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kvé Section 1.0 — Introduction

Oak Ridge Associated Universities’ Independent Environmental Assessment and
Verification Program (IEAV), conducts radiological survey activities under
contract with the U.S. Department of Energy (DOE), and for the U.S. Nuclear
Regulatory Commission (NRC), the Department of Defense (DOD), state agencies,
and other governmental entities under interagency agreements through the Work for
Others (WFO) program. The Oak Ridge Institute for Science and Education
(ORISE) contract is managed by ORAU, providing one contracting mechanism for
Federal agency work. Non-ORISE contracting mechanisms are also administered.
Sites surveyed under this program are primarily those where residual contamination
from previous operations may pose a potential risk to the environment of the site or
the health and safety of those occupying the site presently or in the future. Other
activities include monitoring of radioactive effluents from currently operating
facilities and miscellaneous technical assistance to the funding agencies.

The purpose of this Survey Procedures Manualis to provide a standardized set of
procedures that document activities of the program in an auditable manner. These
procedures are applicable to DOE, NRC, Work for Others, and ORAU contracted
survey and environmental investigation operations. Procedures presented here are
limited to those associated with site survey activities. Detailed operating or
troubleshooting procedures for specific program equipment are not provided here —
the reader is referred to manufacturer’s instructional manuals, technical references
such as EPA procedures and NRC NUREGs, and IEAV-developed operator aids?
for such information. Additionally, procedures related to the radiological laboratory
analytical functions and the quality assurance program are presented in separate
documents (Laboratory Procedures Manual and Quality Program Manual, respectively).

It is important to note that the information presented within this document is
intended to serve as the standard operating procedures (SOPs) for ORAU survey
activities. However, SOPs and/or project-specific procedures may be developed
and/or modified to meet specific project requirements or specialized needs. Any
deviations to procedures are documented with the technical basis for the
modification and project specific procedures are approved prior to use in
accordance with the Quality Program Manual.

This manual was produced through the combined effort of many ORAU staff
members, both past and present. Their contributions are greatly appreciated.

1 Operator aids for the Field Survey Program include protocols, knowledge-base articles,
equipment operation manuals, and technical references located on the IEAV SharePoint Project
Resource Center. These documents are managed in the SharePoint system with controlled
versioning to provide the most current revision to users.
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WV section 2.0 - Organization & Responsibilities

As previously stated in Section 1.0, ORAU’s the Independent Environmental
Assessment and Verification Program (IEAV) conducts radiological survey
activities under a contract with the U.S. Department of Energy (DOE), and for
the U.S. Nuclear Regulatory Commission (NRC), the Department of Defense
(DOD), state agencies, other governmental entities under interagency agreements
through the Work for Others (WFO) program, and corporate contracts. Figure
2.1 represents the generic IEAV Survey Operations organizational structure. The
survey staff organization is under the direction of the IEAV Associate
Director/Survey Operations Director. Detailed responsibilities for various
staff positions are documented in Position Questionnaires, which have been
developed for all employees. Additional information on the entire IEAV
Program is included in the Quality Program Manual.

The Survey Projects Manager is responsible for revising or assigning and
oversight of the development and periodic revision of procedures related to field
survey activities at any time as may be determined to be necessary. Field survey
procedures require review and approval from the Survey Projects Manager and
the IEAV Associate Director/Survey Operations Director. The Business
Operations & Quality Assurance Director must concur and is responsible for
distribution and control of procedures. The authority for interpretations of
procedures resides with the Survey Projects Group Manager but may be
delegated to the level of the Project Manager or Field Team Leader.

Field Team Leader is a generic title which applies to any individual designated
as ORAUF's representative and on-site supervisor and it does not appear in the
organization chart. With respect to the field survey activities, it is the
responsibility of the Field Team Leader to assure that these procedures are
followed by all personnel performing surveys and to continually evaluate results
for accuracy and precision. It is the responsibility of each individual conducting
surveys to abide by all aspects and details presented in this manual and to report
deviations or abnormal results to the responsible supervisor. The Survey Projects
Group consists of the following technical positions and general responsibilities:
Health Physics (HP) Project Managers are responsible for managing
individual survey and related technical projects/tasks. Each task may also have
an assigned Assistant HP Project Manager who shares similar duties and
responsibilities as the Project Managers, but receives immediate direction from
the cognizant HP Project Manager or Survey Project Manager. The technicians
are classified as Senior Health Physics Technicians, Health Physics
Technicians, and Health Physics Technician/GIS Specialist. These
individuals are responsible for implementing procedures and field data collection
under the direction of the HP Project Manager or Assistant HP Project Manager.
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In addition to the field technical positions above, there are three additional
technical support positions. These are the Data Manager, Sample Manager, and
Health Physics Instrument Specialist. The Data Manager responsibilities
include developing and implementing processes for capturing and managing data
records, data calculations, data retrieval, and preparation of the data for
reporting. The Sample Manager provides support for the development of
sampling and analysis plans, coordinates sample analytical requests, manages
sample custody and transportation, and works in conjunction with the Data
Manager. The Health Physics Instrument Specialist oversees the calibration
facility, evaluates new equipment, and prepares procedures for the operation of
the equipment. A Program Manager role may also be established to manage
large, integrated programmatic projects. In these cases, subject matter experts
will be assigned responsibility for technical work scope. The contents of this
manual are not applicable to the responsibilities of the Program Manager
position.
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W section 3.1 - Summary of Project Start and
Pre-mobilization Activities

There are a variety of funding mechanisms that may be used to request IEAV
services. Support to DOE is generally through a formal submittal and approval
of a Statement of Work. Requests from the NRC are via a Request for
Technical Assistance (RFTA) that is submitted from the NRC’s Technical
Project Manager. The NRC work is performed through the DOE-Work for
Others (WFO) process. Other governmental agencies may also use the WFO
process. However, other funding mechanisms are available, such as the General
Services Administration schedules or non-ORISE contract.

The IEAV Business Support Analyst will provide the required assistance and
work with the appropriate ORAU departments to determine the authorized
processes and procedures for other agencies to use the ORISE contract or to
perform the requested assistance through a non-ORISE corporate contract.

Once funding is received and approved, the project is established within the
IEAV framework, beginning with the Project Planning Checklist. The other
project control processes that will be required will be dependent upon the
specific project and statement of work/client requirements. These additional
controls are outside the scope of this procedure, but are to be addressed using
the applicable current IEAV project control systems. The Survey Projects Group
Manager, Associate Director, and/or Business Operations & QA Director will
provide further direction as needed.

A work breakdown structure is established and the IEAV Business Support
Analyst will set up the project and task in the ORAU financial management
system. The client point of contact provides background information concerning
the site history, type of survey desired, scheduling requirements, names of site
contacts, and obtains site access consent when necessary. Subcontracts and
purchase requisitions for specialized services and equipment may also be
initiated.

A scoping visit/project walk-down may be requested and is performed by a
Project Manager/Assistant Project Manager and support staff to gather
additional details concerning the site. Such details include:

e asite-specific health and safety analysis;
e area and building descriptions;

e site accessibility for surveying;

e special equipment requirements;

e security arrangements;

e site contacts;

e recommended local accommodations;
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e area maps and photographs;

e other pertinent information obtained through reviews of records and
reports of the regulatory agencies.

A proposed project-specific plan or work package is prepared for submission
to the funding agency point of contact. Due to differences in sites, each plan is
site-specific. Factors considered in the plan include:

e the type of survey,

e site size and complexity,

e operational history,

e potential radionuclides or chemical contaminants present, and
e available manpower and equipment resources.

The project-specific plan/work package may require modification based on
findings as the survey progresses. The plan is written to allow for such field
changes. It is the responsibility of the Project Manager to either make or approve
changes to the plan and communicate the changes to the Field Team Leader, in
those cases where the Project Manager has delegated that role. The Field Team
Leader is responsible for ensuring implementation of any changes to the plan at
the field location and documenting in the field log book or on a change control
form all relevant information and approving authority regarding the change.

When the project-specific plan/work package has been approved both
internally and by the funding agency point of contact and the schedule finalized,
the Project Manager and Survey Projects Manager select personnel for the
survey. The Field Team Leader prepares a listing of supplies and instruments
required. Travel arrangements are also initiated once the Project Manager
submits the Travel Authorization Request.

Concurrent with project-specific plan/work package development, the
integrated safety management (ISM) cycle begins and continues throughout
project close-out. Section 3.2 provides details of ISM that are used to define the
scope of work, analyze the hazards present, and determine the hazard control
pathway.

The survey is performed in accordance with the project-specific plan/work
package. All data collected on site are brought back to the ORAU facility for
interpretation and samples collected for radiological analysis are delivered to the
IEAV radiochemistry laboratory in Oak Ridge for analysis. Certain projects may
require that samples be analyzed by a contract laboratory. A final report of the
survey results is provided to the client, and may be preceded by issuance of a
draft report for initial review and comment.

ORAU conducts the following major categories of radiological surveys with each
survey type having specific data quality objectives (DQOs):
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Preliminary Survey (designation, screening, or inclusion) — Limited
investigation to determine if radiological conditions warrant in-depth
evaluation. The DQOs of the preliminary survey are:

1. Problem: A site has been identified with a history of radiological
operations for which the current radiological conditions of land or
building areas are unknown or available data are insufficient.

2. Decisions: Is contamination present in suspect areas that require
further site investigation?

3. Decision Inputs: Review of available historical processes and
documentation; identification of probable radionuclides of concern
(ROCs); judgmental, limited quantity radiological data sufficient to
establish whether contamination is or is not present.

4. Study Boundaries: Determined based on documentation review,
high probability areas selected for investigations.

5. Decision Rule: Contamination is or is not present above a pre-
determined threshold. The threshold may be background, former
regulatory limits, current regulatory limits, or a fraction thereof.

6. Decision Errors: Because of limited project scope, the decision
error is limited to incorrectly determining that contamination is not
present.

7. Optimize the Survey Design: Ensure adequate knowledge is
obtained regarding the ROCs for instrument selection and
concentrate surveys (consisting primarily of scanning with limited
sampling and measurements) in identified high probability areas.

Characterization Survey (scoping, comprehensive) — Thorough
measurement and sampling to determine the extent and levels of site
contamination. This survey is used to establish requirements for
remedial action. The DQOs for the characterization survey are:

1. Problem: The radiological classification of a site and the
contamination extents must be determined.

2. Decisions:

Is contamination present?

Are soils, building surfaces, or other media impacted?
What are the levels relative to appropriate release criteria?
What are the boundaries of contamination?

What is the estimated decommissioning scope?

What other data must be collected to support other
activities such as dose modeling?

Tho 00 T

3. Decision Inputs: Broad scope, primary radiological data that are
used to confirm ROCs and ratios, determines the overall levels of
contamination and areal extent of contamination, and may also
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support no further action alternatives for areas where
contamination levels are found to be below release criteria. Data
are both judgmental and statistically-based.

4. Study Boundaries: Spatial, temporal, and practical survey
boundaries are set to better define the required data for making
decisions, survey area sizes and initial classifications are selected.

5. Decision Rule: Specific decision rules are project-specific.
However, the decision rule for ORAU scoping/characterization
survey activities are typically to (1) identify and bound gross
contamination, (2) determine activity ranges, (3) include or exclude
survey areas from remedial action, (4) determine the mean
concentrations in survey areas, and (5) assess whether mean
concentrations and maximum limits are acceptable to use as final
status survey data.

6. Decision Errors: Decision errors are project specific and
determined independently.

7. Optimize the Survey Design: The scoping/characterization survey
design is determined individually for the project. A graded
approach is used with specifics on number and type of samples
determined on a case-by-case basis.

In-Process Inspections and Verification/Confirmatory Surveys —
Independent evaluations and limited measurements are performed to
evaluate the adequacy and accuracy of decommissioning survey procedures,
processes, and technical bases, and to determine compliance with
regulatory guidance and regulations. The in-process inspection is a
streamlined approach designed to evaluate larger sites and ensure the
adequacy early on in the decommissioning project and reduce the reliance
on large, end-of-project confirmatory surveys.

1. Problem: The adequacy of the licensee’s final status survey (FSS)
design, implementation and documentation for demonstrating
compliance with the release criteria must be determined.

2. Decisions:

a. Has the licensee prepared an adequate FSS plan in
accordance with guidance documents?

b. Were field and laboratory instrumentation used or planned
to be used adequate/appropriate for scanning, direct
measurements, and analysis for the radionuclides of
concern (ROCs)?

c. Did calibration account for the ROCs?

d. Were the FSS data adequately documented and support the
licensee’s decision regarding final radiological status?

e. Are the licensee’s results representative of current
radiological conditions?
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3. Decision Inputs:

a. Review of ROCs, area classification, survey unit size,
estimated mean and standard deviation.

b. Review of the methods used to address the impact of
multiple ROCs in FSS planning.

c. Review of instrument use procedures, MDC calculations,
actual vs. required scan sensitivity calibration, including
accounting for multiple radionuclides and any
environmental factors that may influence instrument
performance.

d. Review of analytical procedures for appropriateness for
measuring the ROC:s.

e. Cross-checking of FSS data packages against plan
requirements.

f.  Using verification/confirmatory survey and analytical
results to assist with evaluating facility radiological status.

4. Study Boundaries:

a. Select FSS data packages for review.

b. Select appropriate planning documents (or sections thereof)

for review.

Select survey units/areas for confirmation.

Determine scan coverage based on classification.

e. For soil sampling, determine sampling depth requirements
and sampling intervals. At a minimum samples would be
collected from anomalous or other judgmental areas
together with selected licensee archived samples for
confirmatory analysis. The necessity for, and the specific
numbers of, other random/systematic samples is separately
evaluated using the DQO process.

f.  For structure surfaces, direct measurements should be
limited to anomalous or judgmental areas and comparative
measurement locations. The necessity for, and the specific
numbers of, other random/systematic samples is separately
evaluated using the DQO process.

o o

5. Decision Rule:

a. If compliance has been adequately demonstrated with
complete, accurate project documentation representing
current radiological conditions relative to the release
criteria, then recommend acceptance; if insufficient, then
provide technical comments.

b. Calculate action levels to investigate anomalies identified
during verification/confirmatory surveys.

c. Evaluate anomalies identified during
verification/confirmatory surveys for compliance:

(1) Is it acceptable relative to size and concentration?
|
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(2) Has the licensee adequately addressed it previously?
(3) Is it consistent with the survey unit classification?

d. There is or is not agreement of confirmatory analyses or
measurements with the site’s reported results.

e. Systematic agreement and judgmental samples and
measurements are less than the derived concentration
guideline limit (DCGL).

6. Decision Errors:

a. For comment resolution, determine the significance of each
issue and implications of the comment relative to either the
survey planning, survey performance, data generated,
and/or overall conclusions for the site’s status.

b. For confirmatory survey results contrary to the site’s
results, what is the magnitude of the finding (number of
anomalies identified, size of the anomalies, classification of
the area where they were identified) and what is the
proposed remedy?

c. For multiple anomalies, determine the root cause and
reevaluate DQOs. Confirmatory analysis/measurements
should agree within expected statistical deviation of the
procedure; if disagreement, determine root cause, otherwise
recommend acceptance.

7. Optimize the Survey Design: Ensure involvement at an early stage
of the project, preferably at the time the FSS plan is first being
drafted, critical for successful and cost effective verification of
small sites. For larger sites requiring more than one visit,
implement the streamlined, in-process inspection approach.
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W section 4.1 - QA/QC General Information

The ORAU Survey Program conducts field surveys in a manner that assures the
quality and accuracy of developed data and provides auditable documentation of
activities.

Details of the field quality assurance and quality control procedures have been
integrated throughout this document. These procedures are an extension of the
quality assurance program as documented in the Quality Program Manual.

.
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WV, section 4.3 — Records and Reports

INTRODUCTION

Accuracy in collection and reporting of survey data are critical throughout the
survey process. Proper documentation increases confidence in the data reliability
and provides a mechanism for monitoring quality. The assigned Project
Manager has overall responsibility for ensuring all field data, records, and data
management tools meet quality assurance/control requirements. The Field
Team Leader is the designated team member responsible for ensuring that the
project information generated on site is documented correctly and reviewed for
procedural compliance.

Critical records are those that contain information essential to the audit trail of
the project. These records may be in several forms including area maps, standard
record forms, handwritten notes, or hand drawings illustrating sample locations,
and electronic data. Additionally, a site logbook will be maintained by the Field
Team Leader which serves as the daily journal and notebook for the project.
Logbook entry requirements are outlined in the IEAV Quality Program Manual
and include, but are not limited to, the following:

1. Logbooks shall document major decisions, verbal communications,
work activities, and other pertinent information;

2. Equipment malfunctions and project deviations must be recorded with
the circumstances requiring deviation and alternate approach;

3. Critical record inventory and a summary of the day’s activities should
be recorded prior to leaving the field site.

Electronic records may be substituted, provided appropriate access authorization
procedures are in place and quality assurance requirements are met.

PRE-SURVEY

A project-specific plan (PSP) or work package is developed prior to the start
of on-site activities. The plan provides descriptions of:

Site history and description

Project objectives/data quality objectives

Areas or processes to be investigated

Area classifications and investigation coverage

o s~ w D PE

Procedures
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Instrumentation/equipment to be used

6

7. Types of samples to be collected
8. Anticipated sampling frequency
9

Health and safety issues and/or plans

Often, changes in the project-specific plan are necessary due to unanticipated
findings as the project progresses or at the request of the funding agency. The
Project Manager has the authority to make changes to the plan, as necessary.
Modifications not directly requested by the funding agency must have a
defensible technical basis and a change of any kind must be documented in the
site logbook.

Certain projects may have multiple, related plans/work instructions where
information or requirements from one document are used to build the secondary
document. For example, a Sampling and Analysis Plan is prepared that defines
the required samples and analytes to satisfy characterization objectives. The
required samples are then provided to the field crews via a Work Package which
provides instructions for sample location, collection, handling, and requests for
analysis. As with data life cycle transcription review requirements defined in the
Quality Program Manual, transcription review of project-specific requirements
between project documents is also performed to ensure accuracy of the
information.

SURVEY
LOGBOOKS

The process for maintaining a project logbook and information to be recorded is
detailed in the following procedure:

LoGBOOK DATA RECORDING

1. Responsibilities

a. This procedure applies to all personnel collecting or recording
information related to field data collection.

b. The Project Manager will assure copies of all completed logbooks are
made for retention in the ORAU project file.

c. The Project Manager/Field Team Leader will be responsible for
routine (at least weekly) QC reviews of logbooks, and will ensure the
logbook entries comply with this technical procedure.

d. All personnel are responsible for completing or providing details for
the daily logbook entries consistent with this procedure.
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2. Supplies

Indelible black or blue pens
b. Hard-bound logbook with pre-numbered consecutive pages
Or, as an equivalent

c. Laptop computer or tablet device (i.e., iPad) with appropriate
electronic logbook forms (i.e., created with Adobe (PDF))

d. Designated storage area (i.e., network fileshare, etc.)

3. General

a. An essential part of the sampling portion of any project is proper
documentation. The primary document used to record site data is the
field logbook. Tasks in which analytical data or conclusions based on
analytical data may be used in litigation demand that accountability of
the history of a sample be available to demonstrate that the data are a
true representation of the collected sample. Therefore, it is extremely
important that field logbook documentation be factual, complete,
accurate, and consistent.

4. Instructions for maintaining logbooks

a. Hard copy logbook shall be permanently bound at the seam and
entries recorded on preprinted pages consecutively numbered.

b. Electronic logbooks may be kept on IEAV pre-formatted PDF
electronic logbook forms; a new form is used each day. The PDF
fillable forms include 1-page as well as multi-page options. When
more than one page is needed, each page must be dated and
consecutively numbered. Unused pages in the multi-page form will
be lined through, initialed and dated using the electronic applications.
In the event the 1-page form is started and the determination made
that additional pages are necessary, each page will be consecutively
numbered, electronically signed by the responsible person, and
unused portions lined out and dated. A PDF binder of the individual
pages will then be made and saved to the project electronic file on
the IEAV network.

c. Logbooks entries are recorded daily during work activities, in a
chronological order, and detail all relevant work activities. See IEAV
Quality Program Manual Section 11 for requirements.

d. Information entered in the logbook shall be sufficient to enable
independent reconstruction of the work activities and records.

I ———
SURVEY PROCEDURES MANUAL PAGE 3 OF 11, SECTION 4.3

DATE: MAY 11, 2012 M REVISION NoO. 4



e. Field logbooks will be maintained on a daily basis by the Field Team
Leader for documenting overall daily project activities. Specific
details will also be included in the Field Team Leader’s logbook
unless individual sample teams maintain their own logbooks. These
logbooks will be used to document field activities especially as
associated with the collection of samples. The logbook will include
descriptions of daily project activities.

5. Instructions for documenting in the logbooks

a. Start of the project documentation: The inside front cover of each
logbook will contain the project name and location, and the project
number. Entries in hard copy logbooks are made with indelible pen.
Electronic daily logbook forms will contain this same information in
the header area of each form.

b. Daily Logbook Entries
e Date and page number at top of each page
e Start times of each activity

e Plan of the day overview (e.g., work areas, safety briefing,
samples planned for collection, etc.)

e Team members and support personnel, if any (e.g., RCT)

e Visitors present

e Measurement/data collection equipment type and model to be
used, sampling equipment, other support equipment if
appropriate

e Weather conditions

e Stop work times

e Signature at the end of the entry to indicate the end of the entry

c. The following information may be required for samples collected
dependent upon project requirements. This information may be
included in the logbook or on separate field forms and is required per
e Sample identification
e Sample/measurement collection equipment used (e.g., type,
model, ID number)

= Calculations, results, calibration data for measurement
equipment, if appropriate

» Radiation or other chemical screening levels for sample location,
if appropriate

e Time of sample collection

e Description of the sample type (random, judgmental), media, and
location of sample

e Sampler(s) name
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e How the sample was collected

e Description of the sample (media type) and sample
handling/screening

e Maps/sketches of sampling location

e Notice of QA/QC sample

e Deviations from the sampling plan, and record of deviation
approval.

e Any unusual observations, activities or events that could impact a
given sample or samples.
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d. End of Day Logbook Entries

e List of critical documents generated

e Description of shipping container preparation, when applicable

e Chain of custody number(s) and airbill numbers for shipped
samples, when applicable, are recorded in the appropriate sample
team logbook.

 Time of work cessation

e Line-out then initial and date unused logbook page areas. Sign
and date signifying completion of the entries for the day.

6. Post operational

When not in use, field logbooks will be kept in the possession of the
Field Team Leader or the individual responsible for a given logbook
when multiple logbooks are required on a site, in a secure location, and
password protected (electronic logbooks) to prevent loss or tampering.

SURVEY DATA DOCUMENTATION

All data, notes, measurements, calibrations, and other information pertinent
to a survey site must be recorded and maintained. Records must be documented
within either bound logbooks, on IEAV pre-designed hard copy data forms, or
electronically within daily logbook forms, IEAV pre-designed electronic data
forms, or on web-based data management forms. Pre-designed forms are
preferred for most routine data documentation and should be used to prompt
the surveyor for specific required information.

The electronic versions of forms may contain both data entry fields and fields
that are populated from automated calculations. The static images of these forms
may also be used for recording data together with manual calculations as
applicable. Forms are maintained within the Survey Projects SharePoint site
under version control. The images provided throughout this manual will be
updated following major form revisions. Major revisions are those revisions that
add data entry fields or there has been a significant reformatting of the routine
form.

Survey instrument calibration records are maintained electronically and stored
with the associated detectors and instruments with the Survey Projects
SharePoint site.

Routine forms may at times be replaced with project-specific forms. These forms
must be approved by the Survey Projects Group Manager. All recorded
information, both routine and non-routine must conform to the following basic
requirements:
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1. Marked with date of entry.
2. Contain all pertinent information in a concise, accurate entry.

3. Signed (or initialed) by the author of the entry, including electronic forms
which may be signed or initialed by the person generating the electronic
form using handwriting applications within the electronic platform.

4. Hard copy records must be written or printed, in indelible pen (black or
blue ink), in a legible manner. Electronic records—recorded using iPads,
PC tablets, laptop PCs, or other mobile systems—may replace hard copy
records. Electronic information and data are recorded or automatically
stored through either keyboard entry, written using handwriting
applications, or directly stored onto data storage devices (e.g. Trimble
GeoXH or similar). Electronic fillable forms must be saved as flattened
PDF files within 24-hours of the date of generation, may then be
temporarily stored on the mobile system, and then either emailed or
directly transferred into the IEAV document management server on
SharePoint or network project folder. Other electronic data files must
either be password protected/flattened to prevent tampering or secured
via file modification tracking and administrative controls. The raw data
must also be uploaded to the document management server or network
project folder. Raw data files are maintained as the original record.

5. When certain information requested on the presented form is not
required, the space or columns should be crossed through or marked
"NA" (not applicable) as an indicator that an entry was not inadvertently
forgotten.

6. Original drawings and maps may first be drawn in pencil but must be
made permanent by tracing in ink or producing a photocopy prior to the
addition of data to the page.

7. In some instances imaging equipment such as still or video cameras or
computer generated site features may be used to document site
orientation, site conditions, equipment, sampling locations, survey areas
etc. Such equipment should be operated in accordance with the
manufacturer’s instruction manuals. Images shall be considered critical
records if used for documentation of measurement or sampling locations.

DOCUMENTATION AND RECORDS

1. Responsibilities

a. The Field Team Leader is responsible for maintaining all field records
documenting ORISE work activities in a manner that will protect the
records from tampering, destruction, or loss and that the records are
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b.

stored in a retrievable manner to ensure that a defensible data trail is
maintained.

All personnel are required to follow this procedure.

2. Record Completion Standards

a.

Logbooks will be used to document major decisions, verbal
communications, work activities, and other pertinent information
according to the logbook procedure.

A log of names, initials, and signatures for all individuals responsible
for signing or initialing records is maintained by the IEAV Quality
Assurance Specialist.

Copies of records may be submitted to outside organizations at the
completion of activities if requested and approved by the funding
organization. Originals or electronic copies will be maintained by
ORISE as deemed appropriate by the ORISE Project Manager and
ORAU Quality Program requirements.

Final deliverable copies will be maintained by ORISE according to
the ORISE record management requirements.

Records will be legibly written in water proof, non-erasable ink or
electronically in protected/flattened format.

Records will include project specific identification.
Records entries will be legible, accurate, and complete.

Paper records must be dated and initialed or signed to be valid.
Electronic records must also be dated and signed/initialed with
handwriting applications.

Information in records will not be obliterated by erasing or using
white-out.

Corrections to paper records will be documented by striking a single
line across the entry, entering the new information adjacent to it, then
initialing and dating the correction as shown here:

Corrfzf'“mﬂﬁ

“This Is B QI TP

Data will not be obliterated by erasing or use of white-out. Errors
made while preparing electronic forms may be corrected during the
initial creation of the record. Once completed, signed, and secured,
corrections may only be made on the flattened files via
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handwriting/drawing applications in accordance with the process
described above.

|. Stick-on labels of information will not be removable without
evidence of tampering and will not be applied over previously
recorded information.

m. Pages of bound logbooks used as critical records are pre-numbered.
Pages should not be skipped. If a page is skipped, it must be lined
out, initialed, and dated by the logbook owner.

n. Refer to the logbook procedure for specific requirements for
logbooks.

0. Refer to the chain of custody procedure for specific requirements.
Once the chain of custody record is complete a copy will be
maintained in the project file.

3. Record Types

a. Documentation shall follow all guidelines contained in this
procedure. Blank areas and unused pages shall be crossed out with a
diagonal line, initialed, and dated, including electronic forms.

b. Critical records include, but are not limited to:

e Work plan

e Project logbook

e Field data forms

e Instrument calibration data forms

e Daily instrument operational check-out forms
e Field drawings

e Chain-of-custody forms

e Training documentation

= Source certification certificates

e Field-generated data verification documentation
e Final deliverables

e Audit reports and follow-up documentation

e Controlled procedures

4. Electronic Critical Data

All reasonable efforts are made to create and save electronically captured
date such as radiation scan data collected using the GeoXH-or other data
collector—-HMS 4 data. Section 7.7 provides instructions for backing up
the electronically captured data to an SD card. Alternatively, the scan data
files may also be emailed directly to the SharePoint site or to personnel
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email accounts for storage on the network. The HMS-4 data will be
backed up to a thumb drive when permissible by site security
requirements. Because of the sensitive nature of the sites where this
equipment is primarily used, external storage devices are not allowed. In
these cases, the method for data backup, if available will be described in
the project logbook.

5. Record Handling

a. The initiator of a field record is responsible for protecting the record
from loss or damage until a task is complete.

b. Completed field records will be protected from loss or damage.

c. When not in use, records will be kept in the possession of the Field
Team Leader or in a secure location such as a locked zero case or
vehicle to prevent loss or tampering.

d. An inventory of critical records will be entered into the project
logbook prior to leaving the field site each day.

e. The Field Team Leader will review all data in critical records prior to
leaving the survey site to ensure completeness of data and procedure
compliance.

f. The Field Team Leader will ensure that records are transported to the
ORISE facility either in the possession of an ORISE staff member or
by a traceable method of shipment.

g. The Field Team Leader will transfer the records to the project file
upon return to the ORISE facility.

h. The Field Team Leader will ensure records are organized and readily
retrievable.

6. Post-Survey

a. All records relative to a specific site are reviewed and retained by the
Project Manager until the report has been prepared. Records must be
protected from loss, damage, tampering, or unauthorized access by
keeping them under surveillance or in a secured storage location.
Electronic records must be stored within the ORAU network to
ensure daily backup.

b. The results of surveys are documented in reports. The report format
is selected to meet the customer’s needs and may be in the form of a
letter report or a full final report (either of which may be preceded by
a draft report for initial review and revision). The complexity and
style of the report and its distribution are determined based on the
type of survey and the requirements established by the customer
(funding agencies such as the DOE, NRC, or other).
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c. Internal review of both draft and final reports will be performed
according to requirements of the IEAV Quality Program Manual.
Survey reports are provided only to the funding agencies. The
funding agency/customer is responsible for the distribution of all
information concerning the surveys.

d. Following release of the final report to the funding agency/customer,
all records, background information, and other information relative
to the site are archived for permanent storage according to the
requirements established in the IEAV Quality Program Manual.
Physical media can be either a hard copy or electronic format stored
on disk or the network drive. Locations of electronically archived
critical records must be identified in the project file.

I ———
SURVEY PROCEDURES MANUAL PAGE 11 OF 11, SECTION 4.3

DATE: MAY 11, 2012 M REVISION NoO. 4


http://orise.orau.gov/files/ieav/quality-manual/qpmanual.pdf�
http://orise.orau.gov/files/ieav/quality-manual/qpmanual.pdf�

WV section 4.4 — Equipment and Instrumentation

INTRODUCTION

New equipment and instrumentation items are uniquely identified upon receipt
with either an ORISE property number or a departmentally assigned bar code
number to allow for independent traceability of each item.

Calibration and operational check-out sources are purchased from manufacturers
in accordance with procurement specifications and Environmental Safety and
Health Department requirements. Equipment is purchased and inspected upon
receipt to ensure it meets safety standards of appropriate Nationally Recognized
Testing Laboratories (NTRL), such as Underwriters Laboratory. NTRL
certification labels may be found at:
http://www.osha.gov/dts/otpca/nrtl/nrtimrk.html.

INSTRUMENT CALIBRATION

Calibrations of field instrumentation are based on standards traceable to the
National Institute of Standards and Technology (NIST). In those cases where
NIST traceable standards are not available, the Survey Projects Manager may
approve use of standards of an industry recognized organization, e.g. the New
Brunswick Laboratory for various uranium standards. New calibration sources
must be evaluated upon their receipt. The standards check-in form and
accompanying uniformity check form to be completed for each new source are
located on the IEAV SharePoint site.

Calibration procedures are performed according to the appropriate subsections
within Section 5.0 of this manual. These procedures are in accordance with
recommendations of the following standards:

ANSI N323A-1997 (or the most current revision of the standard), American
National Standard Radiation Protection Instrumentation Test and Calibration,
Portable Survey Instruments. 1997.

International Standard. ISO 7503-1, Evaluation of Surface Contamination - Part 1:
Beta-emitters (maximum beta energy greater than 0.15 MeV) and alpha-emitters.
August 1, 1988.

NUREG-1507. Minimum Detectable Concentrations with Typical Radiation Survey
Instruments for Various Contaminants and Field Conditions. U.S. Nuclear Regulatory
Commission. Washington, DC; June 1998.

Efficiency calibrations are routinely performed every six months or sooner, if an
instrument fails a performance check, or if an instrument has undergone repair
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or any modification that could affect its response. Electronic calibrations are
performed every six months (at a minimum) or following repair.

Items sent to the manufacturer for calibration will have an operational check
performed on return to ensure that no damage occurred during shipment.

Calibration documentation is reviewed and approved by the responsible Project
Manager/Field Team Leader prior to the first use of the instrumentation at each
specific site or a special task and following any required recalibration.

ESTABLISHMENT OF BACKGROUND CONTROLS FOR
CALIBRATION

At the time of calibration, a series of 10 background measurements are made in
the IEAV calibration laboratory. The acceptance parameters are established in
accordance with Section 5 of this manual. The background response for each
instrument is then checked against these limits at the time it is removed from
inventory. The background operational parameters must be re-established
following repairs or modifications to instrument settings. Calibration
backgrounds are determined in accordance with Section 5 of this manual.

These pre-survey background check outs, performed at the IEAV
instrumentation laboratory, ensure appropriate background responses and may
serve as the site operational check out parameters. However, in many cases the
environmental/physical conditions at a particular site differ from the IEAV
instrumentation laboratory, resulting in different background conditions. These
conditions are generally noted at the time of the initial operational check out.
The differences may be such that the background parameters must be re-
established at the site. Once the site-specific parameters are established and
documented, background counts are performed for field instruments prior to
and at the end of each day’s use, mid-day when logistically feasible, and at any
time the instrumentation response is questionable or the instrument contacted a
surface with removable contamination.

INSTRUMENT RADIATION RESPONSE OPERATIONAL CHECKS

Check source operational ranges are established as required for instrumentation
combinations (ratemeter-scaler/detector) prior to their site deployment.
Background limits are established at the time of calibration as discussed above.
Check source response is performed prior to instrument deployment to a specific
site, once the specific check source to be used with a given combination is
determined. Ten one-minute counts with the site-specific check source are
performed and the acceptable parameter calculated as specified in Section 5.
These pre-survey check outs, performed at the IEAV instrumentation laboratory,
ensure appropriate radiation responses and may serve as the site operational
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check out parameters. However, in many cases the environmental/physical
conditions at a particular site differ from the IEAV instrumentation laboratory,
resulting in different background conditions that may impact the observed check
source gross counts. These conditions are generally noted at the time of the
initial operational check out. The differences may be such that the check source
parameters must be re-established at the site. Once the site-specific parameters
are established and documented, check source counts are performed for field
instruments prior to and at the end of each day’s use, mid-day when logistically
feasible, and at any time the instrumentation response is questionable

NON-RADIOLOGICAL INSTRUMENT RESPONSE OPERATIONAL
CHECKS

The Survey Projects Manager or designated subject matter expert will establish
acceptable performance ranges or criteria for the operational parameters to be
monitored. Manufacturers’ specifications, contractual requirements, industry
standard procedures, or operational experience may be the basis of the
performance criteria. The default IEAV operational parameters are provided
within the applicable procedures. Criteria must always be established such that
project goals and data quality objectives are met.

The Survey Projects Manager will determine the method and frequency of
monitoring appropriate for various parameters and the method of documenting
the monitoring results. Operational performance data may be recorded, using the
software inherent in equipment computer systems, handwritten in logbooks or
on specially developed forms, or entered in electronic logbooks or forms
controlled by IEAYV staff. In addition to data tabulation, data may also be charted
to enable improved visual presentation of trends and comparison with
acceptance criteria.

Operational performance data will be reviewed by the Project Manager/Field
Team Leader for completeness, conformance with acceptance criteria, and
appropriate resolutions or corrective actions, and to determine if there are trends
that could indicate possible deterioration of system performance.

Requirements for monitoring operating parameters are incorporated into the
appropriate procedure for the equipment or activity, along with the performance
criteria, required actions, and any additional requirements for special statistical
evaluations, associated with the review/evaluation process.
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VW section 4.5 - Sample Handling

Purpose

To describe the approach for the maintenance of sample accountability, field
control of cross contamination, and sample screening for laboratory
contamination control.

Responsibilities

* The Site Coordinator is responsible for assuring that this procedure is
implemented on site.

* Survey team personnel are responsible for following this procedure.

¢ Other specific responsibilities are described under the appropriate subsection.

Sample Chain-of-Custody

Sample accountability and integrity is maintained by use of the chain-of-custody
procedures in Section 8.10.

Sample custody documentation is initiated upon collection or receipt of the
samples by ORISE and continues until the samples are consumed in analysis,
transferred to another organization, or disposed of properly.

An acceptable chain-of-custody is maintained when the sample is under direct
surveillance, kept in a tamper-free container, or is within a controlled access
facility.

Samples collected by other organizations that are provided to field personnel will
have chain-of-custody initiated for them by the individual receiving the samples.

When the organization has an established chain-of-custody in place, a copy of
the originating form will be attached to the ORISE form.
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Field Control of Cross-Contamination

Equipment and supplies used for collection and storage of samples must be
handled in such a manner as to prevent accidental cross-contamination. The
degree of concern and precautions followed will be determined by the specific
site conditions and activity levels involved. Equipment used for sample collection
should be surveyed, and cleaned as necessary, following each use.

Site history and monitoring routinely performed at the sampling location will
provide an indication as to the need for special attention to decontamination
following sampling. Any necessary decontamination should be performed such
that potentially contaminated waste, generated in the process, can be collected
and assessed to determine the appropriate disposal method.

The equipment used for decontamination should include:
v’ tap water
deionized water
non-phosphate detergent
isopropyl alcohol (special shipping regulations apply)
spray bottles
stiff bristle brush

paper towels

AN N N NN

To prevent potentially contaminated sampling equipment from possibly cross-
contaminating subsequent samples, the equipment should be cleaned as follows:

1) Wipe equipment surfaces free of loose material using paper
towels or pre-moistened towelettes.

2) Rinse with tap water.

3) Wash with detergent solution and brush, if available or required.

4) Rinse with deionized water.

5) Rinse thoroughly with isopropyl alcohol, if available or required.

6) Allow to air dry.
All samples known or suspected of containing levels of radioactivity which could
present a contamination or exposure problem in the field or laboratory are to be
placed in clean outer containers and identified with a radiation warning label or

other explanatory information, as appropriate in accordance with the ORISE
sample screening requirements.
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Screening Samples for
Laboratory Contamination Control

The following responsibilities are assigned to the corresponding staff:

Site Coordinators/Taboratory Manager —

- Evaluate projects to identify those with potential for samples containing
activity levels that may require special laboratory handling.

- Document in the project file (e.g., memo, logbook, safety plan, etc.) the
need for screening and the screening method and action levels, if
appropriate, to be used.

- Provide direction to sample collectors and those performing log-in as to
screening and records requirements.

- Develop a listing of samples from each project which exceed the
activity levels requiring special handling and submit with the laboratory
work request.

Field Survey Personnel (sample collectors) —

- Label the sample container and note on the collection record form
those samples in categories requiring special handling. This may
include using a colored tape to indicate the screening level (e.g., yellow
for moderate, red for high) to draw attention for the sample processors.

- During log-in, record screening information in the sample database and
confirm proper container labeling.

Laboratory Personnel/Field Survey Personnel —

- During log-in of samples not previously screened by ORISE personnel,
such as samples received from outside organizations, perform sample
screening, label containers requiring special handling, and record
findings in the sample database.

The following three categories of samples have been established for the purpose
of controlling contamination in the laboratory during sample analysis:

Low Activity (ILA)—Samples containing < 1000 pCi/g (soil/sediment)
or <1000 pCi/L (liquid). Samples of small size, e.g., smears, are limited
to 1000 pCi total activity, when the activity is dispersable (i.e., in other
than a solid matrix) or the analysis entails other than strictly physical
operations (weighing or direct counting).

Moderate Activity (MA)—Samples with activity levels between 1 and
100 times the upper limits for the Low Activity category.

High Activity (HA)—Samples containing greater than the Moderate
Activity category limits.
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On the basis of empirical data, responses of typical field survey instruments to
samples containing Moderate Activity and High Activity levels of some
commonly encountered contaminants have been determined. These response
data are summarized in Table 1 of this section. Action levels from Table 1 may
be used when potential sample contaminants would be expected to provide
comparable instrument responses. Action levels for other contaminants or
mixtures of contaminants, for which a comparable material is not provided, may
be chosen on the basis of conservative assumptions and expected instrument
response characteristics.

Certain contaminants (for example, very low energy pure beta emitters, and
pure alpha emitters in soil and water) will not be detectable even at the
Moderate Activity and/or High Activity levels using direct monitoring methods.
Site history and other analytical data (if available) may be used as a basis for
initially identifying samples as potentially containing levels requiring special
laboratory handling. A conservative estimated activity level should be assumed.
Any such samples would, in addition to the activity category, be further identified
as "Suspect”.

Prior to collection of samples (or receipt of samples that are submitted directly to
the laboratory by other organizations), the cognizant project supervisor will
evaluate the potential that samples may contain activity levels in excess of the
Low Activity category limits. If it is determined that such a potential does not
exist, that evaluation is documented by a note to the project file, a notation in the
project logbook, a statement in the project Safety Plan, or other documentation
in the permanent record.

If it is determined that there is a potential for receiving samples containing
Moderate Activity and/or High Activity levels, a plan for screening will be
developed by the project supervisor. The plan will identify:

* potential radionuclide contaminants which may exceed Low Activity
levels

e areas of the survey site from which samples may contain such levels
* screening techniques (instruments, site history) to be used

e instrument response action levels (if appropriate) to be used for
designating categories

This information becomes part of the project file; project personnel will receive
instruction in its implementation.
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At the time of collection by ORISE personnel, those samples containing other
than Low Activity levels (by virtue of field measurements, site history, or sample
characteristics) will be identified. Identification tape will be affixed to the
containers and a notation will be added to the sampling record form. High
activity samples will be labeled with red tape and medium activity samples with
yellow tape. Samples for which screening by direct monitoring is not applicable,
which are suspect for other reasons, will also include the wording "Suspect."”

When samples are to be received from another collecting organization, the
ORISE project supervisor will request the providing organization to include
information as to the anticipated activity levels and to identify those specific
samples suspected of containing Moderate Activity and High Activity.

During log-in, samples received from other organizations will be monitored by
direct measurement to confirm (where possible) the activity category. Again, the
information in Table 1 will provide guidance as to the category levels. Those
samples not previously identified as requiring special handling, will be labeled.
Categories and screening level data will be noted on the containers and in the
sample database.

Guidance for performing sample screening

1. Select the instrument which will provide the greatest sensitivity for the
potential contaminant.

2. Scan the sample to locate the point of maximum direct radiation. The
scan and measurement should be performed in a manner that provides
an optimum condition for identifying activity, but prevents the possibility
of contaminating instruments, personnel, and other samples. For
example, soil samples may be monitored through the plastic collection
bag and smears may be monitored directly, while avoiding contact
between the detector face and the smear.

3. Determine the maximum direct contact radiation level and compare
with the appropriate action levels for sample category.

4. Note the screening category on the sample label and in the sampling
record form or sample database, as appropriate.

5. Where direct screening methods are not sufficiently sensitive to identify
activity levels of the Moderate and High categories, but the sample is
suspected for other reasons of containing such levels, enter the notation
"Suspect' on the sample label and in the sample database.

In certain cases, other routine measurements may be sufficient to categorize a
sample, without additional screening. Examples are: (1) where surface activity
measurements indicate a total activity level below the upper limit for Low
Activity Samples, screening of smears will not be necessary, and (2) when in-situ
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soil contact gamma measurement indicates that a sampling location does not
potentially contain elevated concentrations of gamma emitters, gamma screening
of the sample will not be required.

The cognizant supervisor will prepare or direct preparation of the Lab Work
Request, such that analyses of samples of Low, Moderate, and High activity are
requested separately and that Lab Work Requests include notation as to the
sample activity category
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EXAMPLES OF TYPICAL

TABLE 1

INSTRUMENT RESPONSE FOR SAMPLE SCREENING PURPOSES

5 . Contact Radiation Level (c/m)
Sample Media Contaminant I(\:/rleenlng — - — - —
ethod Low Activityi Medium Activity High Activity
(< 1,000 pCi)i (1,000 to 10,000 pCi)ii (> 100,000 pCi)i
Alpha a scintillationiv <400 400 — 40,000 > 40,000
Beta (i.e., H-3) Knowledge .y
(E-max < 50 keV) Assessment
Beta (i.e., Ni-63) y
Smear (E-max 50 — 100 keV) GM <150 150 — 10,000 > 10,000
Beta (i.e., C-14)
(E-max 100 — 200 keV) GM <250 250 — 20,000 > 20,000
Beta
(E-max > 200 keV) GM <450 450 — 40,000 > 40,000
Co-60 GM < 10,000 10,000 - 1,000,000 > 1,000,000
0-
y scintillationvi < 150,000 150,000 - 500,000 > 500,000
o137 GM < 1,100 1,100 - 110,000 > 110,000
S-
y scintillation < 14,000 14,000 - 500,000 > 500,000
Ra.26 GM < 3,500 3,500 — 350,000 > 350,000
a-
y scintillation < 50,000 50,000 — 500,000 > 500,000
Soil/sediment Sr-90 GM < 4,300 4,300 — 430,000 > 430,000
Other Residues ) GM < 2,300 2,300 — 230,000 > 230,000
Thorium (natural) —
y scintillation < 45,000 45,000 — 450,000 > 450,000
Uranium GM <1,700 1,700 — 170,000 > 170,000
(processed or natural) y scintillation < 4,000 4,000 - 400,000 > 400,000
Pure alpha emitters Knowledge -
Assessment
Pure beta emitters Knowledge B
(E-max < 150 keV) Assessment
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EXAMPLES OF TYPICAL

TABLE 1

INSTRUMENT RESPONSE FOR SAMPLE SCREENING PURPOSES

(continued)

Contact Radiation Level (c/m)

| di . Screening — = — = —
Sample Media Contaminant Method Low Activity’ Medium Activity High Activity
(< 1,000 pCi)i (1,000 to 10,000 pCi)iii (> 100,000 pCiyii
060 GM - -- > 20,000
0_
y scintillation - - > 1,000
GM - - > 5,000
Cs-137 o
y scintillation - - > 110
Ra-226 GM - -- > 350
Sr-90 GM - -- > 430
Liquid ) GM - -- > 5,000
Thorium (natural) .
y scintillation - - >110
Uranium GM _ B ~170
(processed or natural)
Pure alpha emitters Knowledge - -- --
Assessment
Pure beta emitters Knowledge B 3 3
(E-max < 150 keV) Assessment

' Recommended labeling designation.
" Expected activity equivalent. Units for each sample media type are as follows: Smear — pCi/smear; Soil/sediment or other residues — pCi/g; Liquid — pCi/L.
" For medium and high activity samples, contact the Facilities and Transportation Department (FTD) for shipping requirements.
" Eberline AC3-7 or equivalent.
¥ Dash indicates instrument not adequately sensitive to radiation.

¥ pancake detector — Eberline HP-260 or equivalent.

Vi Nal — Victoreen 489-55 or equivalent.


















































































6. Increase voltage to next higher even multiple of 50 V.
7. Accumulate counts for 0.5 minute and record voltage and count rate.

8. Repeat steps 6 and 7 until the count rate begins to increase rapidly
with increased voltage. Do not increase the voltage into the
continuous discharge range as damage to the instrument/detector
may result.

9. Prepare a chart of count rate vs. voltage. The electronic version of
the Calibration Information form has this functions coded into the
spreadsheet form. This chart should consist of a relatively flat section
where there is little increase in count rate over a voltage range of up
to several hundred volts. This voltage range is called the plateau
region of the detector as shown below:

Alpha Plateau

] : )v/’
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g 8

0,000 "__________4-————__'

nt Rate
=

EE

=
(=1
(=]

ESD 200 550 1000 1050 1100 1150 1200 1250
Bias Voltage (V)

10. Select a voltage in the midpoint to 3/4 of the plateau region as the
operating voltage and indicate the value on the graph. Adjust the
instrument voltage to this setting. (This operating voltage typically
ranges between 950 and 1250 volts for both the alpha and beta
detectors).

11. Record the predetermined operating voltage and threshold on the
Calibration Information form.
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CALIBRATION/OPERATIONAL CHECK-OUT BACKGROUND
DETERMINATION

1. Instrument background is determined biannually at the time of
calibration as follows:

2. Perform ten 1-minute counts and record the data on the Calibration
Information form.

3. Calculate and record the average counts and the + 20 and 30 ranges
Calculations may be performed using the statistical functions of a
scientific calculator or the electronic version of the Calibration
Information form has these functions coded into the spreadsheet
form.

4. When checking out an instrument that is within current calibration,
perform a detector background count for 1 minute. Compare the
result to the detector’s acceptable operational background range of
the mean = 20. Proceed with calibration if background is within this
range. If the background result is outside the mean + 20 range but
within the mean =+ 30, perform two additional 1-minute background
counts. Provided both counts are within the mean + 20 range, the
instrument is acceptable for use, otherwise remove from service for
evaluation and repair.

5. Site specific and construction material-specific backgrounds will be
determined in the field, as required to address project objectives.
Refer to the section entitled “Operational Check-Out and
Construction Material-Specific Backgrounds” within this
procedure for details.

EFFICIENCY DETERMINATION

1. Select an alpha source for calibrating the 43-92 detector or multiple
beta calibration sources for the 44-142 detector. The sources selected
should be a large-area sources—Iarger than the physical detector
area—which will provide a minimum accumulation of 10,000 gross
counts (C,,,) during the count interval. The typical count interval
with available calibration sources is one minute. Longer count times
may be necessary, dependent upon calibration source activity. The
recommended minimum count value is to maintain the counting
error to <1%.

Note: The activity for the SrY-90 and TI-204 calibration sources
require decay correction prior to use.
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2. Place the detector on the calibration source and accumulate the
count.

3. Record the source identification number, source gross count rate
(Ry,p), the 21 surface emission rate, and g,, (in cpm) from the source
calibration certificate and the detector calibration background (R,)
onto the Calibration Information form.

4. Calculate q,, which is the 2m emission rate of the calibration source
that is subtended by the physical detector area—i.e. determine
fraction of total source emission rate that corresponds to physical
area of detector as follows:

N Physical Detector Area (cm?)
Calibration Source Area (cm?)

q2n,sc — Morn

This correction is only performed when the calibration source area is
larger than the detector physical area.

5. If a calibration source smaller than the detector physical area is used,
reverse the detector position and repeat the count.

6. Subtract the average detector background count rate, R,, from the
calibration source gross count rate (R, - Ry).

7. Calculate the instrument efficiency (g, for both detector/source
arrangements, (average the instrument efficiency obtained from the
two measurements if a small-area source was used) and round the
result to two significant figures. (The instrument efficiency (g for the
43-92 will be approximately 45% and for the 44-142 will typically
range from 20 to 60% dependent upon beta energy.

£ = Rew — Ry
q2ﬂ,sc

8. Record all information on the Calibration Information form.

CHECK-SOURCE REPRODUCIBILITY DETERMINATION

1. Position an alpha (43-92 detector) or beta (44-142) check source (e.g.,
Th-230, SrY-90) on the detector and accumulate the count for one
minute. The check source used should provide a minimum count rate
of 10,000 cpm (to minimize counting error). However, lower activity
check sources may be used at the discretion of the Project Manager.
Record all information on the Calibration Information form.
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NOTE: This same check source is to accompany the calibrated
instrument to the field survey site.

2. Remove the detector from the source. Reposition the detector and
source and repeat the count for a total of 10 times.

3. Calculate and record the mean of the ten count rates and the 30
deviation. The 30 value must be < 10% of the mean. If it is not, the
detector must be removed from service until repairs can be made.

4. Calculate 5% of the mean. If the 30 value is less than 5% of the
mean, use £ 5% of the mean as the acceptable detector check source
response range. If the 3o value is between 5% and 10% of the mean,
use the actual = 30 values as the acceptable detector check source
response range.

5. Record all information on the Instrument Operational Check-out
form (Figure 5.4.3a). Calculations may be performed using the
statistical functions of a scientific calculator or the electronic version
of the Instrument Operational Check-out form has these functions
coded into the spreadsheet form. Transfer the information to the
field operational check-out form (Figure 5.4.3a)

NOTE: The Instrument Operational Check-out form accompanies
the instrument to the survey site.

OPERATIONAL CHECK-OUT AND CONSTRUCTION MATERIAL-
SPECIFIC BACKGROUNDS

1. When initially checking out equipment on site at the start of each
workday, midday (when feasible), and at end of the work day,
perform a one minute background count. Record the count rate on
the Instrument Operational Check-out form (Figure 5.4.3a or
equivalent) and compare the results to the response limits.

2. If the site background response checks fall outside the accepted
limits established at calibration, site-specific backgrounds used for
instrumentation operational check-out will be required.

To establish a new site background, perform 10 one-minute
background measurements and record on the back of the Instrument
Operational Check-out form (Figure 5.4.3b). Calculate and record the
average value and 20 and 3¢ deviation, and allowable range

(Figure 5.4.3b). Transfer and record the new background average and
response limits to the front of the Instrument Operational Check-out
form to Figure 5.4.3a or equivalent). Site-specific operational
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backgrounds are compared with site-specific background mean + 20
and =+ 30. Proceed with check-out if background is within the mean
+ 20 range. If the background result is outside the mean £ 20 range
but within the mean * 3g, perform two additional 1-minute
background counts. Provided both counts are within the mean + 20
range, the instrument is acceptable for use, otherwise remove from
service for evaluation and repair.

3. Additionally, when initially checking out equipment on site, at the
beginning of each work day, midday (if site logistics permit), and end
of the work day, source response is also be evaluated. Place the
check source at the designated detector position and perform a
1-minute count. Record the count rate on the Instrument
Operational Check-out Form and compare the result to the
established response limits.

4. A result outside of the established response limit must be evaluated.
New site-specific check source response limits may be
established in accordance with the Check-Source Reproducibility
Determination procedure described in the section above if
environmental factors are determined to be the cause of the response
shift. Otherwise, remove the instrument/detector from service until
repairs can be made.

5. Construction material-specific backgrounds (e.g. concrete, steel,
wood, tile, etc.), for use in MDC and surface activity calculations
(Section 7.3), will be established at the site for each group of
construction materials encountered that exhibit comparable
background levels. Material-specific backgrounds will be determined
in a site area unaffected by radioactive material use but of similar
construction. Professional judgment may be necessary in identifying
material-specific background locates if a suitable non-impacted area is
not available. The basis for the area selected will be documented in
the logbook.

Place the detector in contact with the surface of interest and
accumulate counts for one minute (or other count interval, matching
sample measurement count interval). Repeat for a total of 10
measurements at different locations on the same material type to
account for spatial variability. Record the measurements then
calculate (Figure 5.4.3b or equivalent form may be used) the average
construction material-specific background count rate.

At a minimum, one of each type of instrument/detector combination
(e.g. Ludlum 2221 ratemeter-scalers coupled with the scintillation
detectors) used for quantitative surface activity measurements will be
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used at the site to acquire these construction material specific
backgrounds. The Field Team Leader determines the applicability of
the background values to other identical instrument/detector
combinations used at the site.

6. Optional: When shielded and unshielded measurements in the
survey area are required (refer to Section 7.4), perform the above
series of 10 measurements both with and without a minimum

3/8" thick plexiglass shield. Record the shielded and unshielded
reference material background count rates. Calculate and record the
average shielded and unshielded count rate for each material type.
Determine the construction (reference) material background count
rate with the ambient background level removed as follows:

er = Ru - Rs
where:

Rrm = reference material background count rate (ambient background
subtracted out)

R, = unshielded (gross) background count rate

R, = shielded background count rate

MDC DETERMINATION

Calculate and record the minimum detectable concentration (MDC) using the
following formula:

3+(4.654B )

Txe xG

MDC =

where:
MDC = minimum detectable concentration level in disintegrations/minute/100 cm2

B = background (total counts) in time interval, T
(construction material-specific background may be used)

T = count time (min) to be used for field measurements

€1, = total efficiency = ___ COUNts  —¢ x g
disintegration

€ = instrument efficiency

€, = source efficiency (unless otherwise determined:

€ = 0.25 for alpha emitters
& = 0.25 for Bmax <400 keV
& = 0.5 for Bmax >400 keV
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Physical Detector Area cm?
100

NOTE: 43-92 and 44-142 physical detector area = 100 cm2

The above formula calculates the activity level in dpm/100 cm? which can be
detected at the 95% confidence level.

G = geometry =

Compare this value to the site guidelines to determine adequate sensitivity of the
instrumentation. An MDC that is less than 50% of the applicable criteria is
desirable.
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Figure 5.4.1: Alpha Calibration Information Form
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Figure 5.4.2: Beta Calibration Information Form




ALPHA/BETA INSTRUMENT OPERATIONAL CHECK OUT

SITE #
INSTRUMENT TYPE INSTRUMENT #
DETECTOR TYPE DETECTOR #
VOLTAGE THRESHOLD
Calibration Response Limits:
Background Limits: l20 Limits| | to | |cfm | 3 Limits | | to | |cfm |
Source Limits: [ [ to | [ c/m | 3 [O5%
CHECK QUT BACKGROUND *SOURCE CHECKED QUT BY: CHECKQOUT LOCATION
(add type and ID#)
TIME DATE (C/1 M)

Site Response Limits (when required):
Site Background Redetermination Limits: |20 Limits| | to| | o/m [3oLimits| [to] | o/m |
Site/Area-Specific Background Source Response: see next page
Site Source Redetermination: | | to | | c/m | [ 30 [ 5%

Created by: | Reviewed by:l | Date | |

Form approved for use by T.J. Vitkus, May &, 2012

Figure 5.4.3a: Operational Check-out Form
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kvé Section 5.5 — GM Detector Calibration and Operational
Check-Out

PURPOSE

To describe the procedure for calibration and operational check-out of GM
detectors.

RESPONSIBILITIES

e The Project Manager/Field Team Leader is responsible for assuring that
this procedure is implemented.

e Survey team personnel are responsible for following this procedure

LIST OF EQUIPMENT

Portable ratemeter-scaler: Model 2221, Ludlum Measurements, Inc.; or
equivalent.

GM detector: Model 44-9 (GM “Pancake”), Ludlum Measurements, Inc.;
or equivalent.

NOTE: The 44-9 detector face may be covered with a thin layer of
tracing paper to provide a total thickness of 7 mg/cm? which will
increase the degree of protection of the detector face from accidental
puncture and contamination and shield alpha radiation contributions. If a
shield is to be used, all calibration and operational check-out procedures
should be performed with the shield in place.

Cable: C-C; or other connectors, as applicable.
Record forms.
Calibration sources.

Check source.

INSTRUMENT/DETECTOR ASSEMBLY AND ELECTRONIC
SET-UP
1. Assembly: Attach the GM detector to a portable ratemeter-scaler.

2. Battery check: Check the battery condition for the appropriate
instrument/detectors.
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2221/44-9: Turn the instrument on. Depress battery “BAT” test
button. A digital display reading less than 5.6 volts indicates battery
power is marginal and batteries should be replaced.

3. Threshold set: Adjust the threshold by holding down the “THR”
test button and adjusting the THR screw beneath the
CALIBRATION cover and setting the threshold for the following
instrument/ detector combinations:

Ludlum 2221/44-9 = 350 (35 mv)

4. The window toggle switch should be set to “out”, except for special
instances as specified by project requirements. In this case, refer to
the instrument operating manual or other technical documents for
specific guidance on settings for windowed operation.

5. Adjust the high voltage to 900 volts. High voltage adjustment is done
by depressing the HV button and adjusting the HV screw beneath
the CALIBRATION cover, the high voltage will be read directly
from the digital readout.

CALIBRATION/OPERATIONAL CHECK-OUT BACKGROUND
DETERMINATION

1. Instrument background is determined biannually at the time of
calibration as follows:

2. Perform ten 1-minute counts and record the data on the Calibration
Information form (Figure 5.5.1).

3. Calculate and record the average counts and the £ 20 and 30 ranges
Calculations may be performed using the statistical functions of a
scientific calculator or the electronic version of the Calibration
Information form has these functions coded into the spreadsheet
form.

4. When checking out an instrument that is within current calibration,
perform a detector background count for 1 minute. Compare the
result to the detector’s acceptable operational background range of
the mean = 20. Proceed with calibration if background is within this
range. If the background result is outside the mean + 20 range but
within the mean =+ 30, perform two additional 1-minute background
counts. Provided both counts are within the mean + 20 range, the
instrument is acceptable for use, otherwise remove from service for
evaluation and repair.

5. Site specific and construction material-specific backgrounds will be
determined in the field, as required to address project objectives.
Refer to the section entitled “Operational Check-Out and
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Construction Material-Specific Backgrounds” within this
procedure for details.

EFFICIENCY DETERMINATION

1. Select beta calibration sources with energies representative of site
contaminant(s). The source selected should be a large-area source—
larger than the physical detector area—which will provide a
minimum accumulation of 10,000 gross counts (C.,,) during the
count interval. The typical count interval with available calibration
sources is one minute. Longer count times may be necessary,
dependent upon calibration source activity. The recommended
minimum count value is to maintain the counting error to < 1%.The
activity for SrY-90 and TI-204 calibration sources require decay
correction prior to use.

2. Place the detector on the calibration source and accumulate the
count.

3. Record the source identification number, source gross count rate
(Ry,p), the 21 surface emission rate, and q,, (in cpm) from the source
calibration certificate on the Calibration Information form
(Figure 5.5.1 or equivalent).

4. Calculate g, . Which is the 2 emission rate of the calibration source
that is subtended by the physical detector area—i.e. determine
fraction of total source emission rate that corresponds to physical
area of detector as follows:

q2n,sc — Morn

. _Physical Detector Area (cm?)
Calibration Source Area (cm?)

This correction is only performed when the calibration source area is
larger than the detector physical area.

5. Subtract the average biannually-determined detector background
count rate, R, from the calibration source gross count rate (R.,,, -
Ry).

6. Calculate the instrument efficiency (g;), and round the result to two

significant figures. (The instrument efficiency (g,) for a 44-9 typically
ranges 10 to 50% and is dependent upon source energies).
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Rs+b_Rb

E=—"—2

q211,sc

7. The total efficiency (g,,) is then determined by multiplying € by an
appropriate surface/source efficiency (€,) that is based on the
emission type (alpha or beta) and/or the energy level in accordance
with the following default parameters provided in 1SO-7503:

€, = source efficiency (unless otherwise determined)
& = 0.25 for alpha emitters

€ = 0.25 for Bmax <400 keV
€ = 0.5 for Bmax >400 keV

As such, &;,, = € X €,

8. Record all information on the Calibration Information form
(Figure 5.5.1 or equivalent)

9. When more than radionuclide of concern is present or the
radionuclide of concern includes a decay series (e.g. U-238, Th-232),
a weighted efficiency may be required. Procedure 5.18 provides the
requirements for determining a total efficiency for a mixture of
radionuclides. This requirement will be provided by the Project
Manager.

CHECK-SOURCE REPRODUCIBILITY DETERMINATION

1. Position a beta check source (e.g., Co-60, Sr-90) on the detector.
Accumulate the count for one minute. The check source used should
provide a minimum count rate of 10,000 cpm. However, lower
activity check sources may be used at the discretion of the Project
Manager. Record all information on the Checkout Information form
(Figure 5.5.2 or equivalent).

NOTE: This same check source is to accompany the calibrated
instrument to the field survey site.

2. Remove the detector from the source. Reposition the detector and
source and repeat the count for a total of 10 times.

3. Calculate and record the mean of the ten count rates and the 30
deviation. The 30 value must be < 10% of the mean. If it is not, the
detector must be removed from service until repairs can be made.
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Calculations may be performed using the statistical functions of a
scientific calculator or the electronic version of the Check-out
Information form has these functions coded into the spreadsheet
form.

4. Calculate 5% of the mean. If the 30 value is less than 5% of the
mean, use * 5% of the mean as the acceptable detector check source
response range. If the 3o value is between 5% and 10% of the mean,
use the actual = 30 values as the acceptable detector check source
response range. Record all information on the Check-out
Information form (Figure 5.5.2).

5. Prepare an Instrument Operational Check-out form (Figure 5.5.3a or
equivalent). Enter the average check source count rate, the average
background count rate (from the Calibration Information and
Operational Check-out Information forms), instrument efficiency
(), and the count times on the first data line. Also, record the
acceptable response limits established for the check source and the
background parameters.

NOTE: The Instrument Operational Check-out form accompanies
the instrument to the survey site.

OPERATIONAL CHECK-OUT AND CONSTRUCTION MATERIAL-
SPECIFIC BACKGROUNDS (SEE ALSO SECTION 5.1)

1. When initially checking out equipment on site at the start of each
workday, midday (when feasible), and at end of the workday, perform
a one minute background count. Record the count rate on the
Instrument Operational Check-out form (Figure 5.5.3a or equivalent)
and compare the results to the response limits.

2. If the site background response checks fall outside the accepted
limits established at calibration, site-specific backgrounds used for
instrumentation operational check-out will be required.

To establish a new site background, perform 10 one-minute
background measurements and record on the back of the Instrument
Operational Check-out form (Figure 5.5.3b). Calculate and record the
average value and 20 and 30 deviation, and allowable range. Transfer
and record the new background average and response limits to the
front of the Instrument Operational Check-out form. Site-specific
operational backgrounds are compared with site-specific background
mean =+ 20 and % 30. Proceed with check-out if background is within
the mean = 20 range. If the background result is outside the mean +
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20 range but within the mean = 3g, perform two additional 1-minute
background counts. Provided both counts are within the mean + 20
range, the instrument is acceptable for use, otherwise remove from
service for evaluation and repair.

3. Additionally, when initially checking out equipment on site, at the
beginning of each workday, midday (if site logistics permit), and end
of the workday, source response is also be evaluated. Place the
check source at the designated detector position and perform a one
minute count. Record the count rate on the Instrument Operational
Check-out form and compare the result to the established response
limits.

4. A result outside of the established response limit must be evaluated.
New site-specific check source response limits may be
established in accordance with the Check-Source Reproducibility
Determination procedure described in the section above if
environmental factors are determined to be the cause of the response
shift. Otherwise, remove the instrument/detector from service until
repairs can be made.

5. Construction material-specific backgrounds (e.g. concrete, steel,
wood, tile, etc.), for use in MDC and surface activity calculations
(Section 7.4), will be established at the site for each group of
construction materials encountered that exhibit comparable
background levels. Material-specific backgrounds will be determined
in a site area unaffected by radioactive material use but of similar
construction. Professional judgment may be necessary in identifying
material-specific background locals if a suitable non-impacted area is
not available. The basis for the area selected will be documented in
the site logbook.

Place the detector in contact with the surface of interest and
accumulate counts for one minute (or other count interval, matching
sample measurement count interval). Repeat for a total of 10
measurements at different locations on the same material type to
account for spatial variability. Record these data on form 5.5.4 or
with the logbook then calculate and record the average background
construction material-specific count rate.

At a minimum, one of each type of instrument/detector combination
(e.g. Ludlum 2221 ratemeter-scalers coupled with 44-9 GM detectors)
used for quantitative surface activity measurements will be used at the
site to acquire these construction material specific backgrounds. The
Field Team Leader determines the applicability of the background
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values to other identical instrument/detector combinations used at
the site.

6. Optional: When shielded and unshielded measurements in the
survey area are required (refer to Section 7.4), perform the above
series of 10 measurements both with and without a minimum
3/8" thick plexiglass shield. Record the shielded and unshielded
reference material background count rates. Calculate and record the
average shielded and unshielded count rate for each material type.
Determine the construction (reference) material background count
rate with the ambient background level removed as follows:

er = Ru - Rs

where:
R, = reference material background count rate (ambient background
subtracted out)

R, = unshielded (gross) background count rate
R, = shielded background count rate

MDC DETERMINATION

Calculate and record the minimum detectable concentration (MDC) using the
following formula:

3+(4.654B)

TXEToth

MDC =

where:
MDC = minimum detectable concentration level in disintegrations/minute/100

cm?

B = background (total counts) in time interval, T
(construction material-specific background may be used)
T = count time (min) to be used for field measurements

£, = total efficiency = ___Counts =g x g
disintegration

€ = instrument efficiency

g, = source efficiency (unless otherwise determined):
g, = 0.5 for B,,,, >400 keV (e.g., SrY-90)

€, = 0.25 for B, <400 keV (e.g., Tc-99, TI-204)

Physical Detector Area cm?

G = geometry =
J y 100
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NOTE: 44-9 physical detector area = 15 cm?

The above formula calculates the activity level in dpm/100 cm? which can be
detected at the 95% confidence level.

Compare this value to the site guidelines to determine adequate sensitivity of the
instrumentation. An MDC that is less than 50% of the applicable criteria is
desirable.
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Calibration Information

Site

IEAV Survey Sites

Date

Calibration Technician|

Instrument Model

Instrurment Number|

Operating, Voltage (V)

Instrument Threshold (mV)

Detector Model

Detector Numbe

z
Detector Face (mg/em’)

Physical Detector Area (cmzj

Alpha + Beta Background (cpmy)

(Comments:

Average Background (cpm)

HDIV/0!
2o range (cpm)
Low High
HDIV/ 0l | #DIv/ol
o range (cpm)
Lo High
HDIV/0! | #DIv/ol
Alpha Calibration
Source 2n Erm Rate Dretector Source Instrurment Tetal
Calibration Source Source Senal Decay Cerrected Background Instrument Efficiency | Efficiency MDC
Radionuclide Number {cpm) Souree Area (em’) (cpm) (cpmy) (g (&) (dpmy/100em’)
MN/A NONE 1 1 HDIV/ 0! 0% 0
Beta Calibration
Source 2n Emission Fate Detector Source Instrument Tota _
Calibration Source Source Serial Decay Corrected R Background Instrurment Efficiency | Efficiency | Efficiency MDC N
Radionuclide Mumber (epm) Source Area (cm’) (cpm) (cpm) (] (&) (5%, (dpm/ 100cm”)
N/A NONE 1 1 HDIV/0I 0% 0% 0
N/A NONE 1 1 #DIV/0I 0% 0% QJ
MN/A MNONE 1 1 #DIV/0 0% 0% Q
NfA NONE 1 1 HDIV/0 0% 0% 0
Reviewed By Drate:

Figure 5.5.1: Calibration Information Form




Checkout Information

Site and Task|
Today's Date/Time

Calibration Due Date
Ratemeter Number

Ratemeter Model
Technician Operating Voltage (V)
Window (mV) Ratemeter Threshold (mV)
Detector Model Detector Number

Source Reproducibility (cpm) Background Establishment (cpm)

Source Number

Isotope

Average (epm)
#DIV/0!
Average (epm) 20 range (cpm)

#DIV/0! #DIV/0! #DIV/0l |

30 range (cpm)

30 range (cpm)
Low High Low High |
#DIV/0! | #DIV/0! #DIV/0! #DIV/0!

5% range (cpm)
Low High
#DIV/0! | #DIV/0!
#DIV/0!

Figure 5.5.2: Operational Check-out Information
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ALPHA/BETA INSTRUMENT OPERATIONAL CHECK OUT

SITE #
INSTRUMENT TYPE INSTRUMENT #
DETECTOR TYPE DETECTOR #
VOLTAGE THRESHOLD
Calibration Response Limits:
Background Limits: [0 Limits| (1o /m | 30Limits | [ to] lc/m |
Source Limits: [ | 1o | | om | 03 []5%
CHECK QUT BACKGROUND *SRLRGEE CHECKED OUT BY: CHECKQOUT LOCATION
{add type and ID#) ’
TIME DATE (C/1 M)
Site Response Limits (when required):
Site Background Redetermination Limits: |20 Limits| | to | | c/m |30 Limits| | to | | c/m l
Site/Area-Specific Background Source Response: see next page
Site Source Redetermination: | | to | | ¢/m | 3o [ 5%
Created by: | Reviewed by: | | Date | |

Form approved for use by T.J. Vitkus, May 8, 2012

Figure 5.5.3a: Operational Check-out Form
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kvé Section 5.6 — Proportional Detector Calibration and
Operational Check-Out

PURPOSE
To describe the procedure for calibration and operational check-out of

proportional detectors.

RESPONSIBILITIES

e The Project Manager/Field Team Leader is responsible for assuring that
this procedure is implemented.

e Survey team personnel are responsible for following this procedure

LIST OF EQUIPMENT

Portable ratemeter-scaler: Model 2221, Ludlum Measurements, Inc.; or
equivalent.

Proportional detector: Model 43-68, Ludlum Measurements, Inc., Model
43-37, Ludlum Measurements, Inc.; or equivalent.

P-10 Gas

Cable: C-C; or other connectors, as applicable.
Record forms.

Calibration sources.

Check source.

INSTRUMENT/DETECTOR ASSEMBLY, ELECTRONIC SET-UP,
AND DETECTOR PURGING

1. Detector Purging: Purge detector as follows (applies to gas
proportional detector set-up to operate in the alpha, alpha+beta, or
beta-only mode):

a. Attach P-10 gas supply and detector outlet hoses to flow meters.
Refer to operating manual.
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b. Turn on main bottle valve and adjust flow rate to approximately
100 cc/min. Allow to purge for 5 minutes. Reduce flow to
approximately 40 cc/min and continue purging for 20 minutes.

2. Assembly: Attach the detector to a portable ratemeter-scaler.

3. Battery check: Turn the instrument on. Depress battery “BAT” test
button. A digital display reading of less than 5.6 volts indicates
battery power is marginal and batteries should be replaced.

4. Threshold set: Adjust the threshold by holding down the “THR”
test button and adjusting the THR screw beneath the
CALIBRATION cover and setting the threshold to 50 (5.0 mV) for
Model 43-68 and 100 (10 mV) for the 43-37. (This value applies to
both the alpha and the alpha-beta modes).

5. The window toggle switch should be set to “out”, except for special
instances as specified by project requirements. In those cases, refer to
the instrument operating manual or other technical documents for
specific guidance on settings for windowed operation.

6. Purge Check: Ensure that the operating voltage is set correctly for
the appropriate detection mode (alpha, and alpha+beta or beta-only).
Refer to the most recently constructed plateau curve determined for
the instrument or construct a new curve according to the steps listed
in the next section of this procedure entitled “Operating Voltage
Determination”.

7. Perform a purge check by placing the appropriate check source
(alpha or beta) for the detection mode and taking a one-minute
count. Record on the Calibration Information form (Figure 5.6.1a or
equivalent).

Wait approximately one minute and then collect and record a second
one-minute count. If the two count rates vary by greater than £ 10%,
continue purging and checking until the rate is stabilized. If the
second count is within + 10% of first count, unit is adequately
purged and ready for use.

8. Disconnect the out flow line and replace with a tubeless coupling to
allow for continuous venting of the system. Continuous flow is
required during calibration.

NOTE: Unit may be used in the static mode if a good seal can be
established. The length of time a static purge can be maintained
varies for individual detectors. To operate in static mode disconnect
both hoses from the detector. Begin checking source response as
soon as the background count rate begins to drop off. If a decline of
approximately 10% or more is noted, the system must be repurged.
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OPERATING VOLTAGE DETERMINATION

The operating voltage is determined based on the characteristics of a plateau
curve. Curves are constructed once a year, after major repairs to a detector, and
when a new detector is received. These curves are kept on file in the instrument
room and/or maintained electronically.

NOTE: Using an alpha and a beta source simultaneously is the preferable
methodology because it provides a more accurate representation of the
proportional region plateau curve. However, a plateau region can also be
determined independently for alpha or beta by placing the appropriate source
and adjusting the starting point accordingly. Alternatively, when the detector is
used in the beta-only mode, a thicker mylar window (3.8 mg/cm? rather than the
standard 0.8 mg/cm?) may be used to eliminate alpha contributions. All
calibration procedures are then performed with the thicker window installed on
the detector.

1. Place the detector on a jig with a double source configuration. Select
an alpha and/or a beta calibration source each having a 2m surface
emission rate of greater than 25,000 cpm.

2. Turn the high voltage all the way down and then gradually increase
the voltage until the meter just begins to register counts. High voltage
adjustment is done by depressing the HV button and adjusting the
HV screw beneath the CALIBRATION cover, the high voltage will
be read directly from the digital readout.

3. The speaker unit may now be turned off.
4. Accumulate counts for 0.5 minute.

5. Record voltage setting and count rate on Calibration Information
form (5.6.1a).

6. Increase voltage to next higher even multiple of 50 V.
7. Accumulate counts for 0.5 minute and record voltage and count rate.

8. Repeat steps 6 and 7 until the count rate begins to increase rapidly
with increased voltage (this usually occurs at some point above 1800
volts and indicates continuous discharge — do not increase the voltage
past this point. Remove the detector from the sources and turn the
voltage down to the desired detection mode).

9. Prepare a graph of count rate vs. voltage. The electronic version of
the Calibration Information form has this functions coded into the
spreadsheet form. This graph should consist of two relatively flat
sections where there is little increase in count rate over a voltage
range of up to several hundred volts. This voltage range is called the
plateau region for the detector.
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10. Select an operating voltage between the midpoint and 3/4 for each of
the plateau regions and indicate the value on the graph. (This
operating voltage typically ranges between 1000 and 1300 volts for
alpha and 1650 and 1800 volts for beta.).

11. Record the predetermined operating voltage and threshold on the
Calibration Information form (5.6.1a).

NOTE 1. Problems have been noted when using proportional
detectors in high altitude areas due to lower atmospheric pressure. It
may be necessary to establish the operating voltage and to perform
calibration on-site. Special arrangements must be made through the
Survey Projects Manager to remove the calibration sources from the
facility and with the receiving department at the destination site.

NOTE 2: Cold temperatures have been identified to cause a shift in
the operating plateau such that the optimum operating voltage falls
below the knee of the plateau and the detector begins to under-
respond. For temperatures below approximately 45 down to 35° F,
the high voltage may be increased an additional 25 to 50 V and the
operational parameters verified by performing a check source count.

SURVEY PROCEDURES MANUAL
DATE: MAY 11, 2012

\/

PAGE 4 OF 17, SECTION 5.6
REvVISION No. 15



34,000

33,000

32,000

31,000

30,000

Counts per half minute

29,000

28,000

27,000

1600

A check source count and background count that falls within the
operational range established at room temperatures provides the
evidence the electronics have been properly restored. Surveys
performed at temperatures below 35° F occur infrequently. The Field
Team Leader will evaluate instrument performance in extreme cold
situations and when significant changes in temperature occur during
the workday. Additional high voltage adjustments may then be
approved followed by operational check source verification. All
changes to instrument settings must be clearly documented and
justification provided. The instrument/detector performance must be
continuously monitored when ambient temperatures increase and the
high voltage may require reduction towards the original settings.

As with cold temperatures, high temperatures may also cause an
opposite shift in the voltage plateau, such that the plateau shift results
in the continuous discharge region drifting to the original calibration
high voltage setting and the detector begins to over-respond. In this
case, the high voltage must be reduced in increments of 25 V until
check source and background operational checks fall within the
established operational parameters. The chart below shows the
experimental data results for temperature and plateaus. The shift in
the plateau at the reduced temperatures is very evident with the knee
of the plateau at 70" F ending at approximately 1675 V whereas the
knee at 20" F ends at 1750 V.

L
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/ —¥— @70F @S50F @40F —=— @30F —e— @20F

Li

//
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The instrument/detector performance must be continuously
monitored when ambient temperatures begin to decrease and the
high voltage may be increased towards the original settings.

CALIBRATION/OPERATIONAL CHECK-OUT BACKGROUND
DETERMINATION

Adjust the operating voltage for the appropriate detection mode (alpha or
alpha+ beta and beta-only) as specified on the detector’s Calibration Information
form.

1. Instrument background is determined biannually at the time of
calibration as follows:

2. Perform ten 1-minute counts and record the data on the Calibration
Information form (Figure 5.6.1b)

3. Calculate and record the average counts and the £ 20 and 30 ranges
Calculations may be performed using the statistical functions of a
scientific calculator or the electronic version of the Calibration
Information form has these functions coded into the spreadsheet
form.

4. When checking out an instrument that is within current calibration,
perform a detector background count for 1 minute. Compare the
result to the detector’s acceptable operational background range of
the mean = 20. Proceed with calibration if background is within this
range. If the background result is outside the mean * 20 range but
within the mean =+ 3g, perform two additional 1-minute background
counts. Provided both counts are within the mean £ 20 range, the
instrument is acceptable for use, otherwise remove from service for
evaluation and repair.

5. Site specific and construction material-specific backgrounds will be
determined in the field, as required to address project objectives.
Refer to the section entitled “Operational Check-Out and
Construction Material-Specific Backgrounds” within this
procedure for details.

EFFICIENCY DETERMINATION

1. Select alpha or beta calibration sources that are representative of the
site contaminants. The Project Manager will determine the calibration
source requirements for each specific site. The source(s) selected
should be a large-area source—Iarger than the physical detector
area—which will provide a minimum accumulation of 10,000 gross
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counts (C,,,) during the count interval. The typical count interval
with available calibration sources is one minute. Longer count times
may be necessary, dependent upon calibration source activity. The
recommended minimum count value is to maintain the counting
error to 21%. The activity for SrY-90 and TI-204 calibration sources
require decay correction prior to use.

2. Place the detector over the calibration source and accumulate the
count.

NOTE: The model 43-37 detectors are not typically calibrated as they
are used for qualitative data. However, efficiencies may be
determined using the following procedures. The efficiency
determinations must however use detector set up that matches
detector field usage when determining the efficiency.

3. Record the source identification number, source gross count rate
(Ry,p), the 21 surface emission rate, and g,, (in cpm) from the source
calibration certificate on the Calibration Information form (Figure
5.6.1b or equivalent).

4. Calculate g5, ., which is the 2 emission rate of the calibration source
that is subtended by the physical detector area—i.e. determine
fraction of total source emission rate that corresponds to physical
area of detector as follows:

. Physical Detector Area (cm?)
Calibration Source Area (cm?)

q2ﬂ,sc — Morn

This correction is only performed when the calibration source area is
larger than the detector physical area.

5. Subtract the average biannually-determined detector background
count rate, R, from the calibration source gross count rate (R.,,, -
Ry)-

6. Calculate the instrument efficiency (€;), and round the result to two
significant figures. (The instrument efficiency (g;) for a 43-68 typically
ranges 36 to 44% for alpha mode and 10% to 60% for beta modes).

Rs+b_Rb

q2n,sc

7. The total efficiency (&) is then determined by multiplying € by an
appropriate surface/source efficiency (€,) that is based on the
emission type (alpha or beta) and/or the energy level in accordance
with the following default parameters provided in 1SO-7503:
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€, = source efficiency (unless otherwise determined)
& = 0.25 for alpha emitters

& = 0.25 for Bmax <400 keV

€ = 0.5 for Bmax >400 keV
As such, &, = € X €,

8. Record all information on the Calibration Information form
(Figure 5.6.1b).

9. When more than one radionuclide of concern is present or the
radionuclide of concern includes a decay series (e.g. U-238, Th-232),
a weighted efficiency may be required. Procedure 5.17 provides the
requirements for determining a total efficiency for a mixture of
radionuclides. This requirement will be provided by the Project
Manager.

CHECK-SOURCE REPRODUCIBILITY DETERMINATION

1. Position the appropriate check source (e.g., Th-230 for alpha, Sr-90
for beta) at the front portion of the detector or use a jig. Accumulate
the count for one minute. The check source used should provide a
minimum count rate of 10,000 cpm (< 1% counting error). However,
lower activity check sources may be used at the discretion of the
Project Manager. Record all information on the Check-out
Information form (Figure 5.6.2 or equivalent).

NOTE: This same check source is to accompany the calibrated
instrument to the field survey site.

2. Remove the detector from the source. Reposition the detector and
source and repeat the count for a total of 10 times.

3. Calculate the average value of the ten count rates and the 3o
deviation. The 3o value must be < 10% of the mean. If it is not, the
detector must be removed from service until repairs can be made.

4. Calculate 5% of the mean. If the 30 value is less than 5% of the
mean, use * 5% of the mean as the acceptable detector check source
response range. If the 3o value is between 5% and 10% of the mean,
use the actual = 3o values as the acceptable detector check source
response range. Record all information on the Check-out
Information form (Figure 5.6.2).
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5. Prepare an Instrument Check-out form (Figure 5.6.3a or equivalent).
Enter the average check source count rate, the average background
count rate (from the Calibration Information and Operational Check-
out Information forms), instrument efficiency (g;), and the count
times on the first data line. Also, record the acceptable response
limits established for the check source and the background
parameters.

NOTE: The Instrument Operational Check-out form accompanies
the instrument to the survey site.

OPERATIONAL CHECK-OUT AND CONSTRUCTION MATERIAL-
SPECIFIC BACKGROUNDS

1. When initially checking out equipment on site at the start of each
workday, midday (when feasible), and at end of the workday, perform
a one minute background count. Record the count rate on the
Instrument Operational Check-out form (Figure 5.6.2a) and compare
the results to the response limits.

2. If the site background response checks fall outside the accepted
limits established at calibration, site-specific backgrounds used for
instrumentation operational check-out will be required.

To establish a new site background, perform 10-one minute
background measurements and record on the back of the Instrument
Operational Check-out form (Figure 5.6.3b). Record these data
calculations and the average value and 20 and 30 deviation, and
allowable range (Figure 5.6.3b). Transfer and record the new
background average and response limits to the front of the
Instrument Operational Check-out form (Figure 5.6.3a). Site-specific
operational backgrounds are compared with site-specific background
mean + 20 and = 30. Proceed with check-out if background is within
the mean = 20 range. If the background result is outside the mean +
20 range but within the mean = 3, perform two additional 1-minute
background counts. Provided both counts are within the mean + 20
range, the instrument is acceptable for use, otherwise remove from
service for evaluation and repair.

3. Additionally, when initially checking out equipment on site, at the
beginning of each workday, midday (if site logistics permit), and end
of the workday, source response is also be evaluated. Place the
check source at the designated detector position and perform a one
minute count. Record the count rate on the Instrument Operational
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Check-out form (5.6.3a) and compare the result to the established
response limits.

4. A result outside of the established response limit must be evaluated.
New site-specific check source response limits may be
established in accordance with the Check-Source Reproducibility
Determination procedure described in the section above if
environmental factors are determined to be the cause of the response
shift. Otherwise, remove the instrument/detector from service until
repairs can be made.

5. If operation in "static" mode is necessary, disconnect hoses from the
detector and turn off main gas valve. If continuous flow is to be
used, the flow rate may remain at approximately 40 cc/min.

6. Unit should maintain a purge for approximately 30 minutes following
purging. Recheck source response about every few minutes while
operating in static mode. If count rate drops by more than 25%,
repurge detector.

7. Construction material-specific backgrounds (e.g. concrete, steel,
wood, tile, etc.), as required to address project objectives for use in
MDC and surface activity calculations (Section 7.3), may be
established at the site for each group of construction materials
encountered that exhibit comparable background levels.
Material-specific backgrounds will be determined in a site area
unaffected by radioactive material use but of similar construction.
Professional judgment may be necessary in identifying material-
specific background locales if a suitable non-impacted area is not
available. The basis for the area selected will be documented in the
site logbook.

Place the detector in contact with the surface of interest and
accumulate counts for one minute (or other count interval, matching
sample measurement count interval). Repeat for a total of 10
measurements at different locations on the same material type to
account for spatial variability. Calculate and record (Figure 5.6.3b or
equivalent) the average background count rate.

8. Optional: When shielded and unshielded measurements in the
survey area are required (refer to Section 7.4), perform the above
series of 10 measurements both with and without a minimum 3/8"
thick plexiglass shield. Record the shielded and unshielded reference
material background count rates. Calculate and record the average
shielded and unshielded count rate for each material type. Determine
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the construction (reference) material background count rate with the
ambient background level removed as follows:

er = Ru - Rs

where:

R, = reference material background count rate (ambient background
subtracted out)

R, = unshielded (gross) background count rate

R, = shielded background count rate

At a minimum, one of each type of instrument/detector combination
(e.g. Ludlum 2221 ratemeter-scalers coupled with 43-68 gas proportional
detectors) used for quantitative surface activity measurements will be
used at the site to acquire these construction material-specific
backgrounds. The Field Team Leader determines the applicability of the
background values to other identical instrument/detector combinations
used at the site.

MDC DETERMINATION

Calculate and record the minimum detectable concentration (MDC) using the
following formula:

3+(4.654/B)

TXEToth

MDC =

where:
MDC = minimum detectable concentration level in disintegrations/minute/100

cm?

B = background (total counts) in time interval, T
(construction material-specific background may be used)
T = count time (min) to be used for field measurements

£, = total efficiency = ___Counts =g x g
disintegration

g, = instrument efficiency

€, = source efficiency (unless otherwise determined)
€, = 0.25 for alpha emitters
€, = 0.25 for B,,,, <400 keV (e.g., Tc-99)
g, = 0.5 for B,,,, >400 keV (e.g., SrY-90)
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Physical Detector Area cm?
100

NOTE: 43-68 physical detector area = 126 cm?

G = geometry =

The above formula calculates the activity level in dpm/100 cm? which can be
detected at the 95% confidence level.

Compare this value to the site guidelines to determine adequate sensitivity of the
instrumentation. An MDC that is less than 50% of the applicable criteria is
desirable.
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Figure 5.6.1a: Calibration Information
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Figure 5.6.2: Operational Check out Information
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ALPHA/BETA INSTRUMENT OPERATIONAL CHECK OUT

SITE #
INSTRUMENT TYPE INSTRUMENT #
DETECTOR TYPE DETECTOR #
VOLTAGE THRESHOLD
Calibration Response Limits:
Background Limits: [0 Limits| (1o /m | 30Limits | [ to] lc/m |
Source Limits: [ | 1o | | om | 03 []5%
CHECK QUT BACKGROUND *SRLRGEE CHECKED OUT BY: CHECKQOUT LOCATION
{add type and ID#) ’
TIME DATE (C/1 M)
Site Response Limits (when required):
Site Background Redetermination Limits: |20 Limits| | to | | c/m |30 Limits| | to | | c/m l
Site/Area-Specific Background Source Response: see next page
Site Source Redetermination: | | to | | ¢/m | 3o [ 5%
Created by: | Reviewed by: | | Date | |

Form approved for use by T.J. Vitkus, May 8, 2012

Figure 5.6.3a: Instrument Operational Check-out Form
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kvé Section 5.9 — Bicron Micro-rem Meter Check-Out

PURPOSE

To describe the procedure for operational check-out of the Bicron micro-rem
meter and the Bicron extended detector meters. The Bicron micro-rem meter is
used for exposure rate measurements and the cross calibration of other gamma
measuring instruments. Calibration of this equipment is done on a biennial basis
by the manufacturer and/or on a more frequent basis by an ORAU electronics
specialist.

RESPONSIBILITIES

e The Project Manager/Field Team Leader is responsible for assuring that
this procedure is implemented.

e Survey team personnel are responsible for following this procedure.

LIST OF EQUIPMENT

Bicron micro-rem meter; Bicron micro-rem extended detector meter; or
Model 9-4, Ludlum Measurements, Inc. (for high radiation situations)

Check source.

Record forms.

INITIAL OPERATIONAL CHECK-OUT

1. Turn the control switch to the batteries (bat) position. The needle
reading should be within “bat.ok” region indicated on the scaler. If
the reading falls outside the acceptable region replace the batteries.

NOTE: If the instrument is not responding correctly, (i.e.,
reproducibility) and the battery response is less than or equal to 150
on the analog scale, then replace batteries.

2. Turn the control switch to high voltage (HV). The needle reading
should fall into the predetermined “HV ok” region.

NOTE: If the reading is outside predetermined “HV ok’ region,
remove the instrument from service until repairs can be made.
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3. Turn the control switch to one of 5 different positions (0.1 through
%1000). Typically, the switch position for background determinations
should be at x0.1.

4. Allow the meter to stabilize for approximately 15 to 30 seconds.
Determine the average background rate by collecting 10
instantaneous readings and calculating the average. Record the
average background rate on the first data line of the Bicron Check-
out form (Figure 5.9.1 or equivalent).

5. Record the acceptable background response limits as the actual
lowest and highest of the 10 readings obtained for the average
background determination on the Bicron Check-out form.

6. Place the instrument-specific gamma check source (stored within the
instrument case) at the front of the detector.

NOTE: It is very important in determining the check source range
that the position of the check source to detector be the same each
time. For the box type meter (without the extended detector), place
the check source at the predetermined location at the front of the
instrument. The location is marked with an x within a circle, ®. For
the extended detector meter, keep the protective cap on, and place
the check source at the center of the detector by gently depressing
the protective cap with the source.

7. Determine the average gross dose rate by collecting 10 instantaneous
readings and calculating the average. Determine the average net dose
rate by subtracting the average background rate. Record both the
gross and net dose rate average values on the Bicron Check-out form.
Also, determine and record the £+ 10% variation of the check source
count rate as the source response limits. Record the source check
number on the Check-out form.

PRE-SURVEY CHECK-OUT

1. Perform operational checks as listed in the previous section of this
procedure.

2. Collect 10 instantaneous readings, calculate the average and record
the average gross and net dose rates (gross dose rate-background
dose rate) on the first data line of the Bicron Field Check-Out form.
Compare the check source dose rate to the source response limits.

NOTE: This check source and the Bicron Field Check-Out form are
to accompany the instrument to the field survey site.

SURVEY PROCEDURES MANUAL PAGE 2 OF 4, SECTION 5.9
DATE: MAY 11, 2012 M REVISION NoO. 14



FIELD OPERATIONAL CHECK-OUT

Perform background and source check response when initially checking out
equipment on site at the start of each work day, at midday, and the end of the
work day. Record the dose rate on the Bicron Field Check-Out form and
compare the results to the response limits. If outside these limit, it may be
necessary to re-establish site-specific limits. If the check-out continues to be
outside of control limits, take the instrument out of service until further
evaluation. Ensure that the detector is checked out under actual use conditions.

FOR RADIATION FIELDS IN EXCESS OF 100 mRem/hr

For conditions/situations requiring the measurement of exposure rates outside
the range of the Bicron urem meters, Ludlum Model #9-4 portable ion chambers
are available for radiation fields in the mrem/h to lower range R/h levels.
Contact ESH and the Instrumentation Specialist Health Physicist for use of this
detector and operational calibration and check out requirements.
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PIC/BICRON MICRO-REM METER FIELD CHECKE-OUT FORM

INSTEUMENT #

SITE

Checkout
Date

Background
(LR/hr)
or
(prem'hr)

Source Check =

PIC Battery
Check

Gross pB/hr

Net pR/hr*

% Charge**

Performed

Comments
(see reverse)

OFAU
DATA

[

10

11

—
Lid

14

* Besponse limits

to

*= Besponse nmst be = §85% for the 300V PIC battery.

pE/Dr (NET).

Figure 5.9.1: PIC/Bicron Micro-rem Meter Check-out Form
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kvé Section 5.10 — Compensated GM Detector Calibration
and Operational Check-Out

PURPOSE

To describe the procedure for calibration and operational check-out for energy
compensated GM detectors.

RESPONSIBILITIES

e The Project Manager/Field Team Leader is responsible for assuring that
this procedure is implemented.

e Survey team personnel are responsible for following this procedure.

LIST OF EQUIPMENT

Portable ratemeter-scaler: Model 2221; Ludlum Measurements, Inc.; or
equivalent.

Energy compensated GM detector: Model HP-270, Eberline Instrument
Corporation; or equivalent.

Cable: CP1-BNC; or other connectors, as applicable.
Calibration source.
Check source.

Record forms.

INSTRUMENT/DETECTOR ASSEMBLY AND ELECTRONIC
SET-UP

1. Attach the detector (shield closed) to a portable ratemeter-scaler.
2. Turn on, check batteries, and replace if necessary.
3. Adjust high voltage to 900 V and threshold to 5 (50 mV).

4. Determine background for 5 minutes and calculate background count
rate. Record the value on the Calibration Information form (Figure 5.10.1
or equivalent).
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Cross-calibration of the compensated GM detector with an
exposure/dose rate measuring device can be performed. Calibration for
exposure rates at levels exceeding the capability of the micro-rem meters
can be performed under the direction of staff health physicists and the
ORISE Environmental Safety and Health office. Record information on
an appropriate Exposure/Dose Rate Calibration form (Figure 5.10.2 or
equivalent).

5. Determine check source reproducibility by positioning a gamma check
source (Co-60 or Cs-137) on the side of the detector and determine and
record the count rate on the Check-out Information Form (Figure 5.10.3
or equivalent). Repeat 10 times and calculate average and 20 and 30
deviation. Record check source range.

NOTE: Check source and form are to accompany the calibrated
instrument to the field survey site.

6. Prepare an Instrument Operational Check-out form (Figure 5.10.4a and
b or equivalent) entering the background and average check source
counting rates on the first data line.

NOTE: This form accompanies the instrument to the survey site.

7. Daily instrument operational check-out is performed according to
Section 5.1.
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1. Select a reference point on the site with good satellite reception to
perform operational check-outs. The objectives are to establish that
communication between the instrument and the GPS unit is working
correctly and that the GPS location accuracy is within expected tolerance
(typically, expected to be within 5 meters or less).

2. Similar to the daily check-out of the instrument with a check-source,
ensure that the unit is communicating correctly with the instrument as
follows:

a. Turn the instrument on and set the Digital Control toggle switch to
Dig. Rate. (NOTE: The instrument will not log counts if the toggle
switch is set to Scaler).

b. Tap the Section button and pick Data from the drop-down list.

c.  Name the file using the Touch Keyboard (located in the lower center
screen — tap the up arrow if it is not displayed). The File Name text
box should already be selected

d. A consistent convention is preferred for how files are named. The
standard method is to name the file using the AMISS format where:

e A=area/site name or ID
e M-=radiation mode (alpha, beta, gamma, etc.)

e I=instrument/detector model # (abbreviated as much as
possible)

e S=surface type/operational check
e S=surveyor initials

NOTE: Do not included parentheses, spaces, or any other
separating punctuation except hyphens. See example below.

Example: 5002-g-4410-opchck-jad: site 5002-gamm- detector type
44-10-was operationally checked out-by John Allen Doe.)
The file names are recorded in the logbook together with
the specific instrument/detector combinations each
surveyor used.

e. Tap the Create button in the upper right corner and record the file
name in the logbook.

f.  Confirm antenna height default settings by tapping the OK button in
the dialog box unless determined otherwise.

I ———
SURVEY PROCEDURES MANUAL PAGE 5 OF 8, SECTION 5.13

DATE: MAY 11, 2012 M REVISION NoO. 1



g. Tap the Section button and pick Status from the drop-down list.
h. Tap the Subsection button and pick Sensor from the drop-down list.

i. Observe the screen for at least one minute while performing an
operational check-out of the instrument with an appropriate check
source in accordance with Section 5.3.

The line labeled Total Count should be updating every two seconds
(however, data are logged at a one-second frequency) with the
number of data points collected (a minimum of 60 should be
collected).

The line labeled Last String should match the value on the
instrument display (with the exception of Leadering zeroes and
squares representing line-end characters).

J.  Record the operational check-out values obtained from the check-
source for the instrument combination on the appropriate form. The
instrument operational check out form shown in Figure 5.13.1 may
have column headings modified to match the recorded information,
or the information recorded in the logbook. Indicate with a check-
mark that the instrument reading matches the Last String value
displayed.

k. Additionally, record the geographic coordinate for the selected
reference point on the check-out form. To view the coordinate, tap
the Section button and select Status and then from the Subsection
button select Skyplot. The coordinate will be listed in the bottom
center of the display.

¢ stans |~ |°85 &
Skyplot |+

Coordinates

432950, 579" 172%33'54,149"
36.11m HAE PDOP: 3,36
Heading Locked
Productivity Precision

N
]
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I.  To terminate the data collection session, tap the Section button and
pick Data from the drop-down list.

m. Tap the Close button. Tap OK when prompted for verification to
close the file.
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GAMMA INSTRUMENT OPERATIONAL CHECK OUT

SITE#
INSTRUMENT TYPE INSTRUMENT #
DETECTOR TYPE DETECTOR #
VOLTAGE THRESHOLD
Calibration Response Limits:
Background Limits: | +/-20% | | o | |cfm |
Source Limits: ’ | to | | c/m | 3o [ 5%
CHECK OUT BACKGROUND "SOAMCE CHECKEDOUTBY: |  CHECKOUT LOCATION
(add type and ID#) .
TIME DATE (/1 M)
Site Response Limits (when required):
Site Background Redetermination Limits: |+/-20%| [10] | om |
Site/Area-Specific Background Source Response: see next page
Site Source Redetermination: | | to | | c/m | [130 [ 5%
Created by: | Reviewed by: | | Date | |

Form approved for use by TJ. Vitkus, May 8,2012

Figure 5.13.1: Operational Check-out Form
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