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OBJECTIVES

Given the Familiar Leve of this module and the resources listed below, you will be able to:
1. State the purpose of implementing DOE Order 5400.5.
2. Definethefollowing terms.
* Resdua radioactive materid
= Setlesble solids
* Publicdose
= ALARA
= Soil column ( in the context of radiation protection of the environment)
= Protective action guides (PAGS)
=  Stochagtic biologica effects of radiation
= Nonstochastic biologicd effects of radiation
= Derived concentration guide (DCG)
State the four sources of radiation exposure that are excluded from public dose.
4. Inregard to the letter R (reasonable) in ALARA, state the five congderations used to
decide if a particular reduction in radiation exposure is reasonable achievable.
5. Destribe the limitsfor the following items.
= Airborne radon decay products as residud radioactive material in an occupied or
habitable structure (Sate the generic guideline concentration in working levels (WL).
= Average acceptable level of externd gamma radiation (above natura background)
ingde abuilding or habitable structure on a site to be released without restrictions.
= Allowable total residua removable surface contamination (dpnv100 cn) for iodine
—131.
=  The upper bound on the temporary basic dose limit (mrem per year per person)
under unusud circumstances for resdua radioactive materid.

w
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Note: If you think that you can complete the practice at the end of thislevel without
working through theinstructional material and/or the examples, complete the practice now.
The course manager will check your work. You will need to completethe practicein this
level successfully beforetaking the criterion test.

RESOURCES
DOE Order 5400.5, Radiation Protection of the Public and the Environment, Change 2, 1/7/93.
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INTRODUCTION

The Familiar Leve of thismodule is divided into two sections. In the first section, we will discuss
the purpose and definitions related to the Order. In the second section, we will discuss the
requirements in Chapters | through IVV. We have provided severd examples and practices
throughout the module to help familiarize you with the materid. The practiceswill dso help prepare
you for the criterion test.

Before continuing, you should obtain a copy of DOE Order 5500.5. Copies of the Orders are
available on the Los Alamos National Laboratory Website at
http://iosun.lanl.gov:1776/html</directiveshtml or through the course manager. Severd additiond
resources are cited in the Preamble, Section 8 of the Order. It is not necessary to obtain copies of
these resources. However, you should have access to these resources and be familiar with their
contents. Y ou may need to refer to these documents to complete the examples, practice, and
criterion test.

SECTION 1, OBJECTIVESAND DEFINITIONS

OBJECTIVES

It is DOE'’ s objective to operate its facilities and conduct its activities so that radiation exposuresto
members of the public are maintained within the limits established in this Order and to control
radioactive contamination through the management of real and persond property. Itisaso aDOE
objective that potential exposures to members of the public be asfar below the limitsasis
reasonably achievable (ALARA) and that DOE facilities have the capabilities, consstent with the
types of operations conducted, to monitor routine and non-routine releases and to assess doses to
members of the public.

Besides providing protection to members of the public, it is DOE’ s objective to protect the
environment from radioactive contamination to a practical extent.

DEFINITIONS

AsLow As Reasonably Achievable (ALARA)
A phrase used to describe an approach to radiation protection to control or manage exposures and
releases of radioactive materid to the environment as low as socid, technica, economic, practicd,
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and public policy consderations permit.

Derived Concentration Guide (DCG)
The concentration of aradionuclide in ar or water that, under conditions of continuous exposure for
one year by one exposure mode would result in an effective dose equivaent of 100 mrem 0.1 rem
(A mSv).

Nonstochastic Effects are biological effects, the severity of which, in affected individuds, varies with
the magnitude of the dose above a threshold vaue.

Protective Action Guides (PAG)
Projected numericd dose vaues established by EPA, DOE, or States for individuadsin the
population. These vaues may trigger protective actions that would reduce or avoid the projected
dose.

Public Dose
The dose received by member(s) of the public from exposure to radiation and to radioactive
materia released by a DOE facility or operation, whether the exposure iswithin a DOE ste
boundary or off-gte. It does not include dose received from occupational exposures, doses
received from naturally occurring background radiation, doses recelved as a patient from medical
practices, or doses received from consumer products.

Residual Radioactive Material
Any radioactive materid that isin or on oil, ar, equipment, or structures as a consegquence of past
operations or activities.

Soil column

Anin stu volume of soil down through which liquid wastes percolate from ponds, cribs, seepage
basins, or trenches.
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Stochastic Effects

Biologicd effects, the probability, rather than the severity, of which isafunction of the magnitude of
the radiation dose without threshold.

Note: You do not haveto do Example 1 on the following pages, but it isa good timeto

check your skill and knowledge of theinformation covered. You may do the Example 1 or
go to Section 2.
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EXAMPLE 1

Using the Familiar level of this module and the resources, complete the following exercises.

1. Stateinyour words what the DOE hopes to achieve by implementing DOE Order 5400.5.

2. Definethefollowing terms.
=  Resdud radioactive materid
=  Public dose

Note: When you are finished, compare your answer sto those contained in the Example 1
Self-Check. When you ar e satisfied with your answers, go to Section 2.
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EXAMPLE 1 SELF-CHECK

1. Statein your words what the DOE hopes to achieve by implementing DOE Order 5400.5.
It is DOE’ s objective to operate its facilities and conduct its activities so thet radiation
exposures to members of the public are maintained within the limits established in this Order
and to control radioactive contamination through the management of red and persond
property. Itisaso aDOE objective that potentia exposures to members of the public be
asfar below thelimits asis reasonably achievable and that DOE facilities have the
capabilities, consstent with the types of operations conducted, to monitor routine and non
routine rel eases and to assess doses to members of the public.

Besdes providing protection to members of the public, it is DOE’ s objective to protect the
environment from radioactive contamination to the grestest practica extent.

2. Definethefollowing terms.
* Resdua radioactive materid
* Publicdose
Resdua radioactive materid
Any radioactive materid that isin or on soil, ar, equipment, or structures as a consequence
of past operations or activities.

Public dose

The dose received by member(s) of the public from exposure to radiation and to radioactive
materia released by a DOE facility or operation, whether the exposure iswithin a DOE sSte
boundary or off-gite. It does not include dose received from occupationa exposures, doses
received from naturally occurring background radiation, doses received as a patient from
medical practices, or doses received from consumer products.
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SECTION 2, REQUIREMENTS

This Order isdivided into four chapters. This section summarizes the requirements contained in
each chapter.

CHAPTER |, GENERAL REQUIREMENTS

General
The Ordersin this module adopt radiation protection dose standards consistent with the
recommendations of the Internationd Commission on Radiologica Protection (ICRP). In 1977, the
| CRP recommended a system of dose limitations that has been adopted and implemented by
essentidly dl countries with nuclear programs. The ICRP system of dose limitations provides a
scientific bags for hedlth protection and the selection of dose limits. Although the ICRP system is
based on sophigticated anaytical models, the system reflects current information on hedlth risks,
dosmetry, and radiation practices, and promotes a more uniform and cong stent gpplication of
radiation protection among diverse activities.

The DOE and its contractors are required to comply with legdly gpplicable rules and regulations of
other Federal, State, and local agencies, including those that have not adopted the ICRP system.

Liquid Wastes and Effluents
Besides limiting doses to members of the public, additiona controls are adopted on the release of
liquid wastes to reduce the potentid for radiologica contamination of natural resources such asland,
ground and surface water, and ecosystems. Standards for liquid effluent discharges are driven by
the DOE ALARA palicy and an objective to minimize contaminetion in the environment to the
extent practicable. Order 5400.5 adopts the best available technology (BAT) as the appropriate
leved of treatment for liquid wastes containing radioactive materid and requires theat the BAT be
phased in at the earliest practica time. The BAT treatment is intended to produce waste streams
within the limits specified in the Order at the point of discharge to a surface waterway and will not
normaly require further treetment to reduce concentrations. The BAT treatment is provided to
protect ground water and to prevent radionuclide buildup in soils.
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The control of releases of liquid wastes to community sanitary sewer systemsis designed to be
congstent with requirements imposed by the Nuclear Regulatory Commission (NRC) oniits
licensees. The BAT sdlection processis gpplied to the treatment of liquid wastes released to
sanitary sewerage when concentrations of radionuclides would otherwise exceed five times the
reference values Sated in the Order. Operators are expected to ensure that the total annual
discharge of radioactive materid to the sanitary sewer system will not cauise exposures to members
of the public that result in doses exceeding asmal fraction of the basic annud dose limit.

Effluent Monitoring and Environmental Surveillance
Demondtrations of compliance with Order requirements are based on ca culaions using information
obtained from monitoring and surveillance programs. The ability of these programsto detect,
quantify, and adequately respond to unplanned releases of radioactive materid into the environment
is aso dependent upon effluent and environmentd transport, diffusion conditions monitoring, and
assessment capabilities. It is DOE' sintent that high-quality monitoring and surveillance activities are
implemented to achieve uniform methods and performance in obtaining information. 1t is recognized
that some differences result from specific Ste or activity conditions.

Dose Evaluations
Data developed by the department to demondtrate that DOE operations comply with gpplicable
standards and requirements should be correct and representative. Accordingly, DOE Order
5400.5 requires that dose calculations of the public resulting from exposures from routine and
unplanned activities be performed using sandard Environmenta Protection Agency (EPA) or DOE
dose conversion factors or andytica modes prescribed in regulations gpplicable to DOE
operations. The dose conversion factors and derived concentrations necessary to make dose
evaluations meet DOE requirements are provided in DOE Order 5400.5, Chapter 11, and three
supplementa documents. These supplemental documents are not part of this training module,
athough the dose conversion factors contained in these documents provide the primary bases for
determining compliance with DOE Order 5400.5. Additiondly, direction for evauating potentid
doses from airborne releases is contained in models used by the EPA. The EPA models are
referenced in DOE Order 5400.5 and are not suitable for calculating doses resulting from accidents.

9 7/24/98



ChangeNo: 0
DOE 5400.5
Levd: Familiar
Date: 7/24/98

CHAPTER I, REQUIREM ENTS FOR RADIATION PROTECTION OF THE PUBLIC AND
THE ENVIRONMENT

Public Dose Limits
The primary public dose limits include consideration of al exposure modes from dl DOE activities,
including remedia actions. The primary dose limit is expressed as the effective dose equivaent, an
| CRP term that requires aweighted summation of doses to various body organs. Additiona public
dose limits are established by EPA regulations for exposures to salected sources or exposure
modes. Dose limits established by the EPA may or may not consider risk-based weighting or
summeation of doses, although they are sometimes expressed as effective dose equivaents. Order
5400.5 aso references other legally applicable requirements such as 40 CFR Parts 61, 191, and
192 and 10 CFR Parts 60 and 72 which are not the subject of thistraining module. Such legdly
gpplicable regulations should be consulted for provisions not addressed in the Orders contained in
this module.

The exposure of members of the public to radiation sources because of al routine DOE activities
shal not cause an effective dose equivaent greater than 100 mrem (1 mSv) in ayear. Experience
suggests that this dose limit isreadily achievable for norma operations at DOE facilities. Temporary
increases in dose limits due to unusua circumstances may be requested by the Manager of the DOE
Field Office in coordination with the gpplicable Program Office. Requests for authorization for a
temporary public dose limit must be forwarded to the Assstant Secretary for Environment, Sefety,
and Hedlth, accompanied by gppropriate justification. Temporary public dose limits must not
exceed 500 mrem (5 mSv) for the year.

The limit of 100 mrem (1 mSv) effective dose equivaent is the sum of the effective dose equivadent
from exposures to radiation sources externd to the body during the year, plus the committed
effective dose equivaent from radionuclides taken into the body during the year. Other than for
sources specificaly excepted in gpplicable regulatory documents, doses to members of the public
from al exposure modes that could contribute significantly to the total dose shdl be considered for
evaluation. Operators are required to report DOE-related effective dose equivaent contributions of
10 mrem (0.10 mSv) or morein ayear. This public dose limit gpplies to doses from exposures to
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radiation sources from routine activities, including remedia actions and naturdly occurring
radionuclides released by DOE processes and operations. The dose limits adso gpply to the doses
to individuas who are exposed to radiation or contamination by radionuclides at properties
subsequent to remedia action and release of the property. Except for medica sources, consumer
products, resdud falout from past nuclear accidents and weapons tests, and naturally occurring
radiation sources, operators shal make a reasonable effort to be aware of the existence of man-
made sources of radiation that, when combined with the DOE sources, might present the potential
for exceeding contributions of 10 mrem (0.1 mSv) effective dose equivaent in ayear. Reasonable
efforts shal be made to limit dose to members of the public, from multiple sources of radiation, to
100-mrem (1 mSv) effective dose equivdent, or less, inayear. EH-1 and the appropriate
Headquarters Program Offices shdl be natified if the 100-mrem in ayear dose limit cannot be
achieved.

Order 5400.5 dso discusses specific limits for
= arborne emissons,
= sources from managing and storing spent nuclear materid, high-level, and transuranic wastes
at disposa fadlities; and
= drinking water.
Contractors are expected to implement programs to establish dose limits and compliance activities
that are congstent with the requirements of the Orders contained in this module.

ALARA

Contractors are required to implement the ALARA processfor dl DOE activities and facilities that
cause public doses. The ALARA process requires judgment regarding what is achievable. Factors
relating to societd, technological, economic, and other public policy consderations shdl be
evaluated to the extent practicable in making such judgments. Factors to be considered, a a
minimum, shdl indude:

= the maximum dose to members of the public;

= the collective dose to the population;

= dternate processes, such as dternate treatments of discharge streams, operating methods,

or contrals;
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= dosesfor each dternative;

= cogsfor each of the technologicd dterndives;

* examinaion of the changesin cost among dternatives, and

= changesin societd impact associated with process dternatives.
Except for meeting requirements of the Nationa Environmenta Policy Act, quditative andyses are
acceptable most often, especialy where potential doses are well below the dose limit. The bases
for such judgments should be documented. More detailed andyses should be consdered if the
decisons might result in doses that pproach the limits.

Liquid Effluents
Further controls are imposed on liquid releases to protect resources such as land, surface water,
ground water, and the related ecosystemns from undue contamination.

The BAT isthe prescribed leve of treatment if surface waters would otherwise contain, at the point
of discharge and before dilution, radioactive materia at an average concentration grester than the
vaues established in the Order. The BAT process shdl be implemented according to the Order
requirements. Although there is no known practica method for removing tritium from liquid waste
streams, facilities and operations are to be designed and operated so that tritium sources and
releases are considered in the ALARA process.

Sdection of the BAT for a specific application will be made from candidate, dternate trestment
technologies that are identified by an eva uation process including factors related to technology,
economics, and public policy consderations. Factorsto be consdered in sdection of BAT shal
include:

= the age of equipment and facilities involved,

= the process employed,

= the engineering aspects of the application of various types of control techniques,

=  process changes,

= the codt of achieving such effluent reduction,

=  nonwater qudity environmenta impact (including energy requirements),

» ety condderations, and
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= public policy consderations.
Pans and schedules for implementing the selected BAT should be prepared and submitted to the
responsible DOE fidd office manager and updated annudly. The plan should include an ALARA
section on tritium, where gpplicable. Implementation of the BAT processis not required where
radionuclides are dready a alow. The limit guidance for liquid waste streams containing more than
one type of radionuclide shdl be evduated by summing the fractiond limit values. Measures should
be taken to prevent buildup of settleable solid radioactive materia in naturd waterways and to
protect aquatic life. Specific limits are established in the Order. New facilities should be designed
and congtructed to meet the discharge requirements of the Order.

Phaseout of Soil Columns
This Order discusses the phaseout of soil columns for retaining radionuclides present in waste
streams and replacing the soil columns with BAT trestment. Activities currently discharging liquids
containing radioactive materias to soil columns are required to develop acceptable aternate
disposd processes. The BAT sdlection process shall be applied to liquid waste streams that
continue to be discharged to soil columns for indefinite periods and that contain process-derived
radionuclides. Plansimplementing BAT must be gpproved by the DOE field office manager and
updated annually. New and increased discharges to active soil columns are generdly prohibited by
the Order.

Discharge to Sanitary Sewerage Systems
The BAT sdlection process shdl be implemented for discharges to sanitary sewerage syssems where
the radionuclide concentrations, averaged monthly, would otherwise be greater than five timesthe
limits specified in the Order. Additiond consderations include the following:
= Dischargesto public sewers should be coordinated with the operators of the waste water
treatment works.
= Concentrations shal be controlled so that long-term buildup of radionudidesin solids will
not present a handling and disposal problem at sewage disposal plants.
= Liquid wastes containing concentrations or quantities greater than those specified in the
Order may be discharged to achemicd or sanitary sewerage system owned by the Federd
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Government when ALARA process consderations are implemented and the system
provides liquid waste treatment before discharge to surface waters.
= Operators should ensure that the tota annual discharge of radioactive materid to the
sanitary sewer system will not cause exposures to members of the public that will result in
doses exceeding asmdl fraction of the basic annud dose limit.
The Order dso dlows for specific exceptions and interim control strategies under control of the
DOE fidd office manager and contains direction for deding with tritium in liquid waste Sreams.

Release of Real Property
Release of red property shal be according to the guidelines and provisons for resdua radioactive
materia presented in the Order. These guidelines and requirements apply to DOE-owned facilities
and to private properties that are being prepared by DOE for release. Redl properties owned by
DOE that are being sold to the public are subject to the requirements of the Comprehensive
Environmenta Response, Compensation, and Liability Act (CERCLA), as amended, concerning
hazardous substances, and to any other applicable Federal, State, and locd requirements. The
requirements of 40 CFR Part 192 are gpplicable to properties remediated under Title | of the
Uranium Mill Tailings Radiaion Control Act (UMTRCA). The reguirements of CERCLA and
UMTRCA are not the subject of this training module.

Persona property that potentialy could be contaminated may be released for unrestricted use if the
results of a survey with appropriate instruments indicate that the property is below the contamination
limits specified in the Order. The Order describes, in detall, that the program for property release
should address the following items.
= surface contamination levels
= potentid for contamination
" Surveys
* inaccessible areas
= volume contamination
= records. The records of released property shdl include the following:
Ya an identification description of the property
Ya the date of the last radiation survey
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Ya the identity of the organization and the individua who performed the monitoring
operation

Ya the type and identification number of monitoring instruments

Ya the results of the monitoring operation

Ya the identity of the recipient of the released materid

Compliance Demonstration
Compliance with the dose limits of the Order shall be demonstrated by documentation of an
gppropriate combination of measurements and ca culations that evaluate potential doses and the
results of evaluations.
= Monitoring and Survelllance. Generd requirements for routine effluent monitoring and
environmental surveillance are contained in documents referenced in the Order that are not
the subject of thistraining module. The monitoring requirements are applicable to al DOE
and DOE contractor operations that are subject to the requirements of this Order.
= DoseEvauaions. Dosesto members of the public near DOE activities shdl be evauated
and documented to demonstrate compliance with the dose limits of the Order and to assess
exposures to the public from unplanned events. Collective doses to the public within 80
kilometers (km) of the Ste shall also be evaluated and documented &t least annualy. The
Order prescribes methods for modeling, uses of dose conversion factors, and parametric
congderations applicable to dose evauations. Contractor programs are expected to comply
with the direction provided by the Order.

Reporting
Besides the reporting requirements of other Orders, the responsible DOE field office manager shdll
notify quickly the relevant Program Office(s) and the Deputy Assstant Secretary for Environment of
actua or potentid exposures of members of the public that result in elther an effective dose
equivaent from DOE sources exceeding 10 mrem (0.1 mSv) in ayear; or exceeding any limit or not
meseting any other requirement specified in the Order or any other legdly gpplicable limits, or a
combined dose equd to or greater than 100 mrem (1 mSv) effective dose equivaent in ayear due
to DOE and other man-made sources of radiation (excluding medica, consumer products, and
natural sources). Guidance concerning reporting requirements of other documents not part of this

15 7/24/98



ChangeNo: 0
DOE 5400.5
Levd: Familiar
Date: 7/24/98

training module are also addressed in the Order.

Records
Records developed shall include information and data necessary to identify and characterize
releases of radioactive materid to the environment, their fate in the environment, and their probable
impact on radiation doses to the public. Basic information used to assess compliance with the
requirements of this Order and the results of such assessments shall be incorporated as part of the
record. Records shal be retained according to the requirements of DOE Order 1324.2A, which is
not part of thistraining module. All reports, notifications, and records devel oped pursuant to DOE
requirements shal present data in the units used in the applicable regulaion or DOE Order.

CHAPTER 111, DERIVED CONCENTRATION GUIDES FOR AIR AND WATER

The DCG vduesliged in this chapter are provided as reference values for conducting radiological
environmental protection programs at operationd DOE fecilities and Sites.
The DCG vaues are presented for each of three exposure modes:

= ingedtion of water

= inhddion of ar

= immerson in agassous cloud

Exposure Conditionsfor Ingestion of Water and Inhalation
Under conditions of continuous exposure, members of the public are assumed to ingest 730 liters of
drinking water or to inhale 8,400 cubic meters of air (for exposure of 24 hours per day, 365 days
per year). Only single modes of exposure were considered in the caculation of the DCGs. That is,
they apply to ether inhdation or ingestion, not to a combination of both.

Exposure Conditionsfor Air Immersion
Thear immerson DCGs were caculated for a continuous, nonshielded exposure viaimmersonin a
semi-infinite amaospheric cloud.
Three classes of radionuclides areincluded in the air immerson DCGs given in Figure 111-3.
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= Classl. Thefirg class of radionuclides includes selected noble gases and short-lived
activation products that occur in gaseous form. For these radionuclides, inhaation doses
are negligible compared to the externd dose from immersion in an atmaospheric cloud.

» Class2. The second class of radionuclides includes those for which a DCG vaue for
inhaation has been calculated, but for which the DCG vaue for externd exposureto a
contaminated atmaospheric cloud is more restrictive. These radionuclides generdly have
hdf-lives of afew hoursor less, or are diminated from the body following inhaation
sufficiently rapidly to limit the inhalation dose.

» (Class3. Thethird class of radionuclides includes selected isotopes with relatively short
hdf-lives These radionuclidestypicaly have hdf-livesthat are less than 10 minutes, they do
not occur as adecay product of alonger-lived radionuclide, or they lack sufficient decay
datato permit internal dose cdculations. These radionuclides are dso typified by a
radioactive emission of highly intense, high-energy photons and rapid remova from the body
following inhdation.

ThevduesgiveninFigures|il-1 and 111-3 in the Order account for only three exposure pathways
and do not include other potentidly significant pathways. When more complex environmentd
pathways are involved, amore complete pathway andysisis required for caculating public radiation
doses resulting from the operation of DOE fecilities.

CHAPTER IV, RESIDUAL RADIOACTIVE MATERIAL

This chapter presents radiologica protection requirements and guidelines for cleanup of residud
radioactive materid and management of the resulting wastes and residues and release of property.
These requirements and guidelines are applicable a the time the property isreleased. Property
subject to these criteriaincludes Stes identified by the Formerly Utilized Sites Remedid Action
Program and the Surplus Facilities Management Program. The topics covered are basic dose limits,
guidelines and authorized limits for dlowable levels of resdud radioactive materid, and control of
the radioactive wastes and residues.

Types of Guideines

A guiddinefor resdud radioactive materid isaleve of radioactive materid thet is acceptable for
use of property without restrictions due to residud radioactive materid. Guiddines for resdud

17 7/24/98



ChangeNo: 0
DOE 5400.5
Levd: Familiar
Date: 7/24/98

radioactive materia presented herein are of two kinds, generic and specific. The basisfor the
guiddinesis generdly a presumed worst-case plausible-use scenario for the property.

Generic guiddines, independert of the property, are taken from existing radiation protection
standards.

Specific property guidelines are derived from basic dose limits using specific property models and
data. Procedures and data for deriving specific property guideine vaues are available in DOE/CH-
8901.

Guiddinesfor Residual Radioactive Material

Airborne Radon Decay Products

Generic guiddines for concentrations of airborne radon decay products shal gpply to existing
occupied or habitable structures on private property that are intended for release without restriction.
Structures that will be demolished or buried are excluded. The applicable generic guiddineis: In
any occupied or habitable building, the objective of remedid action shdl be, and a reasonable effort
shdl be mede to achieve, an annual average radon decay product concentration not to exceed 0.02
WL. [A working level (WL) isany combination of short-lived radon decay productsin 1 L of air
that will result in the ultimate emisson of 1.3 x 105 MeV of potentid dpha energy.] Inany case,
the radon decay product concentration (including background) shal not exceed 0.03 WL.

Remedid actions by DOE are not required to comply with this guideline when there is reasonable
assurance that resdud radioactive material is not the source of the radon concentration.

Externd Gamma Radiation

The average level of gamma radiation ingde a building or habitable structure on a Ste to be released
without restrictions shdl not exceed the background level by more than 20 micro R/h and shdll
comply with the basic dose limit when an appropriate- use scenario is consdered. This requirement
shal not necessarily apply to structures scheduled for demolition or to buried foundations. Externd
gammaradiaion levels on open lands shdl dso comply with the basic limit and the ALARA
process, considering appropriate-use scenarios for the area.

Surface Contamination
The generic surface contamination guidelines provided in Figure IV-1 are gpplicable to existing
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structures and equipment. These guidelines are generaly consstent with standards of the NRC.
These limits gpply to both interior equipment and building components thet are potentialy
sdvagesble or recoverable scrap. If abuilding is demolished, the guidelines are applicable to the
resulting contaminetion in the ground.

Basic Dose Limits
The basic public dose limit for exposure to resdud radioactive materid, in addition to natura
occurring background exposures, is 100 mrem (1 mSv) effective dose equivaent in ayear.
If, under unusud circumstances, it isimpractical to meet the basic limit based on redistic exposure
scenarios, the respective project and/or program office may request a pecific authorization for a
temporary dose limit higher than 100 mrem (1 mSv), but not greater than 500 mrem (5 mSv), ina
year. Such unusud circumstances may include temporary conditions a a property scheduled for
remedid action or following the remedid action.

Note: You do not haveto do Example 2 on the following page, but it is a good time to check

your skill and knowledge of the information covered. You may do the Example 2 or go
directly to the practice.
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EXAMPLE 2

1. State four sources of radiation that are excluded from public dose.

2. Lig the two components that comprise the effective equivaent dose limit of 100 mrem
(AmSv).

3. Lig fivefactorsthat should be consdered in sdecting aBAT for liquid effluents.
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4. Describe the three dassss of radionuclides included in DCGsfor ar immerson.

Note: When you are finished, compare your answer s to those contained in the Example 2
Self-Check. When you ar e satisfied with your answers, go on to the practice.
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EXAMPLE 2 SELF-CHECK

1. State four sources of radiation that are excluded from public dose.
Medical exposures
Consumer products
Exposures due to accident conditions, where controls of exposures cannot be maintained
Doses from naturaly occurring radiation sources

2. Ligt thetwo components that comprise the effective equivaent dose limit of 200 mrem
(AmSv).
The limit of 100 mrem (1 mSv) effective dose equivaent is the sum of the effective dose
equivaent from exposures to radiation sources externd to the body during the year, plusthe
committed effective dose equivdent from interndly deposited radionuclides.

3. Lig fivefactorstha should be consdered in sdecting aBAT for liquid effluents.
Factorsto be congdered in selection of BAT for liquid effluents include:
= the age of equipment and facilities involved,
= the process employed,
= the engineering aspects of the gpplication of various types of control techniques,
= process changes,
= the cogt of achieving such effluent reduction,
= non-water qudity environmenta impact (including energy requirements),
= sofety condderations, and
= public policy considerations.
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4. Describe the three classes of radionuclides incdluded in DCGs for air immerson.
The three classes of radionuclides are included in the air immersion are:

Class 1. Thefird class of radionuclidesincludes selected noble gases and short-
lived activation products that occur in gaseous form. For these radionuclides,
inhaation doses are negligible compared to the externd dose from immersionin an
atmospheric cloud.

Class 2. The second class of radionuclides includes those for which aDCG vaue
for inhaation has been caculated, but for which the DCG vaue for externd
exposure to a contaminated atmospheric cloud is more redtrictive. These
radionuclides generdly have hdf-lives of afew hoursor less, or are diminated from
the body following inhdation sufficiently rgpidly to limit the inhalation dose.

Class 3. Thethird class of radionuclides includes selected isotopes with rdatively
short hdf-lives. These radionudides typicaly have hdf-livesthat are lessthan 10
minutes, they do not occur as a decay product of alonger-lived radionuclide, or
they lack sufficient decay datato permit interna dose calculations. These
radionuclides are d <0 typified by aradioactive emisson of highly intense, high-
energy photons and rapid remova from the body following inhaation.
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PRACTICE

This practice is required if your proficiency isto be verified at the Familiar or Generd Leve. This
practice will prepare you for the criterion test that will be required if your proficiency isto be
veified a the Generd Level. Y ou will need to refer to the Orders to answer the questionsin the
practice correctly. The practice and criterion test will dso challenge additiond skills that you have
acquired in other forma and on-the-job training.

PRACTICE

1. Definethefollowing terms.
= ALARA
*  Soil column
= Protective action guides

2. Describe the ICRP system of dose limitations.
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3. Destribe the purpose of the BAT treatment for liquid effluents.

4. Statethree consderations for seecting a BAT process for the discharges of liquid waste to
sanitary sewerage.

5. Differentiate between generic and specific guidelines for resdud radiation materid.

Note: The course manager will check your practice and verify your success at the familiar
level. When you have successfully completed this practice, go to the general level module.
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DOE ORDER 5400.5
RADIATION PROTECTION OF THE PUBLIC AND THE ENVIRONMENT
GENERAL LEVEL

OBJECTIVES

Given the Familiar Leve of this module, a scenario, and an andysis, you will be able to perform the
falowing:

1. Lig the key dementsyou would look for in the contractor’s action plan to correct the
Stuation described in the scenario; and

2. State which requirements, sections, or eements of U.S. Department of Energy (DOE) Order
5400.5 apply to the Situation described in the scenario.

Note: If you think that you can completethe practice at the end of thislevel without
working through theinstructional material and/or the examples, complete the practice now.
The course manager will check your work. You will need to complete thepracticein this
level successfully beforetaking the criterion test.

RESOURCES
DOE Orders Self-Study Program, DOE Order 5400.5, Familiar Level, 7/24/98.
DOE Order 5400.5, Radiation Protection for the Public and the Environment, Change 2, 1/7/93.
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INTRODUCTION

The familiar level of this module introduced the purpose and scope of DOE Order 5400.5. Severd
definitions and the requirements associated with the Order were discussed. In the generd leve of
this module, students are asked to apply the information contained in the familiar level and the Order
to a series of questions related to the Order. Students are also presented with some scenarios
depicting work situations related to the Order. Each scenario will include a Situation, the actions
taken to remedy the Stuation, and the requirements related to the Situation.  Students will be asked
to review the contractor’s actions and decide if they are correct. Students will aso be asked to
decide if the correct DOE requirements were cited in each Situation. Please refer to the Order to
make your analysis and answer the questions. Y ou are not required to complete the example.
However, doing so will help prepare you for the practice and criterion test.

Note: You do not have to do theexample on the following page, but it isa good timeto
check your skill and knowledge of the information covered. You may do the example or go
on to the practice.

2 7/24/98



ChangeNo: O
DOE 5400.5

Leve: Generd
Date: 7/24/98

EXAMPLE SCENARIO
Please review the following scenario, and then answer these questions.

1. Isthe contractor’s action plan correct? If not, state what should have been done.
2. Werethe correct DOE documents or requirements cited? If not, state the correct
documents or requirements.

SCENARIO

On February 27, 1996, facility management was notified that aradiologica control technician

(RCT) had detected two spots of apha contamination on the persona clothing of a laboratory
employee while the employee was & his home. The contamination measured 1,200 disntegrations
per minute (dpm) on the hed of the employee’ s shoe and 300 dpm on the employee sright pant leg.
The contaminant on the employee’ s shoe was plutonium-239. The contaminants on the employee's
pants were isotopes of uranium.

Following the discovery of the contamination, the RCT removed and properly packaged the
contaminated clothing. No other contamination was detected on the employee. Extensive surveys
were performed in the employee’ s home and automobile, and in areas where the employee had
been since leaving work before the discovery of the persona contamination. No activity was
detected. The employee aso submitted nasal smears. Results were no detectable activity.

BACKGROUND

In the morning of February 27, 1996, four employees began work on process equipment. The
equipment is used to perform vacuum transfers of uranium hexafluoride from research containersto
laboratory-approved storage vessals or Department of Transportation-approved shipping
containers. The work performed by the employees involved the replacement of the vacuum pump
associated with the transfer equipment. Because the pump and its internals are known to be
contaminated with isotopes of uranium, the work was performed in aradiologica hood.
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The employees were performing the work according to safe operating procedure. Two of the
employees (E1 and E3) wore alab coat, two pairs of gloves, and booties for the replacement of the
pump. The other two employees (E2 and E4) wore alab coat, one pair of gloves, and booties for
the pump replacement.

After replacing the pump and associated valves, the employees started the new pump, observed the
vacuum in the transfer system, and cleaned up the work area. At gpproximately 14:45, E1 |€ft the
areafor abregk, while E2 and E3 remained in the room to finish the cleanup of the area. E4 had
left the areaat 13:30. EL1 returned to the area a approximately 15:15.

At gpproximately 15:30, E2 prepared to exit the buffer area by removing hislab coat and gloves
and then washing his hands in an approved sink. E2 then exited the room and saf-monitored his
booties and bare hands with a Ludlium 214 hand and foot monitor located just outside the room’s
exit. When E2 monitored his booties, the instrument darmed, indicating the presence of
contamination on the bottom of one of his booties. E2 then removed both booties and put on a
clean pair of booties. After putting on the clean booties, E2 placed the contaminated bootiein a
plastic bag and placed the bag inside the room. E2 did not contact an RCT when he discovered the
contaminated bootie.

After placing the bag in room 5068, E2 exited the buffer area and entered the corridor outside the
room. The corridor isacontrolled areafor radiological purposes. E2 then proceeded to the
controlled area exit, removed his booties, and exited the controlled area. E2 then sdlf- monitored
with an Eberline HFM-7 hand and foot monitor located just outside the controlled area. No activity
was detected. E2 then proceeded down the halway in the basement, exited the hallway up aflight
of stairs, and proceeded to Wing 9 of the building. E2 then entered Wing 9, put on alab coat and
boaties, and entered the Wing 9 buffer area to ingpect equipment. E2 did not touch any equipment
inWing 9.

After ingpecting the equipment, E2 prepared to exit the buffer area. At the buffer area exit, E2 sdlf-
monitored with an HFM- 7 insrument. The instrument alarmed, indicating the presence of dpha
contamination on both of his hands. E2 then sdf-monitored a second time. The ingrument did not
darm. RCTsin the area heard the first darm and responded as E2 performed the second sdif-
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monitor. Under RCT supervision, E2 then exited the buffer area, removed his labcoat and booties,
exited the controlled area, and self-monitored just outside the exit of the controlled area. The
ingrument darmed, indicating the presence of contamination on E2’sleft hand. One of the RCTs
then performed apha and beta surveys of E2’shand. The RCT verified 300 dpm of dpha
contamination in alocaized pot on E2'shand. Due to relatively high background in the ares, the
beta survey was inconclusive. The RCT aso contacted his Hedth Physics Operations (ESH-1)
supervison. The time was approximately 16:00.

An RCT supervisor quickly responded and E2, wearing alabcoat and booties, was escorted back
into the buffer area. After asmear survey of E2's hand revealed no |oose contamination, the RCT
supervisor decontaminated E2' s hand to NDA with a cleaning solution and water. At thistime, E2
informed the RCT supervisor that he did not believe the contamination came from hislast work
gtation but probably the station before that. The RCT supervisor then asked E2 who he had been
working with so that he could have the other people surveyed. E2 then informed the RCT
supervisor of the other three employees he had been working with. The RCT supervisor then
notified facility managementof the contamingtion incident.

Another RCT then performed awhole-body survey of E2. The survey revedled asmal amount of
apha contamination on the left cuff of E2's shirt. The supervisor then had E2 remove the shirt and
provided him with modesty clothing. The RCT supervisor also had E2 submit nasal smearsThe
results were negative.

The RCT supervisor then had E2 sdlf-monitor. E2 was then escorted to a unit for additiona whole-
body monitoring. Results of the survey were negative. E2 then salf- monitored. Results were
negdive.

Prior to escorting E2 to Wing 5, the RCT supervisor contacted E1 (E1 wasin hisofficein an
uncontrolled area of Wing 4). The RCT supervisor asked E1 to go to the PCM-2 in Wing 5 for
whole-body monitoring. E1 then exited his office, and prior to exiting Wing 4, sdf-monitored with
an HFM-7 located at the exit to the Wing. The instrument alarmed, indicating the presence of
contamination on E1’sright hand.
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Immediatdy after the darm, an RCT sent by the RCT supervisor to escort E1 to Wing 5 arrived.
E1 told the RCT that the instrument had darmed. The RCT then escorted E1 to Wing 5 where E1
sdf-monitored with the PCM-2. No activity was detected. The RCT then had E1 sdf-monitor
with another HFM-7 ingrument in Wing 5. The instrument darmed, indicating the presence of
contamination on both of E1’'shands. The RCT had E1 sdf-monitor a second time with the HFM-
7. The ingrument alarmed again, indicating the presence of contamination on E1'sright hand. The
RCT then surveyed E1's hands with an NE- Tech. The RCT verified dpha contamination
mesasuring from 1,700 to 2,300 dpm in localized spots on the pams of E1'shands. The RCT
supervisor, who had just arrived in Wing 5 with E2, told the RCT to escort E1 to a controlled area
for decontamination of E1's hands.

At 16:30, the RCT supervisor notified facility management of the contamination on E1's hands.
Group management was dso natified of the incident at thistime.

After saverd washings with a deaning solution and water, the RCT successfully decontaminated
El'shandsto NDA. Following the last washing and verifying survey, the RCT had the employee
submit nasd smears and then sdf-monitor with the HFM-7 and PCM-2 ingrumentsin Wing 5. No
activity was detected. The RCT then performed awhole-body survey of the employee with an NE
Tech. No activity was detected. Results of the nasa smears were NDA.

As E1 sdf-monitored for the last time, E4 arrived on scene after being contacted by his group
management. After arrival, the RCT supervisor had E4 sdlf-monitor with the PCM-2 and an HFM--
7 ingrument. No activity was detected. E4 aso submitted nasal smears. Results were NDA.

The RCT supervisor then released E1, E2, and E4.

Unaware of theinitia persond contamination incident in Wing 9, E3 had gone home at

approximately 16:00. E4 attempted to contact E3 at hishome at 16:30 and again a 17:30, with no
answer. The RCT supervisor aso repeatedly attempted to contact E3.
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When E3 arrived at his house, he noted no-one else was home and went to alocal barber shop.
After getting a hair cut, E3 returned home a 18:00. The RCT supervisor contacted E3 at his home
a 18:0 and informed him of the contamination incident and that an RCT was being sent to hishome
to perform surveys. E3 acknowledged this and sat on his couch to await the RCT.

After reaching E3, the RCT supervisor contacted his ESH- 1 team leader and informed her of the
incident, that E3 had been contacted, and that an RCT had been sent to E3's home.

At approximately 18:45, the RCT arrived a E3'shome. Upon arrivd, the RCT performed a
whole-body, aphaand beta survey of E3 with an NE-Tech. The RCT detected 300 dpm of apha
contamination on asmall spot on the right knee of E3's pants, and 1,200 dpm of apha
contamination on the hed of E3'sright shoe. No other contamination was detected on E3.

Upon finding the contamination, the RCT taped over the contamination on E3's pants, had E3
remove his shoe, and then bagged the shoe. The RCT dso had E3 submit nasal smears. Results
were NDA. The RCT then informed the RCT supervisor of the discovery of the contamination.
The RCT supervisor then contacted his ESH-1 team leader. The team leader told the RCT
supervisor to contact facility management and recommended that facility management contact the
laboratory’ s emergency management & response (EM&R) team. The RCT supervisor then
contacted facility management, who then contacted EM&R.

An investigation of the Stuation reveded the following.
= During the critique, E3 dtated that after he had worked in room 5068, he removed hislab

coat and gloves and washed hishands. He then exited the room and saf-monitored his
hands and booties with the Ludlum 214 ingrument. No activity was detected. E3 then
exited the controlled area and self- monitored his hands and booties with the HFM-7
ingrument located just outside the controlled area. No activity was detected. E3 then
removed and discarded his booties and exited the building viaWing 4. E3 did not sdlf-
monitor his shoes with the boaties off before he exited the building.

7 7/24/98



ChangeNo: O
DOE 5400.5

Leve: Generd
Date: 7/24/98

=  Through isotopic andyss, ESH-1 determined the contaminant on the bottom of E3's shoe
to be plutonium-239. The source of the plutonium contamination could not be determined
for the following reasons:

Thework performed in room 5068 involved aphaand beta emitting uranium

isotopes. Thework did not involve plutonium.

Anayss of swipe and masdinn surveys of equipment and surfacesin room 5068

(induding the vacuum pump) showed uranium-234 and 235. No plutonium

contamination was detected.

Numerous direct and large area masdinn surveys were performed in the basement

corridors outs de room 5068 and other areas where E3 had walked. No activity

was detected.

The plutonium contamination could not be linked to any current radiologica

processes performed in the basement

= Because the source of the plutonium contamination could not be identified, and because the
contamination could not be linked to any current radiological processes, facility management
and ESH- 1 bdieve the plutonium contamination to be historical and not related to the work
performed by E3 or the other three employees.

= Although the time that E3's shoe became contaminated could not be positively determined,
facility management andESH- 1 believe that the shoe contamination occurred sometime after
12:00 on the day of theincident. Thisbelief isbased on the fact that no activity was
detected on E3's shoes when he lagt self-monitored with an HFM-7 in Wing 4 a&
approximately 12:00 on the day of theincident. Had the contamination been present on his
shoe at that time, the HFM-7 probably would have detected it. Therefore, a some point
after 12:00 on February 29, 1996, E3 unwittingly stepped on asmall particle of legacy
plutonium-239 contamination.

= Adherenceto policy and proper self-monitoring in those instances included removing al
protective clothing before exiting a controlled area and then using the instrumentation.

= Inthelate afternoon on the day of the incident, E3 exited the controlled area outsde room
5068 and then self-monitored with the HFM-7 located in the uncontrolled area at the exit of
the Wing 5 basement. However, E3 did not follow the policy that required booties to be
removed prior to exiting a controlled area and proceeded to self-monitor with the HFM-7
while sill wearing his booties. In addition, E3 did not adhere to the posted survey
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guidelines that also specified that booties were to be removed before sdf-monitoring with
the HFM-7. If the plutonium-239 contamination was present on E3's shoe a thistime, had
E3 removed his booties as required prior to self-monitoring with the HFM-7, it is probable
that the contamination would have been detected and the incident would not have occurred.
The failure to remove the booties before sdf-monitoring with the HFM-7 was therefore
determined to be a contributing cause.

| sotopic andysis of the contamination on E3's pants and E2' s bootie, and of swipe and
measdinn surveys of equipment and surfaces in room 5068 (including the vacuum pump)
showed that the contaminantsin dl instances were isotopes of uranium. Although no
isotopic analysis of the contamination on E1's and E2's hands could be performed because
al materid was removed and discarded during decontamination, the contaminants are
presumed to aso be isotopes of uranium. The internds of the vacuum pump and associated
transfer equipment, as well as the surfaces in the radiologica hood in room 5068, are
known to be contaminated with isotopes of uranium.

The standard operating procedure (SOP) did not provide any guidance for pump
replacement work.

The SOP specified alab coat, booties, and two pairs of gloves for routine maintenance on
the transfer equipment. Although al four of the employees had been trained on the SOP,
two of the four wore only one pair of gloves for the work.

Policy specifies that ESH-1 personnd must be immediately notified when contamination is
detected during salf-monitoring with a Ludlum 214. E2 did not contact ESH-1 when he
discovered his bootie was contaminated during saf-monitoring with the Ludlum 214 after
exiting room 5068.

When E1 exited the controlled area outside room 5068 and salf-monitored with the same
HFM-7 that E3 used, he dso did not follow policy or posted survey guideines and sdif-
monitored with the HFM-7 while sill wearing his booties.

The HFM-7 had recently been located within the controlled area, and at that time,
personnel saf-monitored their hands and booties with the HFM-7. The change of location
of the HFM-7 to the uncontrolled area was not adequately communicated to applicable
personnd.
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Policy specified that when working with radioactive materids or on contaminated
equipment, personne shdl frequently self-monitor with proper indrumentation to minimize
the spread of contamination. However, appropriate survey instrumentation was not
available in room 5068 to alow personnd to perform the saf-monitoring.

The HFM-7 ingrument located in the uncontrolled area at the exit of the Wing 5 basement
did not detect contamination on the hands of E1 or E2 when they s&lf-monitored with the
indrument after exiting room 5068. However the contamination was later detected on E1's
hands with HFM-7 insruments in Wings 4 and 5 and on E2' s hands with an HFM-7
ingrument in Wing 9. A reason the contamination may not have been detected by the first
HFM-7 was because the employees hands were not completely dry when the instrument
was used. Both employees self-monitored with the firs HFM-7 shortly after they had
washed their hands in room 5068 (the employees routingly wash their hands after removing
their gloves). Moigture that remained on the employees pams after they dried their hands
may have masked the small amount of apha contamination that was present and prevented
the firsds HFM-7 from detecting the contamination. Later, when their hands were dry, the
other HFM-7 ingtrumerts used by the employees were able to detect the contamination.

L ess than two weeks prior to the occurrence, facility management directed ESH-1 to move
the HFM-7 located outside room 5068 from the controlled area to the uncontrolled areato
be consistent with other facility monitoring requirements. Prior to the move, because the
HFM-7 was located insde the controlled area, personnd wore their booties while self-
monitoring with the instrument. Because the HFM-7 was located inside the controlled area
for quite some time, personnd were accustomed to salf-monitoring with their booties on.
When the instrument was moved (amove of only afew feet), facility management did not
adequately communicate that the saf- monitoring requirements had changed and that
personnel were now required to remove their booties before salf-monitoring with the HFM-
7. Because of the inadequate communication of the change, E3 did not recognize that the
ingtrument was located in an uncontrolled area and that booties were to be removed before
sf-monitoring. Policy specifies that when practicable, facility management will notify
affected personnd before any requirements change. Had facility management followed the
policy and adequately communicated the change, the plutonium-239 off-Ste contamination
incident could possibly have been avoided.

Management did not recognize the need for an radiological work permit and the assistance
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of ESH-1 in planning pump replacements or other Smilar maintenance or repairs on
equipment known to be internaly contaminated.

Thefollowing additiond actions were taken in this Stuation.

Upon natification, EM&R contacted the team leader for the laboratory’ s radiological
assistance program (RAP). The RAP team leader then contacted the RCT supervisor.
After being apprised of the Situation, the RAP team leader notified DOE Albuquerque.
EM& R dso contacted the DOE/LAAO duty officer. The time was gpproximately 20:00.
The RCT (who was dill at E3's home), upon ingructions from the RCT supervisor, had E3
remove the contaminated pants. The RCT then placed the pantsin the bag with the shoe.
The RCT then surveyed other clothing worn that day by E3, the furnishings touched by E3,
and E3' sautomobile. No activity was detected. After the surveys, the RCT took the bag
containing the contaminated shoe and pants and went back to the facility. At thistime, other
ESH-1 personne were called in to perform isotopic andysis of the contamination on E3's
cothing.

On February 28, 1996, at 1000, a critique of the occurrence was convened.

Facility management decided to stand-down programmiatic, maintenance, and congtruction
activitieson March 1, 1996, to give managers an opportunity to discuss thisincident and
other radiological control issues with employees. Programmetic, maintenance, and
congruction activities were temporarily suspended on Friday, March 1, 1996.

A restatement of the radiologica protection policy and employee accountability to that
policy was made,

A review of exigting requirements was conducted for adequacy in addressing hazards, too
few or too many requirements, and inconsstencies.

A policy was established that required employees to routindy sdlf-survey with dpha
ingrumentation during operations that have the potentia for contamination and before exiting
the room.

11 7/24/98



ChangeNo: O
DOE 5400.5

Leve: Generd
Date: 7/24/98

A policy was restated that made the minimum required PPE for any maintenance performed
to be safety goggles, Tyvek coverals (taped at the wrists), two pairs of gloves, and booties.
Contact an (ESH-1) RCT for evauation and implementation of an RWP for replacement of
defective vaves (routinemaintenance) on the transfer cylinders'vessds.

Management trained gpplicable employees on the procedurad modifications.

ESH-1 provided additiona saf-monitoring equipment in room 5068, and then trained
gpplicable personne in the operation of the new equipment.

Conduct training, that specifies that personnd will dlow moist skin to air-dry before self-
monitoring.

Thefollowing requirements are related to this Stuation.

The exposure of members of the public to radiation sources as a consequence of al routine
DOE activities shal not cause, in ayear, an effective dose equivaent greater than 100 mrem
(2 mSv). (DOE Order 5400.5, Chapter 11, paragraph 1.a.)

The public dose limits apply to doses from exposures to radiation sources from routine
activities. [DOE Order 5400.5, Chapter |, paragraph l.a (3)]

Take some time to review the example scenario and the actions the contractor took to correct the
gtuation. Then decide if the cortractor’ s actions were complete and correct. Findly, determine if
the requirements, sections, or eements of DOE Order 5400.5 that were cited in this scenario are

correct.

Write your answers below and then compare your answer to the one contained in the example sdlf-

check.
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EXAMPLE SELF-CHECK
Y our answer does not have to match the following exactly. Y ou may have added more corrective
actions or cited other requirements from the Order that apply. To be considered correct, you
answer must include, a least the following.
All of the actions taken in this Situation were appropriate. One additiond action should have been
taken.

=  The barber shop should have been surveyed.

The correct requirements are cited.
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PRACTICE

Thispracticeisrequired if your proficiency isto be verified a the Generd Level. The practice will
prepare you for the criterion test. 'Y ou will need to refer to the Orders and the Implementation
Guide to answer the questions in the practice correctly. The practice and criterion test will aso
chdlenge additiond andyticd skills that you have acquired in other formd and on-the-job training
for the technical representative pogtion.

Please review the following scenario and answer the following questions.

1. Wasthe Stuation handled correctly? If not, what should have been done?
2. Wastheligt of requirements, sections, and elements complete and correct? If not, state the
correct or omitted requirements.

SCENARIO

During your Monday morning walkthrough of the Annular Core Research Reactor (ACRR) hedlth
physics technicians advise you that water overflowed the ACRR thermd expansion tank. The
reactor was not critical and no experiments were teking place. Facility saff estimates that lessthan
5000 gdlons of water was discharged to astorm drain. It appears that the water had been running
through the past weekend. Approximately 10 days later you are advised that commercid
laboratory testsindicated tritium contamination of 9 pCi/ml. This spill issmilar to one that occurred
approximately seven months earlier at the same facility.

Immediate actions:
= Operating personnd isolated the system and stopped the discharge.
= Hedth physics personnd sampled the overflow water for radioactivity with no
contamination detected from gamma spectroscopy.
= The New Mexico Environment Department was notified of the discharge.
=  Water samples were taken and sent to acommercid |aboratory for andysis.

Planned actions;

»  Reasess the Environment, Safety, and Hedlth vulnerahilities at the ACRR, including an
evaudtion of periods when the facility is unattended, and prepare an action plan.
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= Review the procedure for adding make-up water to the ACRR pool (which overflowsto
the expangon tank), placing emphasis on monitoring the pool, securing the facility at the end
of the workday, and response during unattended periods.

= Ensurethat dl ACRR personnel are aware of the method for adding makeup water to the
ACRR poal and the various environmenta congiderations of this activity.

= Evduate the design of the ACRR pool overflow system paying particular attention to the
high-levedl darm for the overflow tank, contamination of the equipment pit, and release of
water to the ground surface.

» Revisetraining materidsto reflect lessons learned from this incident.

DOE requirements related to this situation.

Chapter |, paragraph 5.a

In addition to limiting dose to members of the public (on-sSite or off Ste) to the primary radiation
protection standards established in this Order and to the gpplicable limits of EPA and State
regulations, additional controls on the release of liquid wastes are adopted to reduce the potential
for radiological contamination of natural resources such as land, ground and surface water, and
ecosystems.

Chapter 11, paragraph 3.a. (1)

Although there is no known practical method for removing tritium from liquid waste streams,
facilities and operations are to be designed and operated o that tritium sources and releases are
consdered in the ALARA process.

Write your answers to questions 1 and 2 below and on the next page and then bring the completed
practice to the course manager for review.
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Note: The course manager will check your practice and verify your success at the general

level. When you have successfully completed this practice, the cour se manager will give
you the criterion test.
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