary drilling, the rotary drill may be advanced to the desired depth by any power-
operated drilling machine having sufficient torque and ram range to rotate and force the bit to the
desired depth. The driiling machine must, however, be equipped with any accessory equipment
needed to perform required sampling, or coring. Prior to sampiing, any settied driil cuttings in the
borehole must be removed.

Soil samples shall be taken as specified by the Work Plan or more frequently if requested by the field
geologist. Any required sampling shall be performed by rotation, pressing, or driving in accordance
with the standard or approved method governing use of the particular sampling tool.

When field conditions prevent the advancement of the hole to the desired depth, a new boring may
be drilied at the request of the Fieid Operations Leader. The original boring shail be backfilled using
methods and materials appropriate for the given site and a new boring started a short distance away
at a location determined by the site geologist.

5.2.4 Reverse Circulation Rotary Drilling

The common reverse-circulation rig is a water or mud rotary rig with a large diameter drill pipe which
circulates the drilling water down the annulus and up the inside of the drill pipe (reverse flow
direction from direct mud rotary). This type of rig is used for the construction of large-capacity
production water wells and is not suited for small, water-quality sampling wells because of the use of
drilling muds and the large diameter hole which is created. A few special reverse-circulation rotary
rigs are made with double-wall drill pipe. The drilling water or air is circulated down the annulus
between the drill pipes and up inside the inner pipe.

Advantages of the latter method include:
® The formation water is not contaminated by the drilling water.
® Fformation samples can be obtained, from known depths.

® When drilling with air, immediate information is available regarding the water-bearing
properties of formations penetrated.

e Coilapsing of the hole in unconsolidated formations is not as great a problem as when
drilling with the normal air rotary rig.

Disadvantages incjude:
& Double-wall, reverse-circulation drill rigs are very rare and expensive to operate.
e Placing cement grout around the outside of the well casing above a well screen often is
difficult, especially when the screen and casing are placed down through the inner drill

pipe before the drill pipe is pulled out.

5.2.5 Drill-through Casing Driver

The driven-casing method consists of alternately driving casing (fitted with a sharp, hardened casing
shoe) into the ground using a hammer lifted and dropped by the drill rig or an air hammer and
cleaning out the casing using a rotary chopping bit and air or water to flush out the materials. The
casing is driven down in stages (usually 5 feet per stage). A continuous record is kept of the blows per
foot in driving the casing (see Procedure GH-1.5). The casing is normally advanced by a 300-pound
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hammer falling freely through a height of 30-inches. Simultaneous washing and driving of the casing
is not recommended. If this procedure is used, the elevations between which water is used in driving
the casing should be recorded.

The driven casing method is used in unconsolidated formations only. When the boring is to be used
for later well installation, the driven casing used should be at least four inches larger in diameter than
the well casing to be installed. Advantages to this method of drilling include:

e Split barrel (split-spoon) sampling can be conducted while drilling.
® Well installation is easily accomplished.
e Drill rigs used are relatively small and mobile.

® The use of casing minimizes flow into the hole from upper water-bearing layers; therefore
multiple aquifers can be penetrated and sampled for rough field determinations of some
water quality parameters.

Some of the disadvantages include:
® This method can only be used in unconsolidated formations.

® The method is slower than other methods (average drilling progress is 30 to 50 feet per
day).

® Maximum depth of the borehoie varies with the size of the drill rig and casing diameter
used, and the nature of the formations drilled.

® The cost per hour or per foot of driiling may be substantially higher than other drilling
methods.

® It is difficult and time consuming to pull back the casing if it has been driven very deep
(deeper than 50 feet in many formations).

5.2.6 Cable Tooi Driiling

A cable tool rig uses a heavy, solid-steel, chisel-type drill bit (“tool”) suspended on a steel cable, which
when raised and dropped chisels or pounds a hole through the soils and rock. Drilling progress may
be expedited by the use of “slip-jars” which serve as a cable-activated down hole percussion device to
hammer the bit ahead.

When drilling through the unsaturated zone, some water must be added to the hole. The cuttings
are suspended in the water and then bailed out periodically. Below the water table, after sufficient
ground water enters the borehole to replace the water removed by bailing, no further water need be
added.

When soft caving formations are encountered, it is usually necessary to drive casing as the hole is
advanced to prevent collapse of the hole. Often the drilling can be only a few feet below the bottom
of the casing. Because the drill bit is lowered through the casing, the hole created by the bit is smailer
than the casing. Therefore, the casing (with a sharp, hardened casing shoe on the bottom) must be
driven into the hole (see Section 5.2.5 of this guideline).

T 134901
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Advantages of the cable-tool method include the following:

e Information regarding water-bearing zones is readily availabte during the drilling. Even
relative permeabiliti=< and rough water quality data from different zones penetrated can
be obtained by skille  oerators.

® The cable-trnl rig ca srate satisfactorily in all formations, but is best suited for caving,
boulder, ¢ or coe -avel type formations (e.g., glacial till) or formations with large
cavitiesabc. e wat ‘le (such as limestones).

® When casing is used, casing seals formation water out of the hole, preventing

down-hole contamination and allowing sampling of deeper aquifers for field-measurable
water quality parameters.

e Split barrel (split spoon) or thin-wall tube samples can be collected through the casing.

Disadvantages include:
® Drillingisslow compared with rotary rigs.

® The necessity of driving the casing in unconsolidated formations requires that the casing be
pulled back if exposure of selected water-bearing zones is desired. This process complicates
the well completion process and often increases costs. There is also a chance that the
casing may become stuck in the hole.

® The relatively large diameters required (minimum of 4-inch casing) plus the cost of steel
casing result in higher costs compared to rotary drilling methods where casing is not
required, such as use of a hollow stem auger.

e Cable-tool rigs have largely been replaced by rotary rigs. In some parts of the US,,
availability may be difficuit.

5.2.7 Jet Drilling (Washing)

Jet drilling, which should be used only for piezometer or vadose zone sampler installation, consists of
pumping water or drilling mud down through a small diameter (1/2 to 2-inch) standard pipe (steef or
PVC). The pipe may be fitted with a chisel bit or a special jetting screen. Formation materials
dislodged by the bit and jetting action of the water are brought to the surface through the annulus
around the pipe. As the pipe is jetted deeper, additional lengths of pipe may be added at the surface.

Jet percussion is a variation of the jetting method, in which the casing is driven with a drive weight.
Normally, this method is used to place 2-inch diameter casing in shallow, unconsolidated sand
formations but has been used to install 3- to 4-inch diameter casings to 200 feet.

D334901



Supject Numbper Page

GH-14 t10f20

SOILAND ROCK Revision Effective Date
DRILLING METHODS v 1 05/04/90

Jetting is acceptable in very soft formations, usually for shailow sampling, and when introduction of
drilling water to the formation is acceptable. Such conditions would occur during rough stratigraphic
investigation or installation of piezometers for water level measurement. Advantages of this method
include:

® Jetting is fast and inexpensive.

® Because of the small amount of equipment required, jetting can be accomplished in
locations where access by a normal drilling rig would be very difficult. For example, it
would be possible to jet down a well point in the center of a lagoon at a fraction of the cost
of using a dritl rig.

® Jetting numerous well points just into a shallow water table is an inexpensive method for
determining the water table contours, hence flow direction.

Disadvantages include the following:

® A large amount of foreign water or drilling mud is introduced above and into the
formation to be sampled.

e Jetting is usually done in very soft formations which are subject to caving. Because of this
caving, it is often not possible to place a grout seal above the screen to assure that water in
the well is only from the screened interval.

® The diameter of the casing is usually limited to 2inches; therefore, samples must be
obtained by methods applicable to small diameter casings.

® Jetting is only possible in very soft formations that do not contain boulders or coarse
gravel, and the depth limitation is shallow (about 30feet without jet percussion
equipment).

® lLarge quantities of water are often needed.

5.2.8 Drilling with a Hand Auger

This method is applicable wherever the formation, total depth of sampling, and the site and
groundwater conditions are such as to allow hand auger drilling. Hand augering can aiso be
considered at locations where drill rig access is not possible. All hand auger borings will be performed
according to ASTM D 1452-80.

Samples should be taken continuously uniess otherwise specified by the Work Plan. Any required
sampling is performed by rotation, pressing, or driving in accordance with the standard or approved
method governing use of the particular sampling tool. Typical equipment used for sampling and
advancing shallow “hand auger” holes are iwan samplers (which are rotated) or post hole diggers
(which are operated like tongs). This technique is slow but effective where larger pieces of
equipment do not have access and where very shallow holes are desired (less than 5 feet). Surficial
soils must be composed of relatively soft and non-cemented formations to allow penetration by the
auger.
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5.2.9 Rock Drilling and Coring

When soil borings cannot be continued using augers or rotary methods due to the hardness of the soil
or when rock or large boulders are encountered, drilling and sampling can be performed using a
diamond bit corer in accordance with ASTM D2113.

Drilling is done by rotating and applying downward pressure to the drill rods and drill bit. The drill
bit is a circular, hollow, diamond studded bit attached to the outer core barrel in a double tube core
barrel. The use of single tube core barrels is not recommended, as the rotation of the barrel erodes
the sample and limits its use for detailed geological evaluation. Water or air is circulated down
through the drill rods and annular space between the core barrel tubes to cool the bit and remove the
cuttings. The bit cuts a core out of the rock which rises into an inner barrel mounted inside the outer
barrei. The inner core barrel and rock core are removed by lowering a wire iine with a coupling into
the drill rods, latching onto the inner barrel and withdrawing the inner barrel. A less efficient
variation to this method utilizes a core barrei that cannot be removed without pulling aii of the drili
rods. This variation is practical only if less than 50 feet of core is required.

Core borings are made through the casing used for the soil borings. The casing must be driven and
sealed into the rock formation to prevent seepage from the overburden into the hole to be cored (see
Section 5.3 of this guideline). A double-tube core harrel with a diamond bit and reaming shell or
equivaient should be used to recover rock cores of a size specified in the Work Plan. The most
common core barrel diameters are listed in AttachmentA. Soft or decomposed rock should be
sampled with a driven split-barrel whenever possible or cored with a Denison or Pitcher sampler.

When coring rock, including shale and claystone, the speed of the drill and the drilling pressure,
amount and pressure of water, and length of run can be varied to give the maximum recovery from
the rock being drilled. Should any rock formation be so soft or broken that the pieces continually fall
into the hole, causing unsatisfactory coring, the hole should be reamed and a flush joint casing
installed to a point below the broken formation. The size of the flush joint casing must permit

securing the core size specified. When soft or broken rock is anticipated, the length of core runs
should be reduced to less than 5 feet to avoid core loss and minimize core disturbance.

Advantages of core drilling include:
® Undisturbed rock cores can be recovered for examination and/or testing.

® In formations in which the cored hole will remain open without casing, water from the
rock fractures may be recovered from the weli without the installation of a well screen and
gravel pack.

e Formationloggingis extremely accurate.

® Drillrigs are relatively smali and mobile.
Disadvantages include:

® \Water or airis needed for drilling.

® Coringisslower than rotary driiling (and more expensive).
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e Depth to water cannot accurately be determined if water is used for drilling.

® Thesize of the borehole is limited.
This drilling method is useful if accurate determinations of rock lithology are desired or if open wells
are to be installed into bedrock. To instail larger diameter wells in coreholes, the hole must be

reamed out to the proper size after boring, using air or mud rotary drilling methods.

5.2.10 Drilling & Support Vehicles.

In addition to the drilling method required to accomplish the objectives of the field program, the
type of vehicle carrying the drill rig and/or support equipment, and its suitability for the site terrain,
will often be an additional deciding factor in planning the drilling program. The types of vehicles
available are extensive, and depend upon the particutar drilling subcontractor’s fleet. Most large
drilling subcontractors will have a wide variety of vehicle and drill types suited for most drilling
assignments in their particular region, while smaller drilling subcontractors will usually have a fleet of
much more limited diversity. The weight size, and means of locomotion (tires, tracks, etc.) of the drill
rig must be seiected to be compatible with the site terrain, to assure adequate mobility between
borehole locations. Such considerations also apply to necessary support vehicles used tc transport
water and/or drilling materiais to the drill rigs at the borehole locations. When the drili rigs or
support vehicles do not have adequate mobility to easily traverse the site, provisions must be made
for assisting equipment, such as bulldozers, winches, timber planking, etc., to maintain adequate
progress during the drilling program.

Some of the typical vehicles which are usually available for drill rigs and support equipment are:

e Totally portable drilling/sampling equipment, where all necessary components (tripods,
samplers, hammers, catheads, etc.) may be hand-carried to the borehole site.
Drilling/sampling methods used with such equipment include:

- Hand augers and lightweight motorized augers

- Retractable plug samplers-driven by hand (hammer)

- Motorized cathead - a lightweight aluminum tripod with a small gas-engine cathead
mounted on one leg, used to install small diameter cased borings. This rig is sometimes
called a “monkey on a stick.”

® Skid-mounted drilling equipment containing a rotary driil or engine-driven cathead (to lift
hammers and drill string), a pump, and a dismounted tripod. The skid is pushed, dragged,
or winched (using the cathead drum) between boring locations.

e Small truck-mounted drilling equipment uses a jeep, stake body or other light truck (4 to
6 wheels), upon which are mounted the drill and/or a cathead, a pump, and a tripod or
smali drilling derrick. On some rigs the drill and/or a cathead are driven by a power take-
off from the truck, instead of by a separate engine.

® Track-mounted drilling equipment is similar to truck-mounted rigs, except that the vehicle
used has wide bulldozer tracks for traversing soft ground. Sometimes a continuous-track

“all terrain vehicle” is also modified for this purpose. Some types of tracked drill rigs are
called “bombardier” or “weasel” rigs.

® Heavy truck-mounted drilling equipment is mounted on tandem or dual tandem trucks to
transport the drill, derrick, winches, and pumps or compressors. The drill may be provided
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with a separate engine or may use a power take-off from the truck engine. Large augers,
hydraulic rotary and reverse circulation rotary driliing equipment are usually mounted on
such heavy duty trucks. For soft-ground sites, the drilling equipment is sometimes
mounted on and off the road vehicle having low pressure, very wide diameter tires and
capable of floating; these vehicles are cailed “swamp buggy” rigs.

® Marine drilling equipment is mounted on various floating equipment for drilling borings in
lakes, estuaries and other bodies of water. The floating equipment varies, and is often
manufactured or customized by the drilling subcontractor to suit specific drilling
reguirements. Typically, the range of flotation vehicles inciudes:

- Barrel float rigs - a drill rig mounted on a timber platform buoyed by empty 55-galic
drums or similar flotation units.

- Barge-mounted drill rigs.

- Jack-up platforms - drilling equipment mounted on a floating platform having
retractable legs to support the unit on the sea or lake bed when the platform is jacked
up out of the water.

- Drill ships - for deep ocean drilling.

In addition to the mobility for the drilling equipment, similar consideration must be given for
equipment to support the driiling operations. Such vehicles or floating equipment are needed to
transport drill water, drilling supplies and equipment, samples, drilling personnel, etc. to and/or from
various boring locations.

5.2.11 Equipment Sizes

In planning subsurface exploration programs, care must be taken in specifying the various dritling
components, so that they wili fit properly in the boring or well.

For drilling open boreholes using rotary drilling equipment, tri-cone drill bits are employed with air,
water or drilling mud to remove cuttings and cool the bit. Tri-cone bits are slightly smaller than the
holes they drill (i.e., 5-7/8" or 7-7/8" bits will nominaily drill 6" and 8" holes, respectively).

For obtaining split-barrel samples of a formation, samplers are manufactured in sizes ranging from
2-inches to 4-1/2inches in outside diameter. However, the most commonly used size is the 2-inch
0.D., 1-3/8-inch 1.D. split-barrel sampler. When this sampler is used, and driven by a 140-pound
(%2 pound) hammer dropping 30-inches (* 1inch), the procedure is called a Standard Penetration
Test, and the blows per foot required to advance the sampler into the formation can be correlated to
the formation’s density or strength.

In planning the drilling of boreholes using hollow stem augers or casing, in which thin-wail tube
samples or diamond core drilling will be performed, refer to the various sizes and clearances provided
in Attachment A of this guideline. Sizes selected must be stated in the Work Plan.
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5.2.12 Estimated Drilling Progress

To estimate the anticipated rates of drilling progress for a site the following must be considered:
® The speed of the drilling method employed.

e Applicable site conditions (e.g., terrain, mobility between borings, difficuit drilling
conditions in bouldery soils, rubble fill or broken rock, etc.).

® Project-imposed restrictions (e.g., drilling while wearing personal protective equipment,
decontamination of drilling equipment, etc.).

Based on recent experience in drilling average soil conditions {no boulders) and taking samples at
5-foot intervals, for moderate depth (30’ to 50°) boreholes (not including installation or development
of wells), the following daily rates of total drilling progress may be anticipated for the following
drilling methods:

Drilling Method Averagiean:irlgeI:rtc))gress
Hollow-stem augers 75’
Solid-stem augers 50
Mud Rotary Drilling 100 (cuttings samples)
Reverse Circulation Rotary 100’ (cuttings samples)
Skid Rig with driven casing 30
Rotary with driven casing 50
Cable Tool 30
Hand Auger Varies
Continuous Rock Caring 50

53 PREVENTION OF CROSS-CONTAMINATION

A telescoping or multiple casing technique minimizes the potential for the migration of
contaminated groundwater to lower strata below a confining layer. The telescoping technique
consists of drilling to a confining layer utilizing a spun casing method with a diamond cutting or
augering shoe, (a method similar to the rock coring method described in Section 5.2.9, except that
larger casing is used) or a driven-casing method (see Section 5.2.5 of this guideline), and installing a
specified diameter steel weli casing. The operation consists of three separate steps. Initially, a drilling
casing usually of 8-inch diameter is installed followed by installation of the well casing (6-inch
diameter is common for 2-inch wells). This weil casing is driven into the confining layer to insure a
tight seal at the bottom of the hole. The well casing is seaied at the bottom with a bentonite-cement
slurry. The remaining depth of the boring is drilled utilizing a narrower diameter spun or driven
casing technique within the outer well casing. A smaller diameter well casing with an appropriate
length of slotted screen on the lower end is installed to the surface.
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Clean sand is placed in the annulus around and to a point about 2 feet above the screen prior to
withdrawal of the drilling casing. The annular space above the screen and to a point 2 feet above the
bottom of the outer weil casing is seated with a tremied cement-bentonite siurry which is pressure-
grouted or displacement-grouted into the hole. The remaining casing annulus is backfilled with clean
material and grouted at the surface, or it is grouted all the way to the surface.

5.4 CLEANOUT OF CASING PRIOR TO SAMPLING

The boring hole must be completely cleaned of disturbed soil, segregated coarse material and clay
adhering to the inside walls of the casing. The cleaning must extend to the bottom edge of the casing
and, if possible, a short distance further (1 or 2inches) to bypass disturbed soil resuiting from the
advancement of the casing. Loss of wash water during cleaning should be recorded.

For disturbed sampies both above and below the water tabie and where introduction of relatively
large volumes of wash water is permissible, the clean: ~2 operation is usually performed by washing
the material out of the casing with water; however, tr  :leaning should never be accomplished with
a strong, downward directed jet which will disturb the .nderlying soil. When clean-out has reached
the bottom of the casing or slightly below (as specified above), the string of tools shoulid be lifted one
foot off the bottom with the water still flowing, until the wash water coming out of the casing is clear
of granular soil particles. In formations where the cuttings contain gravel and other iarger particles,
it is often useful to repeatedly raise and lower the drill rods and wash bit while washing out the hole,
to surge these large particles upward out of the hoie. As a time saver, the drilling contractor may be
permitted to use a split barrel (split-spoon) sampler with the ball check valve removed as the clean out
tool, provided the material below the spoon is not disturbed and the shoe of the spoon is not
damaged. However, because the bali check valve has been removed, in some formations it may be
necessary to install a flap valve or spring sample retainer in the split spoon bit, to prevent the sample
from falling out as the sampler is withdrawn from the hole. The use of jet-type chopping bits is
discouraged except where large boulders and cobbles or hard-cemented soils are encountered. |f
water markedly softens the soils above the water tabie, ciean out should be performed dry with an
auger.

For undisturbed samples below the water table, or where wash water must be minimized, clean out is
usually accomplished with an appropriate diameter clean out auger. This auger has cutting blades at
the bottom to carry loose material up into the auger, and up-turned water jets just above the cutting
blades to carry the removed soil to the surface. In this manner there is a minimum of disturbance at
the top of the material to be sampled. If any gravel material washes down into the casing and cannot
be removed by the cleanout auger, a split-barrel sampie can be taken to remove it. Bailers and
sandpumps should not be used. For undisturbed samples above the groundwater table, all
operations must be performed in a dry manner.

If all of the cuttings created by drilling through the overlying formations are not cleaned from the
borehole prior to sampling, some of the problems which may be encountered during sampling
include:

e When sampling is attempted through the cuttings remaining in the borehale, ail or part of
the sampier may become filled with the cuttings. This limits the amount of sampie from
the underlying formation which can enter and be retained in the sampler, and also raises
questions on the validity of the sample.

e If the cuttings remaining in the borehole contain coarse gravel and/or other iarge particies,
these may block the bit of the sampier and prevent any materials from the underiying
formation from entering the sampler when the sampler is advanced.
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e In cased borings, should sampling be attempted through cuttings which remain in the
lower portion of the casing, these cuttings could cause the sampier to become bound into
the casing, such that it becomes very difficult to either advance or retract the sampler.

e When sampler blow counts are used to estimate the density or strength of the formation
being sampled, the presence of cuttings in the borehole will usually give erroneously high
sample blow counts.

To confirm that all cuttings have been removed from the borehole prior to attempting sampiing, it is
important that the rig geologist measure the “stickup” of the drill string. This is accomplished by
measuring the assembled length of all drill rods and bits or sampliers (the drill string) as they are
lowered to the bottom of the hole, below some convenient reference point of the drill string; then to
measure the height of this reference point above the ground surface. The difference of these
measurements is the depth of the drill string (lower end of the bit or sampler) below the ground
surface, which must then be compared with the depth of sampling required (instalied depth of casing
or depth of borehole drilled). If the length of drill string below grade is more than the drilled or
casing depth, the borehole has been cleaned too deeply, and this deeper depth of sampling must be
recorded on the log. If the length of drill string below grade is less than the drilled or casing depth,
the difference represents the thickness of cuttings which remain in the borehole. In most cases, an
inch or two of cuttings may be left in the borehole with little or no problem. However, if more than a
few inches for cuttings are encountered, the borehole must be recleaned prior to attempting
sampling.

55 MATERIALS OF CONSTRUCTION

The effects of monitoring well construction materials on specific chemicai analytical parameters are
described and/or referenced in FT-7.01. However, there are several materials used during drilling,

particularly drilling fluids and lubricants, which must be used with care to avoid compromising the
representativeness of soil and ground water samples.

The use of synthetic or organic polymer slurries is not permitted at any location where soil samples for
chemical analysis are to be collected. These slurry materials couid be used for instailation of long
term monitoring wells, but the early time data in time series collection of ground water data may
then be suspect. !f synthetic or organic polymer muds are proposed for use at a given site, a complete
written justification including methods are procedures for their use must be provided by the site
geotogist and approved by the site manager. The specific siurry composition and the concentration of
selected chemicals for each site must be known.

For many drilling operations, potable water is an adequate lubricant for drill stem and drilling tool
connections. However, there are instances, such as drilling in tight clayey formations or in loose
gravels, when threaded couplings must be lubricated to avoid binding. In these instances, to be
determined in the field at the judgment of the site geologist and noted in the Site Logbook, and only
after approval by the site manager, a vegetable oil or silicone based lubricant should be used.
Petroleum based greases, etc. will not be permitted. Samples of lubricants used must be provided and
analyzed for chemical parameters appropriate to the given site.

“anq




Supject Numper Page

GH-1.4 18 0f 20

SOIL AND ROCK Revision Effective Date
DRILLING METHODS 1 05/04/90

6.0 REFERENCES

3arcetona, M. J., ). P. Gibb and R. A. Miller, 1983. A Guide to the Seiection of Material for Monitoring
Well Construction and Ground Water Sampiing. ISWS Contract Report 327, lliinois State Water
Survey, Champaign, lliinots.

U.S. EPA, 1980. Procedure Manual for Ground Water Monitoring at Solid Waste Disposal Facilities.
SW-611. Office of Solid Waste, U.S. EPA, Cincinnati, Ohio.

Scalf, M. R, J. F. McNabb, W. J. Duniap, R. L. Crosby and J. Fryberger, 1981. Manual of Ground-Water
Sampling Procedures. NWWAJ/EPA Series. Xerr Environmental Research Laboratory, Office of
Research and Deveiopment, U.S. EPA, Ada, Oklahoma.

Procedure GH-1.5- Borehole and Sampie Logging.

American Society for Testing and Maternais, 1987. ASTM_Standards D1587-83, D1586-84, and

D1452-80. ASTM Annuai Book of Stanaards, ASTM, Philadelphia, Pennsyivania, Vol. 4.08.

Dept. of the Navy, Naval Facilities Engineering Command, 1982. Soil Mechanics Design Manual 7.1.

W. L. Acker i, 1974. Basic Procedures for Soil Sampling and Core Drilling. Acker Orill Co., Inc.,
Scranton, Pennsylvania.

American Institute of Steel Construction, 1978. Manual of Steei Construction, 7th Edition. American
institute of Steel Construction, New York, New York.

Driscoil, Fletcher G., 1986. Groundwater and Wells, 2nd Edition. Johnson Division, St.Paul,
Minnesota.

7.0 ATTACHMENTS

Attacnment A - Dritling Equipment Sizes




Subiect

SOILAND ROCK
DRILLING METHODS

Numper

GH-1.4

Page

19 of 20

Revision

1

Effective Date

05/04/90

ATTACHMENT A

DRILLING EQUIPMENT SIZES
Drilling Designation or 0.D. I.D. Coupling I.D.
component Hole Size (in) (in) (in) (in)
Hollow-Stem 6 1/4 5 2 1/4
Augers 6 3/4 5 3/4 2 3/4 -
(Ref 7) 7 1/4 6 1/4 3 1/4 -
13 1/4 12 ) -
Thin wall - 2 1 7/8 -
Tubae Samplers - 2.1/2 2 3/8 -
(Ref 7) - 3 2 7/8 -
- 31/2 3 3/8 -
- 4 1/2 4 3/8 -
- 5 4 3/4 -
Drill Rods RW 1 3/32 23/32 13/32
(Ref 7) EW 1 3/8 15/16 7/16
AW 1 3/4 11i/4 5/8
BW 2 1/8 1 3/4 3/4
NW 2 5/8 2 1/4 1 3/8
HW 3 1/2 3 1/16 2 3/8
E 1 5/16 7/8 7/16
A 1 5/8 11/8 9/16
B 1 7/8 1 1/4 5/8
N 2 3/8 2 1
Wall
Driven External 2 1/2 2.875 2.323 0.276
Coupled Extra 3 3.5 2.9 0.300
Strong Steel® 3 1/2 4.0 3.364 0.318
Casing (Ref 8) 4 4.5 3.826 0.337
5 5.63 4.813 0.375
6 6.625 5.761 0.432
8 8.625 7.625 0.500
10 10.750 9.750 0.500
12 12.750 11.750 0.500
* Add twice the casing wall thickness to casing O.D. t5 obtain

the approximate 0.D. of the external pipe ccuplings.
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ATTACHMENT A

DRILLING EQUIPMENT SIZES
Drilling Designation or 0.D. I.D Coupling I.D.
Component Hole Size (in) (in) (in) Lin)
Flush Coupled RX 1 7/16 1 3/186 1 3/16
Casing ‘ EX 1 13/16 1 5/8 1 1/2
(Ref 7) AX 2 1/4 2 1 28/32
. BX 2 7/8 2 9/16 2 3/8
NX 3 1/2 3 3/16 3
HX 4 1/2 4 1/8 3 15/16
Flush Joint RW 1 7/16 1 3/16
Casing EW 1 13/16 11/2
(Ref 7} AW 2 1/4 1 29/32
BW 2 7/8 2 3/8
NW 3 1/2 3
HW "4 1/2 4
PW 5 1/2 5
SW 6 5/8 6
uw 7 5/8 7
rA 8 5/8 8
Diamond Core EWM 11/2 7/8 **
Barrels AWM 17/8 1 1/8 ==
(Ref 7) BWM 2 3/8 1 5/8 *=
NWM 3 2 1/8
HWG 3 7/8 3
2 3/4 X 3 7/8 3 7/8 2 11/16
4 X5 1/2 5 1/2 3 15/18
6 X7 3/4 7 3/4 S 15716
AQ (wireline) 1 57/64 1 1/16 *=*
BQ (wireline) 2 23/64 1 7/16 *»
NQ {(wireline) 2 63/64 1 7/8
HQ (wireline) 3 25/32 2 1/2
#«+ Because of the fragile nature of the core and the difficulty
to identify rock details, use of small diameter core
(1 3/8") is not recommended.




Numoer Page

—NUS
STAN DARD gffecuve Date Revision
___ CORPORATION 05/04/30 2
ENVIRONMENTAL OPERATING Aepneani
EMG
MANAGEMENT GROUP PROCEDURES —
Earth Sciences
Subject Approved /é _
BOREHOLE AND SAMPLE LOGGING D.Senovich
TABLE OF CONTENTS
SECTION
1.0 PURPOSE
2.0 SCOPE
3.0 GLOSSARY
4.0 RESPONSIBILITIES
5.0 PROCEDURES
5.1 MATERIALS NEEDED
5.2 CLASSIFICATION OF SOILS
5.2.1 USCS Classification
5.2.2 Color
5.2.3 Relative Density and Consistency
5.2.4 Weight Percentages
5.2.5 Moisture
5.2.6 Stratification
5.2.7 Texture/Fabric/Bedding
5.2.8 Summary of Soil Classification
5.3 CLASSIFICATION OF ROCKS
5.3.1 Rock Type
5.3.2 Color
5.3.3 Bedding Thickness
5.3.4 Hardness
5.3.5 Fracturing
5.3.6 Weathering
5.3.7 Other Characteristics
5.3.8 Additionai Terms Used in the Description of Rock
5.4 ABBREVIATIONS
5.5 BORING LOGS AND DOCUMENTATION
5.5.1 Soil Classification
5.5.2 Rock Classification
5.5.3 Classification of Soil and Rock From Drill Cuttings
5.6 REVIEW

6.0 REFERENCES

7.0 RECORDS




Sunlect

Numger Page

GH-1.5 20of 26

30OREHOLE AND SAMPLE LOGGING

Revision Effecuve Date

2 05/04/90

1.0 PURPOSE

The purpose of this document s to establish standard procedures and tecnnical guidance on borenoie
and sampie iogging.

2.0 SCOPE

These procedures provide descriptions of the standard techniques for borenole and sampie logging.
These techniques shall be used for each boring logged to provide consistent descriptions of
subsurface iithology. While experience is the oniy method to deveiop confidence and accuracy in the
descriotion of soil and rock, the field geologisvengineer can do a good job of classification by careful,
thougntful observation and by being consistent througnaout the classification proceaure.

3.0 GLOSSARY
None.
4.0 RESPONSIBILITIES

Site_Geoloaist - Responsible for supervising ail boring activities and assuring that each borehole Is
completely logged. !f more than one rig is being used onsite the Site Geologist must make sure that
each field geoioqist is properly trained in logging procedures. A brief review or training session may
be necessary prior to the start up of the field program and/or upon compietion of the first boring.

5.0 PROCEDURES

The ciassification of soii and rocks is one of the most important jobs of the field geotogisvengtneer.
To maintain a consistent flow of informaton, 1t is imperauve that the fieid geodlogisvengineer
Jngerstana ano accuratety use the fieid classification system aescribed 1n tnis SOP. Thisigentification
's baseq on visuai examinaton and manuai tests.

5.1 MATERIALS NEEDED
When logging soii and rock samptes, the geoiogist or engineer may be equipped witn the following:

Rock hammer

Knife

Camera

Dilute HCI

Ruler (marked in tenths and hunareths of feet)
Hana Lens

5.2 CLASSIFICATION OF SOILS

All data shall be written directly on the boring 1og (Exhibit 4-1) or in a Tield notebook If more space 1s
neeged. Detalis on fitling out the boring tog are discussea 1n Section 5.5.
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5.2.1 USCS Classification

Soils are to be classified according to the Unified Soil Classification System (USCS). This method of
classification is detailed in Exhibit 4-2. This method of classification identifies soii types on the basis of
grain size and cohesiveness.

Fine-grained soils, or fines, are smailer than the No. 200 sieve and are of two types: siit (M) and clay
(C). Some classification systerns define size ranges for these soil particies, but for field classification
purposes, they are identified by their respective behaviors. Organic material (O) is a common
component of soii but has no size range; it is recognized by its composition. The careful study of the
USCS wiil aid in developing the competence and consistency necessary for the classification of soils.

Coarse grained soils shall be divided into rock fragments, sand, or gravei. The terms and sand and
gravel not oniy refer to the size of the soii particies but also to their depositional history. To insure
accuracy in description, the term rock fragments shall be used to indicate anguiar granular materials
resuiting from the breakuo of rock. The sharp edges typicaily observed indicate little or no transpaort
from their source area, and therefore the term provides additional information in reconstructing the
depositional environment of the soils encountered. When the term “rock fragments” is used it shall
be followed by a size designation such as (1/4inch®-1/2inch®)” or “coarse-sand size" either

immediately after the entry or in the remarks column. The USCS classification would not be affected
by this variation in terms.

52.2 Color

Sail colors shall be described utilizing a single color descriptor preceded, when necessary, by a
modifier to denote variations in shade or color mixtures. A soil couid therefore be referred to as
“gray” or “light gray” or "blue-gray.” Since color can be utilized in correlating units between
sampling locations, itis important for color descriptions to be consistent from one boring to another.

Colors must be described while the sample is still moist. Soil samples shail be broken or spiit vertically

to describe colors. Sampters tend to smear the sampie surface creating color variations between the
sample interior and exterior.

The term “mottied” shall be used to indicate soiis irrequiarly marked with spots of different colors.
Mottling in soiis usuaily indicates poor aeration and lack of good drainage.

Soil Color Charts shail not be used uniess specified by the project manager.

5.2.3 Relative Density and Consistency

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil
type. Granuiar soiis contain predominantly sands and gravels. They are noncohesive (particies do not

adhere well when compressed). Finer grained soiis (siits and clays) are cohesive (particies will adhere
together when compressea).

The density of noncohesive, granuiar soils is classified according to standard penetration resistances

obtained from split barrel sampling performed according to the methods detailed in Standard
Operaung Procedures GH-1.3 and SA-1.2. Those designations are:

n4a4an01
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Designation Standard Penetration
Resistance (Blows per Foot)
Very ioose Oto4
Loose Sto 10
Medium dense 11t030
Dense 31to 50
Very dense Over 50

Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a
2-inch outside diameter 12 inches into the material using a 140 pound hammer falling freeiy through
30incnes. The sampter is driven through an 18-inch sampie intervai, and the number of blows is
recorded for each 6-inch increment. The density designation of granular soiis is obtained by adding
the number of blows required to penetrate the iast 12 inches of each sample intervai. It is important
to note that if gravei or rock fragments are broken by the sampler or if rock fragments are iodged in
the tip, the resuiting blow count wiil be erroneousiy high, reflecting a higher density than actuaily
exists. This shali be noted on the log and referenced to the sample number. Granular soiis are given
the USCS classifications GW, GP, GM, SW, SP, SM, GC, and SC (see Exhibit 4-2).

The consistency of cohesive soils is determined by performing field tests and identifying the
consistency as shown in Exhibit4-3. Cohesive soils are given the USCS classifications ML, MH, CL, CH,
OL, or OH (see Exhibit 4-2).

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values
listed in the table as Unconfined Compressive Strength) or by hand by getermining the resistance to
penetration by the thumb. The pocket penetrometer and thumb determination methods are
conaucted on a selected sample of the soii, preferably the iowest 0.5 foot of the sampie in the split-
barrei sampler. The sampie shall be broken in haif and the thumb or penetrometer pushed into the
end of the sampie to determine the consistency. Do not determine consistency by attempting to
penetrate a rock fragment. If the sample is decomposed rock, it is classified as a soft decomposed
rock ratner than a hard soil. Consistency shall not be determined soiely by blow counts. One of the
other methods shall be used in conjunction with it. The designations used to describe the consistency
of conesive soils are as follows:

Unc. Stanaard
Consistency StS.OTn;ﬂ;/eSS;i::re P:::;':::e” Field Identification Methods
Foot (Blows per foot)
Very soft Less than 0.25 Oto2 Easily penetrated several incnes by fist
Soft 0.25t00.50 2to4d Easily penetrated several inches by thumb
Medium suff [0.50to 1.0 4to8 Can be penetrated several inches by thumb
Very suff 1.0t02.0 8to 15 Readiiy indented by thumb
Hard 2.0t04.0 15to 30 Readily indented by thumbnail
Hard More than 4.0 Over 30 Indentea with difficuity by thumbnail
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5.2.4 Weight Percentages

In nature, soils are comprised of particles of varying size and shape, and are combinations of the
various grain types. The following terms are useful in the description of soil:

Terms of identifying Proportion of the Component Defining Range of Percentages by Weight
trace 0- 10 percent
some 11-30percent
and or adjective form of the soil type (e.q., “sandy”) 31-5Q0 percent
Exampies:

o Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percentsiit.

¢ Medium to coarse sand, some siit: 70 to 80 percent medium to coarse sand, 11 to 30 percent
siit.

® Fine sandy siit, trace clay: 50to 68 percent silt, 31 to 49 percent fine sand, 1to 10 percent
clay.

e (Clayeysiit, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand.

5.2.5 Moisture

Moisture content is estmated in the field according to four categories: dry, moist, wet, and
saturated. In dry soil, there appears 10 be iittle or no water. Saturated sampies obviously nave all the
water they can hold. Moist ana wet classifications are somewhat subjective and often are determined
by the individual’s judgment. A suggested parameter for this would be cailing a soil wet if rolling itin
the hand or on a porous surface liberates water, i.e., dirties or muddies the surface. Whatever

method 1s adopted for describing moisture, it is important that the method used by an individuai
remains consistent throughout an entire drilling job.

Laboratory tests for water content shalil be performed if the natural water content is important.

5.2.6 Stratification

Straufication can only be determined after the sample barrel is opened. The stratification or bedding

thickness for sou and rock is depending on grain size and composition. The classification to be usea
forstratification description 1s shown 1n Exhibit 4-4.

5.2.7 Texture/Fabric/Bedding

The texture/fabriczbedding of the soil shall be described. Texture is described as the relative
angularity of the particles: rounded, subrounded, subangutar, and anquiar. Fabric shail be notea as
to wnether the parucles are flat or buiky and whether there is a particular relation between particies
(i.e.. ail the flat particies are parailel or there is some cementation). The bedding or structure snail
aiso pe noted (e.g., straufied, lensed, nonstratified, heterogeneous varved).

NI A0N01
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5.2.8

in summary, soils shall be classified in a similar =~anner by each geoiogisvengineer at a project site.

Summary of Soil Classification

The hierarchy of classification is as follows:

5.3

Rocks are grouped into three main divisions, inciuding sedimentary, igneous and metamorphic rocks.
Sedimentary rocks are by far the predominant type exposed at the earth’s surface. The foilowing
basic names are applied to the types of rocks found in sedimentary sequences:

in classifying a sedimentary rock the following hierarchy shall be noted:

Density and/or consistency
Color

Plasticity (Optional)

Soil types

Moisture content
Stratification

Texture, fabric, bedding
Other distinguishing features

CLASSIFICATION OF ROCKS

Sandstone - Made up predominantly of granular materiais ranging between 1/16to 2mm

indiameter.

Siltstone - Made up of granuiar materiais less than 1/16to 1/256 mm in diameter. ractures
irregularly. Medium thick to thick bedded.

Claystone - Vary fine grained rock made up of clay and silt-size materials.
irregularly. Very smooth to touch. Generally has irrequiarly spaced pitting on surface of

driiled cores.

Shale - A fissile very fine grained rock. Fractures along bedding pianes.

Limestone - Rock made up predominantly of caicite (CaCOj3). Effervesces strongly upon the

application of dilute hydrochioric acid.

Coal - Rack consisting mainiy of organic remains.

Others - Numerous other sedimentary rock types are present in lesser amounts in the
stratigraphic record. The iocal abundance of any of these rock types is dependent upon the
depositional history of the area. These inciude conglomerate, halite, gypsum, dolomite,

anhydrite, lignite, etc. are some of the rock types found in fesser amounts.

Rock type

Color

Bedding thickness
Hardness

Fracturing
Weathering

Other characteristics

Fractures
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5.3.1 Rock Type

As described above, there are numerous names of sedimentary rocks. In most cases a rock will be a
combination of several grain types, therefore, a modifier such as a sandy siitstone, or a siity sandstone
can be used. The moaifier indicates that a significant portion of the rock type 1s composed of the
modifier. Other modifiers can inciude carbonaceous, caicareous, siliceous, etc.

Grain size is the basis for the classification of clastic sedimentary rocks. Exhibit4-5 is the Udden-
Wentworth classification that wiil be assigned to sedimentary rocks. The individual boundaries are
slightly different than the USCS subdivision for soii classification. For field determinauon of grain
sizes, a scale can be used for the coarse grained rocks. For example, the division between siitstone
and claystone may not be measurable in the fieid. The boundary shall be determined by use of a
hand lens. I(f the grains cannot be seen with the naked eye but are distinguishable with a handiens,
the rock I1s asiitstone. if the grains are not distinguishable with a handlens, the rock is a ciaystone.

5.3.2 Color

The color of a rock can be determined in a similar manner as for soil samples. Rock core sampies shall

be classified while wet, when possible, and air cored samptes shall be scraped clean of cuttings prior
to color ciassifications.

Rock Color Charts shall not be used unless specified by the project manager.
5.3.3 Bedding Thickness

The bedding thickness designations applied to soil classification wiil also be used for rock
classification.

5.3.4 Hardness

The haraness of a rock is a funcuon of the compaction, cementation, and mineraiogicai composition
of the rock. A retative scaie for sedimentary rock haraness is as follows:

® Soft- Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by
fingernail. Soft rock crushes or deforms under pressure of a pressed hammer. This term 1s
always used for the hardness of the saproiite (decomposed rock which occupies the zone
between the iowest soil horizon and firm bedrock).

® Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with
crumply edges from singie hammer biow.

® Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges
from single hammer blow.

.

Hard - Requires several hammer blows to break and has sharp conchoidal breaks. Cannot
be scratched with screwdriver.

Note tne aifference in usage here of the works “scratch” and “gouge.” A scratch shail be considered

a slight depression in the rock (do not mistake the scraping off of rock flour from driiling with a
scraten in the rock itself), while a gouge 1s much deeper.

SHTa49n1
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5.3.5 Fracturing

The cegree of fracturing or brokeness of a rock is described by measuring the fractures or joint
spacing. After eliminating drilling breaks, the average spacing is calculated and the fracturing is
described by the following terms:

Very broken (V. BR.) - Less than 2 in. spacing between fractures
Broken (BR.) - 2in. to 1 ft. spacing between fractures

Biocky (BL.) - 1 to 3 ft. spacing between fractures

Massive (M.) - 3 to 10 ft. spacing between fractures

The structural integrity of the rock can be approximated by calculating the Rock Quality Designation
(RQD) of cores recovered. The RQD is determined by aading the total lengths of all pieces exceeding
4 inches and dividing by the total iength of the coring run, to obtain a percentage.

Method of Calcuiating RQD
(After Deere, 1964)

RQD % = r x 100

r = Total length of ail pieces of the iithologic unit being measured, which are greater than
4 inches iength, and have resulted from natural breaks. Natural breaks include siickensides,
joints, compacuon slicks, bedding plane partings (not caused by drilling), friable zones, etc.

I = Total length of the coringrun.

5.3.6 Weathering

“he aegree of weathering is a significant parameter that is important in determining weathering
orofiles ana is aiso useful in engineering designs. The foilowing terms can be applied to Aistinguish
‘ne aegree of weathering:

® Fresn - Rock shows little or no weathering effect. “ractures or joints have iittte or no
staining and rock has a bright appearance.

e Slight - Rock has some staining which may penetrate several cenumeters into tne rock. Clay
filling ot joints may occur. Feidspar grains may show some aiteration.

e Moderate - Most of the rock, with exception of quartz grains, is stained. Rock 1s weakened
due to weathering and can pe easily broken with hammer.

e Severe - All rock inciuding quartz grains is stained. Some of the rock is weatnered to the
extent of becoming a soif. Rock s very weak.

5.3.7 Qther Characteristics

The following ttems shall be inciuded in the rock descripuon:

Descriouion of contact between two rock units. These can be sharp or gradatonat.
Stratification (paraitel, cross stratifiea)

Description of any filled cavities or vugs.

Cementation {calcoreous, siliceous, hematitic)
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Description of any joints or open fractures.

Observation of the presence of fossiis.

Notation of joints with depth, approximate angle to horizontal, any mineral filling or
coating, and degree of weathering.

All information snown on the boring iogs shail be neat to the point where 1t can be reproduced on a
copy machine for report presentation. The data shall be kept current to provide control of the
arilling program and to indicate various areas requiring speciai consideration and sampiing.

5.3.8

Additional Terms Used in the Description of Rock

The following terms are used to further identify rocks:

Seam - Thin (12 inch or iess), probabiy continuous layer.

Some - Indicates sigmificant (15 to 40 percent) amounts of the accessory matenai. For
exampie, rock composed of seams of sandstone (70 percent) ana shaie {30 percent) wouid
be “sandstone -- some shaie seams.”

Few - Indicates insignificant (0 to 15 percent) amounts of the accessory matenal. For

example, rock composed of seam of sandstone (90 percent) and shale (10 percent) wouid
be “sandstone -- few shaie seams.”

Interbedded - Used to indicate thin or very thin alternating seams of materiai occurring in
approximately equal amounts. For example, rock composed of thin aiternating seams of

sandstone (50 percent) and shale (S0 percent) would be "interbedded sandstone and
shale.”

‘nterlayered - Used to indicate thick altermating seams of materiai occurning in
approximately equal amounts.

The preceaing sections describe the classification of sedimentary rocks. The Toilowing are some pasic
names that are applied to 1gneous rocks:

Basalt - A fine-grained extrusive rock composed primarily of calcic plagiociase and
pyroxene.

Rhyoiite - A fine-grained volcanic rock containing abundant quartz and orthoclase. The
‘ine-grained equivaient of a granite.

Granite - A coarse-grained piutonic rock consisting essentally of alkali feldspar and aquartz.

Diorite - A coarse-grained plutonic rock consisting essentially of sodic piagiociase and
hornblenae.

Gabbro - A coarse-grained plutonic rock consisting of calcic piagiociase and clinooyroxene.
-oosely used for any coarse grained dark igneous rock.

2334901
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The foliowing are some basic names that are appiied to metamorphic rocks:

5.4

Abbreviations may be used in the description of a rock or soil.

State - A very fine-grained foliated rock possessing a well deveioped slaty cleavage.
Contains predominantly chlorite, mica, quartz, and sericite.
Phyllite - A fine-grained foliated rock that splits into thin flaky sheets with a siiky sheen on
cleavage surface.
Schist - A medium to coarse-grained foliated rock with subparailet arrangement of the
micaceous minerais which dominate its composition.
Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerats.
Quartzite - A fine to coarse-grained nonfoliated rock breaking across grains, consisting
essentially of quartz sand with silica cement.

ABBREVIATIONS

However, they shall be kept at a

minimum. Following are some of the abbreviations that may be used:

5.5

C - Coarse Lkt - LlLight Yl - Yellow
Med - Medium BR - Broken Or - Orange

F - Fine BL - Blocky SS - Sandstone
" - Very M - Massive Sh - Shale

Sl Slight Br - Brown LS - Limestone
Occ Occasionai |81 - Black Fgr - Finegraineaq
Tr Trace

BORING LOGS AND DOCUMENTATION

This section describes in more detail the procedures to be used in completing boring fogs in the fieid.
informaton ootained from the preceeding sections shail be used to compiete the iogs. A sample
boring tog nas been provided as Exhibit 4-6. The field geoiogisuengineer shall use this example as a

guide n completing each borings log.
geologisvengineer as the boring is being drilled.

Each baring log shail be fully described by the
Every sheet contains space for 25 feet of log.

Information regarding classification aetails 1s provided on the back of the boring log, for fieid use.

5.5.1

Soil Classification

idenufy site name, boring number, job number, etc. Elevations and water level data to be
entered when surveyed data is available.

Enter sampie number (from SPT) under appropriate coiumn. Enter depth sampie was taken
from (1 block = 1 foot). Fractional foctages, i.e., change of lithology a 13.7 feet, shall be
linea off at the proportionai location between the 13 and 14 foot marks. £nter blow
counts (Standard Penetration Resistance) diagonally (as shown). Stangara penetration
resistance is covered in Section 5.2.3.
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®

Determine sample recovery/sampie iength as shown. Measure the total length of sampie
recovered from the spiit spoon sampler, inciuding materiai in the drive shoe. Do not
inciude cuttings or wash material that may be in the upper portion of the sampie tube.

if clayey siit was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall
be drawn at this increment. This information is helpful in the construction of
cross-sections. As an alternative, symbols may be used to identify each change inlithology.

Indicate any change in lithology by drawing a line at the appropriate depth. For example,

The density of granular soils is obtained by adding the number of blows for the last two
increments. Refer to Density of Granuiar Soiis Chart of back of log sheet. For consistency of
cohesive soils refer also to the back of log sheet - Consistency of Cohesive Soils. Enter this
information under the appropriate column. Refer to Section 5.2.3.

adiat xdl st 2

Enter coior of the material in the appropriate column.

Describe material using the USCS. Limit this column for sampie description only. The
predominate material is described last. !f the primary soil is siit but has fines (clay) - use
clayey silt. Limit soil descriptors to the following:

- Trace 0-10percent

- Some 11-30percent
- And 31-50 percent

Also indicate under Material Classification if the material is fill or naturat soils. Indicate
roots, organic material, etc.

Enter USCS symbol - use chart on back of boring log as a gquide. if the soils fall into one of

two Dasic groups, a borderline symboi may be used with the two symbois separated by a
stash. For exampie ML/CL or SM/SP.

The following information shall be entered under the Remarks Column and shail inctude,
butis notlimited by the foliowing:

- Moisture - estimate moisture content using the foilowing terms - dry, moist, wet
and saturated. These terms are determined by the individual. Whatever method
is used to determine motsture, be consistent throughout the log.

- Angularity - describe angularity of coarse grained particles using Angular,

Subangular, Subrounded, Rounded. Refer to ASTM D 2488 or tarth Manual for
criteria for these terms.

- Particie shape - flat, elongated, or flat and elongated.
- Maximum particle size or dimension.
- Water level observations.

Reaction with HCl - none, weak or strong.

033490
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5.5.2

Additionai comments:

Indicate presence of mica, caving of hole, when water was encountered, difficuity
inarilling, 1oss or gain of water.

- Indicate odor and HNu or OVA reading if applicabte.

- Indicate any change in lithology by drawing in line through the lithology change
column and indicate the depth. This will help later on when cross-sections are
constructed.

- At the bottom of the page indicate type of rig, driiling method, hammer size and
drop and any other useful information (i.e., borenhole size, casing set, changes in
drilling method).

- Vertical lines shall be arawn (as shown in Exhibit4.6) in columns 5 to 8 from the
bottom of eacn sample to the top of the next sampie to indicate consistency of
materiai from sampie to sampie, if the materiai is consistent. Horizontal lines shall
be drawn if there is a change 1n lithology, then vertical lines drawn to that point.

- Indicate screened interval of well, as needed, in the lithology column. Show top
and bottom of screen. Other details of well construction are provided on the weil
construction forms.

Rock Classification

\ndicate depth at which coring began by drawing a line at the appropriate depth. Indicate
core run depths by drawing coring run lines (as shown) under the first and fourth columns
on the log sheet. Indicate RQD, core run number, RQD percent and core recovery under
the appropriate columns.

Indicate lithology cnange by arawing a iine at the approoriate depth as expiained n
Section 5.5.1.

Rock hardness is entered under designated column using terms as described on the back of
the log or as explained earlier in this section.

Enter color as determined while the core sample is wet; if the sample is cored by air, the
core shall be scraped clean prior 1o describing color.

Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks use
terms as described in Section 5.3. Again, be consistent in classification. Use modifiers and
additional terms as needed. ‘“or igneous and metamorphic rock types use terms as
descrived in Sections 5.3.8.

Enter brokeness of rock or degree of fracturing under the appropriate column using
symbois VBR, BR, BL, or M as expiained in Section 5.3.5 ana as noted on the pack of the
Boring Log.

7334901
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® The following information shail be entered under the remarks column. items shall include
but are notiimited to the following:

Indicate depths of joints, fractures and breaks and aiso approximate to harizontal
angie (such as high, low), i.e., 70° angie from horizontal, high angle.

- Indicate calcareous zones, description of any cavities or vugs.

- Indicate any loss or gain of drill water.

- indicate drop of drill tools or change in color of drill water.

e Remarks at the bottom of Boring Log shall include:
- Type and size of core obtained.
- Depth casing was set.
- Type of Rig used.

® Asa final check the boring log shall inciude the following:

- Vertical lines shall be drawn as explained for soil classification to indicate
consistency of bedrock material.

- if applicable, indicate screened intervai in the lithology column. Show top and
bottom of screen. Other details of weii construction are provided on the weil
construction forms.

5.5.3 Classification of Soil and Rock from Orilt Cuttings

The previous sections describe procedures for classifying soil and rock samples when cores are
obtained. However, some drilling methods (air/mud rotary) may require ciassification and borehole
logging based on identifying drill cuttings removed from the borehole. Such cuttings provide only

generai information on subsurface lithology. Some procedures that shail be followea wnen logging
cuttings are:

e Obtain cutting samples at approximately 5 foot intervais, sieve the cuttings (if mud rotary
dniiling) to obtain a cleaner sampie, place the sample into a smail sampie bottie or “zip
lock” bag for future reference, and iabei the jar or bag (i.e. hole number, depth, date etc.).
Cuttings shail be ctosely examined to determine general lithology.

® Note any change in color of drilling fluid or cuttings, to estimate changes in lithology.

® Note drop or chattering of driiling toois or a change in the rate of drilling, to determine
fracture locations or fithotogic changes.

® Qbserve ioss or gain of drilling fluids or air (if air rotary methoas are used), to identify
potential fracture zones.

)

Record this and any other useful information onto the boring log as provided in
Exhibit 4-1.

This logging provides a generai description of subsurface lithology and adequate information can be
obtainea through careful observation of the drilling process. It is recommendea that spiit barrel ana
rock core sampiing methods be used at selected boring locations auring the fieid invesugauon to

2334901
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provide detailed information to suppiement the iess detailed data generated through borings drilled
using airmud rotary methods.

5.6 REVIEW

Upon compietion of the borings logs, copies shall be made and reviewed. Items to be reviewed
include:

® Checking for consistency of all logs
¢ Checking for conformance to the guideiine
® Checking to see that ail information is entered in their respective columns and spaces
6.0 REFERENCES
Unified Soil Classification System (USCS)
ASTM D2488, 1985
Earth Manual, U.S. Department of the interior, 1974

7.0 RECORDS

Qriginals of the boring logs shail be retained in the project files.

0334901
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EXHIBIT 4-1
BORING LOG NUS CORPORATION
AROJECT. . . e 30RINGNO.. .
PROJECTNO.: o DATE: ORILLER: .
BLEVATION: L s FIELD GEOLOGIST . e e e e e
WATER LEVEL QAT A o
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CONSISTENCY FOR COHESIVE SOILS

Uncontined
Compressive
Consistency (Blows Strength Field ldentification
per Foot) (tons/square
foot by pocket
penetration
Very sorft Jto2 Less than 0.25 Easiiy penetrated several inches by fist
Soft 2to4 0.25t00.50 Easiiy penetrated severai inches by thumb
Medium stiff i1t08 050to 1.0 Canpe penetratea several incnes oy
thump with moderate effort
Stiff 8to 15 10t02.0 Reamly indented by thumb but penetratea
oniy with great effort
Very suff 15t0 30 2.0t04.0 Readily indented by thumonaii
Hara Over 30 More than 4.0 Indented by thumonaii
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BEDDING THICKNESS CLASSIFICATION

e igkoes pomroxmte
> 1.0 meter >33’ Massive
30¢m - 1 meter 1.0°-3.3 Thick Bedded
10em-30cm 4*-1.0 Medium Bedded
3¢cm-10cm 1.4 Thin Bedded
tem-3c¢m /57 - 1" Very Thin Bedded
3mm-1cm 1/8" - 2/57 Laminated
1mm-3mm 132" - 1/8" Thiniy Laminated
<1mm <1/32* Micro Laminated

(Weir, 1973 and ingram, 1954)




GRAIN SIZE CLASSIFICATION FOR ROCKS

Subject Numoer Page
GH-1.5 19 of 26
30OREHOLE AND SAMPLE LOGGING Reveion  fecuve Date
05/04/90
EXHIBIT 4-5

Particle Name

Grain Size Diameter

Cobbles > 64 mm
Pebbles 4-64 mm
Granuies 2-4mm
Very Coarse Sand 1-2mm
Coarse Sand 0.5-1 mm
Medium Sand 0.25-0.5mm
Fine Sand 0.125-0.25 mm

Very Fine Sand

0.0625-0.125 mm

Silt

0.0039-0.0625 mm

After Wentworth, 1922
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1.0 PURPOSE
This procegure descripes methods for proper monitoring well design, instailation, and deveiooment.
2.0 SCOPE

This procedure is applicable to the construction of permanent monitoring weils at hazargous waste
sites. The methods described herein may be modified by project-specific requirements for monitoring
weil construction. In addition, many reguiatory agencies have specific reguiations pertaining to
monitoring well construction and permitting. These requirements must be ascertainea during the
develooment of the investigation and any required permits which may have to be obtained before
field work begins. Innovative monitoring well instaliation tecnniques, wnich typicaily are not used,
will be discussed only generally in this proceaure.

3.0 GLOSSARY

Monitoring Well - A well which is properly screenea (if screening is necessary), casea. and sealed
which 1s capable of oroviding a grounawater fevei and groundwater sampie representative of the
zone being monitored.

Piezometer - A pipe or tube inserted into the water bearing zone, typicaily open to water flow at the
bottom and to the atmosphere at the top, and used to measure water level elevations. Piezometers
may range in size from 1/2-inch diameter piastic tubes to weili points or monitoring weils.

Potentiometric Surface - The surface to which water in an aquifer wouid rise by hydrostatic pressure.

Well Point (Drive Point) - A screened or perforatea tube (Typically 1-1/4 ar 2inches in alameter) witn a
solid, conical, haraeneda point at one end, wnich is attached to a riser pipe ang driven into the ground
~i1tn a siedge hammer, crop weight, or mecnanical vibrator. ‘Nell points may oe used for
qrounawater injection anag recovery, as piezometers (i.e., 10 measure water 'evels) or 1o proviae
groungwater samntes for water quality data.

4.0 RESPONSIBILITIES

Driller - The ariiler provides adequate and operabie eqguipment, sufficient quanuties of matenals, and
an experiencea ana efficient labor force to perform ail phases of proper monitoring weti instailation
and construction. He may also be responsible for optaining, in aavance, any requirea permits for
monitoring weill instatlation and construction.

Rig Geoloaist - The rig geoiogist supervises well instailation and construction Dy the Driller,
documents ail phases of well instaliation and construction, and insures that wetl construcuon 1s
adequate 10 provide representative ground water gata from thne monitorea intervat. Ceotecnnical
engineers, Tieid tecnnicians, or other suitable trained personnel may aiso serve in tnis cabacity.




Suoect Numoer Page
GH-17 3o0f17
GROUNDWATER MONITORING 2evision Effective Date
POINT INSTALLATION 1 05/04/90
5.0 PROCEDURES
5.1 EQUIPMENT/ITEMS NEEDED

3elow 1s a list of items that may De needed while instailing a monitoring weit.
e Heaith ana safety equipment as required by the site safety officer.

® Well drilling ana installation equipment with associated materials (typicaily supplied by the
driller).

® Hydrogeologic equipment (weignted engineers tape, water fevel indicator, retractable
engineers rule electronic calculator, clipboard, mirror and flashiight - for observing
downhoie activities, paint and ink marker for marking monitoring weils, sampie jars, well
installation forms, ana a field notebook).

¢ Drive point Instailations toois (Sledge Hammer, drop hammer, or mechanicai vibrator;
tripod, pipe wrencnes, drive points, riser pipe, and end caps).

5.2 WELL DESIGN

The objectives for each monitoring weil and its intended use must be ctearly defined before the
monitoring system s designed. Within the monitoring system, different monitoring weils may serve
different purposes and, therefore, require different types of construction. During all phases of the
well design, attention must be given to clearly documenting the basis for design decisions, the details

of weil construction, and the materials to be used. The objectives for installing the monitoring weils
may inciude:

e Determining grounawater flow direcuons and velocities.
® Sampiing or monitoring for trace contaminants.

¢ Determiming aquiter cnaracteristics (e.g., hydrauiic conductivity)

Siting of monitoring weils shall be performed after a prefiminary esumation of the groundwater flow
direcuon. in most cases, these can be determined through the review of geoiogic data ana the site
terrain. In addition, production wells or other monitoring weils in the area may be used to aetermine
the grounawater flow airection. If these methods cannot be used, piezometers, wnich are relatively

inexpensive 1o install, may nave to be installed in a preiiminary pnase to getermine grounawater
flow airection.

5.2.1 Well Depth, Diameter, and Monitored Interval

The weil denth, diameter, and monitorea internal must be tallored to the specific monitoring neeas
of eacn investigation. Specification of these items generally gepenas on the purpose of the
monitoring system and the cnaracteristics of the hydrogeoiogic system peing monitorea. ‘Wells or
different ceotn, aiameter, and monitored interval can be empioyed in the same grounawater
monitoring system. “or instance, varying the monitored interval in severai wells, at the same iocation
(cluster weiis) can neip to determine the vertical gradient and the teveis at wnich contaminants are
oresent. Conversiy, a fuily penetraung weil is usuaily not usea to aquanufy or vertcaily locate a
contaminaton ptume, since grounagwater samples cotlected in weils tnat are screenea over the fu!
*hickness of the water bearing zone wiil be representative of average conaiuons across tne enure
monitored interval. —owever, 'uily penetraung wells can e used 1o estabiisn the existence of
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contamination n water pearing zone. The weil diameter wouid depend upon the hydraulic
characteristics of the water pearing zone. Sampling requirements, drilling method ana cost.

The gecision concerning the monitored intervai and weil depth is based on the following
information:

® Thevertical location of the contaminant source in reiation to the water bearing zone.
® Thedepth, thickness and uniformity of the water bearing zone.

® The anticipated denth, thickness, and characteristics (e.g., density relative to water) of the
contaminant plume.

® fluctuation in groundwater levels (due to pumping, tidal influences, or natural
recharge/discharge events).

® Thepresence and location of contaminants encountered during driiling.

e Whether the purpose of the installation 15 for determining existence or non-existence of
contamination or 1T 3 particular stratigraphic zone is being investigated.

® The anaiysis of borehole geophysical logs.

In most situations where groundwater flow iines are horizontai, depending on the purpose of the
well and the site conditions, monitored intervals are 20 feet or less. Shorter screen lengths
{1to 2 feet) are usually reaquired where flow lines are not horizontal, (ie., if the weils are to be used
for accurate measurement of the potentiometric head at a specific point).

Many factors influence the diameter of a monitoring weil. The diameter of the monitoring weil
depends on the application. in aetermining weil diameter, the following neeas must be considereq:

Adequate water volume for sampling.
Drilling methoaotogy.

Type of sampiing aevice to be used.
Costs

Stanaard monitoring well diameters are 2, 4, 6, or 8inches. However, drive points are typically
1-1/4 or 2inches in diameter. For monitoring programs which require screened momitoring wells,
erther a 2-inch or 4-inch diameter well is preferred. Typicaily, well diameters greater than 4 inches are
used In monitoring programs in which open hote momitoring wells are required. In the smaller
diameter wells, the volume of stagnant water in the well is minimized, and well construction costs are
reduced, however, the type of sampiing devices that can be used are limited. !n specfying weil
diameter, sampling requirements must be consicered. Up to a total of 4 gallons of water may be
requirea for a single sampie to account for full organic and inorganic analyses, and spiit sampies. The
water In the monitoring weil available for sampting i1s depenagent on the weii diameter as follows:
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Casing Insid Standing Water Deptn to | Totat Depth of Standing
D‘a:;tn%epsznceh Obtain | Gal Water Water for 4 Gal.
lameter. (feet) (feer)
2 6.13 25
4 1.53 6
0.68

However, if a specific well recharges quickly after purging, then well diameter may not be an
important factor regarding sampie voiume requirements.

Pumoing tests for determining aquifer characteristics may require iarger diameter weils; however, in

small diameter weils.in-situ permeability tests can pe performea during drilling or after weil
installation 1s compieted.

5.2.2 Riser Pipe and Screen Materiais

Well materials are specified by diameter, type of matenal, and thickness of pipe. Weli screens require
an additionai specification of siot size. Thickness of pipe is referred to as “scheduie” for polyvinyi
chioride (PVQ) casing and is usually Schedule 40 (thinner wail) or 80 (thicker wail). Steel pipe thickness
is often referred to as "Strength” and Standard Strength is usually adequate for monitoring well
purposes. With larger diameter pipe, the wail thickness must be greater to maintain adequate
strengtn. The required thickness is also dependent on the method of instaliation;-risers for drive
points require greater strength than wells instalied inside dritled borings.

The setection of well screen and riser materials depends on the method of drilling, the type of
supsurface materiais in which the well penetrates, the type of contamination expected, and natural
water quality and depth. Cost ana the level of accuracy reauirea are aiso important. The materiais
generaily available are Teflon, stainiess steel, PVC, galvanized steel, ana carpon steel. £ach has
advantages and limitations (see Attachment A of this guideline for an extensive discussion on this
topic). The two most commoniy used materials are PVC and stainiess steei for welis in which screens
are instatied and are compared in Attachment 8. Stainiess steel is preferred where trace metais or
organic sampling i1s required; however, costs are high. Teflon materials are extremely expensive, but
are relatively inert and provide the least opportunity for water contaminauon due to wei materials.
PVC has many advantages, inciuding low cost, excellent availability, light weight, and ease of
manipulation; however, there are aiso some guestions about organic chemicai sorpuon and leaching
that are currently being researched (see Barcelona et al., 1983). Concern about the use of PVC can be
mimimized if PVC wells are used strictly for geohydrologic measurements and not for cnemicai
samoting. The crushing strength of PVC may limit the depth of installation, but schedule 80 matenals
normaity used for weils greater than 50 feet deep may overcome some of the probiems associated
with depth. However, the smaller inside diameter of Scheaule 80 pipe may pe an important factor
wnen considering the size of bailers or pumps to be used for sampiing or testing. ODue to this
prooiem, the minimum well pipe size recommended for scneduie 80 wells is 4 inch |.D.

Screens and rsers may have to be decontaminated before use because oil-based preservatives and ol
usea auring threaa cutting and screen manufacturing may contaminate sampies. Metal pipe, may
corroge and release metal ions or chemically react with organic constituents, but this is considered by
some to be less of a probiem than the problem associated with PVC matenai. Galvanized steel is not

recommended for metal analyses, as zinc and cagmium levels in groundwater sampies may oe
eievatea from the zinc coatung.
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Threaged, flush-joint casing is most often preterred for monitoring well appiications. PVC, Teflon,
anda steet can ail be obtainea with threadea joints at slightty more costs. Welded-joint steeif casing s
also acceptable. Glued PVC may release organic contamination into the weil ana theretore shoutd
not be used if the well is 10 be sampied for organic contaminants.

When the water bearing zone is in consolidated bedrock, such as limestone or fracturea granite, a
well screen is often not necessary (the well is simpiy an open hole in bearock). Unconsolidated
materiais, such as sands, clay, and silts require a screen. A screen siot size of 0.010 or 0.020incn is
generaily used when a screen i1s necessary and the screened intervai is artificially packed with a fine
sand. The slot size controis the gquantity of water entering the weil and prevents entry of natural
materiais or sand pack. The screen shall pass no more than 10 percent of the pack matenal, or in-situ
aquifer material. The rig geotogist shall specify the combination of screen stot size ana sand pack
which wiil be compatible with the water bearing zone, to maximize groundwater inflow and
minimize head (osses ang mavement of fines into the weils. (For exampte, as a standard procedure, a
Morie No. 1 or Ottowa sand may be used with 3 0.010-inch slot screen, nowever, with a 0.020-incn siot
screen, the filter pack materiai must be the maternal retainea on a No. 20 to No. 30 U.S.standard
sieve.)

5.2.3 Annular Materiais

Materiais placed in the annuiar space between the borehole and riser pipe and screen inciude a sand
pack when necessary, a bentonite seal, and cement-bentonite grout. The sand pack is usuaily a fine
to medium grained well graded, silica sand. The quantity of sand placed in the annular space Is
dependent upon the length of the screened intervai but should always extend at least 1 foot above
the top of the screen. At least one to three feet of bentonite peliets or equivalent shaill be piaced
above the sand pack. The cement-bentonite grout or equivaient extends from the top of the
bentonite peilets to the ground surface.

On occasion, and with the concurrence of the invoived reguiatory agencies, monitoring wells may oe
pacxea naturatly, i.e., no aruficial sand pack wiil be instaiiea, ana the natural Tormauon matertal wui
be allowed 1o coliapse around the weli screen after the weil is instailed. This metnoa has peen
utilizea where the formation mateniai itseif is a refatively uniform grain size, or wnen aruficial sana
packing 1s not possible due to borenoie collapse.

3entonite expands by apsoroing water and provides a seal between the screeneg interval ang tne
overtying portion of the annular space ana formauon. Cement-bentonite grout is piacea on top of
the pentonite peilets to the surface. The grout effectively seals the weil ana eliminates tne possibility
for surface infiitration reaching the screenea intervai. Grouting aiso replaces materai removed
during antling and prevents hote collapse and subsidence aroung the well. A tremie pipe shouid be
usea to introduce grout from the bottom of the nole upward, to prevent bridging and to provige a
better seal. However, in boreholes that don't coifapse, 't may be more practicai to pour the grout
from tre surface without a tremie ptpe.

Grout Is a generai term whicn has several different connotations. For ail practicai purposes within tne
monitoring well instatiation industry, grout refers to the solidified materiai wnicn 1s installed ana
occuptes the annular space apove the bentonite peilet seal. Grout, most of the time, 1s maae up of
rwo assemoplages of materiai, i.e., a cement-bentonite grout. A cement bentonite grout normatly is a
mixture ot cement, bentonite and water at a ratio of one 90-pouna bag of Portana Type | cement.
3-5 pounds of granular or flake-type nentonite ana 6 gailons of water. A neatcementis made up of
one ninety-pound bag of Porttana Type | cement ana 6 galions of water.
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In certain cases, the borehole may be drilled to a depth greater than the anticipated well installation
depth. For these cases, the weil shail be backfilled to the desired depth with bentonite peliets or
equivaient. Ashort (1’-2") section of capped riser pipe sump is sometimes installed immediately beiow
the screen, as a silt reservoir, when significant post-development silting is anticipated. This wiil
ensure that the entire screen surface remains unobstructed.

5.2.4 Protective Casing

When the well is completed and grouted to the surface, a protective steel casing is often placed over
the top for the weil. This casing generally has a hinged cap and can be locked to prevent vandalism.
A vent hole shail be provided in the cap to allow venting of gases and maintain atmospheric pressure
as water levels rise or fali in the weil. The protective casing has a larger diameter than the well and is
set into the wet cement grout over the weil upon completion. In addition, one hole is drilled just
above the cement coilar through the protective casing which acts as a weep hole for the flow of
water which may enter the annulus during well deveiopment, purging, or sampling.

A Protective casing which is ievel with the ground surface is used in roadway or parking lot
applications where the top of a monitoring weil must be below the pavement. The top of the riser
pipe is placed 4 to 5 inches below the pavement, and a locking protective casing is cemented in piace
to 3inches beiow the pavement. A large diameter protective sieeve is set into the wet cement around
the weil with the top set level with the pavement. A manhole type lid placed over the protective
sleeve. The cement should be siightly mounded to direct pooled water away from the weil head.

53 MONITORING WELL INSTALLATION

5.3.1 Monitoring Wells in Unconsolidated Sediments

After the borehole is driiled to the desired depth, well instailation can begin. The procedure for weil
installation wiil partially be dictated by the stability of the formation in which the weil is being
placea. If the borenole collapses immediately after the drilling tools are withdrawn, then a
temporary casing must be installed and weil instailation wiil proceed through the center of the
temporary casing, and continue as the temporary casing is withdrawn from the borenoie. In the case
of hollow stem auger driiling, the augers wiil act to stabilize the borehoie during weil instailation.

Before the screen and riser pipe are lowered into the borehoie, all pipe and screen sections should be
measured with an engineers ruie to ensure proper weill placement. When measuring sections, the

threaas on one end of the pipe or screen must be exciuded while measuring, since the pipe and screen
sections are screwed flush together.

After tne screen and riser pipe are iowered through the temporary casing, then the sand pack can be
installed. A weighted tape measure must be used during the procedure in order to carefully monitor
tnstallation progress. The sand is poured into the annulus between the riser pipe and temporary
casing, as the casing 1s withdrawn. Sand should always be kept within the temporary casing during
withdrawal in order 1o ensure an adequate sand pack. However, if too much sand is within the

temporary casing (greater than 1foot above the bottom of the casing) bridging between the
temporary casing and riser pipe may occur.

After the sand pack is installed to the desired depth, (at least 1 foot above the top of the screen) then
the bentonite pellet seal or equivalent, can be instalied, in the same manner as the sand pack. At
least 1 to 3 feet of bentonite petlets shoulid be instailed above the sand pack.

D334901
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The cement-bentonite grout is then mixed and either poured or tremied into the annuius as the
temporary casing or augers are withdrawn. Finaily, the protective casing can be instaiied as detailed
in Sectton 5.2.4.

In stable formations where borehole collapse does not occur, the well can be installed as discussed
above, and the use of a temporary casing is not needed. However, centraiizers may have to be
installed, one above, and one beiow the screen, to assure enough annuiar space for sand pack
placement. A typical overburden monitoring weil sheet is shown.

5.3.2 Conﬁning'Laver Monitoring Weils

When drilling and instailing a weill in a confined aquifer, proper well installation techniques must be
appiied to avoid cross contamination between. Under most conditions, this can be accomplished by
installing doubie-cased weils. This is accompiished by driiling a iarge diameter boring through the
upper aqguifer, 1 to 3 feet into the underlying confining layer, and setting and pressure grouting or
tremie grouting the outer casing into the confining layer. The grout material must fill the space
between the native matenial and the outer casing. A smaller diameter boring is then continued
througn the confining layer for installation of the monitoring weii as detailed for overburagen
monitoring wells, with the exception of not using a temporary casing during instailation. Sufficient
time which wiii be determined by the rig geoiogist, must be allowed for setting of the grout prior to
drilling through the confined layer. A typicai confining iayer monitoring well sheet is shown In
Attachment C.

5.3.3 Bedrock Monitoring Wells

When installing bedrock monitoring wells, a large diameter boring is drilled through the overburden
and approximately S feet into the bedrock. A casing (typically steei) is instalied and either pressure
grouted or tremie grouted in ptace. After the grout is cured, a smaller diameter boring 1s continued
through the bedrock to the desired depth. If the boring does not coilapse, the weil can be left open,
and a screen 1s not necessary. If the boring coilapses, then a screen is required and can be installed as
detalied for overourden monitoring weils. However, If a screen is 10 be used, then the casing whicn is
nstalled througn the overburden and into the bedrock does not require grouting and can be
instatied temporary untii finai weli instailation is compieted. Typical weil construction forms for
bedrock monitoring weils are snown in Attachment C.

5.3.4 Drive Points

Drive points can be instalied with either a sledge hammer, drop nammer, or a mechanical vibrator.
The screen s threaged and tightened onto the riser pipe with pipe wrenches. The drive point is
simply pounded into the subsurface to the desired depth. |f a heavy drop hammer is used, then a
tripod and puliey setup is required to lift the hammer. Drive points typically cannot be driven to
depths exceeding 10 feet.

5.3.5 innovative Monitoring Well Installation Techniques

Certain innovative sampling devices have proven advantageous. These devices are essentially
screened sampters instailed in a borehole with oniy one or two small-diameter tubes extending to the
surface. Manufacturers of these types of samplers claim that four samplers can be 1nstalled in a 3-incn
diameter borenole. This reduces drilling costs, decreases the volume of stagnant water, and provides
a sampling system that minimizes cross contamination from sampting equipment. These sampters
also perform well when the water tabie is within 25 feet from the surface (the typicai range of suction
pumps). Two manufacturers of these sampiers are Timco Manufacturing Company, nc., of
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Prairie au Sac. Wisconsin, and BARCAD Systems, inc., of Concord, Massacnusetts. zacn offers various
construction materials.

Two agaitional tyoes of muitileve!l sampting systems nave peen developed. 80otn empioy inaividual
screeneg openings tnrougn a smail-diameter casing. One of these systems (marxetea by Westbay
instruments Ltd. of Vancouver, British Columbia, Canada) uses a screened port ana a sampiing probe
10 obtain samples and head measurements or perform permeability tests. this system ailows samoiing
ports atintervais as ciose as 5 feet, if desired, in porenoies from 3 to 4.8 inchesn diameter.

The otner system, deveiopea at the University of Waterioo at Waterioo, Ontario, Canada, requires
tield assemoly of the individual sampiing ports ana tubes that actuate a simple piston pump and force
the sampies 10 the surface. Where the deptn 10 grounac water is less tnan 25 feet, the piston pumps
are not required. The assembiy 1s made of easiiy obtained materials; however, the cost of labor to
assempie tnese monitoring systems may not ne cost-effecuve.

5.4 WELL DEVELOPMENT METHODS

The purpose of well deveiopment is to stabilize and increase the permeability of tne gravei pack
arouna tne wetl screen, ang to restore the permeabiiity of the formation wnicn may have peen
regucea by drilling operations. Wells are typicaily deveioped unul all fine materiai ana drilling water
is removed from the weil. Sequentiai measurements of pH, conductivity and temperature taken
during aevetopment may yield information (stabilized vaiues) that sufficient develooment is reached.
The setecuon of the well develooment method (shall) be made by the rig geologist and is based on
the drilling methods, well construction and installation details, and the cnharacteristics of the
formation that the weil is screened in. The primary methods of well development are summarized
below. A more detaiied discussion may be found in Driscoll (1986).

Overoumping and Backwashing - Wells may be deveioped by aiternatvely drawing tne water ievei
down at a nign rate (Dy pumping or bailing) and then reversing the flow direction (backwasning) so
that water 1s passing from tne weil into the formauon. This back and forth movement of water
througn tne well screen ana gravel pack serves to remove fines from the formation immeaiately
adjacent 10 tne weii, whiie preventung oridging (weaging) of sand grains. Backwasning can pe
accomousned by severai methods including pouring water 1nto the weill and then baiiing, starting ana
stoppINg a pump Intermittently 10 change water teveis, or forcing water into the well under pressure
througn a water-ugnt fitting (“rawhiding”). Care snould be taken wnen backwashing not to apply
too mucn pressure, which couid damage or destroy the well screen.

surging with a Surge Plunger - A surge ptunger (also calied a surge biock) is approximately the same
diameter as tne weil casing and is used to agitate the water, causing it to move in and out of the
screens. Thnis movement of water rpuils fine materials into the weil, where they may pe removed by
any of several methods, and prevents bridging of sand particles in the gravel pack. There are two
basic types of surge piungers; soiid and valved surge plungers. In formations with low yields, a vaived
surge piunger may be preterred, as solid piungers tend to force water out of the weil at a greater rate

than 1t will flow pack in. Valvea plungers are gesignea to produce a greater inflow than outilow of
water guring surging.

Comoressed Air - Compressed air can pe used 1o geveiop a well by either of two methogs:
backwasning or surging. Backwashing 1s done by forcing water out tnrough the screens, using
Increasing air oressure inside a sealed weil, then releasing the pressurized air to allow the water to
fiow pack into the well. Care snould be taken when using this method so that the water level does
not aroo oelow tne top of the screen, thus reducing weil yield. Surging, or the “open well” metnoa,
consists of alternately releasing large volumes of air sudaeniy into an open well below the water leve:
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to produce a strong surge by virtue of the resistance of water nead, friction, ang inertia. Pumping the
weil is subsequentty done with the air iift method.

High Veiocity Jetting - In the high velocity jetting method, water is forced at high velocities from a
plunger-type gevice and through the weil screen to loosen fine particies from the sana pack ana
surrounaing formation. The jetting tool is slowly rotated and raised and iowered aiong tne length of
the well screen to deveiop the entire screened area. Jetting using a hose iowerea into tne well may
also be effective. The fines washed into the screen during this process can then be baiied or pumped
from the weil.

6.0 REFERENCES

Scalf, M. R, J. F. McNabb, W. ). Dunlap, R. L. Cosby, and J. Fryberger, 1981. Manuai of Groundwater
Samotina Proceaures. R. S. Kerr Environmental Research Laboratory, Office of Research and
Devetopoment, U.S. EPA, Ada, Oklahoma.

Barcelona. M. )., P. P. Gibb and R. A. Miller, 1983. A Guide to the seiecton of Materiais for Monitoring
Well Construction and Grounagwater Sampiing. ISWS Contract Report 327, Iliinois State Water Survey,
Champaign, {llinois.

U.S. EPA, 1980. Procedures Manual for Groundwater Monitoring of Solid Waste Disposal Facilities.
Publication SW-611, Office of Solid Waste, U.S. EPA, Washington, D.C.

Driscoll, Fletcher G., 1986. Groundwater and Wells. Johnson Division, St. Paul, Minnesota, 1989 p.

7.0 RECORDS

A criticas part of monitoring weil installation is recording of significant detaiis and events in the field
notebook. The Geologist must record the exact deptns of significant hydrogeoiogical features screen
piacement, grave! pack placement, and bentonite placement.

A Monitoring Well Sheet (Attachment C) shall be used which allows the unmiform recording of data for
each installation and rapid identification of missing information. Well depth, length, materiais of
construction, length and openings of screen, length and type of riser, and depth ana type of all
backfill materials shall be recorded. Additional information (shall) include location, installation gate,
probiems encountered, water ieveis before and after well installation, cross-reference to the geoiogic
boring log, and methods used during the installation and deveiopment process. The documentation
IS very important to prevent probiems involving questionable sampte vaiidity. Somewnat different
information will need to be recorded.depending on whether the well is completed in overburden, in
a confined iayer, in bedrock with a cased weii, or as an open hole in bedrock.

The quantities of sand, bentonite, and grout ptaced in the well are also important. The Geologist
shall caiculate the annuiar space volume and have a general idea of the guantity of material needed
to fill the annuiar space. Volumes of backfill significantly higher than the calculated voiume may
indicate a problem such as a large cavity, whiie a smalier backfiil volume may indicate a cave-in. Any
probiems with rig operation or down time shail be recorded and may determine the driller’s final fee.
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TABLE 7-4 RELATIVE COMPATIBILITY OF RIGID WELL-CASING MATERIAL (PERCENT)

Galvanizea Lo-carbon Stainiess Stainiess
PVC 1 Carbon Steel ) Teflon*

Steel Steel steei 304 steei 316
Buttereq weax Acid ‘00 56 51 S9 g7 100 100
weak Acg 38 59 43 a7 96 100 100
Miner Acid/High Solids 100 48 57 60 80 82 100
AgqueouyOraanic Mixtures 64 69 73 73 98 100 100
Percent Overall Rating 31 58 56 59 33 36 *00

Preliminary Ranking of Rigid Materials
Teflon®

Stainiess Steei 316

Stainess Steel 304

PVC1

Lo-Carbon Stee!

Galvanized Steel

Carbon Steel

Trademark of DuPont

NN B W .

RELATIVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT)

PVC PE pE
PP PMM Viton®* | Silicone | Neoorene | Teflon®*
Flexible Conv Linear
ot 1 S e e
Butferea weax acid 97 37 100 97 90 92 87 85 100
Weak Acd 92 90 94 36 78 78 75 75 100
Minerai Aaa/High Solids 100 100 100 100 9S 100 78 82 100
Agueouy Organic Mixtures 62 71 40 60 a9 78 49 a4 100
Percent Overall Rating 88 90 84 88 78 87 72 72 100

Preliminary Ranking of Semi-Riqid or Elastomeric Matenals
Tefion®

Polypropyiene (PP)

PVC tlexioiesPE linear

viton®

PE Conventional

Piexiglas/Lucite (PMM)

Silicone/Neoprene

Source: 8arcelona etal, 1983

* Trademark of DuPont

N OV bW

0234901
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COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION

Characteristic

Stainless Steel

compression and ctosing of
screen/riser.

PVC

Strengtn Use in deep wells to prevent Use when shear and compressive

strength notcritical.

the field.

Weight Relatively heavier Lightweight, floats in water
Cost Relatively expensive Relatively inexpensive
Corrosivity Deteriorates more rapidiy in Non-corrosive--may geteriorate In
corrosive water presence of ketones, aromatics, aiky!
sulfides, or some chiorinated HC
Ease of Use Difficult to adjust size or length in | Easy to handle and work in the field.

Preparation for Use

Should be steam-cieaned for
organics sampling

Never use glue fittings--pipes should be
threaded or pressure-fitted. Shouid be
steam cleaned if used for monitoring
wells.

interaction with
Contaminants*

May sorb organic or inarganic
substances when oxidized

May sorb or release aorganic substances.

*  See aiso Attachment A,
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i | ORILLER
| OROJECT : LOCATION | ORILLNG
IPROJECT NO. 30RING . METHOD
ZLEVATION DATE | DEVELOPMENT
{EIELD GEQLQGIST | METHOD

|

ELEVATION OF TOP OF SURFACE CASING

NN

ENNY

——— S EVATION OF TOP OF RISER PIBE;
| —— 57ICK - UP TOP OF SURFACE CASING:
! e —— H . [
GABUND | < STICK - LP RISER PIPE
ZLEVATION 7] | S¥4—— "VPE OF SURFACE SEAL.
Y :’% . a |
9 . | )
] | je——" 0 OF suRFACE CASING:
7 TYPE OF SURFACE CASING—
i
-
7 a4 RISER PIPE 1.D.
4 2 | TYPE OF RISER PIPE.
. 1 9
| I
? g«-—-—-—— 30REHOLE DIAMETER:
1 7 |
z “@————— T'YPE OF BACKFILL:
v t

A

Seaad

—— SELEVATION/ DEPTH TOP OF SEAL:

4——— TYPE OF SEAL:

g —

= 4—'—|— DEPTH TOP OF SAND PACK:

ELEVATION/ DEPTH TQP OF SCREEN:

TYPE OF SCREEN:

SLOT SIZE x LENGTH:

1.0. OF SCREEN:

TYOE OF SAND PACK:

ELEVATION/ OEPTH BOTTOM OF SCREEN:

ELEVATION/ DEPTH 8OTTOM OF SAND PACK:
TYPE OF 3ACKFILL BELOW OBSERVATION
WELL:

1

m22AANn1
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- NI 'S 30RING NO
__|  CORPORATION CONFINING LAYER
MONITORING WELL SHEET
PROJECT LOCATION gzlttf:G l
_PROJECT NO. SORING Eviinpion |
| ELEVATION DATE P \
'FIELD GEOLOGIST fﬁiﬁggw"” !

o

ELEVATION OF TOP OF PERM. CASING :

/ ELEVATION OF TOP OF RISER PIPE

1 TYPE QF SURFACE SEAL.

GROUND \ \C: . D, OF PERM_ CASING.
ELEVATION s 8 3 ~YPE OF SURFACE CASING.
Y/
z o
% RISER PIPE1.D.
é TYPE OF RISER PIPE;
| B
! ; é ? — BOREHOLE DIAMETER:
f 2%, A
| é 7 PERM CASING LD
. 4% TYPE OF CASING & GACKFILL:
% 2
| n
: / ’ ELEVATION/ DEPTH TOP CONFINING LAYER:
/% ﬁ ZLEVATION/ DEPTH BOTTOM OF CASING:

FEING G 3 W F bk

ST %

TR
S

3%

ST LTI RE
e

PRI
B

Stiend]

|

|

ELEVATION/ DEPTH BOT. CONFINING LAYER:

ELEVATION/ DEPTH TOP OF SEAL:
TYPE OF SEAL:

DEPTH TOP OF SAND PACK.

ELEVATION/DEPTH TOP OF SCREEN:
TYPE OF SCREEN:

TYPE OF SAND PACK:

BOREHOLE DIA. BELOW CASING:

’/ SLEVATION/ DEPTH 30TTOM OF SCREEN:

ELEVATION/ OEPTH 8QTTOM OF SAND PACK:
TYPE OF BACKFILL BELOW OBSERVATION
WELL:

LEVATION/ DEPTH OF HOLE:
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E N s BORING NO -
‘ U BEDROCK
! CORPC Com MONITORING WELL SHEET
Q A Halliburion Lompany OPEN HOLE WELL
| Snuen ~|
| PROJECT NO. BORING | METHOD l
| ELEVATION DATE DEVELOPMENT |
I FIELD GEOLOGIST | METHOD l

> ELEVATION OF TOP OF CASING:

ln———-— STICK UP OF CASING ABQVE GROUND

' SURFACE:
GROUND ! E |
ELEVATION e [ o¥~e—— TYPE OF SURFACE SEAL.
| ¢4 Yass
4 % |
: i Z . 1.D. OF CASING.
| 2 r’j—— TYOE OF CASING.
| " “
\ . ‘ﬁ TEMP / PERM :
' y 42 ‘
. 7 % ;
'/ 2 i
| Z %
| 1
L ‘ i
| a4
i 7«' v
‘. ' % 2
! )
b 3 \/s¢————— DIAMETER OF HOLE:
o 4 B
! - Y i
| . 14 ‘
‘ g I
‘ g ‘!7——'7 —— TYPE OF CASING SEA
. 17 L
. con ‘ SE
Lo Tl /'T‘T_q* DEPTH TO TOP OF ROCK:
el _ﬁ-rn—- DEPTH TO BOTTOM CASING:

{
1

!

41“

=

=l
Hi-

OIAMETER OF HOLE IN BEDROCK:

DESCRIBE iF CORE/ REAMED WITH BIT:

DESCRIBE JOINTS IN BEDROCK AND DEPTH:

Hi

| ELEVATION/DEPTH OF HOLE.

nIAQN




Sublect Numper Page
GH-17 160f17
GROUNDWATER MONITORING Revision Effectve Date
POINT INSTALLATION ! 05/04/90
ATTACHMENT C
PAGE FOUR
30RING NO :
BEDROCK
MONITORING WELL SHEET
WELL INSTALLED IN BEDROCK
i I
| PROJECT LOCATION | S ;
| PROIECT NO. BORING | METHOD \
| ELEVATION DATE | oeveLoPmENT g
| FIELD GEOLOGIST | METHOD |

!

E€LEVATION OF TOP OF SURFACE CASING
ELEVATION OF TOP OF RISER P!PE:

/ :
ELEVATION TOP OF PERM CASING:
L

| ‘]: - TYPE OF SURFACE SEAL:
!
GROUND l }({
: | 1D, OF SURFACE CASING.
. _ELEVATION <5 ‘ ‘ ﬂ// “YPE OF SURFACE CASING.

RN

/‘4—— BOREHOLE DIAMETER:

— RISERPIPE1.D.
TYPE OF RISER PIPE:

—— PERM. CASING1.D.

TYPE OF CASING & BACKFILL.

ELEVATION/DEPTH TO BEDROCK.

i f 2 ELEVATION/DEPTH 8OTTOM OF CASING
. ‘N
to 4 0
L a4 0
| a4 L BOREHOLE DIA. BELOW CASNNG
7 b TYPE OF BACKFILL:
Z )
| 7 %

™~ ELEVATION/DEPTH TOP OF SEAL:
TYPE OF SEAL:

ELEVATION /DEPTH TOP OF SAND PACK:

ELEVATION/DEPTH TOP OF SCREEN:
TYPE OF SCREEN:

TYPE OF SAND PACK

ELEVATION/DEPTH BOTTOM OF SCREEN:

ELEVATION /DEPTH BOTTOM OF SAND PACK.
TYPE OF BACKFILL BELOW OBSERVATION
WELL.

i

P e ELEVATION/DEPTH OF HOLE:
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1 N S 30RING NO
—= U BEDROCK
 CORFO MONITORING WELL SHEET
@ A Hatouron Comoany WELL INSTALLED IN BEDROCK
SRILLER
PROJECT LOCATION ! ORILLING
PROJECT NO. BORING | METHOD
ZLEVATION DATE  EVELOPMENT
FIELD GEOLOGIST L METHOs
£LEVATION OF TOP OF SURFACE CASING
¥
: —eee 3TICK UP CF CASING ABQVE GROUND
| — = SLRFACE
SROUND |1 R ——— £LEVATION TOP OF RISER

N

Tv2E QF SURFACE SEAL.

‘
"
<
P
pal
(o]
&

A

o 4

N
N

N

5 T d——
7
,Vf’——— t D. QF SURFACE CASING:

L 2
| A +——— DIAMETER OF HOLE:
‘ | o, ;
l - RISERPIPE | D
1 i ! TYPE OF RISER PIPE.
" ‘////‘ \
’/,',/ k
7 TVPE OF BACKFILL.
77
L 4
|

LEVATION/ DEPT TC® OF SEAL.
LEVATION/DEPTH TOP OF BEDROCXK

TYPE QF SEAL.

ELEVATION/ DEPTH TOP OF SAND:

ZLEVATION / DEPTH TOP OF SCREEN:

TYPE OF SCREEN:

SLOTSIZE x LENGTH:

© O SCREEN:

A SRRy

TYPE OF SAND PACK.

S DIAMETER OF AOLE IN BEDROCK:

CORE/REAM:

ELEVATION/ DEPTH 8OTTOM SCREEN:

|

ELEVATION/DEPTH BOTTOM OF HOLE.

~evAAA
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1.0 PURPOSE

The obiective of this procedure is to provide general reference information and technical guidance on
the measurement of hyaraulic head leveis and the determination of the direction of grounawater
flow, using contour maps of the water table or the potentiometric surface of an unconfined or
confined aquifer.

2.0 SCOPE

This procedure gives overall technical guidance for obtaining hydraulic head measurements in weils
(frequently conducted in conjunction with groundwater sampling) and preparation of grounawater
cantour maps. The specific metnods could be modified by requirements of project-specific plans.

3.0 GLOSSARY

Hydrauiic Head - The neignt to which water will rise in a well.

Water Table - A surface in an unconfined aquifer where groundwater pressure is equal to
atmospneric pressure (i.e., the pressure head is zero).

Potentiometric Surface - A surface which is defined by the levels to which water will rise in welis
which are screened or open in a specified zone of an unconfined or confined aguifer.

Unconfined (water table) Aquifer - An aquifer in which the water tabie forms the upper boundary.

Confined Aguifer - An aquifer confined between two iow permeability layers (aquitards).

Artesian Conditions - A common condition in a confined aguifer in which the water level in a weil
completed within the aguifer rises above the top of the aquifer.

Flow Net - A diagram of groundwater flow, showing fiow iines and equipotential lines.

Flow Line - A line indicating the direction of groundwater movement within the saturated zone.
Flow lines are drawn perpendicular to eguipotential lines.

Eguipotential Line - A contour line on the potentiometric surface or water table showing uniform
hydraulic nead levels. Equipotential iines on the water tabie are also called water-table contour iines.

4.0 RESPONSIBILITIES

Project Hydrogeoiogist - has overall responsibility for obtaining water levei measurements and
deveioping grounawater contour maps. The hydrogeoiogist shali specify the reference point from
which water ievels are measured (usually a specific point on the upper edge of the inner weli casing),
the numper of data points needed and which weils shall be used for a contour map, and how many
complete sets of water ievels are required to adequately define groundwater fiow directions (e.g., :f
there are seasonal variations).

Field Personnel - must have a basic familiarity with the equipment and procedures involved in
obtaining water teveis, and must be aware of any project-specific requirements.
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5.1 GENERAL

Grounawater level measurements can pe made in monitoring wells, private or pubiic water weils,
plezometers, open borenoies, or test pits (after stabilization). Groundwater measurements should
generally not be maage in porehoies with drilling rods or auger flights present. |f grounawater
sampling activities are to occur, groundwater level measurements shall take place prior to weil
evacuation or sampling.

All grounawater fevei measurements shall be made to the nearest 0.01 foot, ana recorded in the
geoiogst’s field notebook or on the Grounawater Level Measurement Sheet (Attacnment A), along
with the gate and time of the reading. The tota! depth of the weil shail be measured and recorded, if
not alreaay known. Weather changes that occur over the period of time during wnicn water levels
are peing taken, such as precipitation and bariometric pressure changes, snould be noted.

In measuring groundwater levels, there shail be a cleariy-establishea reference point of known
elevation, which is normally identified by a mark on the upper edge of the tnner weil casing. The
reference point shall be noted in the field notebook. To be useful, the reference point should be tied
in with an established USGS bencnmark or other properly surveyed eievation gatum. An arbitrary
datum could be used for an isolated group of weills if necessary.

Cascading water within a borehole or steel weli casings can cause false readings with some types of
sounding devices (chalked line, electrical). Oil layers may also cause problems in determining the true
water fevel in a well. Special devices (interface probes) are available for measuring the thickness of oil
layers and true depth to groundwater if required.

Water ievel readings shall be taken regularly, as required by the site nydrogeologist. Monrtoring
wells or open-cased boreholes that are subject to tidal fluctuations snouid be reaa in conjunction
with a tiaal chart (or preferably in conjunction with readings of a tide staff or tide ievel recorder
Instaliea in the adjacent water body); the frequency of sucn readings snall be estabiisned by the site
hydrogeologist. All water ievel measurements at a site used to deveiop a groundwater contour map

shall be made in the shortest practical time to minimize affects due weather cnanges, and at least
during tne same day.

5.2 WATER LEVEL MEASURING TECHNIQUES

There are several methods for determiming standing or changing water leveis in boreholes and
monitoring wells. Certain methods have particular advantages and disadvantages depending upon
well conditions. A general description of these methods 15 presented, along with a listing of various

advantages and disadvantages of each technigue. An effective technique shall be seiected for the
particular site conditions by the onsite hydrogeoiogist.

In most instances, preparation of accurate potentiometric surface requires that static water level
measurements be obtained to a precision of 0.01 feet. To obtain such measurements in individual
accessibie wells, the Chalked Tape or Electrical Water Level indicator methods have neen found best,
and thus are the most often utilized. Other, (ess precise methods, such as the Pooper or Bell Souna or
Bailer Line methods, may be appropriate for developing preliminary estimates of hydrauiic
conditions. When a large number of (or continuous) readings are required, time-consuming
indiviauai readings are not usuaily feasible. In such cases, it is best 1o use the fioat Recorder or
Pressure Transducer metnods. When conditions i1n the well limit reaaings (i.e., turouience In tre

MIIANN
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water surface or iimited access tnrougn smali diameter tuping), iess precise, put appronriate, metnoas
sucn as tne Air Line or Capiiiary Tubing metnoas ¢can be used.

5.2.1 Methods

Water ieveis can be measured by several different tecnniques, but the same steps shall be followed in
eacn case. The proper sequence is as follows:

1. Check operation of recording equipment above ground. Prior to opemng the weil, dan
personal protective equipment as required.

2. Record ail information specified beiow in tne geoiogist’'s field notebook or on the
Groundwater Level Measurement Sheet.

a. Well numper.

b. Recoro water teve! to the nearest 0.01 foot (0.3 cm). Water 1evels snail be taxen from
the survevea reference mark on the top edge of tne inner weii casing.

¢. Recordthe time and day of the measurement,

Water ievei measuring devices with permanently marked intervals shall be used when possible. If
water level measuring devices marked by metal or plastic bands clamped at intervals along the
measuring line are used, the spacing and accuracy of these bands shall be checked frequently as they
may loosen and slide up or down the line, resulting in inaccurate reference points (see Section 5.2.3).

5.2.2 Water Level Measuring Devices

Chalked Steel Tape

The water level is measured by chaiking a weignhted steel tape and lowering it a known distance (to
any convenient whole foot mark) into the well or borenole. The water level 1s aetermined by
subtracung the wetted cnaikea mark from tne total iength towered into the hole.

The tape shatl be withdrawn aquickly from the weill because water has a tengency 10 rise up the chalk
due to capiliary action. A water finding paste may be used in piace of chalk. The paste is snread on
the tape the same way as the chalk, ana turns red upon contacting water.

Disadvantages to this method include the following: depths are limited by the inconvenience of
using heavier weights to property tension ionger tape lengths; ineffective if borenote/well wail is wet
or inflow is occurring above tne static water level; chaiking the tape is tme consuming; difficult to
use during periods of precipitation.

Electric Water Level Indicators

These aevices consist of a spool of smaii-diameter cable anad a weighted probe attached to tne ena.
When the probe comes in contact with the water, an electrical circuit 15 ciosed ana a meter, light,
and/or buzzer attached to the spoot wiil signal the contact.

There are a number of commercial electric sounders availabie, none of which is entirely reliabie unaer
all conditions likely to occur in a contaminated monitoring well. [n conditions wnere there s ot on
the water, groundwater with high specific conductance, water cascaaing into the weil, steei wel
casing, or a turbulent water surface in the well, measuring with an eiectric sounaer may pe difficult.
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For accurate readings, tne probe shall be 1owered slowly into the weil. The efectric tape is markea at
the measuring point wnere contact with the water surface was indicated. The distance from tne mark
1o the nearest tape band is measured using an engineer’s folding ruier or steel tape and added to the
band reaaing 1o obtain the depth to water. |f band is not a permanent marking pand, spacing shal
be checked perioaicaily as described in Section 5.2.3.

Popper or Bell Sounder

A bell- or cup-shaped weight that is hollow on the bottom is attached to a measuring tape and
lowered into the well. A “plopping” or “popping” sound is made when the weight strikes the surface
of the water. An accurate reading can be determined by lifting and lowering the weight in short
strokes, and reading the tape when the weight strikes the water. This method is not sufficiently
accurate 1o obtain water leveis to 0.01 feet, and thus is more appropriate for obtaining only
approximate water levels quickly.

float Recorder

A float or an electromechanically actuated water-seeking probe may be used to detect vertical
changes of the water surface in the hole. A paper-covered recording chart drum Is rotated by the up
and down motion of the fioat via a pulley and reduction gear mechanism, while a clock drive moves a
recording pen horizontally across the chart. To ensure continuous records, the recorder shall be
inspected, maintained, and adjusted periodically. This type of device is useful for continuousty
measuring periodic water level fluctuations, such as tidal fluctuations or influences of pumping wells.

AirLine

An air line 1s especially useful in pumped weils where water turbulence may preciude the use of other
devices. A smali-diameter weighted tube of known iength is instalied from the surface to a depth
below the iowest water level expected. Compressed air (from a compressor, bottled air, or air pump)
Is used to purge tne water from the tube, until air begins to escape the lower end of the tube, and is
seen (or heard) to be bubbling up through the water in the well. The pressure needed to purge the
water from the air iine multiptied by 2.307 (feet of water for 1 psi) equals the iength in feet of
submerged air line. The depth to water below the center of the pressure gauge can be calculated by
subtracting the iength of air line below the water surface from the total length of the air tine.

The disadvantages to this method include the need for an air supply and lower levei of accuracy

(uniess a very accurate air pressure gauge is used, this method cannot be used to obtain water level
readings to the nearest 0.01 ft).

Capiilary Tubing

In small diameter ptezometer tubing, water levels are determined by using a capiilary tube. Colorea
or clear water i1s placed in a small "U"-shaped loop in one end of the tube (the rest of the tube
contains air). The other end of the capiilary tube is lowered down the piezometer tubing untit the
water 1n the loop moves, indicating that the water level has been reached. The point is then
measured from the bottom of the capillary tube or recorded if the capillary tube is calibrated. This is
the best method for very smail diameter tubing monitoring systems such as Barcad and otner
muitilevel sampies. Untess the capiliary tube 15 calibrated, two peopie may be required to measure
the lengtn of caniliary tubing used to reach the groundwater. Since the piezometer tubing ana
capillary tubing usually are somewhat coiied when instailed, it is difficuit to accurately measure
absolute water level elevations using this method. However, the metnod is useful in accurateiy
measuring differences or changes in water ieveis (i.e., during pumping tests).

[a% 2 N.1-TaR]
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Pressure Transducer

Pressure transducers can pe lowered into a weil or porehole to measure the pressure of water and
therefore tne water eievation above the transducer. The transgucer is wired Into a recorder at the
surface to record changes in water level with time. The recorder digitizes the information and can
provide a printout or transfer the information to a computer for evaiuation (using a weil
drawdownirecovery model). The pressure transgucer shouid be initially calibrated with another
water level measurement technique to ensure accuracy. This technique i1s very useful for hydrauiic
conductivity testing in highly permeable material where repeated, accurate water level
measurements are required in a very short period of time. A sensitive transducer element is required
to measure water leveis to 0.01 foot accuracy.

Borehole Geophysics

Approximate water ieveis can pe determined during geopnysicai logging of the borehole (althougn
this is not the primary purpose for geophysical logging and such togging 1s not cost-effective if used
only for this purpose). Several logging techniques wiil indicate water level. Commoniy-used fogs
which will indicate saturated/unsaturated conditions inciude the spontaneous potental (SP) log and
the neutrontog.

Bailer Line Method

Water levels can be measured during a bailing test of a well by marking and measuring the bailer line
from the bottom of the bailer (where water is first encountered) to the point even with the top of the
well casing. Thisis a useful technique during bailing tests (particularly if recovery is rapid) if the bailer
is heard hitting the water. However, it is not recommended for measuring static water levels because
itis not usually as accurate as some of the other methods described above.

5.2.3 Data Recording

Water ievel measurements, time, data, and weather conditions shall be recorded in the geoiogist's
field notebook or on the Groundwater Level Measurement Sheet. All water {evel measurements shall
be measured from a known reference point. The reference point is generaily a marked point on the
upper edge of the inner well casing that has been surveyed for an etevation. The exact reference
point shall be marked with permanent ink on the casing since the top of the casing may not be
entirely level. !t is important to note changes in weather conditions because changes in the
barometric pressure may affect the water {evel within the weil.

5.2.4  Specific Quality Control Procedures for Water Level Measuring Devices

All groundwater level measurement devices must be cieaned before and after each use to prevent
cross contamination of wells.

Some devices used to measure groundwater ievels may need to be calibrated. These devices shall be
calibrated to 0.01 foot accuracy periodically. A water fevel (ndicator calibration sheet shali be
completed each time the measuring device 1s checked. A water ievei indicator calibration form s
shown in Attachment A. The "actual reading” coiumn on the sheet is the actual length of the interval
from the end of the indicator to the appropriate marked depth intervali. In many cases, these
measurements are different because the water ievel measuring gevice is connected to tne end of the
measuring tape or line, and may extend beyond “0" feet on the measuring line.
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53 POTENTIOMETRIC SURFACE MAPPING

5.3.1 Selection of Welis

All weils used to prepare a flow netn a pian or map view snould represent the same nydrogeoiogic
unit, be it aquifer or aquitard. All water 1evel measurements used shall be coitectea on tne same aay.

Before mapping, review the recorded water levels and monitoring-weil construction gata, site
geoiogy and topograpnic setting 10 ascertain that the weils are compieted in the same nydrogeoiogic
unit ana to determine if strong vertical hyaraulic gradients may be present. Such conaitions will be
manifested by a pronouncea correlation between well deptn ana water level, or by a difference in
water level between two weils iocated near each other put set to different deptns or naving different
screen lengths. Professional juagment of the hydrogeoiogist is important in this decision. |f vertical
gradients are significant, the data to be used must be iimitea verucaily, and oniy wells finisnea in a
chosen vertcal zone of the hyarogeoiogic unit can be used.

At least three weils must be used to provide an esumaton of the girection of grounawater flow, and
many more wells wiil be needed to provide an accurate contour map. Generally, snaliow systems
require more weils tnan deep systems for accurate contour mapping.

5.3.2 Construction of Equipotential Lines

Plot the water elevauons in the chosen wells on a site map. Other hydrogeologic features associated

with the zone of interest -- such as seeps, wetlands, and surface-water bodies -- snoulid aiso be ptotted
along with their eievations.

The data should then be contoured, using mathematicaliy valid and generaily accepted techniques.
Linear interpolation 1s most commonty used, as it is the simplest technique. However, quadratic
interpolation or any technmique of trena-surface anatysis or gata smoothing is acceptanie. Computer-

generateqa contour maps may be useful for large data sets. Contour iines snail be arawn as smootn,
continuous iines wnich never cross one anotner.

Inspect the contour map, noung known features, such as pumping weils and site topograpny. The
contour lines must be adjusted in accorgance with these, utilizing the professionai juagment of the
hydrogeoiogist. Closed contours should be avoided uniess a known sink exists. Grounawater

mounding s common under tandfills and lagoons; if the aata imply this, the feature must show in the
contour piot.

5.3.3 Determination of Groundwater-Flow Direction

Flow lines shall be drawn so that they are perpendicular to equipotentiai lines. Flow iines will begin
at high nead elevations and ena at iow nead elevatons. Closed highs wiil be tne source of additional
flow lines. Closed depressions will be the termination of some flow iines. Care must be used In areas

with significant vertical gradients to avoid erroneous conclusions concerning graaients and flow
directions.

5.4 HEALTH AND SAFETY CONSIDERATIONS

Groundwater contaminated by volatile organic compounds may release toxic vapors into the air
space insige tne weil pipe. The retease of this air wnen the well is intially opened 1s a Health/Safety
hazara whnich must be consigerea. !muai monitoring of the weil heaaspace ana breatning zore

D334901
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concentrations using a PID (HNU) or FID (OVA) and combustible gas meters shall be performed to
determine required leveis of protection.

6.0 REFERENCES

Freeze, R. A. and J. A. Cherry, 1979. Groundwater. Prentce-Hall, Englewood Cliffs, New jersey,
604 pp.

Cedergren, H. R., 1977, Seepage, Drainage and flow Nets (2nd edition). John Wiley and Sons,
New York.

Fetter, C. W., 1980. Appiied Hydrogeotogy. Me , Columbus, Ohio, 488 pp.

7.0 ATTACHMENTS
Attachment A - Groundwater Level Measurem teet

Attachment 8 - Water Level indicator Calibration Sheet.
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ATTACHMENT A

GROUNDWATER LEVEL MEASUREMENT SHEET

LOCATION
Project Name: Municipality:
Project No.: ' County:
Personnel: State:
Date: Street or
Map Location
(If Off-Site)

WEATHER CONDITIONS

Temperature Range: Equipment No.:
Precipitation: Equipment Name:
Barometric Pressure: - Latest Calibration Date:
Tidally-infiuenced: ( ] Yes ( ] No
Well or Elevation of Water Level Adjusted Groundwat
Piezometer | Date/Time | Reference Point Indicator Depth Elevation (Feeetr)'
Numoer (Feet)* Reading (Feet)* (Feet)*

l__r_._______.

*

All elevations to nearest 0.01 foot.

D334901
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ATTACHMENT B

WATER LEVEL INDICATOR CALIBRATION SHEET

Date

Project No.

Equipment No.

Equipment Name

Water Level
Indicator
Marking (Feet)

0.0
5.0
10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
50.0
55.0
60.0
65.0
70.0
75.0
80.0
85.0
90.0
95.0
100.0

* Record readi
than markin

Actual Reading* (Feet)

ngs to the nearest 0.01 foot. The actual reading may be different
g because the water level measuring device (electrode, popper,

etc.) may extend beyond the “"0" feet mark on the measuring line.
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1.0 PURPOSE

The purpose of this proceaure is to provige general reterence informauon on the sampiing of
grounawater wells. The metnoas and equipment described are for tne collection of water sampies
from the saturated zone of the subsurface.

2.0 SCOPE

This procedure provides information on proper sampiing eguioment and techniques for grounagwater
sampling. Review of the information contained herein will faciiitate ptanning of the fieia samoling
effort by describing standara sampting technigues. The techniques aescribed shall be foliowed
wnenever applicable, noting tnat site-specitic conditions or project-specific plans may require
agjustments in methodoiogy.

3.0 GLOSSARY
None.
4.0 RESPONSIBILITIES

Site Hydrogeoioqist or Geochemist - responsible for selecting and detaiiing the specific groundwater
sampting techniques and equipment to be used, documenting these in the Project Operations Plan
{POP), and properiy briefing the site sampling personnet.

Site Geologist- The Site Geologist is primarily responsible for the proper acquisition of the
grounawater samples. When appropriate, such responsibilities may be performed by other quaiified
personnei (engineers, field technicians).

Site Manager - The Site Manager Is responsibie for reviewtng tne samoiing procedures used by the
fieid crew ana for pertorming in-frela spot cnecks for proper sampling proceaures.

5.0 PROCEDURES

5.1 GENERAL

To be useful and accurate, a groundwater sampie must be representative of the particular zone of the
water being sampied. The physical, chemical, and bacterioiogical integrity of the sampie must be
maintained from the time of samniing to the ume of testing in order to keep any changes (n water
gquality parameters to a mmnimum.

Methods for withdrawing samnptes from comnleted wells inciude the use of pumps, compressed air,
bailers, and various types of sampiers. The primary considerations in obtaining a representative
sampie of the groundwater are to avoid cotlection of stagnant (stanaing) water in the well and to
avoid pnysical or chemical alteration of the water due to sampling tecnniques. In a non-pumoing
well, there will be littie or no vertical mixing of water in the well pipe or casing, and stratficauon wiil
occur. The well water in the screened section will mix with the grounawater gue to normal fiow
patterns, but the well water above tne screened section will remain i1solated and become stagnant.
To safequard against coilecting non-representative stagnant water in a sampie, the foliowing
approacn snall be followed prior to sampte acquisition:
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All monitoring weils shall be purged prior to obtaining a sampte. Evacuauon of tnree to
five volumes Is recommenced for a representative sample. In a high-yieiaing grounawater
formation and whnere tnere 1s no stagnant water in the weil above the screenea section,
evacuation prior to sampie withdrawai is not as criucal.

For weils that can pe purged to dryness with the sampling equipment being used, the weil
shall be evacuated and allowed to recover prior to sampie acauisition. If the recovery rate
is fairiy rapid, evacuation of more than one voiume of water ts preferred.

For nigh-yieiding monitoring wells which cannot be evacuated to dryness, there is no
apsolute safeqguard against contaminating tne sampie with stagnant water. One of the
foliowing techniques shall be used to minimize tnis possibility:

A submersible pump, intake line of a surface pump or bailer shail be placed just below the
water surface wnen removing the stagnant water and lowered as tne water ievei
decreases. Three 10 five volumes of water shall be removed to provige reasonabie
assurance tnat all stagnant water has been evacuated. Once this is accomplisneda a baiier
may be usedq to collect the sampie for chemical anaiysis.

The iniet line of the sampling pump (or. the submersible pump itseif) shail be placed near
the bottom of the screened section, and approximately one casing volume of water shail
be pumped from the well at a rate equal to the weli’s recovery rate.

Stratification of contaminants may exist in the aquifer formation, both in terms of a concentration
gradients due to mixing and dispersion processes in a homogeneous layer, and in iayers of variable
permeability into which a greater or lesser amount of the contaminant plume has fiowed. Excessive
pumoing can dilute or increase the contaminant concentrations in the recovered sampie compared to
what is representative of the integrated water column at that point, and thus resuit in the coliection
of a non-representative sample.

5.2

SAMPLING, MONITORING, AND EVACUATION EQUIPMENT

Sampie containers shail conform with EPA regulations for the appropriate contaminants.

The foliowing equipment shall be on hand when sampling ground water weiis:

Sample packaging and shipping eguipment - Coolers for sample shipping and cooling,

chemical preservauves, appropriate packing containers and filler, ice, labels and chain-of-
custody documents.

Field tools and instrumentation - Thermometer; pH paper/meter; camera and film; tags;
approoriate keys (for locked wells); engineers rule; water-level indicator; wnere
appiicable, specific-conductivity meter.

Pumps

- Shallow-well pumps--Centrifugal, pitcher, suction, or peristaitic pumps with droplines,
air-lift apparatus (compressor and tubing) where applicable.

- Deep-weli pumps--submersible pump and eiectrical power generating unit, or air-fift
apparatwus where appiicable.

0334901
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deep groundwater welis.

e Pails - Plastic, graduated.

field data form (Attachment A):

point).

depth to static water level).

pi.

5.3 CALCULATIONS OF WELL VOLUME

e Determine weill or casing diameter.

e Calculate one static well voiume in galions (V = 0.1637r2).

¢ Other sampiing eguioment - Bailers and monofilament fine with tripod-puiley assembly (if
necessary). Bailers snall be used to obtain samptes for voiatiie organics from shaliow and

® Decontamination sotutions - Distilied water, Alconox, methanoi, acetone.

Ideally, sample withdrawal equipment shall be completely inert, economical, easily cleaned,
steriiized, and reused, able to operate at remote sites in the absence of power sources, and capablie of
delivering variable rates for well flushing and sample collection.

To insure that the proper voiume of water has been removed from the well prior to sampling it is first
necessary to know the volume of standing water in the well pipe.
calculated by the following metnhod. Calculations shall be entered in the field logbook and on the

This volume can pe easily

e Obtain all availabie information on weil construction (location, casing, screens, etc.).

® Measure and record static water level (depth below ground level or top of casing reference

e Determine depth of weil (if not known from past records) by sounding using a clean,
decontaminated weighted tape measure.

e Calculate number of linear feet of static water (total depth or iength of weil pipe minus the

where:

v =  Static volume of well in gailons.

T = Thickness of water table in the well measured in feet, i.e., linear feet of static
water.

r = Inside radius of well casing in inches.

0.163 = A constant conversion factor which compensates for the conversion of the

casing radius from inches to feet, the conversion of cubic feet to gailons, and

¢ Determine the minimum amount to be evacuated before sampiing.
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5.4 EVACUATION OF STATIC WATER (PURGING)

541 General

The amount of flusning a well shall receive prior to sampie coilection wiil depend on the intent of the
monitoring program and the hydrogeologic conditions. Programs to determine overall quality of
water resources may require iong pumping periods to obtain a sample that is representative of a
large voiume of that agquifer. The pumped volume may be specified prior to sampiing so that the
sample can be a composite of a known voiume of the aquifer. Alternately the well can be pumped
until the parameters such as temperature, electrical conductance, and pH have stabilized. Onsite
measurements of these parameters snali be recorded on the field data form.

For defining a contaminant plume, a representative sample of only a smail volume of the aquifer is
required. These circumstances require that the well be pumped enough to remove the stagnant
water but not enough to induce significant groundwater fiow from other areas. Generally three to
five weil voiumes are consiaered effective for purging a weil.

The site hydrogeoiogist, geochemist and risk assessment personnel shall define the opjectives of the
groundwater sampting program in the Work Plan, and provide appropriate ¢riteria and guidance to
the sampling personnei on the proper methods and volumes of well purging.

5.4.2 Evacuation Devices

—

The following discussion is limited to those devices commonly used at hazardous waste sites.
Attachment B provides guidance on the proper evacuation device to use for given sampling

situations. Note that all of these techniques invoive eguipment which is portable and readily
available.

5.4.2.1 Bailers

Bailers are the simpiest evacuation devices used and have many advantages. They generally consist of
a length of pipe with a sealed bottom (bucket-type baiier) or, as is more useful and favorea, with a
ball check-vaive at the bottom. Aninertline is used to tower the bailer and retrieve the sample.

Advantages of baiiers include:

e Few limitations on size and materials used for baiiers.
o Noexternal power source needed.

e Bailers are inexpensive, and can be dedicated and hung in a well to reduce the chances of
cross-contamination.

¢ Thereis minimal outgassing of volatile organics white the sampie is in the baiier.
e Bailers are reiatively easy to decontaminate.

Limitations on the use of baiiers inciude the foitowing:

® |tistime consuming to remove stagnant water using a bailer.
e Transter of sample may cause aeration.

® Use of bailers is pnysically demanding, especially in warm temperatures at protection leveis
above Level D.

0334901
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5.4.2.2  Suction Pumps

There are many different types of inexpensive suction pumps inciuding centrifugai, diaphragm,
peristaitic, and pitcher pumps. Centrifugal and diaphragm pumps can be used for well evacuation at
a fast pumping rate and for sampiing at a low pumping rate. The peristaitic pump is a low volume
pump (therefore not suitable for weill purging) that uses roliers to squeeze a fiexible tubing, thereby
creating suction. This tubing can be dedicated to a well to prevent cross contamination. The pitcher
pump ts a common farm nand-pump.

These pumps are all portable, inexpensive and readily available. However, because they are based on
suction, therr use is restricted to areas with water tevels within 20 to 25 feet of the ground surface. A
significant limitation is that the vacuum created by these pumps can cause significant foss of dissoived
gases and volatile organics. In addition, the compiex internai components of these pumps may be
difficuit to decontaminate.

5.4.2.3  Gas-Lift Sampiers

This group of samplers uses gas pressure either in the annuius of the well or in a venturi to force the
water up a sampling tube. These pumps are aiso relatively inexpensive. Gas lift sampiers are more.
suitable for well development than for sampling because the samples may be aerated, leading to pH
changes and subsequent trace metal precipitation or loss of volatile organics.

5.4.2.4 Submersibie Pumps

Submersible pumps take in water and push the sample up a sampie tube to the surface. The power
sources for these samplers may be compressed gas or electricity. The operation principles vary and
the displacement of the sample can be by an inflatabie bladder, sliding piston, gas bubble, or
impeller. Pumps are available for 2-inch diameter wells and larger. These pumps can lift water from
considerabie deptns (severai hundred feet).

Limitations of this class of pumps inciude:

They may have low delivery rates.

Many models of these pumps are expensive.

Compressed gas or electric power is needed.

Sediment in water may cause clogging of the vaives or eroding the impeliers with some of
these pumps.

Decontamination of internal components is difficuit and time-consuming.

5.5 SAMPLING

5.5.1 Sampiing Plan

The sampiing approach consisting of the following, shall be developed as part of the POP prior to the
fieid work:

® Background and objectives of sampling.
e Briefdescription of area and waste characterization.

e Identification of sampling locations, with map or sketch, and applicabie well construction
data (well size, depth, screened interval, reference eievation).
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5.5.2

intended number, sequence volumes, and types of samples. If the reiative degrees of
contamination between wells is unknown or insignificant, a sampiing seaquence which
facilitates sampling logistics may be followed. Where some wells are known or strongly
suspected of being highly contaminated, these shall be sampled last to reduce the risk of
cross-contamination between wells as a result of the sampling procedures.

Sample preservation requirements.

Working scheduie.

List of team mempbers.

List of observers and contacts.

Other information, such as the necessity for a warrant or permission of entry, requirement
for spiit samples, access probiems, iocation of keys, etc.

Sampiing Methods

The collection of a groundwater sample is made up of the following steps:

1.

HSO or designee will first open the well cap and use volatile organic detection equipment

(KNU or OVA) on the escaping gases at the weill head to determine the need for respiratory
protection.

When proper respiratory protection has been donned, sound the weli for totai depth and
water level (using clean equipment) and record these data in a well sampiing data sheet
(Attachment A); then calculate the fluid volume in the well pipe.

Calcuiate well volume to be removed as stated in Section 5.3.

Select appropriate purging equipment (see Attachment B). If an electric submersible pump
with packer is chosen, go to Step 10.

Lower purging equipment or intake into the weill to a short distance below the water tevei
and begin water removal. Collect the purged water and dispose of it in an acceptable
manner. Lower the purging device, as required, to maintain submergence.

Measure rate of discharge frequently. A bucket and stopwatch are most commonly used;
other techniques inciude using pipe trajectory methods, weir boxes or flow meters.

Observe peristaltic pump intake for degassing "bubbles.” If bubbles are abundant and the
intake is fully submerged, this pump is not suitable for collecting samples for volatiie
organics. Never collect voiatiie organics sampies using a vacuum pump.

Purge a minimum of three-to-five casing volumes before sampling. In low permeability
strata (i.e., if the weli is pumped to dryness), one volume wiil suffice.

If sampling using a pump, lower the pump intake to midscreen or the middle of the open
section in uncased weils and cotlect the sampie. if sampling with a bailer, tower the batler
to sampiing ievel before filling (this requires use of other than a 'bucket-type’ baiier)

naan
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Purged water snali be collectea in a designated container and disposed of in an acceptabie
manner. ‘

10. (For pump and packer assembily oniy). Lower assembly into weil so that packer is
positioned just above the screen or open section and infiate. Purge a volume equal to at
least twice the screened interval or unscreened open section volume below the packer
before sampling. Packers shall always be tested in a casing section above ground to
determine proper inftation pressures for good sealing.

11. In the event that recovery time of the weli is very siow (e.g., 24 hours), sampie coliection
can be delayed until the following day. If the well has been bailed early in the morning,
sufficient water may be standing in the weil by the day's end to permit sampie coliection. If
the weil is incapabie of producing a sufficient voiume of sampte at any time, take the
largest quantity available and record in the logbook.

12. Add preservative if required. Label, tag, and number the sampie bottie(s).

13. Replace the well cap. Make sure the well is readily identifiabie as the source of the
samples.

\

14. Pack the samples for shipping. Attach a custody seal to the front and back of the shipping
package. Make sure that traffic reports and chain-of-custody forms are properiy filled out
and enciosed or attached.

15. Decontaminate ail equipment

5.5.3 Sampie Containers

For most samples ana analytical parameters, either giass or piastic containers are satisfactory.

5.5.4 Preservation of Sampies and Sampie Volume Requirements

Sample preservaton techniques and volume requirements depend on the type and concentration of
the contaminant and on the type of anaiysis to be performed. Procedure SF-1.2 describes the sample
preservation and voiume requirements for most of the cnemicals that wiil be encountered during
nazardous waste site investigations. Procedure SA-4 3 describes the preservauon requirement for
micropial samples.

5.5.5 Handling and Transporting Samples

After collection, samples shall be handled as little as possible. It is preferable to use self-contained
“chemical” ice (e.g., “blue 1ce”) to reduce the risk of contamination. |f water ice is used, it shall be
bagged ana steps taken to ensure that the melted ice does not cause sampie containers to be
submerged and thus possibly become cross-contaminated. All sampie containers snail be enciosed in
plastic bags or cans to prevent cross-contamination. Samples shall be secured in the 1ce chest to
prevent movement of sampie containers and possible breakage. Sample packing ana transportatuon
requirements are described 1n SA-6.2.

5.5.6 Sample Holding Times

Holding umes (i.e. allowed time petween sampie collection and anaiysis) for routine samptes are
given n Proceaure SF-1.2.

324901
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5.6 RECORDS

Recoras will be maintained for each sampie that is taken. The sampie iog sheet wiil be used to record
the following information:

e Sample identification (site name, location, project number; sample name/number and
location; sample type and matrix; time and date; sampler's identity).

® Sampie source and source description.

® Purge data - prior to removal of each casing volume and before sampling, pH, electricai
conductance, temperature, color, and turbidity shall be measured and recoraed.

e Ffield observations and measurements (appearance; volatile screening; field chemistry;
sampiing method).

e Sample disposition (preservatives added; lab sent to, date and time; lab sample number,
EPA Traffic Report or Speciai Analytical Services number, chain-of-custody numoer.

3

® Additional remarks - (e.g., sampled in conjunction with state, county, local reguiatory
authorities; samples for specific conductance value only; sampled for key indicator
analysis; etc.).
5.7 CHAIN-OF-CUSTODY

Proper cnain-of-custody procedures play a crucial role in data gathering. Procedure SA-6.1 describes
the requirements for a correct chain-ofi-custody.

6.0 REFERENCES
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ATTACHMENT A
SAMPLE LOG SHEET
T — SAMPLE LOG SHEET
'_—-:-_:1. Page of
| commOoRATION =] Monitoring Well Data ,
o A Haliburton Company ; Domestuc Well Data Case »
_. Other
8y __
3roject Site Name Jroject Site Numuoer
NUS Source No. Source Location
Total ‘We!l Deptn: Purge Data
Well Casing Si1ze & Deotn: Voiume | gm  S.C.  Temo. (°CY  Color& Turbigity
StazicWVater Level:
One Casing volume: ! i
Start Purge (nrs.i: i '
Znd Purce (hrs): | X i
Total Purge Time (min.) | | i
Total Amount Purged (qal ) | i |
Monitor Reading: J | !
H + '
3urage Methoc: ! .
Samoie Method: !
Deptn Samoieqa:
Samoie Date & Time: Sampie Data
a4 S C. ! Tamp. (°C) : Coler & Tori.dity
Samoied 8y: ’ i 1
Signature(s}: Cbservations/ Notes:
Type of Sampie
— Low Concentration
= Hign Cancentration
™ Grab
. Ccmpaosite
T Grab-Comoosite
Anawsis: ' Ireservative ; Zrganic : ~ecr3ar <
| Traffic Report # ! !
! Tag #
A3
Date Sripced
Time Sn:ooea
.40
vaiume
!
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Purging Equipment Selection

Niaphragqe Subesreible Submersibie Submeraible
Dismater Peristaltic Vacuum “trash” Dlsphrage Electric Electric
Caning Batles Puap Pump Al it Pusp Pump Pusp Punp w/Packer

1.2%-Inch

Water level

<25 ¢t K X 4 X
Water Jevel

»215 | §
2-Inch

Water Jevel

<25 (¢ | § | X | 4  §
Hater level

»25 f¢e X ) §
4-inch

Water leve)

€25 1t  § | R | | 4 X | §
MHater level

»2% N x  § 4 X
6-inch

Hatlexr flove)

«2% (e X X | § X
Wategr level

»2% ¢ | § | X
8-inch

Wates lavel

«@3% 1t X | 4 L]
Hatey leve)
»25 4t X x X

vBaIans
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Monuleciusres

B4aiCaa Systems, Inc

Cole-Parmer inst

Ca.

ECO Pump Corp.

Galiok Corp

Geok nginsening,
Inc.

industtial snd
Environmentat
Anaslysts, Inc.
HEA)

IEA

tmyrumant Specad
1as Co. (1ISCOY

Kock Geophyncst
ingtcrumenty,
Inc.

L s0nerd Moid snd
Dre Warks, Inc.

Ou Hecavery
Systeny, Inc.

(kD Enviconmental
Systems, tac

Moxtet nome/
number

Be1Cad Sampler

Mater flen
7570 Portabie
Sampling Purng

SAMPL lier

Bavier 2194

GEO-MONITOR

Aquavius

Syrmge Sampiles

Model 2600
Youl! Semples

SP 81 Submes-
sbie Sempiing
Pump

GeaF iter
Smel) Die Well
Pume (H0500)

Surtece Sampler

Weill Wizar k&)
Monitos ing
System (P-100)

Pronciple of
Opecation

dedicated. yas
diive (positive
duplocement)

pPOitabile,
peristaliic
{suction)

podtabie, ventuci

poaiiabée; grab
{postive dis-
placermnent)
dedscated. gos
derve (positive
duplecerment)
Porishie; Disider
tpoutive dn -
placement)

Porisbie, s s
(postive dis-
placermnent)
posiabie ; bisddes
(postive he
placement)

portable; heiwcal
ravor {povitve
dugiatement)

poristye; bladdes
lposntive dn
placement)

portébie, grab
(positive dhy
plecement)

deiicated  Lladher
(posttive iy
placemient)

Masunum oulside
diametes Yergith
{miches)

1 5/16

<1 O/NA

<1 Sor

<2 OINA

166/38

15186

t 75/43

175/43

1.75/60

t78/26

V 15738

118412

VU636

Construction
maeterials
(w/lines & (ubing)

PE. biass, nylon,
slumnum oxide

{not submer sibie)

Tygon® ulicone

Vit

PP. PE. PVC. SS
Tetion(s) Vet 2ai®

Tetlon®

PE. PP _PVC,
Vinotd

SS. Tatlon)
Viton®

§S. Tetion®

PC. ulicone,
Tetiond)} PP PE,
Detein® scerat

SS. Tetlon® PP,
EPOM. Viton®

$S, Taliosit) PC,

sctyhic, Deinin@®

PvC

Source:

Oeclivery 1982
retes o1 price
volumes

1 e tas

each 10-15 1

ol submergence

670 mLimin
with 7015
20 purmp hesd

0 500 mL /oun
depending

on hit

1078 mt

9 ) hites 185
tos each 10 11
of submetgurcs

0-7800 mL/mn

850 miL 1100
sample vol.
0 7500 mt /mwn 990

0-4500 mL/min 31500

0 3500 mi/min

app. 250 il

U 2000 mi/min

Barcelqna et al., 1983

{doitars)
220-350

500600

400 700

120-13%

1400- 1500

125160

J0ou 400

Comunents

1eguires compressed
993, CLIIOM Jiles pngd
maeterisls iverlabie;
act as pierometer

AC/DC; variable speed
conuol svaiisbie;

othes modsis may have
dullevent How rotes

AC, DC, or gesolmns
e iven Motors sveil-
abie; mu be prwmed

ather size3 svaisbie

8Cis B3 PresOmeter;
1OQUIED COMPr e
ons

roqQuit 83 compeessod
o83, othes models
availsbie; AC, DC,
manusl OperstOn
possible

equires vecuum snd/or
pressure rom hend
Pump

1OQUII e COMpruseed po
(40 pas minsmum)

0OC opeated

equires compr aised gae
155 PSI mumum);
prieumatic or AC/DC
control moduie

other materials and
models svailable,
for mewsuring shick
ness of “llosting”’
CONLATINANTS

1eqQuITes COMpre3sed s,

prezoimetnc level inds-
cator; other materials
availabiie
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Masimum outside Constiuction Lt Delivery 1982
Model name/ Ponciple ot diametes fiengih matesiels 1ange rétos oF price
Menvlaciuici numbsi {isches) {w/iines & tubingl it olume idoiiarsi
Handoiph Austin Co Mumiet SO0 por b pen S SHINIA {not xubm:nnh!e! O 10 e commeniy 1200 1300
Vi1 Fiow Pumg staltic lauchion) rubber, Tygon®)
ur Neoprene®
Hobest Bennert Co. Mude! 180 paciable, piston 18722 S5, Tellon® Der- 0 500 01800 mL/avun 2600-2700
{positive dis an) PP, Vilen®
pltecament) sciyhe, PE
Siope Indicator Co Model 514124 poctabile, gas 19718 PVC, nylon 01100 250 mb/Hush- 250350
iSiNCOI Prneumanc diive {positive ing cycle
Water Ssmpier displacement)
Sohinst Canads Lid. OW Warer Sampler  poriabie, gisb 19727 PVC. beass, nylon 0330 500 mL 1300- 1800
fnaeisua die. [P
FPOLVE Gis NeOpi S
placemaent)
JIMCO Mg Co Sid Baiie poiiabie; gials i b/ PVC. PP nu vl 200 miLjit i6 60
inc, tponitive dis- custom of bailer
placemaent)
TIMCO A or Gas po1 Labie, gas 1 66/30 PVC, Tygon®), 015%0 350 mL/Mush- 100200
Lihi Samples drwve (positive Telonk® ng cycle
duplecement)
Tole Devices Co Ssmphing Pump portable, bladdes } 38/48 S8, silicone, 7 0125 0 4000 mlL/oun 800- 1000
(positive dis Deitin@®, Tygon®
piacement}
Construchion Materisls Abbieviations Other Abbsevistions
PrE Polyethylens NA Nou Apgplicabie
re Polypeopylenc AC Alternating Cuerant
PVC Polyvinyt Chioide nc Direct Current
SS Staniess Steel
PC Polycarbonate
EPDOM  Ethylene-Propyiene Diene
launihasic suhnasl
{aynihetic rubber)
NOTE Other manutacturarns markel pumping devices which could be used 10 giound water samphng, though not expressly designed tor ths purpose
The hist 18 N0t Inssnt 10 D8 all-INClusive and listing does NOL CONstitule vhdOrsement 101 use. IA10IMaloN 10 the tabie s 1om saies hitordiwe
and/os panonal communmnicstion. NO shunmer, scavenger type, or high capacity pumps &8 included.
Source: Barcelona et al., 1983

Commenis

How rate dependent un
motos and 1ubing selec-
1ed, AC operdted, othes

maodels available

1equires compressad gas,
water level indicatos
and 11ow meter; cusiom
models aveilable

requires compressed gas,
SS available, prezomurer
model vaul;

carad e dnt
LTEITT oo

1equires compressed gas,

otiher sizes, Malorigis,
modeis availshie; op-
wonal bottam-emptying

device available; no
solvenis used

requires comprossed gas,
otha: sizes, matersals,
modeis avaiiable; no
solvents used

comprersed gas e

quued; DC coanrrol
maodule; custom buiit
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1.0 PURPOSE

This purpose Of this proceaure 15 10 provige informauon on chain-of-custody proceaures 10 be used
Jsnaer tne NUS Program.

2.0 SCOPE

This procegure describes tne steps necessary for transferring samples through the use of Chain-of-
Custoay Recoras. A Chain-of-Custody Record is required, without exception, for the tracking and
recoraing of all sampies coilected for on-site or off-site analysis (chemicai or geotechnical) during
orogram acuvities. Use of the Chain-of-Custody Record Form creates an accurate written record that
2an De usea to trace the possession and nanaling of the sampie from the moment of its cotlection
“hrougn analysis ang its introquction as evidence. This procegure identifies tne necessary custody
‘ecoras ana gescrioes tneir comptetion.

This procegure aoes NOt take preceaence over region-specitic or site-specitic requirements for cnain-
aT-custoay.

3.0 GLOSSARY

Chain-of-Custogy Record Farm - A Chain-of-Custody Record Form s a printed two-part form that
accompanies a sample or group of sampies as custody of the sample(s) is transferrea from one
custogian to anotner custodian. A Chain-of-Custody Recora Form i1s a controilea document, provided
oy the regional office ot EPA.

“he ¢nain-of-custody form 1s a two-page carbon-copy type form. The originai form accompanies the
sampies quring snipment, anad the DINK Caroon-copy s retainea in the project file.

Zontrolied Document - A consecutively-numperea form reieasea by EPA or Program Management
Dffice (PMO) ‘or use on a particular work assignment. Al unused forms must De returnea or
3¢Countea for at tne conctusion of the assignment.

Custogian - Tre person responsiple for tne custoay of samptes at a particular tme, unul custoay s
“ransterreq to anotner person (ang so aocumented), who tnen becomes custodian. A sample 1s unger
Jour custoay i

& tisinyouractual possession.

® tISiNnyourview, atter peingin your pnysical possession.

® TwWasInyour pnysical possession ana then you iocked 1t up Lo prevent tampering.
® iti1sinadesignatea anaidentified secure area.

Sampie - A sample is pnysical evidence collected from a faciiity or tne environment, wnicn s
-epresentative of coONGItions at the poINt and ume tnat 1t was collected.

-~~~ . a
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3.0 RESPONSIBILITIES

Zield Operations Leader - Responsipie for determining that chain-of-custody proceaures are
.mplemented up 10 ana including reiease 1o the snipper.

“ield Sampters - Responsibie for initiating the Chain-of-Custody Recora ana maintaining custody of
sampies untl they are reiinquisned to another custodian, to the shipper, or to the common carrier.

emeaial Investigation Leader - Responsibie for determining that cnain-of-custody procedures have
peen met by the sampie shipper ang anaiytical laboratory.

5.0 PROCEDURES

5.1 OVERVIEW

The term “chain-of-custooy” refers to procequres which ensure tnat evidence presentea in a court of
‘aw is what It is represented to be. The cnain-of-custody proceaures track the evigence from the tme
ana place 1t is first ootainea to the courtroom and, seconaly, provide security for tne eviaence as it Is
movea ana/or passes from tne custody ot one individual to another.

Chain-of-custody procedures, recordkeeping, and documentation are an important part of the
management controi of samptes. Reguiatory agencies must be able to provide the chain of
passession and custody of any samples that are offerea for evidence, or that form the basis of
anaivtical test resuits introauced as evidence. Written procedures must be avaliable and followed
whenever evidence sampies are collecteq, transferred, stored, anaiyzed, or destroyed.

5.2 SAMPLE IDENTIFICATION

“he method of idenufication of a sample depends on the type of measurement or anatysis

cerformea. When in-situ measurements are maae, the data are recorged direcity in nouna ogonooks
Jrotner rieid data recoras, witn iadenufying information.

5.2.1 Sampie Label

Sampies, other than tn-situ measurements, are removed and transported from tne sampte {ocation to
a iaboratary or otner {ocation for anaiysis. defore removai, however, a sampie 1s aften aivided Inta
portions, depenaing upon the analyses 10 be performed. E£ach portion Is preservea (n accoragance
~ith tne Sampting Plan. Each sampie container 1s identified by a sampie label (see AttachmentB).
Sampte labels are provided by the PMO. The information recordea on tne samote iabel inciudes:

e Project: EPA Work Assignment Numper (can be obtainea from tne Samoiing Plan).

e Station Location: “me unigue sampie numoper identifying this samole (can oe ootainea
from tne Samoting Plan).

¢ Date: A six-digit numper rdicating the cay, montn, ana year of samopie collecuon;
e.qg., 12/21/8S.

Time: A four-gigit numper iraicating the 24-hour tme of cotiection (for examoie: 0954 s
9:54a.m., ana 1629is4:290.m ).

¢ Medium: Water, soit, seaiment, sludge, waste. etc.

2334901
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e Concentration: The expected concentration (i.e., low, medium, high).

e Sampie Type: Grab or composite.

e Preservation: Type of preservation added and pH leveis.

o Analysis: VOA, BNAs, PCBs, pesticides, metals, cyanide, other.

e Sampied By: Printed name of the sampler.

e Case Number: Case number assigned by the Sampie Management Office.
¢ Traffic Report Number: Number obtained from the traffic reportfabeis.
o Remarks: Any pertinent additional information.

Using just the work assignment number of the sample label maintains the anonymity of sites. This

may be necessary, even to the extent of preventing the laboratory performing analysis from knowing .

the identity of the site (e.g., if the iaboratory is part of an organization that has performed previous
work on the site).

5.2.2 Sample identification Taq

A Sampte Identification Tag (Attachment F) must also be used for sampies coilected for CLP (Contract

Laboratory Program) anaiysis. The Sampie identification Tag is a w , waterproof paper label,
approximately 3-by-6 inches, with a reinforced eyelet, and strirg or w or attachment to the neck
of the sample bottlie. The Sample Tag 1s a controlled document, and : _vided by the regional EPA
office. Following sampie anaiysis, the Sampte Tag is retained by the la itory as evidence of sampte

rece!pt ana analysis.
The following information 1s recorded on the tag:
¢ ProjectCode: Work Assignment Number.

e Station Number: The muddle portion of the Station Location Numper, (between the
hypnhens).

o Month/Day/Year: Same as Date on Sampte Label.

¢ Time: Same as Time on Sample Label.

e Designate - Comp/Grab: Composite or grab samptie.

e Station Location: Same as Station Location on Sample Label.
o Samplers: Same as Sampied By on Sampie Labei.

e Preservative: Yesor No.

® Analyses: Check appropriate box(es).
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& Remarks: Same as Remarks on Samote Lapel (make sure the Case Numoper ana Traffic
Jeport numopers are recordeaq).

e (abSampie Number: Forlaboratory use oniy.
The tagis tnen ted around the neck of the sampte bottle.

if the sampie is 10 be spiit, it is aliquotea into simiiar sample containers. identical information s
compietea on the label attached to each sput.

Blank, duplicate, or field spike sampies snail not be identified as such on the iabel, as they may

compromise the quality controt function. Sampie planks, dupiicates, spikes. and spiits are definea in
Proceaure SA-6.6.

5.3 CHAIN-OF-CUSTODY PROCEDURES

After cotlection. separation, identification, and preservation, *he sample is maintained unaer

chain-of-custody procedaures untii it is in tne custog@y of the analytical [aboratory ana nas neen stored
or disposed of.

5.3.1 Field Custody Procedures

Sampies are collected as described in the site-specific Sampiing Plan. Care must be taken to
record precisely the sampie location and to ensure that the sampie numper con the iabel
matc¢hes the sample log sheet ana Chain-of-Custody Record exactly.

“he person undertaking the actuai sampling 1n the field is responsible for the care ana
custoay of the sampies coilectea until they are properiy transferred or aispatcnea.

“/hen pnotograpns are taken of the sampting as part of the gocumentation oroceaure, the
~ame of the pnotograpner, cate, ume, sité location, and site gescription are entereq
sequentaily in the site f0oghook as pnotos are taken. Once geveiopeg, ne pnotograpnic
orints snall be serially numbereq, corresponding to the logbook descriptions.

Sampile labeis snall be completeqa for eacn sampie, using waterproot ink untess prontbrted
Dy weather conditions, e.g., a logbook notation wouid explain that a pencii was used to fiil
out the sampie iabel because a pallpoint pen wouid not funcuon in freezing weather.

5.3.2 Transfer of Custody and Shipment

Samoles are accompanied by a Chain-of-Custody Record Form. Chain-of-Custody Recora Forms used
in EPA Regionsi-IV are shown in Attachments A througn D. The appropriate form shaii be obtained
from tre £PA Reqgional Office. 'When transferring the possession of sampies, ime 'naividuais
relin@uisNiNg ana receiving wiil sign, date, anag note tne ume on the Recora. This Recora aocuments
sample custody transter from the samoler, often througn anotner person, to tne analyst in tre
iaboratory. The Chain-of-Custoay Recora 15 filled out as follows:

L Inter neader intormation (project numbper, sampoters, and project name -- oroject name can

oe optained from tne Samoling Plan).

& <.gn,cate, anaentertne ume unaer ‘Relinquisnea by’ entry.

2334901
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® ~tnter station numper (the station numbper i1s the middle portion of the station iocation
numoper, between the nyphens).

® Check composite or grap sampie.

® Enter station location number (the same numper as the station location on the tag and
label).

® Enterthe total number of containers per station number and the type of each bottle.

® Enter either the inorganic traffic report number, the organic traffic report number, or the
SAS numpber for eacn station number 1n the remarks coiumn.

® Enter the tag number from the bottom of the sampie identification tag in the remarks
column for each station tocation.

® Make sure that the person receiving the sampie signs the “Received by” entry, or enter the
name of the carrier (e.g., UPS, Federal Express) under “Received by.” Receiving laboratory
will sign “Received for Laboratory by” on the lower iine and enter the date and time.

® Enter the bill-of-lading or Federal Express airbill number under “Remarks,” in the bottom
right corner, if appropriate.

e Place the originai (top, signed copy) of the Chain-of-Custody Record Form in the
approoriate sampie shipping package. Retain the pink copy with fieid records.

® Sign and date the custody seal, a 1- by 3-inch white paper label with black lettering and an
adhesive backing. Attachment G is an example of a custody seal. The custoay seal is part of
the chain-of-custody process ang s used to prevent tampering with samoptes arter they have
been collected in the field. Custody seais are provided by ZPMO on an as-neeaed basis.

® Place the seal across the shipping container opening so that it would be oroken if the
container s opened.

¢ Compiete other carrier-required shipping papers.

The custody record is completed using black waterproof ink. Any corrections are maae py drawing a
iine througn and initialing and dating the change, then entering the correct informaton. Erasures
are not permitteq.

Common carriers will usually not accept responsibiiity for handling Chain-of-Custody Record Forms;
this necessitates packing the record in the sampie container (enciosed with other documentation 1n a
plastic zip-fock bag). Aslong as custody forms are sealed inside the samote container and the custody
seals are tntact, commercial carriers are not required to sign off on tne custody form.

't sent by mail, the package wiil be registered with return receipt requested. !f sent by common
carrier or air freignt, proper aocumentation must be maintainead.

The iaporatory representative who accepts the incoming sampie snipment signs and dates the
Chain-of-Custogy Recora, compteting tne sampie transfer process. 't is then the laboratory's
re@sponsiniiity to maintain internal logbooks ana custoay recoras througnout samopie preparation and
anatysis.




Suoject Number Page

SA-6.1 7o0f 14

SAMPLE IDENTIFICATION reveon Effectve Date
AND CHAIN-OF-CUSTODY 2 05/04/90

533 Receipt for Sampies Form

Whenever samples are split with a private party or government agency, a separate Receipt for
Sampies Record Form is prepared for those sampies and marked to inaicate with whom the sampies
are being spiit. The person relinquishing the samples to the party or agency shall require the
signature of a representative of the appropriate party acknowledging receipt of the samples. If a
representative is unavailable or refuses to sign, this is noted in the "Received by” space.. When
appropriate, as in the case where the representative is unavailable, the custody record shall contain a
statement that the sampies were delivered to the designated location at the designated time. This
form must be compieted and a copy given to the owner, operator, or agent-in-charge even if the
offer for split samples is deciined. The original is retained by the Fieid Operations Leader.

6.0 REFERENCES

U.S. EPA, 1984, User's Guide to the Contract Laboratory Program, Office of Emergency and Remeaiai
Response, Washington, D.C.

7.0 ATTACHMENTS

Attachment A - Chain-of-Custody Record Form for use in Region |
Attachment B - Chain-of-Custody Record Form for use in Region il
Attachment C - Chain-of-Custody Record Form for use in Region |l|
Attachment D - Chain-of-Custody Record Form for use in Region 1V
Attachment € - Sampie Labei

Attachment F - Sampie Identification Tag

Attacnment G - Chain-of-Custody Seal
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PROJECT NAME

NO.
SAMPLERS: [Syneture) of
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1.0 PURPOSE

This procegure provides instruction for sampie packaging and shipping in accordance with
U.S. Department of Transportation (DOT) reguiations.

2.0 SCOPE

Sampies coiiected at hazardous waste sites usuaily have to be transported eisewhere for analysis. This
requires that the samples be appropriately preserved to prevent or minimize chemical aiteration prior
to analysis, and be transported to protect their integrity, as well as to protect against any detrimental
effects from leakage or breakage. Regulations for packaging, marking, labeling, and shipping
hazardous materiais and wastes are promulgated by the U.S. Department of Transportation and
described in the Code of Federai Requiations (49 CFR 171 through 177, in particutar 172.402h,
Packages Containing Samples). In general, these reguiations were not intended to cover shipment of
samples cotlected at controlled or uncontroiled hazardous waste sites or sampies collected during
emergency responses. However, the EPA has agreed through a memorandum of agreement to
package, mark, label, and ship sampies observing DOT procedures. The information presented here 1s
for generai guidance.

This procedure is appiicable to all sampies taken from uncontrolled hazardous substance sites for
analysis at laboratories away from the site.

3.0 GLOSSARY

Carrier - A person or firm engaged in the transportation of passengers or property.

Hazardous Material - A substance or material in a quantity and form which may pose an unreasonabie
risk to neaith and safety or property when transported in commerce (“commerce” here to inciude any

traffic or transportation). Defined ana regulated by DOT (49 CFR 173.2) and listed in Attacnment A of
this guideiine.

Hazargous Waste - Any substance listed in 40CFR SubpartD (y¥261.20 etsea) or otherwise
characterizea as ignitable, corrosive, reactive, or EP toxic as specified under 40CFR SubpartC
(y261.20 et seq) that would be subject to manifest requirements specified in 40 CFR262. Defined
and regutated by EPA.

Marking - Applying the descriptive name, instruction, cautions, weight, or specification marks or
compbination thereof required to be placed outside containers of hazardous matenais.

n.o.i. - Not otherwise indicated.

2

.0.

w

.- Not otherwise specified.

QRM - Gther requiated material.

Packaging - The assembly of one or more containers and any other components necessary 1o assure
comptiance with the minimum packaging requirements af 49 CFR 174, inciuding containers (other
than freignt containers or overpacks), portable tanks, cargo tanks, tank cars, muitiunit tank car tanks.

Placarg - Color-coded, pictorial sign depicting tne nazard class sympol and name 10 pe piaced on ail
four siges of a venicle transporting certain nazardous materials.
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Reportapie Quantity (RQ) - A parentnetical note of the form “(RQ-1000/454)" following an entry in
-ne DOT ~azargous Materials tapie (43 CFR 172.101) inaicates tne reportaple quanuty of the
supstance |n pounds ana kilograms. If a spiil of that amount or more of the substance occurs during
‘ransit or storage, a report must be filed with DOT accoraing to ¥171.15-15 concerning nazaraous
materials incidents reports. if the materiai spilied is a hazaraous waste, a report must aiways be filed,
regaraiess of the amount, and must include a copy of the manifest. (f the RQ notation appears, it
must be snown either iImmeaiately before or atter the proper snipping name on the snibpiNg paper

(or manifest). Most shipping papers and manifests will have a column designated "HM" which may
be useda for tnis purpose.

4.0 RESPONSIBILITIES

tield Operauons Leader or Team Samptling Leager - responsible for determining that sampies are
Jroperly packagea and snipoea.

Sampling Personnet - responsiole for imotementng the packaging ana shipoing requirements.

5.0 PROCEDURES

5.1 INTRODUCTION

Samptes collected for snipment from a site shall be classified as either environmental or hazardous
material (or waste) samptes. |n general, environmental sampies are coilected off-site (for exampte
from streams, ponds, or wells) and are not expected to be grossiy contaminated with hign leveis of
hazaraous materials. On-site samples (for example, soil, water, and materiais from drums or buik
storage tanks, obviousiy contaminated oonds, lagoons, poois, and leachates from hazaraous waste

sites) are considerea hazargous. A distinction must be made between tne two types O sampies in
aJrger to:

o Cetermine appropriate proceaures tor transportation of sampies. .7 there is any doubt, a
sampte snali be consiaerea nazargous and shippea acceraingty.

e J-otect the nearth and safety of laboratory personnet receiving tne sampies. Special
orecautions are used at laboratories wnen samptes otner than environmentai sampies are
received.

5.2 ENVIRONMENTAL SAMPLES

5.2.1 Packaaing

Invironmental sampies may be packaged following the procedures outlinea 'n Section 5.4 for
sampies ciassified as “flammaoie liquids” or ‘f'lammanpie sonds.”

Requirements for marking, iabeting,
ang snioping papers do Not aopily.

Invironmental sampies may aiso be packea without being piaceqa inside metal cans as requirea for
‘lammapie iiquids or solids.

~msanne
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® Dlace samoie container, properiy identified ana with a sealed lid, in a polyethylene bag,
and seal the bag.

® Place sampie in a fiberboara container or metal picnic cooler which has been lined with a
rarge potyethytene pag.

® Pack with enougn noncombustible, absorbent, cushioning materials to minimize the
possibiiity of the container breaking.

® Seallarge pag.
® Seal orclose outside container.

5.2.2 Marking Labeling

Sampte containers must have a compieted sampie identficaton tag and the outside container must
pe markea “Environmental Sampie.” The appropriate side of the container must be marked “This
£nd Up” ana arrows piacea appropriately. No DOT marking or iabeling are required.

5.2.3 Shipping Papers

No DOT shipping papers are required. However, the appropriate chain-of-custody forms must be
included with the snipment.

5.2.4 Transportation

There are no DOT restrictions on mode of transportation.

5.3 DETERMINATION OF SHIPPING CLASSIFICATION FOR HAZARDOUS MATERIAL SAMPLES
Samples not determ:ned to be environmental samples, or sampies known or expected to contain
hazargous materiais, must be considerea hazardous material sampies and transportea according to

the requirements listed below.

5.3.1 Known Substances

If the substance 1n the sample is known or can be identified, package, mark, label and ship according
1o the specific instructions for that matenal (if it is iisted) in the DOT Hazardous Materiais Tabie,
49 CFR 172.101.

Unz ana Company have published the following steps to heip 1n iocating a proper snippiNg name
from tne Hazaraous Materiais Table, 49 CFR 172.101.

1. Look first for the chnemical or technicai name of the matenal, for exampte, etnyt alcohol.
Note that many cnemicals have more than one techmical name, for example,
perchiorcethylene (not listed in 172.101) is aiso called tetrachioroetnylene (iisted 172.101).
't may pe useful to consult a chemist for ail bossible tecnnical names a materiai can have. f
JOur materiai is not histed by its tecnmical name then. .
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Look for the chemical family name. For examptie, pentyi alconoi is not listed but the
cnemicai family name 1s: aicohol, n.o.s. (not otherwise specifiea). !f the cnemicai famiiy
name s nottisted then. . . . . . .

3. Look for a generic name pasea on end use. For examoie, Paint, n.o.s or Fireworks, n.o.s. |f
a generic name basea onend use 1s notlistedthen. . . . . . . ..

4. Look for a generic famiiy name based on end use, for exampie, drugs, n.o.s. or cosmetics,
n.0.s. Finally, if your matenai is not listed by a generic family name but you suspect or
know the material is hazardous because it meets the aefinition of one or more hazardous
classes, then. . . . ..

5. You wiil have 10 go the the generat hazard class for a proper snipping name. For exampie,
flammanbie Liquid, n.o.s, or Oxidizer, n.o.s.

5.3.2 Unknown Substances

For samples of hazaraous substances of unknown content, seiect the appropriate transportation

category according to the DOT Hazardous Materiais Classification (Attacnment A), a prionity system of
transportation categories. '

The correct shipping classification for an unknown sample s selected through a process of
eliminauon, utilizing Attacnment A. Uniess known or demonstrated otherwise (through the use of
ragiaton survey instruments), the sample s considered raaiocactive and appropriate shipping
regutations for “"radioactive materiai” followed.

if a ragicactuve material is eliminated, the sample is considered to contain “Poison A" matenais
{Attacnment B), the next classification on the iist. DOT defines “Poison A" as extremely dangerous
DoiIsonous gases or 11quids of sucn a nature that a very small amount of gas, or vapor of the liquids,
Mixea witn air 1s aangerous 10 life. Most Poison A materiais are gases or compressed gases ana woutd
"ot pe found tn drum-type containers. Liquid Poison A would be founa oniy in ciosed containers;
nowever all samptes taken Trom ciosed drums do not have to be snippea as Potson A, wnich proviaes
fora 'worst case’ situation. 8asea upon information avaiabie, a judgment must be made whetner a
sampte from a closeq container 1s a Poison A.

'f Poison A 1s eliminated as a snipment category, the next two ciassifications are “flammabie” or
‘nontlammanble” gases. Since few gas sampies are coilectea, "“lammabte liquid” wouid be the next
appticanie category. 'Nith the eiimination of radiocactive materiat, Poison A, flammable gas, and
nontiammapie gas, the sampie can be classified as flammaole liquid (or solid) ara shippea
accoraingly. These procedures wouid also suifice for shipping any other sampiles ciassified below
flammanbie fiquids in the DOT classification table (Attachment A). For sampies containing unknown
materiais, categories iisted below flammanle liquias/solids on Attacnment A are generally not used
Decause showing that these materiais are not flammabile liquids (or soiids) requires flashpoint tesung,
anicn may be rmoracucai and possibly dangerous at a site.  ~nus, uniess the sampie s known 1o
consist of materiais listea as less nazaraous tnan flammanble liquid (or soiid) on AttacnmentA, 1t s
consigerea a flammaote liauia (or soiid) ana shippea as sucn.

“or any nazaraous material snitoment, utifize the shioping cneckiist (Attacnment C) as a guideline to
ansure that all sampte-nanaling requirements are satisfieq.

— - g~
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5.4 PACKAGING AND SHIPPING OF SAMPLES CLASSIFIED AS FLAMMABLE LIQUID (OR SOLID)

5.4.1 Packaaing

Applying the word “flammable” to a sample does not impiy that it is in fact flammabile. The word
prescripes the ciass of packaging according to DOT reguiations.

1. Collect sample in the prescribed cantainer with a nonmetallic, Teflon-nnea screw cap. To
prevent ieakage, fill container no more than 90 percent full.

2. Complete sampie label and sample idenufication tag and attach securely to sampie
container.

3. Seal container and place in 2-mii thick (or thicker) polyethylene bag, one sample per bag.
Sosition sampie identification tag so that it can be read through bag. Seai bag.

dlace sealed bag inside metai can and cushion 1t with enough noncomoustible, absorbent
matenai (for exampie, vermiculite or diatomaceous earth) between the bottom and sides

Es

clips, tape, or other positive means 1o hold can lid securely, tightly and permanently. Mark
can asindicated in Paragrapn 1 of Section 5.4.2, below.

Place one or more metal cans (or single 1-galion bottle) into a strong outside container,
such as a metal picnic cooler or a DOT-approved fiberboard box. Surround cans with
noncombustible, absorbent cushioning materials for stability during transport. Mark
container as indicated in Paragraph 2 of Section 5.4.2.

v

5.4.2 Marking/Labeling

Jse apbreviations only wnere specified. Place the following informauon, either nano-
orinted or in (apel form, on the metal can (or 1-gallon bottle):

o Laboratory name and address.

® ““lammabie tiguid, n.o.s. UN1993" or “Flammable Solid, n.o.s. UN1325."
Not otnerwise specified {(n.0.5) is not used if the flammable liquid (or soiid) is identfied. Then tne
name of the specific materiai is iisted before tne category (for exampie, Acetone, Flammabie Liauiq),
‘oflowea by 1ts appropriate UN number found 1n the DOT Hazarcous Materiais tabie (43 CFR 172.101).

2. Place all informaton on outside shipping container as on can (or bottle), specifically:

Proper snipping name.
UN or NA number.

Proper iabei(s).
Addressee ana sender.

Place the following iabeis on the outside shipping container: “Cargo Aircratt Only” and
"Flammanbie Liquid” (or “Flammaboie Solid”). "Dangerous When Wet" labei snail be usea if
-he soiid has not been exposea to a wet environment. “laboratory Samptes”’ and "THIS
SIDE UP" or "THIS END UP” shail aiso be marked on tne top of the outsiae container, ara
spwara-pointing arrows snall be placea on all four sides of the container.

of the can and bag to prevent breakage and absorb leakage. Pack one bag per can. Use .
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5.4.3 Shipping Papers

' Use apbbreviations oniy wnere specified. Comoiete the carrier-provided biii of iading and

sign certification statement (if carrier does not provide, usé standara inaustry form, see
Attachment D). Proviae the foilowing information in the order listed (one form may oe
Jsed for more than one exterior container).

¢ “Flammapie Liquid, n.o.s. UN1993” or “Flammable Solid, n.o.s. UN1325.”
o "Limitea Quanuty” (or “L*d. Qty.”).

e "Cargo Aircratt Only.”

e Netweignt (wt) or net volume (voi), just before or just after 'Flammapie Liquid, n.o.s.”

or 'Flammanpie Solid, n.o.s.,” by item, 1T more than one metal ¢an 1S insige an extertor
container.

e "laboratory Samopies” (if applicabie).
2. Include Chain-of-Custody Recorg, properiy executed in outside container.

3. “Limited Quantty” of "Flammanbie Liquid, n.0.5.” is limited to one pint per inner container.

For "Flammanble Solid, n.o.s.,” net weignt of inner container pius samote snall not exceed
one pound; total package weight shall not exceed 25 pounds.

5.4.4 Transportation

Transport UNKNOWN Nazaracus substance sampies ciassifiea as flammaopie 11quias by rented
or common carrier truck, raliroaa, or express overnignt package services. Do nottransport
Dy any passenger-carrying air transport system, even 17 they nave cargo-oniy aircratt. DOT
regulalions permit reguiar airiine cargo-onty aircratt, but aifficuities witn most suggest
avolaing them. rstead, ship Dy alriine carriers tnat onty carry cargo.

2. For transport by government-owned venicie, including aircratt, DOT requiations do not

apply. rowever, procedures described above, with the exception of execution of the bl of
ading with certificauon, snaii stuil be usea.

6.0 REFERENCES

J.S. Department of Transportation, 1983. Hazardous Materiais Reguiations, 43 CRF 171.177.
NUS Stanaard Operating Proceaure SA-6.1 - Sampte identfication and Chain-of-Custoay
NUS Stanaard Operating Proceaure SA-1 2 - Sampie Preservauon

NUS Stancard Operating Procegure SF-1 S - Compatnbility Testing

~7374GnN"
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) wN

12.
13.
14.

9

16.

S v ® N o w

DOT HAZARDOUS MATERIAL CLASSIFICATION (49 CFR 173.2)

Radioactive materiai (except a limited quantity)
Poison A

Flammabie gas

Nonflammable gas

Flammable liquid

Oxidizer

Flammable Solid

Corrosive maternial (liquid)

Poison B8

Corrosive materiai (solid)

Irritating material

Combustible liquid (in containers having capacities exceeding 110 galions {416 liters])
ORM-8

ORM-A

Combpusuble liquid (in containers having capacities of 110 galions {416 liters] or iess)

ORM-E

~y s s

-y
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DOTLIST OF CLASS “A"” POISON (49 CFR 172.101)

Physical State at
Material Standard
Temperature
Bromoacetone Liquid
Chloropicrin and methyi chioride mixture Gas
Chloropicrin and nonflammable,nonliguefied Gas
compressed gas mixture
Cyanogen chioride Gas(>13.1°C)
Cyanogen gas Gas
Gas idenufication set Gas
Gelatin dynamite (H. E. Germaine) -=e-
Grenade (with Poison "A” gas charge) -~
Hexaethyl tetraphosphate/compressed gas mixture Gas
Hydrocyanic (prussic) acid solution Liquid
Hydrocyanic acd, liguefied Gas
insecticide {liquefied) gas containing Poison “A" or Gas
Poison "B"” matenal
Methyidichloroarsine Liquid
Nitric oxide Gas
Nitrogen peroxide Gas
Nitrogen tetroxide Gas
Nitrogen dioxide, liquid Gas
Parathion/compressed gas mixture Gas
Phosgene (diphosgene) Liquid
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ATTACHMENT C

HAZARDOUS MATERIALS SHIPPING CHECKLIST

PACKAGING

1.
2.
3.
4.

SHIPP!

Check DOT 172.500 table for appropriate type of package for hazardous substance.
Check for container integrity, especially the closure.
Check for sufficient absorbent material in package.

Check for sampie tags and log sheets for each sampie, and chain-of-custody record.

NG PAPERS

w N

0w N e

Check that entries contain only approved DOT abbreviations.

Check that entries are in Engiish.

Check that hazardous material entries are specially marked to differentiate them from any
nonhazardous materials being sent using same shipping paper.

Be careful all hazardous classes are shown for muiticlass materials.

Check total amounts by weight, quantity, or other measures used.

Check that any limited-quantity exemptions are so designated on the shipping paper.

Offer driver proper piacards for transporting vehicie.

Check that certification is signed by shipper.

Make certain driver signs for shipment.

RCRA MANIFEST

1.

~NoO WV e w

Check that approvea state/federal manifests are prepared.
Check that transporter nas the foliowing: vaiid EPA identfication number, valid driver's

license, valid vehicle registration, insurance protection, and proper DOT labeis for matenais
being shipped.

Check that destination address is correct.
Check that driver knows wnere shipment s going.

Check that the driver 1s aware of emergency procedures for spiils and accidents.
Make certain driver signs for shipment

Vake certain one copy of executed manifest and shipping document is retainea by shipper.
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1.0 PURPOSE
This procegure gescrines tne process for keeping a site 10gbook.
2.0 SCOPE

The site iogpoOOK is a controiled aocument which records all major on-site activities during a Remediaf
Investigation/Feasibility Study. At a mimmum, the following activities/events snall be recorded in the
site fogbook:

Arrivai/departure of site visitors

Arrival/departure of equipment

Sample pickup (chain-otf-custody form numbers, carrier, time)

Sampling activities/sample iogsneet numoers

Start or comoletion of porenole/trenchymonitoring well instaliation or sampling acuvities
Health and Safety issues

The site logpook is inrtiated at the start of the first on-site activity (e.g., initial reconnaissance survey).
Entries are made for every day that on-site activities take piace which invoive RIFS contractor
personnel. One currentsite logbook is maintainea per site.

The site logbook becomes part of the permanent site file maintained in the Ri contractor’s office.
Because informauon contained in the site iogpoook may be admitted as evidence 1n cost recovery or
other legai proceedings, itis critical that this document be properiy maintained.

3.0 GLOSSARY

Site Logpbook - The 10gDOOK is @8 DOUNd NOteDOOok with consecutively numbperead pages that cannot be
removea. Joon entry of data, tne 10gbooK reautres signature by tne responsiole site leager (see
Secuons.1).

4.0 RESPONSIBILITIES

The site logbook is issued by tne Regional Manager (or nis designee) to tne Site Manager for the
auration of the project. The Site Manager reieases the site logpook to the Field Operations Leaaer or
other person responsibie for the direction of on-site activities (e.g., Reconnaissance Survey Team
Leader, Sampiing Team Leader). It is the responsidility of this person (or his designee) to keep the site
logbook current while in his possession, and return It to the Site Manager or turn it over 10 another
field team. Following the compietion of all fieldwork, the site logbook is returned to the Site
Manager for inclusion in the permanent site files.

5.0 PROCEDURES

5.1 GENERAL

The cover of each site logpook contains the following intformatuon:
Project Name

NUS Project Numoer

RI/FS Contractor and Site Manager’'s Name
Sequential Book Numper
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e Start Date
e tnd Date

Daily entries into the iogbook may contain a variety of information. At the beginning of eacn day tne
following information must be recorgea:

Date

Start ime

Weather

All field personnel present
Any visitors present

During the day, a summary of all site activities and level of personai protection snall be recorded in
the logoook. The information need not duplicate that recorded in other fieid notebooks (e.q.,
sampie logbook, Site Geologist's notebook, Health and Safety Officer's notebook, etc.), but shall
summarize the contents of these other notebooks and refer 10 the page iocations In these notenooks
for detaiied informauon. An exampie of a site iogbook page is shown in Attacnment A.

The sampie logsheet for each sample collected (see Procedure SA-6.6) must pe referenced. If
measurements are made at any location, the measurements and equipment used must either be
recorded in the site iogbook or reference must be made to the notebook and page number(s) on
which they are recorded (see Attachment A).

All entries shall be made in black pen. No erasures are permitted. If an incorrect entry is made, the
data shall be crossed out with a single strike mark, and initialed and dated. At the completion of
entries by any individual, the logbook must be signed. It must also be signed by tne Field Operations
Leader or responsible site leader at the end of each day.

5.2 PHOTOGRAPHS

When movies, slides, or photograpns are taken of a site or any monitoring tocatuon, they are
numbered to correspond to iogbook entries. The name of the pnhotograpner, date, tume, site
location, site description, and weather conditions are entered in the logbook as the photographs are
taken. A series entry may be used for rapid-sequence photographs. The pnotographer i1s not
required to record the aperture settings and shutter speeds for photographs taken within the normal
automati¢ exposure range. However, spectal ienses, fiims, filters, and other image-enhancement
techniques must be noted in the logbook. If possibie, such techniques shall be avoided, since they can
adversely affect the admissibility of photographs as evidence. Chain-of-custody procedures depend
upon the subject matter, type of film, and the processing it requires. Ffilm used for aerial
photography, confidential information, or criminal investigation require chain-of-custody
procedures. Adequate logbook notation and receipts may be used to account for routine film

processing. Once processed, the slides of photographic prints shall be seriaily numbered and labeled
according to the jogbook descriptions.

6.0 REFERENCES
None.
7.0 ATTACHMENTS

Attacnment A - Typical Site Logpoook Entry
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TYPICAL SITELOGBOOK ENTRY
START TIME: DATE:
SITE LEADER:
PERSONNEL:
NUS DRILLER EPA

I

2.

WEATHER: Clear, 68°F, 2-5 mph wind from SE

ACTIVITIES:

Steam |enney and fire noses were set up.

Drilling activities at well resumes. Rig geologist was .
See Geoiogist's Notebook, No.1, page29-30, for details ot driling acuvity. Sample
No. 123-21-94 collected; see sampie logbook, page 42. Drilling activities compieted at 11:50
and a 4 inch stainiess steel well installed. See Geologist's Notebook, No. !, page 31, and well
construction details for well

Drilling rig No.2 steam-cieaned at decontamination pit. Then set up at location of
well

Well drilled. Rig geologist was . See
Geologist's Notebook, No.2, page tor detans ot aniling acuviues. Sample
numpers 123-22-S1, 123-22-S2, and 123-22-53 coliected; see sample logbook, pagesd3, 44,
and 45.

Well was developed. Seven 55-gailon drums were filled in the flushing stage. The
weil was then pumped using the pitcher pump for 1 hour. At the end of the hour, water
pumped from weil was "sand free.”

EPA remedial project manger arrives on-site at 14:25 hours.

Large dump truck arrives at 14:45 and is steam-cieaned. Backhoe and dump truck set up over
test pit

Test pit dug with cuttings placed in dump truck. Rig geoiogist was

. See Geologist's Notebook, No. 1, page 32, for details of test
pit activities. Test pit subsequently filled. No samples taken for chemical analysis. Due to
shallow groundwater table, fitling in of test pit resuited in a very soft and wet area. A
mouna was developed and the area roped off.

Express carrier picked up samples (see Sampte Logbook, pages 42 through 45) at 17:50 hours.
Site activities terminated at 18:22 hours. All personnel offsite, gate locked.

Field Operatons Leader
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1.0 PURPOSE

This procedure describes the appropriate containers to be used for sampiles depending on the
analyses 10 be performed, and the steps necessary to preserve the sampies when shipped offsite for
chemical analysis.

2.0 SCOPE

Different types of chemicais react differently with sampie containers made of various materials. For
exampie, trace metals adsorb more strongiy to giass than to plastic, while many organic chemicals
may dissolve various types of plasti¢ containers. |tis therefore critical to select the correct container in
order to maintain the quality of the sampie prior to analysis.

Many water and soil samples are unstable, and therefore require preservation when the time intervai
between fieid collection and taboratory analysis is long enough to produce changes in either the
concentration or the physicai condition of the constituent(s) requiring analysis. While complete and
irreversible preservation of samples is not possible, preservation does retard the chemical and
biological changes that inevitably take piace after the sample is coilected.

Preservation techniques are usually limited to pH controi, chemical addition(s) and refrigeration/
freezing. Their purpose is to (1)retard biological activity, (2)retard hydrolysis of chemical
compounds/compiexes, (3) reduce constituent volatility, and (4) reduce adsorption effects.

3.0 GLOSSARY

HCl - Hydrochioric Acid
H,9Q4- Sulfuric Acid
HNO; - Nitric Acid

NaOH - Sodium Hydroxide

Normaiity (N) - Concentration of a solution expressed as equivalent per liter, an equivalent being the
amount of a substance containing one gram-atom of repiaceable hydrogen or its equivaient. Thus, a
one molar solution of HCl, containing one gram-atom of H, is “one-normal,” while a one molar
solution of H,504 containing two gram-atoms of H, is “two-normal.”

4.0 RESPONSIBILITIES

Field Operations Leader - retains overall responsibility for the proper storage and preservation of
samples. During the actual coliection of sampies, the sampling technician(s) wil be directly
responsible for the bottling, preservation, labeling, and custody of the sampies they collect unul
released to another party for storage or transport to the analytical laboratory.

5.0 PROCEDURES
5.1 SAMPLE CONTAINERS

For most sampies and analytical parameters either giass or plastic containers are satisfactory. in
general, if the analyte(s) to be determined is organic in nature, the container shail be made of giass.
If the analyte(s) is inorganic, then the container shaill be piastic. Since container specification wiil
aepena on the analyte and sample matrix types (as indicated in Attachment A) dupiicate samptes
shall be taken when both organic and inorganic analyses are required. Containers shall be keptin tne
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aark (to minimize oiological or pnotooxiaationyphotolysis breakdown of constituent) untl they reach
-he analytical laboratory. The sample container shall allow approximateily 5-10 percent air space
ullage ') to allow for expansion/vaporization if the sampie is heated during transport (1liter of
~ater at 4°C expanas by 15mi if heated to 130°F/S5°C), however, head space for voiatile organic
anaiyses snall be omitted.

For CLP laboratories, containers will be obtained through the CLP Sampie Management Office. For
Responsibie party actions or non-CLP laboratories, the laboratory shall provide containers that have
been cleaned accoraing to U.S. EPA procedures. Sufficient lead time shall be allowed. Shipping

containers for sampies, consisting of sturdy ice chests, are provided by the laboratory of the remedial
‘nvestigation contractor.

Once opened, the container must be used at once for storage of a particular sampie. Unused but
openea containers are to be considered contaminated and must be discarded; because of the
ootential for introguction of contamination, they cannot be reciosed and saved for later use.
_ikewise, any unusea containers which appear contaminated upon receipt, or which are found to
nave (0ose caps or missing Teflon tiner (if required for the container) shail be aiscaraed.

General sample container and sample voiume requirements are listed in AttacnmentA. Specific
container requirements are listed in Attachment B.

5.2 PRESERVATION TECHNIQUES

The preservation technigues to be used for various analytes are listed in AttachmentsA and 8.
Reagents required for sampie preservation will either be added to the sampie containers by the
laboratory prior to their shipment to the Field or added in the Field. In general, aqueous samples of
low concentration organics (or soii sampies of low or medium concentration organics) are cooled to
4°C. Medium concentration aqueous sampies and high hazard organics sample are not preserved.
Low concentration agueous samptes for metals are acidified with HNO3, wnile meaium concentration
anag hign hazara aqueous metal sampies are not preserved. Low or medium concentration sali
samptes Tor metais are cooted to 4°C while high hazard sampies are not preservea.

The foilowing subsections describe the procedures for preparing and adding cnemical preservatives.
Attacnments A ana B inaicate the specific anaiytes which reguire these preservatives.

5.2.1 Addition of Acid (H,504, HCl, or HNO3) or Base

Addition of the following acids or bases may be specified for sampie preservation; these reagents
snall be analytical reagent (AR) graae ana shall be diluted to the required concentration with doubie-
aistiiled, detonized water 1n the taboratory, before Field sampling commences:

~avaAamn
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‘ ‘ . Amount for
Acid Base Concentration Normality Acidification®
m
HCl 1:1 dilution of concentrated HC! 6N 5-10 mi
H,504 1:1 dilution of concentrated H,S0, 18N 2-5mi
HNO; Undiluted concentrated HNO; 16N 2-5mi
NaOH 400 grams solid NaOH in 870 mi water 10N 2mi**

*  Amount of acid to add (at the specified strength) per titer of water to reduce the sampie
pH to less than 2, assuming that the water is initially at pH 7, and is poorly buffered and
does not contain particulate matter.

** Toraise pH of 1liter of waterto 12.

The approximate voiumes needed to acidify one liter of neutral water to a pH of less than 2 (or raise
the pH to 12) are shown in the last column of the above table. These volumes are only approximate;
if the water is more aikaline, contains inorganic or organic buffers, or contains suspended partctes,
more acid may be required. The final pH must be checked using narrow-range pH paper.

Sample acidification or base addition shalf proceed as follows:
® Check initial pH of sampie with wide range (0-14) pH paper.

e Fill sample bottte to within 5-10 mt of final desired voiume and add about 1/2 of estimated
acid or base reguired, stir gently and check pH with medium range pH paper (pH 0-6 or
pH 7.5-14, respectively).

e Add acd or pase a few drops at a time while surring gently. Check for final pH using
narrow range (0-2.50r 11-13, respectively) pH paper; when desired pH 1s reached, cap
sample bottie and seal.

Never dip pH paper into the sample; apply a drop of sample to the pH paper using the
stirring rod.

5.2.2 Cyanide Preservation

Pre-sampie preservation is required if oxidizing agents such as chlorine are suspected to be present.
To test for oxidizing agents, place a drop of the samplie on Ki-starch paper; a blue color indicates the
need for treatment. Add ascorbic acid to the sample, a few crystals at a time, untif a drop of sampie
produces no color on the Ki-starch paper. Then add an additional 0.6 g of ascorbic acid for each liter
of sampte volume. Add NaOH soiution to raise pH to greater than 12 as described in 5.2.1. If
oxidizing agents are not suspected, add NaOH as directed.

5.2.3 Suifide Preservation

Samples for suifide analysis must be preserved by addition of 4drops (0.2 ml) of 2N zinc acetate
solution per 100 ml sampte. The sample pH is then raised to 9 using NaOH. The 2N zinc acetate
solution 1s made by dissoiving 220 g of zinc acetate in 870 mi of distilled water to make | hter of

solytion.
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5.2.4 Preservation of Organic Sampies Containing Residuai Chlorine

Some organic samples containing residuai chiorine must be treated to remove this cniorine upon
collection (See AttacnmentA). Test the samples for residual chiorine using EPA metnoas 330.4 or

330.5 (Field Test Kits are avaiiable for this purpose). if residual chiorine is present, aad 0.008% soaium
thiosuifate (80 mg per iiter of sampte).

5.2.5 Field Filtration

When the objective 1s to determine concentration of dissolved inorganic constituents in a water
system, the sampie must be filterea througn a non-metailic 0.45 micron memorane filter immediatety
after coilection. A filtration system is recommended if large quantuties of sampies must be fiitered in
the field. The filtration system snail consist of a Blchner funnel inserted into a single-noie rubber
stopper, sized to form a seal wnen inserted into the top of a vacuum filter fiask equipped with a
singte sige arm. Heavy-wail Tygon tuping snail be attacnea to the singte sige arm of the vacuum filter
flask and the suction port of a vacuum pump. The stem of the Buchner funnei shall extena beiow the
level of the side arm of the vacuum filter flask to prevent any soivent from entering the tubing
leading to the vacuum pump. Before filtrauon, the filter paper, wnich snall be of a size to lay flat on
the funnei plate. snail be wetted with the solvent in order to “seal” it to the funnel. Slowiy pour the
solvent into the funnel ana monitor the amount of solvent entering the vacuum filter flask. When
the rate of solvent entering the fiask is reduced to intermittent dripping ana the added aliquot of
solvent in the funnet has passed through the fiiter, the used fiiter paper shail be repiacea with new
filter paper. 'f the soivent contains a high percentage of suspended solids, a coarser-sized
nonmetailic memprane filter may be usea prior to usage of the 0.45 micron membrane rilter. This
"prefiitering” step may be necessary to expedite the filtration procedure. Discara the first 20 to 50 mli
of filtrate from eacn samoie to rinse the filter and filtration apparatus to minimize the risk of aitering
the composition of the samptes by the filtering operation. For analysis of dissoivea metals, the fiitrate
is collected in a suitable pottle (see Section 5.1) and is immeaiately aciagified to pH 2.0 or iess with
nitric acid wnose purity 1s consistent with the measurement to be made. norganic anionic
constituents may be aetermined using a poruon of the fiitrate that has not been aciaifiea.

Sampies used for cetermining temoerature, dissolved oxygen, Eh, and pH shouid not be filterea. Do
not use vacuum filtering prior 1o determining carbonate and bicarbonate concentrauon pecause it
removes dissoivea carpon aioxide and exposes the sampie 1o the atmospnere. Pressure fiitrauon can

be done using water pressure from the weill. If gas pressure s requireg, use an 1nert gas sucn as argon
or nitrogen.

Do not filter samples for analysis of voiatite organic compounds. if samptes are to ve filterea for
anaiyzing other gissolved organic consuituents, use a giass-fiber or metal-memorane filter and coifect
the samples In a suitable container (see Section 5.1). Because most arganic analyses require extraction
of the enure sampie. co not discard any of it. After fiitering, the memorane containing tne
suspenaed fraction can be seaied in a glass container and analyzed separately as soon as oracticable.
Total recoverabie norganic constituents may oe determined using a second, unfiltered samopte
collectea at the same ume as the samote for dissoived constituents.

aTal
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7.0 ATTACHMENTS
Attachment A - General Sampie Container and Preservation Requirements CERCLA/RCRA Samples

Attachment 8 - Required Containers, Preservation Techniques, and Holding Times (3 sheets)
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CONCENTRATION  CONTAINER}) SAMPLE SIZK PRESERVATION? HOLDING TINMEZ
WATER
Organics
(GC & oC/msS) VOA borosilicate glass 2 x 40 m) Cool to 4¢°C 7 days
Extractables
Low amber glass 2x21or Cool to 4°C 5 days to extraction
4x1l11 40 days after extraction
Medium wide-mouth glass 4 x 32 o None Sams 88 asbove
Inorganics potals
Low high density (h.d.}
polyethylene 11 HNOj3 to pH <¢2 6 months (Hg-30 days)
Nedium wide-mouth Qlass 16 oz None 6 months
Cyanide
Low h.d. polyethylene 11 NaOH to pH >12 14 days
Bedium wide-mouth glass 16 oz None
Organic/Inorganic High Razard 8 oz wide-mouth glass 6 oz None 14 days
cop -- h.d. polyethylens 0.5 1 H7S04 to pH <2 28 days
TOC -- h.d. polyethylene 0.51 uél to pH <2 20 days
0il & Grease - Qlass 1.01 HS04 to pH «2 28 days
Phenols -—- h.d. polyethylene 1.01 H,504 to pH <2 28 days
General Chemistry -- h.d. polyethylens 1.01 None .-
soIL
Oorganics VOA 2 x 120 m) (4 oz) 240 m) Coal to 4°C 10 days
(GC & GC/MS) wide-mouth glass
Extractables
Low/Mediua 8 oz or 2 x 4 o2 6 oz Cool to 4°C 10 days to sxtraction
(120 ml) wide-mouth glass 40 days after extraction
Inorganics Low/Bedium 8 ot or 2 x 4§ ot 6 oz Cool to 4°C NA
1120 ml) wide-mouth glass
Organic/Inokganic High Hazard 8 oz (120 ml) wide-mouth 6 ox None NA
glass
Dioxin All 4 or {120 ml) wide-mouth 4 oz None NA
glass
EP Toxlcity All 250 m1 h.d4. polyethylene 200 grams None NA
Mr
Volatlle Organics Low Charcoal Tube 100 ] afr Cool to 4°C NA
Medium 7T cm long, 6 nmm OD, 4 mm 1D

1. All glass containers should have Teflon cap liners or septa.
2. See Attachment B.

SAMPLE CONTAINER AND PRESERVATION REQUIRMENTS CERCLA/RCRA SAMPLES
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Parawcter No. MNeme Conug-g(” Presacvat l“(l,)) Nezioun Bolding tl.-“)
INORCANIC TEST3
Actdicy r.c Cool, 4°C 14 days
Alhalistcy r.c Coel, 4°C 14 daye
Assceis r.c Coal, 4°C, #2304 to pHi 2 28 dsye
Blocheaicsl Oxygen Ucmaand r,c Cool, 4°C 48 hours
Brostde rc Noaoe required 28 daye
Mochesical Oxygen Demand, Carbousceous r.G Cool, 4°C 40 houce
Cheaical Oxyges Demsnd | X4 Cool, 4°C, 250, te pi8 2 18 daye
Chleride rc Noce required 18 days
Chlotise, Totel Nesidusi *,C Noas requized Analyte fomedistely
Colet | K Cool, 4°C A8 Mlt
Cysatde, Total sod Amsssble o Chlarisatice 2,6 Cool, 4°C, WeOK (g pH 12, O.8g 16 dayel®)
ascogbic scsal
Ylvoride r Noae required 18 days
Mardaoese | XA Wn0y te pi 2, M2304 co ol 2 .6 soeths
Hydrogea lou (pH) r.C Noae sequired Anslyze jswedistely
Kjeldahl sad Orgsasc Misroges r.C Cool, 4°C, M504 te pii 3 8 days
Nitrate ?,6 Cool, 4°C 40 hosts
Nitrete-Nitrite .G Cool, 4°C, #2304 to pi 2 28 deye
Nicette r,c Cool, 4°C 40 houts
011 snd Grease [ Cool, 4°C, 12504 te pA 2 20 days
Ocgenic Cerboa r.C Cool, 4°C, NC1 er 0350, to o 2 20 days
Orthophosphate | N4 Filtes lmardiately, Coel, 4°C A0 bhouts
Ozygen, Dissolved-Probe C pottle end top Noos Tequired Asalyse jmmedistely
Osygen, Dissclved-Winkler C Bottle and top Pix oa site sud sters la dark 8 houcte
Pheaols c Cool, A°C, 350, te pit 2 28 deyeo
Phosphorus (elescntsal) ¢ Cool, 4°C A8 hours
Phosphorus, Total rG Cool, 4°C, M3304 to pi 2 10 deye
Scatdue, Totel r.c Cool, 4°C 7 daye
fentidue, Ftltecable rc Coel, 4°C 40 bours
Residue, Koafiltetable (T33) G Cool, 4°C 7 dsys
Residue, Settlesbdls r.c Coel, 4°C 48 dours
Residue, Velatile rc Cool, 4°C ? daye
Siiica L4 Cool, 4°C 18 daye
Specific Conductance r,c Cool, 4°C 28 days
Sultete | ] Coel, 4°C 18 days
Sulfide [ A Cool, 4°C, odd sinc acetate plus sodium 7 deye
hydrextde to pR 9
Sulftte r.G Noas tequtred Aselysa immadistely
Sutfactaute rc Cool, 4°C 48 boute
Tenperatute | N Hona n('ulnd Anslyse 1nsedistely
Terhidity | KA Cool, 4°C 48 houte
Chromius V1 rc Cool, 4°C 24 hours
Hetculy r.Cc nioy te pi 2 20 days
Messls, except Chromium VI eod Mercury r.G HNOy te pH 2 6 months

valgng
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tUD.,

1-3 Alphs, bets and rudiom

(1) Polyethylcoes (P) or Clese (C).

N0y to pi 2

TASIK | NWotee

Pasamecler No./Nesse E_n!:lr_-_g[(n !I‘-erv-lloc(z”) Hasimum loldlnl‘ll-o“)
oncantc TesTs:(9)
Purgesble Halocsrbous G, Tefloa-ltued septum Cool, 4°C, 0.0083 N.)S;O](” 14 daye
Purgesdle Aromstic Wydrocerboss C, Tefloa-)lned septua Coel, 4°C, 0.ml HllSzO’(’, 14 daye .
HC) to pH 2
Acrolela end Acrylomftrite G, Tetloo-1laed septum Cool, 4°C, 0.0081 !ml""” 14 deys
asdjust pN to 4-5
rtuul.(‘” G, Tetlom-l1aed cap Cool, 4°C, 0.0U81 IqSlO)(” 7 deys uwncil) estrection,
40 doye alter nclln
Ieuldinc.(ll) G, Teflon-lioed cap Cool, 4°C, 0.0082 IqSZO)(” 7 days watil entrsctiea )
Phachalate nuu“" C, Tefloa-1ined cap Cool, 4°C ) deys wmti) estvactioa,
40 daye sftar sstrectice
Ium--lnu(“'“) G, Tetlom-1ined cap Cool, 4°C ’(o(c ia dark, 0.0002 7 dayes unti) sxtyectice,
lchgo;(’ , 40 days alier estractlon
rcaa(11) acrylonttrsle C, Tetloa-lined cap Cool, 4°C ] daye until entraction,
) 40 days after sxtsaction
Nitrosromatice end I-ophnmu“” C, Tetlon-11o0ed cap Cool, 4°C, 0.008% NquO)(”. store ? days until eatgaction,
1a dard A0 days efter aattaction
Polyvuclear Arvestic lydrmrbo--(u) G, Tctloa-lined cep Cool, 4°C, 0.0082 lnz!zO](”. stors ] deye watil extrsctios,
ia dsck 40 days after estcaction
llnloﬂhtu“” C, Teflou-11ned cop Cool, 4°C, 0.000% IIqS;O;(” 7 deye usri] estrectios,
A0 daye after estractlos
Chlorinated Hydlou:bon.“” G, Tetlon-lined cap Cool, 4°C 7 deys until suntrectiocs,
40 days slter extractios
oot 1) C, Tetlon-1ined cep Cool, 4°C, 0.008% Waz3203¢3) 7 days watil estescties,
40 days slter esttactios
PESTICIDES TESTI:
Pesticidealll) G, Tetlon-1lned cap Cool, 4°C, gt 3-9(13) 7 days eati] estracticm,
40 doys sfter astgactiocs
RADIOLOGICAL TESTS:
6 wonths

reserved ot the
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(2) Semple preservation should be performed famedfistely upva sample collection. For composite cheaical semples each aliquot should be ‘

loe of collectlon. Whes use of su autosated sasplec sakes it tepossible to ptesesve esch aliquet, thes chenical senples say be pteserved
+* untll coapositiog eud sample splitting fe cospleted.

9 ssaistealalng ot

()) uhen eay sample 1o to be ehipped by common carsfler or scatl through the Uanited Ststes Netle, 1t mues comply with the Depactment of Transposistion

cagdous Materlals Regulations (49 CPR Pact R21).
(4) Saemplce should be anslyzed oo svua se pussible efter collection. The tlacs llsted aic the mazjaua tlece thet assmplcs may be held belouse snslyete

| wiill be cousidered valld. Ssmples may bc held toc longer peslods only 11 the peralttee, of svoliosing laboratory, has dats ca file te show that the
and hae t1eceived & verjance from the Reglonal Adstafetretor.

abey

.ic typee of samples under otudy ace ateble for the longes tlec,

(3) Should ualy be veed l1a the prescoce of senidual chlorloe.
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(8) Maaimm bolding tims 15 24 houre when aulfide fe praseat. Optionsily, sll sesples way be teated with lesd acatate peper bufors pil o4 justasats in
ordes 1o determine 1f sulllde 1o precsat. I sullide o present, 15 can be semavad by the sddition of cadaius nitrate powdes watll & segscive apot Lest s
obtaisned. The sampls 1a [1ltared ond then NaOM 1o added to pit 12,

(1) 3emples should ba filteted Llmmeadietely ou-site balore adding preservaiive fos diaselved waisla.
(8) Culdaace aspplies (s sasples T be anslysed by CC, LG, or GC/HS for specilic tompounde.
(9) 3anple Teceliviag mo pi adjuetment eust be snalysed withia sevea days of sampling.

(10) The pit odjustmest 1 wot Tequired 1f acrolsis will met be messured. Ssaples for scroleln suceiviag no pil sdjustmsat sust be sssiysed withis 3 deye
of senpling.

(11) ¥hea the astractable snslytes of coacern fall withia a elagls clemical category, the specifind preservalive sad seninue helding tlaees shouild de
obsetved for optimm ssfeguatd of seaple iategrity. Whes tha scalytes of coacers fall uithin twe of sete chealcal categories, the eseple may ba ptesarved
by coellng to 4°C, reducieg testdusl chlortma with 0.008%1 sodium thiceulfste, otoring 1n the datk, sod sdjustiag the pil te 6-9; sssples presecrved is this
msaser nay be hold for seven doys Defote estraction sad for forty days sfier astraction. Esceptions ge this eptiens] preservecion asd beldlag tiee
preceduse ate moted I8 footsets 3 (res the requirsment for thiesullate veducilea of reatdual chlocine) sad fcootsstas 12, 1) (zes the snslysie of bausidime).

(12) 1f 1,2-43phenylthydracine 1o likely to be preseat, sdjust the pif of the seaple to 4.040.1 to prevest resrrsagessat te bensidise.
(13) Rxtracie say be stored uwp to 7 days bafors ssalysis 1f stofege 3a conducted under sa Lnert (eoxidsat-frea) stmesphere.
(14) Foc tha smalysis of diphenylalirvesntas sdd 0.0083 Na; 570} and adjuet pit to 7-10 with NeOM withiz 24 bours of ssapliag.

(13) The pil adjustment may be parformed upom recelpd ot the laboratory ssd may be ontftled If Che samplas are sxtrected within 71 houss of coflection.
Tor tha asalysis of aldris, add 0.008% Ne 80y
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1.0 OBJECTIVE
To estabiish procedures for the use, maintenance, ana caiibration of the OVA 128 Vapor Analyzer.
2.0 SCOPE

Applies to each usage of the OVA instrument in implementation of the NUS/EMG Program.

3.0 GLOSSARY
None.
4.0 RESPONSIBILITIES

Office Health and Safety Supervisor (OHSS) - The OHSS shall insure that the user nhas been
appropriately trained and cerufiea in the usage of the OVA. He shall also insure that the instrument
is properly maintained and calibrated prior to its release for field service.

instrument User - The user should be personally secure that he or she has been adequately trained,
understands the operation of the OVA, and limitations of the instrument. He or she shouid also be
sure that the instrument has been calibrated and is working properly.

5.0 PROCEDURES
5.1 PRINCIPLE OF OPERATION

The OVA operates in two different modes. in the survey mode, 1t can determine the approximate
concentration of all detectabie species in air. With the gas chromatograph opuon, individual
components can be detected and measured independently, with some detection limits as low as a few
parts per billion.

5.2 GAS CHROMATOGRAPH FUNCTION

in the Gas Chromatograph (GC) mode, a small sample of ambient air s injected into a
chromatograpnic column and carried through the column by a stream of hydrogen gas.
Contaminants with different chemical structures are retained on the column for different lengths of
time (known as retention times) and, hence, are detected separately by the filame ionization detector.
A strip chart recorder can be used to record the retention times, which are then compared to the
retention times of a standard with known chemical constituents. The sampie can be injected into the
column either from the air-sampling hose or directly from a gas-tight syringe.

5.3 CALIBRATION

The OVA is internally calibrated to methane by the manufacturer. When measuring methane, it
indicates the true concentration. in response to all other detectabie compounds, however, the
instrument reading may be higher or lower than the true concentration. Relative response ratios for
substances other than methane are available. To interpret the readout correctly, it is necessary either
to make calibration charts reiating the instrument readings to the true concentrations or to adjust the
instrument, so that it reads correctly. This second procedure is done by turning the 10-turn, gas-seiect
knob, which adjusts the response of the instrument. The knob is normally set at 300 when caiibrated
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to methane. Seconaary calibration to anotner gas is done by sampling @ kKNown concentration of tne
gas and adjustinNg tne gas-select kNoo, until the iINstrument reading equals the true concentration.

5.4 LIMITATIONS

The OVA nas an innerent imitation in that it can detect only organic molecules. Also, it snould not be
used at temperatures iower than about 40°F, because gases congense In the puMP ana coiumn. It nas
Nno temperature control and, since retention umes vary with ambient temperatures for a given
column, absolute determinations of contaminants are difficuit. Despite these nmitation

WSl LTSS (S=RRAGA)

¢ tha GC
3, WIS O\

mode can often orovide tentative informaton on the 1gentity of contaminants in air witnout relying
on costly, time-consuming iaboratory analysis.

5.5 CAUTIONS

The instrument ¢can MonNItor onty certain vaoors and gases in air. Many nonvolatiie quids, toxic
solids, particulales, and otner toxiC gases ana vapors cannot be detected. Because tne types oF
compoundgs that the QVA can potentiaily detect are oniy a fraction of the cnemicais possibiy present
atanincident, a zero reading aoes not necessarily signify the apsence of air contaminants.

The instrument 1s nonspecific, and its response to different compounds is relative to the calibration
setting. Instrument readings may be higher or lower than the true concentrations. These
discrepancies can be especially serious probiems when monitoring for total contaminant
concentrations, if several different compounds are being detected at once. (n addition, the response
of this instrument is not linear over the entire detection range. Care must, therefore, be taken when
interpreting tne data. All identifications should be reported as tentative until they can be confirmed
by more precise analysis. Concentrations should be reported in terms of the calibration gas and span
potentiometer or gas-setect knop setting.

This instrument cannot pe used as an indicator for combustibie gases or oxygen aeficiency.
6.0 REFERENCES

Century Systems (Foxboro). Service Procedures: Organic Vapor Anaiyzer; 128GC.

7.0 ATTACHMENTS

Attachment A - Start-up and Shutdown Procedures (2 Sheets)
Attachment B - Maintenance and Calibration Schedule
Attacnment C - Calibration Procedure (2 Sheets)
Attachment D - Pump System Checkout

Attachment £ - Burner Chamber Cleaning

Attacnment - Quad Ring Service

Attachment G - Troublesnooting (2 Sheets)
Attachment H - Shipping

Attachment ! - D.O.T. Exemption Permit (2 Sheets)
Attachment | - D.O.T. Exemption Permit Extension
Attachnment K - Hydrogen Recnarging

Attacnment L - Particie Fiiter Servicing

Attachment M - Flow Diagram - Gas Handling System
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ATTACHMENT A

START-UP AND SHUTDOWN PROCEDURES

START-UP

1.

10.

12.

Connect the propefread out connectors to tne side-pack assembiy.
Check battery congition and hydrogen supply.
For measurement taken as methane equivalent, check that tne GAS SELECT Diai1s setat 300.

Turn the etectronics on by moving the INSR switch to the ON position ana ailow five (5) minutes
for warm-up.

Set CALIBRATE switch to X310, use CALIBRATE knob to setindicator at C.

Oben the H; tank valve and the H supply vaive all the way. Check that the nydrogen supply
gauge reads between 8.0 and 12.0 psig.

Turn the PUMP switch ON and check the flow system, according to the procedures in
Attacnment D.

Check that the BACKFLUSH and INJECT vaives are in the UP position.

To light the flame, deoress the igniter switch until a meter aefiecuon i1s observed. The igniter
switcn may be depressed for up to five(S)seconas. Do not aepress tor tonger than
five (5) seconds, since 1t may burn out the igniter coil. If the instrument does notlight, allow 1t
to run severai minutes ana repeat ignition attempt.

Confirm OVA operational state by sniffing an organic source, such as a magic marker.

Estabiish a background level in a clean area, by using the charcoal scrubber (depress the sample
inject vaive) and recording measurements referenced to background.

Set tne alarm level, if desired.

SHUT DOWN

1.

2.

Close H» suppiy valve and H; tank vaive (Do Not Overtighten Valves).

Turn INSTR switch to OFF.
Wait until H, supply gauge indicates system is purged of H;, tnen switch off pump.

Put instrument on electrical charger at completion of day’s activities.
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*

MAINTENANCE AND CALIBRATION SCHEDULE

Check Particle Filters

Check Quad Rings

Clean Burner Chamber
Secondary Calibration Check
Primary Calibration Check
Check Pumping System

Replace Charcoal

Factory Service

Weekly or as-needed

Monthly or as-needed

Monthly or as-needed

Prior to project start-up

Monthiy or 1f secondary check 1s off by more tnan = 10%
Prior to project start-up

120 hours of use or when background reaaings are higher
with the inject valve down than with the inject vaive up, in a
clean environment.

Atleast annually

instruments which are not in service for extended periods of time need not meet the above
schedule. However, they must be given a compiete check-out prior to their first use addressing

the above maintenance items.
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ATTACHMENTC

CALIBRATION PROCEDURE

PRIMARY CALIBRATION

Remove instrument components from the instrument shell.

Turn on Electronics and Zero instrument on X 10 scale. Gas setect diai to 300.
Turn on Pump and Hydrogen. Ignite Flame. Go to Survey Mode.

introauce a Methane Standard near 100 ppm.

Adiust R-32 Trimpot on Circuit Board to make meter read to standard.

Turn off hyarogen fiame and adjust meter needle to read 40 ppm (calibrate @ X10) using tne
caliorauon adjust Knobs.

Switch to X100 Scaie. The meter should indicate 0.4 on the 1-10meter markings
(0.4 x 100 = 40 ppm). if the reading s off, adjust with R33 Trimpot.

Return to X10 Scale and adjust meter needle to 40 ppm with calibration adjust knob, if
necessary.

At the X10 Scale, adjust meter to read 0.4 on the 1-10 meter markings using the calibration
adjust. Switch to X1 scale. The meter should read 4 ppm. If the reading is off, adjust using the
R-31 Trimpot.

SECONDARY CALIBRATION

1.

Fill an air sampiing bag with 100 ppm (Certified) methane caiibration gas.

2. Connect the outiet of the air sampiing bag to the air sampling {ine of the OVA.
3. Record the reading obtained off the meter onto the calibration record.
DOCUMENTATION

Each office shall develop a system, whereby the following calibration information is recorded.

a.

b.

'nstrument calibrated (1.D. or Serial No.)

Jate of calibration

Method of calibration

Results of the calibration

identification of person who caiibrated the instrument

identification of the calibration gas (source, type, concentration, Lot No.)
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ATTACHMENTD

10.

With pump on hold unit upright and observe flow gauge.

Ball levei significantly below a reading of 2 is inadeguate flow.

PUMP SYSTEM CHECKOUT

Check connections at the sample hose.

Clean or replace particle filters, if flow is impaired or it is ume for scheduled service.
Reassemple and retest fiow.

If flow still inagequate, repiace pump diapnragm and valves.

If flow normal, piug air intake. Pump should slow and stop.

If no noticeable change in pump, tighten fittings and retest.

If still no cnange, replace pump diaphragm and vaives.

Document this function in the maintenance records.
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ATTACHMENTE

Remove plastic exnaust port cover.

Unscrew exnaust port.

BURNER CHAMBER CLEANING

Use wire brush to clean burner tip and electrode. Use wood stick 1o clean Teflon.

Brush inside of exhaust port.

Blow out champer with a gentle air flow.

Reassembie and test unit.

Document this function in the maintenance records.




QUAD RING SERVICE

Remove OVA guts from protective shell.

Remove clip ring from bottom of valve.

Unscrew nut from top of vaive.

Gently pull valve shaft upward and free of housing.

Observe rings for signs of damage - replace as necessary.

Lightly grease rings with silicone grease.

Reassemble valve - do not pinch rings during shaft insertion.

Document this function in the maintenance records.
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ATTACHMENTG
TROUBLESHOOTING
indicauon Possibie Causes
& righ Background Reading 1 Contaminated Hyarogen
{More than 10 ppm) 2. Contaminated Sample tine
® Conunuai Flameout 1. Hydrogen Leak
2. Dirty Burner Chamber
3 Dirty Air Filters
® _owAiIrfiow 1. Dirty Air Filter
2. Pump Malfunction
3. Line Obstruction
e Flame Will Nottight 1. Low Battery
2. Ignitor Broken
3. Hydrogen Leak
4 Dirty Burner Champer
5. Air Flow Restricted
¢ NoPowertoPump 1. Low Battery
2. Short Circuit
& Hydrogen Leak 1. Leak in Regutator
(instrument Not in Use) 2. Leak tn Valves
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ATTACHMENTG
TROUBLESHOOTING
PAGE TWO
To be performed by quaiified technician only.
1 No meter response in any switch position (including BATT CHK).

A. Broken meter movement.

(1) Tip instrument rapidly from side to side. Meter needie should move freeiy ana return
to zero.

B. Electrical connection to meter s broken.
{1) Check all wires ieading to meter and clean the contacts of quick-disconnects.

C. Batteryiscompletely dead.
(1) Disconnect battery and check voitage with a voit-ohm meter.

D. If none of the above solves the problem, consult the factory.
2. Meter responds in BATT CHK position, but reads zero or near zero for all others.

A. Powersupply defective.

(1) Check power supply voltages per Figure 11 of the HNU owner’s manual. If any voitage
is out of specification, consult the factory.

8. Inputtransistor or amplifier has failed.
(1) Check input connector on printed circuit board. The input connector should be firmiy
pressed down.
(2) Check components on back side of printed circuit board. All connections should be
solid and no wires should touch any other object.
(3) Check ail wires in readout for solid connections.




Since the QVA-128 contains hydrogen, itis

As Personal Luggage

Air Express

Danger - Peligro

Flammable Gas

inside Container Compiies with
Hydrogen UN #1049

Name and Address of Recipient
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ATTACHMENT H
SHIPPING

subject to shipping restrictions.

The OVA-128 can be taken on a plane as luggage, since a permit has been issued from the
Department of Transportation to the manufacturer (Foxboro). Please refer to the original permit
(Attachment 9) and the extended permit (Attachment 10).

The following iapels must be affixea 1o both sides of the OVA case wnen sripping OVA by Air Express.

D.0.T. Regulations

A hazardous air bill must be fifled out. The following information is requested.

Proper Shipping Name

Hydrogen

Classificauon

Flammabie Gas

1.D. No.

UN 1049

Net Quantity

75 Cubic Centimeters

in addition, the shipping's certification must be signed and marked CARGO AIRCRAFT ONLY.
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ATTACHMENT!

D.O.T. EXEMPTION PERMIT

OLPARTMENT OF TRANEPO ~
RESEARCH AnO SPEICIAL PRQnLRAMS T T "
wasrONtIOS D 2000
BOT-L 7507

(FIRST ALVISIOX - CORRICTED COPY)

1. Cantury Sysiess (orperstion, Arwsnsas Cicy, Kansas, s herevy granted

sa exemption {rom thoge provisiens ef this Departmenc’s Mszardeus Materials
Regulations specified i1n paragrazh 5 dalov te offer pachages prescrided
harein of a flammable gas for t(ranspertation in commerce snbject to tha
listcacions and specis)l requirements specif{ied harein. This aromption su-
therizes the shipoent of hydrogen in certsin non-DOT specification cylindsrs
as descrided in paragraph 7 belew, and provides ne relief {rem any regula-
tion ochar than as specifically stated. LEseh of the fallewing is herady
granced the sratus of a party to rhig excsption:

U.S. Dapartment of Realch, [ducation snd Welfaze, Rockville,
Maryland - PTI-l.

2. 3AS1S. This exempeion is based on Century Systams Corporation's appli-
cotion dated March 10, 1378, subatcted in sccordance vich &% CIR 107,108
and the public procseding thereen. The granting of parzy status 13 dased
en the fallovaing application suvmitted in acesrdancs vith 49 CFR 107.111
and the public procseding thereon:

The U0.S. Department of Naalth, Education and Yelfara's applicscion
dated Marenh 13, 1978.

3. RAZARDOUS MATERLALS (Descriptor and class). MHydregen, [lammable gss.
4. PROPER SHIPPING NAME (69 CTR 172.101). Hydrogea.

S. RJCULATIOX AFFECTED. &% CFR 172,101, 125.3.

6. NODEL OF TRAXSPORTATION AUTMORIZED. Passenger-carrying sireraft.

7. SAFETY CONTROL MEASUREZ. Pachaging prescrided is a noa~DOT specificacion
seamless stainless steel cylinder of net mere tham 7.22 cubie ineh vacer
capagity; esch cylindar to be pressure tested te at laast 000 paig, and
charged to nec mere tham 2100 psig at 70°F. The cyliasder is a cospemant part
of a pertadla gas chremategraph.

8. SPECIAL PROVISIONS.

8. TIach devics wust be shipped in & sctrong outside packaging
as prescribed ia 49 CFR 173.301(w).

%, A copy of this axewmption nust De carried adeart sach air-
cratt used te transpert packagss covered Wy Lhis exempriea.

€. The pilet in command must bde advised vhen the gas ehwe~
Batsgraph is placed on doard the asircrafc.

d. The gas chtonategraph sust be spprepriately secwred.
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Continuation of 13t Aav. DOT<T 7607 serrected copy DRAF
IAEAENTS. Any incident f{avelviag joss al conterl s e

s. N hay |
package adst bu reporrad Lo the Offsce of Masardevs Materials Ragulation a9

seen a5 practicadls.

16, DXIPIRATION DATE. May 1, 1980.

ved at Haghingean, D0.C.:

Ll = 2778

Algn 1. Roberts (DATE)
»sseciate Director faor

Hagardous Macarisls Regulacion

vacer:zala Transpertatien Jureasu

Address all {nquiries to: Assocsate Director for Rizardous Materials
Regulation, Materials Transportation Buresu, Research and $pecial Programs
Adminiscracion, Departmenc of Transportation, Yashingten, D.C., 20590.
Attencion: Uxempcions Aranen.

Disc: 3 eof L, TAA

SEPARTMENT OF TRANSPORTATION

RESTAACH AND IPECIAL PROGAAMS ACMINISTRATION
walmiInNgYOn. G € 70900

DQT-E 1807
(Pt

In scesrdanes with 49 CFR 10710 of the Department of Traamortsuen (DOT)
Hazardeus Materials Regulations the party(s) listed detow are granted the status of

party te DOT=8 7491,

The expirsiien date of the exemption i March U, 1982 for the party(sl listed delow.
This avtherizssation forms part 6f the xemption 53 must Se attached to it.

13 JUN 1980

' BATE)

Assoeiate Direstor for

Hazerdous Materials Reguistion

Materigls Transportation Buresu

Oist: FAA
EXEMPTION HOLDER APPLICATION DATE
Cliytdn Raviranmental Cersultants, Ine. December 4, 12379
Southfield, Miehigan
Fexdare Company Mareh 24,1980

Burtinpion, MA
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" D.O.T. EXEMPTION PERMIT EXTENSION
o
US Depcrrment 400 Sevenn Skeet. S W
of Transporenon washngion. 0.C. 20380
Research and
Speciat Programs
Admirsstration
DOT-E 7607
(EXTENSION)

In accordance with 49 CFR 107.105 of the Department of Transportation (DOT)
Hazardous Materials Regulations DOT-E 7607 is hereby extended by changing the
expiration date in paragraph 10 from December 1, 1983 to Seotember 1, 1985.

This extension applies only to party(s) listed below based on the application received
in accordance with 49 CFR 107.105. Al other terms of the exemption remain
unchanged. This extension {orms part of the exemption and must be attached to it.

4@%/% ,4/ 0T 27 1o

Alan [. Roberts (DATE)
Associate Director for

Hazardous Materials Regulation
Materiais Transportation Bureau

Dist: FAA
EXEMPTION HOLDER APPLICATION DATE
Foxboro Company September 16, 1983

South Norwalk, Ct.
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ATTACHMENT K
HYDROGEN RECHARGING
1. High grade hydrogen (99.999%) is required.
2. Connect the fill hose to the REFILL FITTING on the side Pack Assembly, with the FILLUBLEED
valve in the OFF position.
3. Open H; supply bottle valve.
4. Place FILL/BLEED vaive on fill hose in BLEED position momentarily to purge any air out of the
system.
5. Crack the instrument TANK VALVE.
6. Open REFILL valve on instrument.
7. Place FILLUBLEED valve in FILL position until the instrumenf PRESSURE GAUGE equalizes with
the H> SUPPLY BOTTLE PRESSURE GAUGE.
8. Shut REFILL valve, FILL/BLEED valve, and H; SUPPLY BOTTLE valve, in quick succession.
9. Turn FILLBLEED vaive to BLEED until hose pressure equalizes to atmospheric pressure.
10.  Turn FILL/BLEED valve to FILL Position, then to BLEED position, then to OFF.

1.

Close TANK on instrument.

Disconnect the FiLL HOSE and repiace protective nut on the REFILL FITTING.
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ATTACHMENTL

PARTICLE FILTER SERVICING

There are two points in the air sampling line of the OVA where filters have been piaced to keep
particulates from entering the instrument. The location of these filters are indicated on the figure in
Attachment M. The first filter is located in the probe assembiy and the second fiiter (primary fiiter) is
located on the side pack assembly. Cleaning procedures are as follows:

1.

2.

Detach the probe assembly from the readout assembly.

Disassemble the probe (the components unscrew).

The particie filter iocated within the probe can be cieaned by biowing air through the filter.
Reassemble the probe.

The primary filter, located behind the sampie inlet connector on the side pack assembly, is
accessed by removing the sampie inlet connector with a thin-walled 7/16 inch socket wrench.

Remove the filter and ciean as above.

Reassemble the sample inlet fitting and filter to the side pack assembly.

Check sample flow rate.
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FLOW DIAGRAM - GAS HANDLING SYSTEM
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. .—Exerpt from: Technical Report and. Project History - Contract No. Y-55586-%
Underground storage of liquid fuel along waterfront south of Naval NET and
Fuel Depot, Melville, RI - January 19, 1944
Charles A. Maguire and Associates

VI, APPRMDIX MA¥

#1e OEMERAL DESISH :

The doali;n of thess buriad tanks in Intereating,
espocially ohi gegvunt of thelr size, and 15 aluo solaw
shatb unusual. lome of tho najor conslderationg ware
ths limitation of Slotation offect as aceomplilabad by
drains around the peripher:r of the tank, aend alasc the
definiholy asaured lizltation in hydroztatic heed.
Than there was the question of proscrsssing.

Tho Foiiawing nasumptions wero cadoa: ~

Floor of tank and walls wsro desiyned
to withatend s hydroatatic head of 10t
above the Lank loor.

The roof waa desizned Yo withstand a _
£111 load of 47 of asarth muounting to 400f# per 8

and 2 live load oy &858 v
conorete dezlignod for o safs working agsress o'y -

For the ruel oll tanks, Glasa (=l ey p-”;*

" T iessl ! " " g1 GO p.i

3al'e working aitressx of ho stael 2000041

The gradn ol concreis was chwsan lor LY density
or Lmperveabilisy rathar than for strength, the wi)
preszure and psngiraiing power siado bolny factors.

AS proviously stated under Harration II-Fe3, pusgp-
ing fagilitles ware ingtalled in the sunp of sacl pusy
pit of the rusl oil fanka Lo pravent bullding up &
danzerous ascceunulation of watar in the backrfillsd oxen® e
vation on the sutslds of the tank. In ls connoctionr‘
while computatlens shov thas an anpby tanls it not sup |WEES
to flotation wntil & surroundin; extornal uater deptin
mors then Z0' exista above the tenk floor, & criticak
point is reuached with sn exteroel vater depth corresp
ing to only 12¢. 7Thia %fa Cor the reason thnt under t'
latter conditlion, the 11C%t inposed on the bunk bottom
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results Ln ovor-atreasing the -nvsvt;sd ¢ ont inuvous

i :mr @ yutan au,mor'::ad only by the vsolummna, which

in turm ars iislfed fo s.ha x*aaeta.un or Lou a}. sreliint
ot :_..a roof slab above thene This combined roaction
la mede up of the welpght ai‘ tiie coiumn plus the wolght
af Lha vooi nanel, plua tha supsrimposed dead load.

ne dosien oo he fus) oll) tanks wan woried out
GUBLy unaor conbtrget HOy~LiIGL, alter careii

. 1

IR S <

roviow By ha Tursag £3 to the altamative posaibile
Thiss and 21?&2”13u'\5 of the convantlonal desi:m
vargug noas t""zu;:z:.' design. The Laivher wes snlected

Ly the lmromu on the jround that he preatressed Lype
compersd avor: xbl‘:, not only in structural adequikoy,
spond, and coest of zonstrustlonm, but was definitely
supsricr to tha conventlonal design in leakproofl quele
$tttes., Ths lattor faabtor or leakproof quelity was
conaldasrad 40 ocutweigh tho alight advantage againat
bombing that tho thicker walla of the conventional
desipgn wouldd olfar.

Ths dealsn ®ag bLased upon intormation orwarded
by the Lupranu dr'mm fron rwavicma experionce in the
conasruction of sisiilar storess Lanks up to L0,000

barrals ‘.u_.sa.::_’».:y.
v sionb be asdad (het the deaipn developed by
the é'jurcs. oI Yupds sand Doeks was vagad upnn *3:*:.':5.‘1'“

worlz orn ihia Lips o .:truc‘:,um by Williem 3. 1vmse..\‘;,
uan.sult,..x* mijlnesr, Chlcsupo, Illiuois, snd In opilabe
oration wfth hiim, ‘

af course, the roosl sle? wnd column desl o, aldgo
floors sisb and foeotine desl:pn, would bo ldentical for
glther Lig pranirssssd or conventlional Lype of conm

3t"dctjbﬁg

une partlicular Zetwll smphasized, howaver, in ths
preatrassad Ltype was the necessity of providinw 8
leaxproof z-in(, Julnt at the rl;ht angle interseection
of the loor mwd cylindricnl wall. That this was solvad
satisfeoctorily is evident by the fact that all have beon
teated and secapted, havin{; beon found Lree rom appPro-
clable izakago. : : ‘
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JARRATIOR

YI. APPENDIX "AY

In explanation of the syvatem of prestressing the
reinforced concersta walls, the following Ls offerady -

Suech r aystern of roinforcaed conerete construciion
cansista in {Iirat bulilding the crliindrical ftank wall, -
in the case of the fusl 01l tanks to a thlckness of 1™
for {ts entire heisht of aome 357, and reinforced
lizghtly to reaist temperature stresgses only. After
setting a sulfficisnt length of time, load carrylng uateel
hoops, In the for:z of rods, are placed around the tand,
and are prestressed or Mraloaded In tenaion by meana of
turmbucklea, to act mgainat the concrete, which reamcts
in such o way that whoen 2he 1ive load is wupplied (that
la, whan the tunka sro {1lled) the effact ig nperely to
reduce the compression in the conerete, instead of
placing the latter in fension as would be the cnse in
the conventlonally desizned siructure. That is, pro-
stressing the circumferentiasl band roda in tonsion,
also prestresses the conerete (against wl:iich the ateel
acta) in comprsssion, with the result that the spplica-
tion of the live load, accompliahsd by [illing the tank,
only makes the concrate :sive up souma of Lta compression,
all at the expense, of course, of additional :enaion in
the steel. %his deosiym resulta therefore, in sliminating
cracka and consequent lesaka due Lo tension from loading,
shrinkage, or tomperature changes.

ALth proper dealpgn, providing Cor atrass reverauls
due to filllnss, ssptyings, and aoil pressure; and
salectlon of proper atresses in conorete snd atael bandas -
sach functlioning to fta own valus md charactoristics -
the result La structural cconomy snd high slfficlency,
especially In conusction with the starage of liquidas,
Uf courss, careoful end acourats "leld zothods are
requiaslte to satiafactory perforiance.

frovided Llwe scttalnment of cracitless concrote L1a
agsured, tho next problen g Lis surfaecc troatment to
reslst psnotration of ligquid contonts or duninge thero-
from. *his ls coverod under Iten #7.

The jeneral dosign of the {fuel oil tenks is an
followg: -
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Tle APPIMDIX MAY

x

ﬁ cne interior ol the LHanks Is provided

ialts or chambars extanding from the roold
of the :ank L alfizhtly cabove Lho fintaned grvads
HLbin ench ohrubop 18 # 38" sast lron 1anh$la and
covare Laading *0 w sarfety ladder sixtendling to the
hattom or Lhe tank. There is also u &% tonk vent
and 6 6% kel natch., These chnwmhorsg are loeatiad
on oppoesiie sldes of the lLank. one of the chasiers
ta roar tha adfancont Lunk Dusmp roun snd coptalng
addisionalliy & diroct reading flﬂﬁ%*uﬂﬂr&bﬂé pause
callibravad to tvo kbe depbtnn of 91} in faeot and
incheg. “guwres are soead by neang of rosading gluacses
loeerbed In fhe scugss Hit.

LOpHus
Uy WMo ¢

c't.. ot

2

oenkg sra CLiled bhroush e 0P line satoeplng
e gide wall of Lhe tan¥ war the top, thon
dropping to within OV of tha toaitosn 0F Lig lLank
and Laving its t.ur:’..nu.: Llom tha lnslide pardiphery
&f Lha tunk nbout 909 from the 207 autlat to Lhe
heat exchinger, This illine ia wlao used Ior hoote
ing and recfprculating oll.

*he bobtom outlet for the discharge of oll s
a casting 0" o ddamoter with n lared wida-m tbliad
Inlet get 18" wbovae the Cloor wod *uﬁklf up Iror the
ganit L0 rovide for the collestlan ol ut*v secdinant
nridd wabar,

A BME 4! sguars sand LEY dosy efth o GF conneotdisn
for thas revaval of Loston sedliven and water has boen
providsed neavby in saech Lank.

ﬁ: i sacht Sual oil banin thero Li wlso auspendod
over Lhp 807 sutle:r s $D" emargoney plus valve wiih a
nscprnna sasiol walel osn ba 1awured sver said 20
oublet silel leads Lo Lhe pusy ‘:ow. Maitle ink
aroe provided so Chat ‘o case ul Ire L v pamp oo,
Lho alnks 30311 separdte send e vﬁlvn drep, closing
bhe dlischuarge opeiiag and prevenbing any addltlonsl
Ll rox entering tht P 0o%ie & 8OYessn is provided
over the ofl digcharge outlets Ln all tunks 5o protsed
sguipmont (i adfacent pump roors azaingt clegsing Srem
forei;n neborisia. I Areas r3 end 75, Lhe pusp rooxd
ares conatructed separately rowm, and sre adiacent to
tho Lanka.
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Aucens to sach punp room a3 asconplished Shrough
a manhole located ab the gimzmd surface og proviously
descpritod. Tomavable sisbs have also baon z:vmvm,ﬂd
in the rocd so that aguipasnt say be rsswoved {or
maijor prepsirs oy ravlaconent,

O i owenh pump roon push hubton coentrol of four
rmporbent uotor~;¢ rrbod velves o acpensed Jron o
nonr vasbtonn golnt, Theas areg -

4% ghonw rsin o Lurbine=-drivon punmie
10" oll nalin so lins.

amn austion Lo bani.
5/4% Jive 3toas LD h@LLar.

Hach ol bhn e«lmx‘:r*msl ns‘r.f;r;,:_; Lo atartorn and

aguipment within Lhe lodividunl faniiepusy rooss iy
rot watepprool, and none ol L4 La evAaploslon=srcofl,

There s siso i esch pump plt g Saloplone
connsoted Lo sn lndsreoscunienting csnbral agwiioke
board L glephone syaten.

Incidenbully vanelceratlion has heen glven n the
dagi:rn of sarilr gover t'or Lanukd, (snd lastructiona Lo
ba lssusd va Lo operetlng ....2. ».e:»..“;zumﬁ;awms,) Ly movond
meliing snow n aroens over Lie Lank rooln whi ety of
courar, #0uld create auri araeng wilhin snowv-covorod
a:.‘vrr'oum;lﬂ""-, ard thun clearly define tane lgaations
froms thwe slve. Likewlse, 16 Ly el Lt Shese smmo
conagtruction ,,mcam**ans @i ellisinate sithar Torcesd
rates of crop giroath rosulting in brloht ;BR8N GIroes
over Leal Long .n the srewlon ssasond, or equally
ravoulin: ,m'ué'“ Urown Aresa Dros deled o vesstation,

To provide sgainat the siphwning of t;rml & im:u 1 T3¢
sthar, op L18G the oeln line, thare 15 installed e a”
vaguued Lrosker valve In ench 10% P11 35.:!\3 in &k .,rm!x
PERp roons.  der prepaure Lihsae valvos c.maa, ‘-u‘c
under purtlal vacuum ther will open aml edsis frisient
air Lo Lrewiw the siphoning acklona

T ‘;;:iaaai GLL taniks are gomilar ia doslon exeopt
that they ar woaller end without pumping sunps or

Provisicn ur heaulng thoe oll;, o)l beoins thin snd withe
drasn by vesna ol deep well '.,wa CUBPE W

Prgo 179



L L xfr. e Irnhrwl o e >
" v i
NZ g
7 .l.
— O 2l
= 21
- =
w | =
~ gt
£
_ O A ~ ]<
o O == 8
- | _ < | 5O =
i - | L aNn Xl o 3
Jk C
m, d _.m.ul....ﬁ - WP I .\ll.: m h _..1.1.41 YT W IMI U . 1 P -m.
< el . + «C R =
3NN T304 9L Gl - 55| R - T 5 o c| =g °
INT 3VENIONGD o o At Sl RS N - O
VYSNIONQD 8 Gratmitinptoses i nu_....n._‘ 1 F m
) A f ¥ E e |
[ 4 " L . [ L 1 s
3N MSE 9 St J i | % | =0 @
# ey d e
, O - 5 oy
%) Z (| ] 2
=z Q o AR
xg © O ﬂlI“ @
¥ Q. Q
z ' =
A _M m ”\1; =
N i -
\ N 2
Z 5
= il
— S
e
" alo
\ ®] z| O
E & — 2] 0
1 r
# = 2
et N , 3 wibsl I R
< uf. U T
W % "
w2 B en N |
Sl O Nl | <Z z
| w \ E3W 2o al .Alm E S
! . 3 ]
h S5y ¥ e A R L
Zw3d . :
SE 3 L 1 ofs L|Z|x
: W%M E , mAu —W._ nMv E = e
n
- B&e G 5 5 g2 gl o
D- Pad o
WZO 14 O i3 q e < =
B = Rl 23 O _.Pw z|z| z
" I o [ m - P % L W
e o < o 5= Lo A
‘_.wa.._.w.w - 1_m_ © W prd wi=|?
" * e A EIE:
~ i E
(L) ﬂ. © m >
Z ) =10
o —_— o
a Z|%
- z |5 m
5 HHE
B -
" ;‘l n s Ul
. .w » ,_.._.x o
- | > .
3 (I
v 14 U e Y
3 % _.w w o L.‘ - _H.iunw‘m... ﬁ‘m
. z = = e 3
LSt 4
_ < W @ > e
X T > 14 o o )
O -3
»" Fv..A._ m w HA._ !
|5 U p o }
. -
2 1 < Z m o o
< o wu._ m " =2
o Q — 4 Z s
: o ” _.nv._ : "0
g ,, o |
_ A "
1 IT.II- ' Pol <1, m b= Ay
Q. G . m A —— ’ ﬁ A
(W @ J.b. ! ﬂr ) )
> o 8 (4 T
w v P . . ; » Ty
_ T .m & '“.mv M s .W ~ j [ 3 )
: U ’ J ‘ v 1
. | o ¥ ‘ ™ Q. ,..“.4“..:,.
,._. p u A 24 A N TR »F ..AM....,..#....;H e
o - ’ . o e
- - iy e
, - - T ;..“.m., i) ;..nﬂt.&fl. e R T, m 5 . p— D B Gl i
- v 3 T, , ll.‘r Y ' . — J AT ¢
n\\b\\ . .,Gﬂ_w:_ ™ e ._..?.R...J‘»J oo 3 ) ! __f__ e K ¢ e, _.m?_a,‘; o~y
- FTIFIEAN ) ) a,_. .;M. I8 i __.; i ; W e b " b LA L S ﬂc!.a!: :
»” # .ﬁﬁ ma "_:... bt ..?.__w..fh. L A n -+ U AFT s
A . N AT AR R m - PRETE R - "TRUNEEIPL I FE T :
” "y i, N oo faR L L d : U TleR by
\\\ ” . g TR ' .fn.wm..lu_u\*_ . Y Lk e, (v} - . P - N ..&r.m..___
77 e (o o e e Sy P N e & aoat SRR 1§ - Eeea Loty
\\ \ >~ ™~ . L ;._ 4 .‘ n‘IJ ' { ! U m ﬁ.r__ T Yf.e ".u“‘w“ vr.__.q W&_a.._ 1 ~.._:_.Jrr \_
” — \ ‘-J - — —. \ i-n ...w— ‘”‘yﬁ _ﬂ \ ‘ 1 _ , o w S ! ; , " ;w.“..ﬂ.._.m.s_._..nr_.\: a.a_A q‘ﬁwﬂ_r u.m..fm.ﬂ.w p w
A SN SN NS A , AR Rt | BN i e
AN L2 LSEd < bt i) M PrwadY .“.,..__,w,ut _ : o :‘rﬁ ,.,,w.mm..a@
i ! Py vl N T ' T I RO TR, 1o Y L L P
\\ \\. . .. v N m ; ,m_.A‘ uw_._..._ f.mw_.T_m.«,. ‘Hu_ﬂf[f/ A. .&‘ . :xﬁmuﬂw__ﬁ&.,._m_. , ”M.Mu_.r.m@_.‘.m”%wpﬁ. N
\ \\ b s et m...rr \ | \ .._,__:{,‘._: ~,, wm.hyiwﬁ.&. | ;
‘:\\ " b T g b ~ YL Ty ;
/4 b S0 A RN < IR AN - B R e
—t— - [ ¥ ..h; " _~‘n..,_‘.¢. 4t .u.ruw_.. J.”.x ' . .Ft‘,hm....,... -_ .r..—_. gt
\ 1 I.._ ﬂn J ql.llrrEJ 1£NJ 4 , i FJ L .w.“m.et bt J / / = A.M vu.v...u‘v.:..vm”_“m_—#a kq..u.”. v*

.

-y

ey | |
5 1R ESS :
\\\\ L7 L="J L% L2 gl L= A

/ _ ' o ) \
W . R /%

' C“ L
,a q .m\\ \ R e _h P [ i?ﬂrj.wﬁi.‘_ i T.ﬂi%#ﬂ\m{? Pty e «T..;B.g%q vt
PR e H

) i , tﬁ‘_,
.—‘J‘”&dw - ....._.A._ \‘.\r*’w—_ // // ! . ..M.u‘.... pa a.c\..ldl-..-b.
\

REINFORCED
CONCRETE.
(TYP)

\ P o TR _ ;/ ; e i
—_— — -~ bl w A e | :..ﬁ.lhb__ ', ”;._m.‘w...,:\ e ’ .._ ! oo a
\ | “l\. |" “l.\- l." “.I\!Ia!“ .l.)lJ _nL..t../J s qi\L./J \ // W 2 . Ve .,
\s {7y l oy {7y ~\.1..__ —\\J__ 17y \ « "
| - | AR PN~ ~ - Q) ,
| \>- \> \> I\~ NS NS ,5 - ¢ et
! L= L= L= L= L= L=l \ L . s @ |
| < : g «
| 8 M g &
_. T :
_ J ! A _ T 34
, / ﬂ L | ?a._;“‘.L
m ¥ : m” | ._.nww.“a
s | ] |
o BB
) K : o
¥ a | K% 2
| - : O ,
' .‘L (¥ ]
v , o]
413 G +w o KR E -
| Rk

)
. Y
s g8 28 Jh
. : g s
Q e 2 3 ,
z Z5 < GEdy . :
3 | T Q= a 2By
’ W % o -] m & o]
: Z 8 - c |
| g : o m -3 B
: | Qg It o B
: - - mc_ _
L 8 ¥ _L.i., E“ ™
R 4 m _, I _:mww. M _.-. ﬁ‘ 4
: &L 1, W o]
h M "o ) hy , o &
0 * ﬂ . ' ! .1_ ! _.ﬁ :
| : M v.u___q._wmwr., P w._ ,&Tm m qmum o i )
’ R, S p A Ty g ;
™) . m&?u..m.x. _. y :.._. ’ 3 .m,.uw _.“
.ﬂ ) m m ”.. . q_m
badural e i o : . v - ey ,
1ok i _
’ vl PRI e W EAY, |
. . L. - - - “ P lin Cushia kit ol £30 SU i g
Lia PRI LT N L o - N RN T P LI NI R N T PP . S N T T - Hnﬂ.. . DG 0 g atd Aot PR At YT



I
i
I
DETAii. OF REINFORC.NG LT 7 — - - S DETAIL OF RIHFORCRT | ! |

BOTTOM OF SL4B - : S S SE AR ’

' -
! L f : -
{ i )
. e - .
A ‘ ,
¢ N A - . . - ’
-~ - [} [ LA » - 1 .
S L | LA -l = ’ 3L
‘\'1.\ \_\-;5 ! ;b:,’ . ' \ .,
AV '?’.'.' B - . J
NI N = . i Ve ;-
N N L . . - '
} - ' ) . 1 . - - -
N N ‘ ' N .
\.\ Y - .
o N : i ' ) 5 Soh o dTe
vl < . ' - oo
3 . ilv;
' iv | N )
. ‘e - | of :
. LoIr
LT~ \:: Loa . . R o
L & —
= . ' Co . : S
SR I
. ' . .
: . - Ie
K ~ 2 : . P
‘: , » P = e =
: N : - r- :
p - - - - - ! . o
{" |
- e - » o
; o
, - t. | S
- = : - 1 - r:}-.— N
- - - - i 3 :
! :
| b 2 ,
wl . cr N A SR TR
, . . y 5T . [t Ty
i T .k TP
. : = R
e | : " . 7 .
o . i . ' - e
. i 5 ; , -
‘ oo : - iteT e
——— - — n - R
P Ee TS Qs L = ¢ ga
T ~ |k = : T
i oo : - e ars
R _ p N - % v TR 7 sreeroon rriTL T “oriy oy The
- — Ap .r s . 1 N r - - !
Ar 7 . Lok . I = | -
s . = ‘*:?_ - TAmE mE e Fecseml it g N 0
_ - . o . ‘ Volssowr s e
5 [ : =
‘ o, < 2 ; 3 3 P . e s g @anlioarions s
A o . \; . S : M RN e L e nCcer” o g ‘.-
L. - T ~ e i an s . _ . . - v
R . . o r v .. ol s T A o' ol ) e o FraTrELe FOACGIMNL L iress S .
- i es ore . 2 b e e i et 9T L0008 r 2 et S9y :
" ’ = . N - . .
: : | . A TR ol ;
o o . - . . € ) e e I
) = Yo A g 5
. | , -
e e I e b - .
~ite - - T P A i X : - B N S/ R
=~ e T : 87 ! s X oy S "5"‘3““-”'*"""7 L L
‘ e ! 3L : e ) ‘ s - FEenb. okl N :
. . . -~ - ——— . i ~ St @ U007 ooy 5@ N W SOILreSE | ""f'ﬂ_?‘f/? T ’ ’
' 3 - B ™ - | E . o YA o e Yase s ST e pOTTons 2T S S cxcavaition o . -t‘.‘-
N - i . ' e s s [ - - « BT akier- X H
v ! - - = = i R L!_ - o 3 < H e {
FOUNDATION PLAN C s . : T
r2e ‘2 C I i T "t B N . <
‘ R | - 7 et
. r ol e VRS Y T " - * ‘-rn
— e . : ~1é L / l—- 5o el Fous g s avn o tel ¥ :. -
b i = -
I - < ¥ - L~ = r?
i . ) SCHEDULE - OF REINFORCEMENT \ ) . ‘. T e . .{,,.. STy : . i3 deSigre f‘O’fLr‘fnc Jo Horegs 07 s as ) R ’ ' !Y I
- v T T 4 S A h s ‘ dz DLd s soQuireenEsn? L DCT A a7 sy : ' p'"
. - o “ = g - : ’ -
s : nmr_n:u | Size |Spacinc' . tiengtn| Tyoc a3 B8 Jocarnm S rmErES ) - .. G > L wrYion TrHC -/nco . lc-r JCRC IR O A
- C'.?y‘!fval | "i N . .
: ' e 1 I — AULRIMATT LOPNED OonTOERAE = ] : - i
5 g BT - - - 2 : o
. —_— : . s B “ ) "‘
N T~ & = -7 - - 5
S | CORNSR JCINT DETAIL . | TR - S
e - : JRcals i Y AN ) : R N ' N '
= - r ‘ 1
g B J ‘\ A iz 4 i oAt et 3 : :
; : - — e— S — — N
& rose - A = ' Mi A2 P e a2 L 3 e Ty -y
+ ' = T —_ o= - e - ~ ! = ) i ’
@ i ’ 4 L..i ‘\.- , [ 3 _-__,..._,\_: - T T . . i \ -~
& 175 | & = : l Ny = : vl . =T ! i ;
T - : e P e e ] |
o . < | l p - -is . ._T';' ﬂ .
cro o T e e 2 N ~ ; r T T '
a PPN e & o b ) Lol ) ‘ - . s e rn '5""43 E
) I AL B & A — — . R . N S ; AP ;
-0 o i e /e _ 68 7o H - : Do ) 5 ! -
Y & ' e a o | ’ ! | . : - o - - : - ”__-i_..‘.'_
- = o
Fie i3 i ¥ ¢ da C - cr ouns : /;, - i = s o . t'—.—-“— L7 o
PO L e e “a on . L J.' = . »._. R . o - . APPENLINBY ¥ !
i = — =% 2 JJ
Lo ' ] i : : I A ' C at
il oAl g o o S5O - e . ‘ it EUNARD CONSTRUCTION CO.
I R R A 60" jJ’r.;jnr . L Bortem A * LSy i ! Care i ’ - PP PR, ' T )
1 e o5 | - A et v | |  Seseetes S AL SECTION " e (AN
R R N A A e “ .‘ rh o U.3. NAVAL D*EQATING BASE NEWPORT R.I i -
L B za g R I j N - Re's an : = . e ;
s AR AR il : P - K ! H 3 <, _ g . : \ 1
,:_.:‘rj i ,"(; Lf & ~ .r‘:‘ %_ I b . : ; i: -; “‘ "_' i i i - ) ' o b . ' HNAVAL FUEL OIL DEPOT MELVILLE
LA AN S i AL ! wrcr i j
rez gair U 30 _ | i { b - RD CO. 3 st e T -5 ' - '
25 1A e <t a | : * . “ - FIGURE D-2 COMPILED FROM DRAWING #2, LEONARD CONSTRUCTION CO., 1942 77 - =< " PRE-STRESSED ' CONCRETE 4
i 1 . . P . . - S P — - T T T . - 43¢ [ L : -z *
o e & R R ‘ —_ v : ‘ : T P R ST b I B :
: ! . : ‘ A A
ris o | 2 M Fy { ey i s0C- [ o T !.UEL- OIL STOR AGE TA'\JKS
L - o

i : Y ¢ - e L o B T 000 BRI, AL ACITY
e U L - FOUNDATION PLAN AND WALL SECTION FIGURE D—2 Tt o e T PLAN S WALL SECTION
. - NETC — NEWPORT, RI Pt AP

SemnBas | .. i VFrm N iie M 030, w8 ‘ ’ bllI'tO NUS R
- L P i =T LRl e PERE - Ry Tl SR R ‘ [ s Y - !
O RS 1 - - | WORK PLAN & Halli ] Loty

PR e B A S e el

roA

=X,
e

ol

o
L

.
31 o 5 E i 100 e | | . 3
3L T ? .‘i d“ . = I ———— - S S S SO N - g’ CORPORATION \‘..,._._"3-“__.;. -"'"""j. L s fi e L “ :. :
F33 Joc ! ,_rf-j_- 2 _ . ) DRAWN BY R. SARGENT REV.: Q : i I E SR
; i B ) : ; [oecam ™ W, MARTIN DATE: 09 SE0 o+ - ~ T . .
' i o T T SCALE: AS_SHOWN PROXCT No: 0377 C10 £143: 107 Balardiale 5. WAmingten, UA GIBS7  (SOR)6SB-7068 : ' ’ o '




e ————— et

- e e S e &=+

ras

e a2l

N.
re

T —,—*—-—-,—’-'—-. —r

D55

—

aa tar
"

— v T Y — ——

—_— "
{'—1 2 - /
— — — ! . — - /
S fuiei 1 o .
' ' i
v' 4
- . . - ¢ -
i |
R B R S SR I : .
; I - - - L T 3 aror
* i s | v
V- - } “
H o - r .o st
| P ‘ S - o Tt :
| - [ , - -
' ! - - _.' + vy —rrrry . v Frrere ey
i N 1 I . 1
\ ‘ - - — — .
| N ) . !
t 2 i [ M- - ~ -
N ' : [ -
b 4 1 \ H .
CF - . [ e “ . : : !
ER e A
: | i — , A —|
- "o
1 K w.o—n . . : N |1 i
- M ~ - - H
i - I— : =" (e} . " B ) < ) - I
| ' ~r [ 4 U . - .
| | i 2 8d e~ S — |
. ! i s oW ! B ! . . B ;
. E . PN . . . 7 . ;
le - . " - N T . 1 . . - M . H
. 3 -~ = B . . . . :
; .- Lt - L2 1 i . : i ! e )
T .'s-"\h‘.‘":-_l ' | e 70 I - b k - i i - . MO —
. . PR - . . . . . . : . z - _ Do : |
v T b e I ol f [ B GENERAL MNCTES
‘ | ’ : | l !-—- —_——— —_— = — ' S - .t . .
! N .
t H 1 i i " [ -
— A e e e ———
: i : ‘ A i o .
i ! I : l i
' . . o .
: , ;
- : T i
B | 1 S
R o PRSI B TR
] -
! - —— — e e S ST 1 i
I ! . .
e - - ; . . Ca osfrie wear +
I { e - e -
‘ ] ca i e e o
| L 4z L s  omLEAE
ot
4
‘ erone R -5 o Aa -
- -
A, A A s -
l : B - e -
Sas=rof
; A T i
; b e s . . PN
! . . . - . . B - = = m w2 LR LLAB A e Zedca trep ¢t ~AILT
: /} |‘ T ESuF AT e TANa ELCTOB NLST RE JICLEED D ARAEATLF ALAINST
! : - ! Lt L e B _AuAT OM ML BaLAaE | nG AT o~ THESE
I . NAL 3 .. L. == FEAtAITrED
| S _ b o o ] SECT.ION |l|_|ll <L TS A
.- fe i ZLET LM T BE Sa.lub) AM-EN FCLR MG THE CLNLCARTE
A e ) e e T GAEsaAiM N BLACE ENR AT LEASTE I
TAVE LetE _ImLOETE A% BESN 2JUALT ) ALLOW FOA
" " I ol { PANPERA CuB G
7 2 CESIGN DaTA
- “r e ERstsLAE Ay s —ALE - O TONS
L 1Te SA SeasT e TR £308 B LCAD e 275 0BS5S
£_733 I:f©1° S®3 LNEQ €53 2 _eT JuE " ~/D0ADSTATIT
ROO F P L AN FAatsLUme AS S=d A D TeE CAANINGT
A L AR TRBL LNTT fC B ES.ST &L L FAQTM PAT3IGUALR FCA
Tk CTITAL HEGWT
An-it 7L ZEESSE LOM EAAT~ BACAELILL ASSUMED TO BE 33742
TeeARrE 5 M SLav G 2L ome, Naivy STANOARAD
i ¥ v ' 3y R Tt VL AELtLECING BARS STECIGMED, (M[EAMET Arte GAADE,
-
; - Wavwy L TAmDaaD.
- @ - - ! Lo z
- =t e — — — - o L
- N LEa A A 2 -
i L L z
= === — = S
E— i T M b TS . .
sl R O K : SIhZOULE OS ANCHOR BOLIS FOR PUMPS & HEATER
AAAAS AL AL A4S ALALA b . T v YTy v - . =
! i 1 N [ | Y - T Tz
f-r B I . ! R o T Leneow A & racaceaocronsieinSh LacaTion |
1 - vox - ; L -
s T I ; - o . —— — - — - i ANSEER
| ' A v z4 TR Y N - A
; N
| [ i > LT - . I near
! , ) 3 -l-‘L 4 | 7 =3 I X CHANGER
e — P R . - TAL® ™ & A
' ' : . AN ) 3 S : 4 [ ST eUnB
- ! [ — -— —
! see More A ' T N R S
4’ R ) - du a° I Y = i [ S . LS. et I
- ’ . "
. N - -—- } - N L — A L AmCHO®R ANCI T P2IPE SLEEVES TO BE 2 O1AM
I — L -
o + - ——
f——vnv—r—'—f-v—f—F—v—v—_'_.,..'_‘.'_,_,_—.-.,—wq-;—,—. v— Trr v—r v -.1 - - -
aey - PR
-—a I ——) PR - v A a2 ol
i T
-1 LI . - . ' T w . - o
- - o -
« D
o -..L
° -
w n |
£ - -‘
-~ - -

Pt SRR S VI I 3
= + . -
~
' - I ‘ [a] = L d ]
I - L - [T e :{ ; |
T - e Vo __._,.-',-_'. - i
i SRR e i . 2 : It
z ! . | @7 - . o .

B Tl e e B e a——— T

[ S— .

.S Tostiari 4 7| Y, §S.NAVAL OPERATING BASE NEWPORT R.1..

E - ) " I“ :' Ol n ' [ 3]4: ryar - [oNE-] _l - RN “. 1: :t l ; i l ] 3 | FlGURE D—3
. to O v 3 R E_t"_" SApINE T . {‘ : ¥ ‘ ’ i i 2 i
; LT T = IR a0 | £ Halliburton NUS
S T T 2 L L e IR i ' y , ! N
: e Dm0 e ot ! . ST e ] | 11 _ E : T ! . Voo ll{ o w CORPORATION
: < SN . ; . D . it 1 - {1 5 E— "':]; i > e = 157 Bolardvale St Wimington, MA 01387  (S08)858-7209
— T : R D A B £ R Irh L ..
——————— = R L "!l 't g 1 : ) _i‘"" . lhw- l PUMPING SUMP PLAN
» NS A : " ’ " --* } | > ! j ¢ ' ) L
. : A el 7 . R L AL E | NETC — NEWPORT, RI
.. S . - ] ' WORK PLAN
- i T T N O a1 ! ]H , DRAWN BY ___R. SARGENT REV: 0
! —— e i 3 N s 1 Y (R _ . —_———————— Ll > l CHEGGED 8% W. MARTIN DATE: L9 SEP 94
. | . K TF T -gf_l_"‘_.,_‘_hh._-_,_._-—-—r—-—*_:—:__. ‘ ' I[ . SoALE: AS SHOWN PROECT NO: 0288 CTO $14%
i - . ey h A | - - - s "4 L35 SEEMSTRNON BE) LEONARD CONSTRUCTION CO.
!“' . . . T {:_-z / ER.A\\'.T-\:_.;;L;._ B 513 N (-]
i g. - P 5;: ' ‘ g alv w;—zﬂ_;: ,,/’,;,:‘ ENGINEER'S CONTRACT NOy. ORAWING NO.
- — - N ' i:_ o -5- 4 ———ID . Y] ~ . af r1/faz
|!#_ L 5 olig ..~ - A . ll I! { — ’ ) ]

PRUIEST MGR DATF

] T

2UBLIC WORKS DEPT TSAVAL FUEL OIL DEPOT MELVILLE
e _h‘—!-‘_ﬁ.—ﬂ—‘-—‘_—_h PP M S S ., I

o

R L T e T Fecaves | PUMPING SUMPS - PRESTRESSED

| o | o .:'-' - T O 20" w” | z-a" ) nrf:se‘zzt«iz:';; ENG'R]

] . - ' 'J*Ur;l*;::f{fj-_;f; ,,-f-w CONCRETE FUEL OIL STORAGE TANKS
0.C. XEQ), -1t

SECTION 272 e CONGRETE DETAILS

RESICENTCFMICER| CATE

REINFORC!'NG PLA®MN

SHEET | OF 3

SATISTACTGRY 70 : Arpn@g_sn A OCT. (4,1942. v. & D. DRAWING NO..
2. W DRAWING NO.

FIGURE D-3 COMPILED FROM DRAWING #18, LEONARD CONSTRUCTION CO., 1942 P D6 aticrer

NI 1o’ 5005-57

LS L




	TABLE OF CONTENTS
	LIST OF APPENDICES
	LIST OF TABLES
	LIST OF FIGURES

	INTRODUCTION
	SITE MANAGEMENT PLAN
	FIELD SAMPLING PLAN
	QUALITY ASSURANCE/QUALITY CONTROL
	REFERENCES
	APPENDICES
	APPENDIX A Health and Safety Plan
	APPENDIX B Petro RISC Operating Manual
	APPENDIX C Applicable HNUS Standard Operating Procedures
	APPENDIX D Construction Documents


