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1.0 PURPOSE

This document is the Quality Assurance Project Plan (QAPP), which provides specific quality
assurance/quality control (QA/QC) procedures to be executed and supported for the
comprehensive study of Natural Occurring Radioactive Material (NORM) and Technologically
Enhanced NORM (TENORM) related to the oil and gas exploration activities throughout the
Commonwealth of Pennsylvania (PA).

Data generated for environmental purposes must be technically sound and legally defensible, and
supported by defined and verified limits of confidence. Therefore, the objective of this QAPP is
to ensure the generation of accurate, precise, representative and complete data. The QAPP sets
forth the data collection procedures and data evaluation processes, which will ensure that
appropriate levels of data quality are obtained.

Analyses must meet the QA/QC requirements associated with this QAPP and the following
documents:

U.S. Environmental Protection Agency (EPA) “Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods” (SW-846, Third Edition), as amended by the most current SW-846
update (January 2008);

U.S. EPA "Handbook for Analytical Quality Control in Water and Wastewater Laboratories"
(EPA 600/4-79-019, June 1972); and

American Public Health Association, American Water Works Association, and Water
Environment Federation publication Standard Methods for the Examination of Water and
Wastewater, 22" Edition (August 2012).
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2.0 PROJECT DESCRIPTION

Perma-Fix Environmental Services, Inc. (PESI) has prepared a standard sampling and analysis
protocol to be implemented in the course of preparing this comprehensive study of NORM and
TENORM related to the oil and gas exploration activities including conventional and
unconventional drilling through geological formation(s) and associated wastewater operations
throughout PA.

NORM consists of uranium, thorium and progeny, including radium. Radionuclides in NORM
include primordial radionuclides that are naturally present in the rocks and minerals of the earth's
crust and cosmogenic radionuclides produced by interactions of cosmic nucleons with target
atoms in the atmosphere and in the earth. TENORM is produced when radionuclides that occur
naturally in ores, soils, water or other natural materials are concentrated or exposed to the
environment by human activities. Throughout PA many companies perform oil and gas
exploration and production activities by conventional and unconventional drilling through
various subsurface layers of shale and rock to produce oil and natural gas. The Oil and Gas
(O&G) industry produced water and flowback water, as well as drill cuttings and sources of off
gassing, are potentially impacted with NORM and/or TENORM.
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2.1  SCOPE OF WORK

The proposed comprehensive study will focus on the quantification of TENORM in rock cuttings
(both vertical and horizontal); off gas from flaring; compressed gas; process and flowback water
and waste water generated on O&G sites; and on waste water transported off site to public and
privately owned wastewater treatment plants (POTWs), centralized waste treatment (CWT)
facilities, zero liquid discharge (ZLD) facilities and solid waste facilities (landfill leachate). In
addition, a literature search of relevant data on all geological formations and currently available
data will be included and a sampling of applicable areas potentially impacted through beneficial
reuse of brine and other impacted media will be performed.

Unconventional drilling process water sample results indicate significant concentrations of
radium-226 (Ra-226), a common NORM radionuclide and the element associated with the
natural decay series with the most mobility. Because NORM is most likely associated with
various geologic units, the scope of work will focus on these units and the operations, equipment
and features related to the exploration and production of natural gas from these geologic units
and also in the transfer of water to POTWs and CWTs for processing. Landfill leachate will also
be sampled to study whether radium has migrated from POTW, CWT and ZLD sludge to the
landfill leachate. Any beneficial reuse of any of the oil and natural gas exploration and
production media will also be surveyed and sampled as appropriate, including but not limited to:

Vertical and horizontal drill cuttings;
Onsite pits containing cuttings;
Production water;

Flowback water;

Filter socks;

Compressor stations and gas lines;
Off gassing;

Well pads;

Centralized impoundments;

Waste water facility sludge;

Waste water facility influent and effluent water:
Piping and casing scale;

Vapor capture systems;

Fresh proppant sand; and

Drilling mud.

This Quality Assurance Project Plan (QAPP) provides details of the laboratory analytical
methods, the quality control of both field instruments and laboratory equipment, and the quality
control program including establishing reference background samples where appropriate, blank
analyses, duplicate analyses and spike analyses where possible and applicable.
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