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A. Introduction

The admonition to kgeexposures as low as is reasonahthievable (ALARA) has been the traditiopakition of
the radiol@ical protection communyt for several decades. The International Commission on Rgitiald@rotection
(ICRP) in Publication 26 (1977) recommended that ALARA be a fopnogledure apart of a gstem of dose limitations
consistirg of threeparts:

(1) Justification No practice [causig exposures ofersons to radiation] shall be aguled unless its introduction
produces gositive net benefitgractices should not cause more harm than tlegood);

(2) Optimization All exposures shall be kkas low as is reasonghdchievable, economic and social factors pein
taken into account; and

(3) Dose limits The dose quivalent to individuals shall not exceed the limits recommended foptinepaiate
circumstances.

The National Council on Radiation Protection and Measurements (NCRP{saitiyernade similar
recommendations. The ICRiPstem of dose limitations has been jptédd almost universalland DOE has iplemented the
recommendations thrgh Orders and gulations, such as DOE 5400.5, DOE 5480.11, and 10 CFR Part 835. glllatioa
10 CFR Part 834, amgrother thirgs, inplements these ICRP/NCRP recommendationppgged to thegeneralpublic and
the environment thran rulemakig. Thisguidance will focus on the recommendation that gliosxires shall be keas low
as is reasonaplachievable, economic and social factors ge@ken into account.

The Dgoartment of Enegy's 10 CFR Part 834 "Radiation Protection of the Public and the Environment," that
reiterates and strgthens a log standimg requirement for DOE activities to maintain allgsures at levels that are as low as
is reasonalyl achievable (ALARA) below thepgropriate dose limits. The rule 10 CFR Part 8pddcifically requires the
application of the ALARAprocess for radiatioprotection of theoublic and environment.

It may be assumed that alctivity implemented g the Dgartment has been reviewed thegovernment and
provides a net benefit, that jsstification , and this will not be addressed further in thigdance. Egosures of individuals
will be managed in a manner that will ensure cgliance with the ppropriatedose limit for the individuals, rgardless of the
cost for doig so, thereh ensurirg that the risk of radiation-induced health effects are@ab low for individuals.
Optimization, which considers the collective dose to the entippsedpopulation from radiation sourceprésumed, for
radiationprotectionpurposes, to b@roportional to the number of radiation-induced health effects) and cost or detriment of
measures that would reduce the dose befmlicable dose limits or dose constrairgsyvides a basis fqudging the
reasonableness of the selection p&gicular radiolgical protection gstem after consideriiseveral alternativeystems.
The following guidance is intended to be consistent with the ICRP recommendations apgéonsunt other Federal
regulations, that also are intended to be consistent with the ICRP and NCRP recommendations.

B. Pumpose
The purpose of this document is fwovide guidance for inplementirg and corplying with the ALARA!

requirements of 10 CFR Part 834 for the depatent and pplication of aprogram to kep radiation eposures of the@ublic
and releases of radioactive material to the environment from DOE activities as low as is reasthiadble, that is, an

t ALARA means "As Low As is Reasonably Achievable" which is an approach used for radiation protection to manage and
control exposures (both individual and collective to the work force and to the general public) and releases of radioactive
material to the environment so that the levels are as low as is reasonable taking into account social, technical, economic,
practical, and public policy considerations. As used in 10 CFR Part 834, ALARA is not a dose limit, but rather a process
which has the objective of attaining doses as far below the applicable limit of this part as is reasonably achievable.

1
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ALARA progran?. ALARA gplications to radiatioprotection ma be reflected in decision-makjon the selection of the
optimum desiin of aprocess gstem, omperformance criteria for the features or guments of theystem, or on the selection
of operatirg modes or othgrarameters that can effect thepegure of members of thgiblic to radiation. The selection gna
be achieved thragh a Iggical process that considers both benefits and detriments. This is the ApARAsS . ALARA
decisions rquire consideration of a broad genof technical and societal factors. The rutpines that the bases for the
ALARA decisions be documented.

Doses to thg@ublic from residual radioactive material must be maintained as low as is regsactgbliable below
the primary dose limits. The rule geires all activities that release radioactive material or caysesase of theublic to
radiation to be assessed under the ALARAcess. The ALARArocess must bepglied no matter how small the dose.
However, in thiguidance DOE has establishedraded level of control and oveght to ensure that doses to fhelic are
low and assessments are both beneficial and cost effectiveguitia@ce describes a detailegiantitative"process, a
"qualitative" criteria, anguidance on when each should Ippleed. Both g@proaches rguire full documentation.

The dgree of control, treatmenprocessig, remedial action, or other method of limgidoses to workers and to
members of thgeneralpublic should be determined implementirg a process that identifies and considers all factors
important to the decision-maldn ALARA, as aplied by DOE, is not a level or limit to be achieved in contrgjliadiation
exposures or doses, but rathgoracess that will be used to ensure thggrepriate factors are taken into consideration in
arriving at a decisions that could affembtection gainst radiation.

This guidance identifies a number of factors that should be considerguiesmhts a Igical seyuence for
consideriig the factors important to decision makgnand references a number of tecjugis what nypbe used tguantify
some of the factors. Thglidance recgnizes the difficulties in ascertaigjmuantitative evaluations of alternativptimns
using tools, such as cost-benefit aysds, and acknowlgds that decisions must inevitglhvolve agreat deal of technical
and mangerial judgment, whateverystem is used. Much of the discussion in guilance focuses on cost-benefit s
and gtimization but it is recgnized that other decision-makjmools such as multi-attribute utiljitanaysis mg also be
usefulparticularly where norguantifiable factors or attributes are concerned (see Volume Il, Section F).

C. Goal

The ALARA process is a decision-malgitool with thegoal to_maximizehe total_benefitef the radiolgical
protectiorf provisions for a DOE actiwtthat is likey to expose members of thgublic to ionization radiation. This occurs
when the _cost of radiotical protectionplus the_cost of the detrimeate_minimal Theprocedure for attaingnthe minimal
cost condition is called fimization." Thisguidance describes and discusses negestaments of an ALARArogram
and is intended to hepersons in makig decisions on radiatigorotection ly providing a method for selectinthe gtimum
radiolagical protection alternative from amgrseveral candidate alternatives. The use of pieific and activiy-specific

2 ALARA programmeans the set of design specifications, operating procedures, techniques, monitoring and surveillance
programs, records, and instructions used to implement the ALARA process.

3 ALARA processneans a logical procedure for evaluating alternative operations, processes, and other measures, designed
to reduce exposures to radiation and emissions of radioactive material into the environment, taking into account societal,
environmental, technological, economic, practical, and public policy considerations to make a judgment concerning the
optimum level of public health protection.

* The term radiological protectiois used in this document in the broad sense in that it includes, among other things,
the design and operation of those processing components whose function is to remove radioactive material from waste streams
which become part of the effluent releases to the environment or to constitute other sources of exposure of members of the
public.
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factors are encougad in evaluations used in the ALARskocess. The resources allocated to the ALARRGcess detail or
scqpe of the associated agaks should be commensurate watiiential benefits.

Thegoal of the ALARAprocess is to identif from amory several candidate alternative
radiolagical protection gstems, theystem that would result in the minimal overall cost and
maximum benefit.

D. ALARA Requirements in 10 CFR Part 834
Theprincipal ALARA requirements in 10 CFR Part 834 are contained in § 834.104:
§ 834.104 ALARA considerations

§ 834.104(a) An ALARA Program must be established to control and manage releases of radioactive material to the
environment and exposures of members of the public to radiation at levels as low as is reasonably achievable.

1. ALARA program.

DOE contractor or geratirg organization at each DOE facilifwhere activities routinglinvolve radiation or
radioactive materials) isqaired, ly 10 CFR Part 834, to have an ALAR#Rogram that addresses thegatt of the
operations on theublic and the environmeht . ALARprograms ma be intgrated into Environmental Radiajizal
Protection Prgram (ERPPplans or mg be a sparate document that is includey teference in the ERPP . Whether
included in the ERPPytreference or ingrated into an ERPBlan, the ALARAprogram must address each actin the
site that can cause osures of members of tipablic to radiation.

The amount of effort that cqustifiably beput into an ALARAprogram or evaluation gends on thgotential
magnitude and likelihood of radiation pasures to individuals and tigeneralpublic in the viciniy of the site. The
admonition in 8 834.5(a) that the content of the ERPP should be commensurate withplegisoand hazard of the DOE
activity also pplies to the ALARAprogram (that is, a coponent of the ERPP). For expl®, an activiy that makes use of
encgsulated radiation sources, where there is essgmtiallikelihood of releasimmsource material, would ontequire
addressig possible contamination from ptured sources arbtential external eposure. In contrast, if the actiyiincluded
recoveriry the source material fromptured c@sules and re-enpaulation, thepotential eyosurepathways for inhalation
and irgestion would also have to be addressed in the ALARSram. This is discussed in Section H.

The ALARA program must be reviewed angmoved (sparatel/, aspart of the ERPBlan) by the gpropriate
DOE Prayram or Field Office and contained or summarized and referenced in the ip@zedd ERPRlan. The ALARA
program should be reviewed/lthe DOE contractor orperatirg organization as necesgabut at least evgr3 years, to
identify: (1) chames that have occurred in the fagilibperations, or activities that gtit have altered the relative jportance
of the releases or pasures; (2) alternatives to thpavations or activities that were not considguezliousl; and (3)
operational information on thgerformance of the selectedugpment orprocess that could alter the decision on choice
amory alternatives. Consideration shouldddeen toproviding an in-house auditystem to evaluate the effectiveness of the
ALARA program and to ensure that movements are iplemented to stragthen it, ifjustified.

5 ALARA requirements for workers are contained in 10 CFR Part 835. However, ALARA programs for protection of the public
and environment must also consider worker protection.

® The ALARA Program documentation and ERPP plan may also be incorporated into an integrated systems management plan.
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A quality ALARA program must be fulf documented and all informationpgorting ALARA-based decisions
available to theublic. The D@artment encougespublic involvement in th@rocess as well as coordination with
appropriate external rgulators that mabe involved in related activities. This can be aqad@hed throgh existirg site
advisoy groups, throgh the NEPAprocess or othguublic involvemenfprograms that are curregtbeirg implemented in
support of DOE actions.

§ 834.104(b) An ALARA Program shall address:
§ 834.104(b)(1) a statement of commitment to use the ALARA process.
2. ALARA policy statement.

Among other thirgs, the ALARAprogram should include: (1) golicy statement and commitment from
manaement to the ALARAphilosgphy andprocess ; (2) a deginated oganizational regonsibility, authoriy, and structure
for implementirg the ALARA Prayram; (3) a gstematic evaluation of the activities at the site to idgiiibse activities that
are reponsible for the releases of radioactive material and thasexes of the@ublic and workers; and (4)@ocedure i
which the perations or activities will be angled to determine whether thare beig performed in a manner that will
ensure that the radigdcal impacts are ALARA. The Environmental Radiation Protectiorgiim (ERPPplan should
include a statemenylihe reponsible manger committirg to establish and to ipement the ALARAprocess for activities
that are sources of pasures to ionizig radiation. It is also iportant that the ganizations commitment to ALARA be
known to thepublic and is recommended that fiadicy statement be magart of thepublic record

The importance of the ALARAprocess to DOE activities is reflected in the number of occasions the use of the
ALARA process is rguired in 10 CFR Part 834, that is, in gvérstance where @osures to radiation can occur, epice
where an ALARA determination wagrt of the rulemakig process in arrivig at a dose standard, such as some of the NRC
and EPA regulations or Federgjuidance. The success of an ALARFogram is dgendent pon the acggtance and
backirg of the mangement regonsible for the DOE actiwtthat causes the pasure to radiation.

A commitment ly mangement is necessafor implementirg an ALARA program.

§ 834.104(b)(2) a description of the means to be used to implement the ALARA process.
3. ALARA process.

A cost-benefit angkis is a kg conponent of the ALARAprocess. B differentiatirg a cost-benefitguation,
settirg it equal to zero, and solvifor certain conditions, one can ideptdperatirg parameters that willgimize the
activity with repect to benefits that occur when the overall costs are minimglor §éetors in the ALARAprocess include:

o identifying andquantifying the sources of radiation;

o definirg possible candidate radiatignotection gstems (includig treatment of waste streams) that would reduce
the exyosure or doses;

0 quantifying the economic factors (cost gfssems, perations, maintenance,...);

0 quantifying exposures and doses to individuals an@dpulations in the vicinig of the DOE activy;

o estimatig the health risk and idengihg non-health detriment; and

o selectig one of the candidate radiatiprotection gstems as ALARA.

 In addition to the policy statement that should be reaffirmed on a regular basis, management should consider incentive
programs for individuals that suggest ALARA related improvements in process operations or even in the implementation of the
ALARA program as part of their commitment to ALARA.
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There is no sigle bestprocedure for iplementirg the ALARA process for all DOE activities; rather, itpgsds on
the characteristics of the actiyjthe site, and thpotential doses involved. The ALARgocess is discussed further in
Sections G and H.

When a new facilit is beirg contenplated, the ALARAprogram should be ephoyed in the selection gdrocesses,
desgn of the faciliy, and settig operatirg parameters angrocedures. Eaylconsideration of alternativgermits the
maximum flexibility in the selection of dagh options. When a new DOE actiyits beirg desgned, the initial source term
("base case") to be characterized. This is the source term that would result from the leastpeataticon gstem that
would permit goeration. The condition that the base case musts@ittiat the radiation dose to the mogptasedpersons
(workers or members of thiblic) must be within theppropriate dose limit. This base casestem subsguently will be
used as a basis for cparison of the cost effectiveness of morphssticated and costlier alternativestems. The base case
or some of the alternatives caseg/raamg not be goractical degin candidate because dssible environmental or other
impacts that mabejudged to be undesirable, or unaptable, but these considerations would be evaluated at pdétein
the decision-makig

When the ALARA gplication is for an established, @oing, activity or facility, that is, retro-fittiig, thepractical
alternatives are likglto be much more limited because back-fittis consideralyl more cosy (frequently by a factor of 2 to
3, or more) than the cost of theginial desgn features and the alternatives geaeraly limited topractical modifications of
the facility structures angossible perationalprocedures.

The ALARA process can be most effective when itpglied in the degn of new facilities that have
potential for eyosing workers and members of teneralpublic.

4, Identifying andquantifying the sources of radiation.

A logical startirg point for an ALARA cost-benefit angsis is to identif and characterize all antieited radiation
source terms, that is, sources of ionjgiadiation that can occur from the DOE activifThe source evaluation should
guantify all parametergermane to the estimation pétential direct egosures of the workers and members ofptiiglic and
internal eyosures due to inhalation gestion, or absgtion of radioactive material released to the envirgnthb DOE
activity.

For qperational facilities, the "base case" source term, that will be used pammith all alternative radiation
protection gstems, must be characterized is that which cugrexikts. The data obtained from effluent monitgnd
environmental surveillanceqeired ty 10 CFR Part 834 could be a valuable source of data for the effort to definegexistin
source terms from an gaing activity and carprovide exosurepathway and source data. The monitariand surveillance
data also maverify the adguag of anaytical models for digersion of radioactive material in the environs angbsxre
pathways used to evaluate pasure conditions and dose estimates. Careful evaluations of/fdesign and @eratirg
conditions and measurements at a vardétocations in and around the fagilior activity may also reveal radiation sources
and release and pasurepathwgys notpreviousy identified or antigiated.

For facilities that are in the desi staye, the base case is a radiatatection gstem that will meet the dose limits
for postulated dose to the maxima#xposed member of thgeneralpublic.
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The ALARA program should indicate how the activities ani@tion of the facilit will be
systematicaly anal/zed to identij existing andpotential radiation sources apdthways for dischages
or leakae of radioactive material can be released to the environment where memberabfitheould
be eyosed.

5. Defining possible candidate radiatigmotection gstems.

When the amounphysical characteristics, and location of the radiation sources are kpmeass gstems can be
desgned to reduce the pasures of the workers and theblic from the sources. For new facilities, or those dpdigsgned,
source characterization would ligdbe based on cgmnentperformance data pplied by the manufacture, the dgai
ergineers, data from other installations that have used similapaments, or even laborajotests. For peratirg facilities,
the source characterization can be based on the results of,suprétorirg, and environmental surveillance data with
swpplemental studies or measurements, as negessar

Assumirg that the sources of radiation anghesures are sufficient fostify the effort, several candidatgssem
desgn and geratirg options that would result in a rge of release or @osure conditions and costs should be identified for
each radiation source ofgosure. Ideajl, the degin options would include severgtocess technofpes, combinations of
process coiponents, andmeratirg conditions raging from the most rudimentabase case) to the most techigtally
sophisticated gstem. The ALARAprocess will identy the most favorable of the candidate desind geratirg options.

The performance of the coponents of the radiatioprotection gstems for reducinthe eyosures and associated
doses should be estimated for each candigatera and ption so that the modified source term, before and after treatment,
can be estimated. Consufliergineers, perators, and degiers of other nuclear (and non-nuclear) facilitiesgraride
extremey valuable data on alternativgstems and coponents, cost, maintenance, apemtirg experience particularly
where the characteristics of the streamgrocesses are similar. A data-base of information from DOE and other facilities
can be extremglvaluable in pplying the ALARA process. Therefore, it is recommended that facilities and sitqdetong
ALARA analyses that mabe of interest to other sites quavations make the material available. The cost of estalgishin
and maintainig such a data base could be recovered in gafiom a few pplications. Data should includgstem
descrptions, performance and cost characteristics. If such datpravéded to EH-41, EH will make it available DOE-wide.

It is very important that severalandidatgprocess or radiolgical protection degjn options, or
combinations thereof, be evaluated because the ALpREess can oplchoose the besystem from
amory those that have been defined and evaluated.

6. Quantif/ing the economic factors (costs).

Two primary conponents to the cost associated with a radiokd protection gstem are (1) theystem cost, that is,
purchasim, installing, operatirg, and maintainig the euipment and (2) the cost of tipetential health effects, that is, costs
associated with the pasure ofpeple and ag other direct or indirect cost resulgifrom exposures to radiation--whether
the consquences are real or igiaed. In ALARA @plications, one is interested in the cospaividing various dgrees of
radiationprotection forpersons who are antfated to be gposed to sources of radiation causgdhe DOE activiy and
how they charge with alternativeystems. These anysles identy the candidateystem with the least total cost; hence, the
optimum g/stem. $stem costs are discussed in Section E.

7. Quantif/ing exposures and doses to individuals angdpulations in the vicinit of the DOE activiy.
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The doses to ocpationally-exposed individuals and to maximakéxposed individual members of tigeneral
public are inportant because there apesific dose limits that have bepromulgated and mudte met, if the actiwt
causirg the exosures is to bpermitted. The jppropriate dose limit for an individual worker or member of tleaeral
public must be met gardless of costDoses to workers areg@ated ly 10 CFR Part 835. ALARA grirements for
workers also are addressed in that rule and assogiaitihce.

The health detriment to the @sedpopulation from an activit that causes @osures to radiation is assumed to be
proportional to the collective dose, that is, in unitpefson-rem, to thpopulation from direct egosures to the radiation and
from ingestion, inhalation, or abgaifon of the radioactive material released to the environment.

The manitude of a dose to individuals populations will dgend yon the radiation sourgeomety, quantity,
type and engyy of radiation emissions, pasure modegopulation distribution, location of the reater with repect to the
source location, duration of pasure quantity of radioactive material released,hssion ly natural forces, lifegte of the
receptors, potential exosurepathways, and otheparameters. Some of thgs@ameters are discussed in Section E.2.

There are npromulgated limits for collective dose from a DOE actjvitAs will be seen, if the health-detriment or
health benefit can bguantified, a cost of the detriment or benefitynha postulated for cost-benefiurposes. The
collective dose ipresumed to be a sugate for thepotential health irpact on theopulation eyosed to the radioactive
material.

It is necessarto conply with the gpropriate (individual) dose limit to ahmember of theublic,
whatever the cost to do so. However, it is_the collective thadés used in the cost-benefit grsid to
select a radiatioprotection gstem.

8. Estimatiig and identifing health and non-health detriments and benefits.
a. Health detriment.

Serious health effects, such as cancergametic diseases, can be induced msures of humans to ionizjn
radiation. The effects have been observeyg anlorg populations sujected to dosegreater than about 10 rad delivered at
a high dose rate. Whether these health effects occur at lower dose ratehooriic eyosure at low dose rates has not been
determined owig to the Iagjistic problems attendant to Ige epidemiological studies and to incqotete knowlede of the
mechanisms of radiation-induced cancer causation. Thus, it is ngdesggculate on the risk of induced health effects at
dose levels that do not exceed the dose limits for workers and for memberpudilitie For radiatiorprotectionpurposes,
DOE assumethat there is groportionality between dose and risk (thebability of radiation-induced health effects) at
dose levels encountered in the watiee and in the environmént .

The inportance ofjuantifying the detriment (risk) or benefit (risk reduction) is thatdbing so, one caplace a
value on the amount of resources thay fo@ committed for a radiatiqerotection gstem to avoid a radiation-induced
serious health effect. This is discussed in Section F.3.

8 DOE is in the process of completing review of dose to risk conversion factors including the recommendations of BEIR V,
BEIR IV, UNSCEAR 88, and ICRP Publication 60 (1990) in order to recommend a general value to use to compare effective dose
equivalent to health effects in environmental analyses. In the interim, a factor of 5 fatal cancers per 10,000 person-rem
may be used for doses in the range of, and below, the DOE dose limit. The value is within the range of values thatahe new dat
would suggest and equivalent to the value used by EPA in recent regulations (EPA 1989). The ICRP recommendations include
life-shortening as a significant factors of health-detriment. The ICRP-60 recommendations have not received consensus
acceptance among Federal agencies.
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The ana}ses conducted to gport the ALARA process should consider all health detriments and benefits associated
with the various alternatives evaluated. For eplapone alternative control technglpmight reduce the collective dosg b
px person-rem (detriment averted) but coulghfficantly increase the risk to workers. The techgglmight also create a
very hazardous waste that could increasepthi#ic risk andpresent difficult diposalproblems. All of these and similar
factors must be considered in the ALARA assessment. Reasonable measures should be tadate tmnsitdditional risks
caused B the technolgy.

b. Non-health detriments.

Non-health effects can also bepexenced from activities that involve actualpmtential exosures to radiation.
Some of these are real and associated with environmental considerations, superasuemnoise, humigitand other
comfort considerations. Others gposychological orpolitical in nature, such as aversion to radiation gtlavel, or anti-
nuclear genda. Additional confoundinfactors corplicate the rationale, that is, cost or othepatis and benefits mde
accrued to population other than the one receigithe eyosure. It could include costs fpurchasiry property or other
expenses to avoid lgation or demonstrations from "stakeholders." Unlike the health detriment, the non-health detriment is
notlinearly related to dose, and ghit not be related to dose levels at all! On the other hand, the costs of non-health
detriments are real and candpentified--at least in retrpsct.

Because it is difficult to antipate the cost of non-health detriments and the cogtnmigeven be related to
collective dose, theare difficult to include in a cost-benefit aysik and other decision-makjtechngues such as multi-
attribute analses mg be useful. Non-health (or non-human) detriments are discussed in Section F.4.

9. Selectilg one of the candidate radiatiprotection gstems as ALARA.

In some cases, agigate information will be available fmermit a cost-benefit angdis toquantify elements
important in the decision-makjprocess. In other cases, the informatioghinot be available orguantitative cost-
benefit analsis mght not bepractical to aid in a decision-makjprocess involvig ALARA exposures--in that case, the
decision must be based almost enfiah sulpectivejudgment.

Put in the simplest terms, the radiatigorotection gstem selectedybthe ALARA process is the one that results in
the maximum benefit and the minimum cost--both of which occur with the gesteensif the detriment is health effectsyonl
Theprime factors inportant for makig ALARA decisions is the cost differential between candidate radiptimection
systems and the attendant differential collective dose. The mathematical derivationptintiEation ispresented in
Section G.1.

In the sinplest case, theptimum g/stem is thatystem with the leadbtal cost--includig the monetar
cost asgined to the health detriment.

§ 834.104(b)(3) a process for documenting ALARA decisions
10. Records.

The DOE contractor orperatirg organization is rquired to record the ALARA evaluations and other activities and
information that were considered in the decision-ngkin selectirg the alternative radiofiical protection gtion judged to
be ALARA and the rationale leadjrio the selection. (See § 834.401 fpedfic record rquirements.) The ALARA
program should gecify procedures Y which ALARA records are kg current, complete, and readjl available for use. The
records should be ganized in a manner such thapeopriate sections can be regdibcated to demonstrate cpliance
with the ALARA requirements. The records should facilitate coordination angdecatton with other @anizations in
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sharirg information on angkes performance of guipment, costs, gerations, maintenance, idegtand technical
evaluations of alternatives, and other facets of interests.

There is much to bgained ly creatirg a data base for cost aperformance information fqerocess
systems and coponents. NRC licensees andutators as well as DOE contractors and National
laboratories are likglcontributors to such a data base.

§ 834.104(b)(4) a training program for the staff on implementation of the ALARA process.
11. Trainirg.

The ALARA program should describe, or reference, a trgjpirogram to ensure the availabjliof gppropriate staff
cgpabilities toprovide the necessaanayses and evaluations. The ALARocess pplications rejuire evaluations of
exposures and doses to individuals aogulations, dipersions of radioactive material in the environment, cost-benefit and
other economic evaluations,geémeerirg evaluations of guipmentperformance and source determinations, gpliations
of other disgplines. It would be unusual to find stgrsonnel cpable ofperforming all of the evaluations necesgdior
ALARA applications. Consguently, training should be made available to stafpptovide the necessaknowledye and
skills.

§ 834.104(c) The ALARA process must include documentation of the societal, environmental, technological,
economic, and public policy factors considered in decision-making, where exposures to radiation from DOE activities
can occur, and must include:

(1) the maximum dose to members of the public;

(2) the collective dose to the population;

(3) doses to workers;

(4) applicable alternative processes such as alternative treatments of discharge streams, operating methods,
or controls;

(5) doses for each alternative evaluated;

(6) cost for each alternative evaluated;

(7) an examination of the changes in cost among alternatives; and

(8) societal and environmental (positive and negative) impacts associated with alternatives.

The elements of the ALARArocess that must be recorded have been discussegedtificsformat or other
constraint is rquired ty 10 CFR Part 834.

§ 834.104(d) Public exposure resulting from radiation, release of radioactive material, or other radiological
contamination from a DOE activity shall be deemed to comply with ALARA requirements if the activity is evaluated
and conducted in accordance with an ALARA program approved by the Department.

§ 834.401 Records.
(a) Records must be maintained to document compliance with the requirements of this part.

Records of individual and collective dose estimates should be maintained to document estimated doses to members
of thepublic who are likeJ to receive doses from DOE activities og/to their location or due to pasurepathways durirg
normal gerations and unusual occurrences. The administrative information to be documented and maintained should
include:

(1) records of actions taken toptament the ALARAprocess in rgulating exposures to individuals and members
of thepublic, includirg the actions rguired for thispurpose ly § 834.104 such as records of cost-benefit or otheyses!
and other factors that were consideregdanant to the ALARA decision-makirprocess; and

9
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(2) records of actions taken toplament the "best available techngydfor radioactive effluent control"
(BATREC) selectiorprocess in rgulating liquid dischages, includiig records to document the ayeés and factors that
were considered to be portant, includilg alternativeprocesses, for the BATREC selectianocess.

12. Conpliance.

In addition to the rguirements above, the rulegréres goplication of the ALARAprocess in most activities
addressed in the rule. The epiien is where an actiwtis regulated ly a rule wherein dose or other limits were based on an
ALARA determination. In that case, gy conplying with the dose limit constitutes ALARA. Beairements do not
originate inguidance documents, such as this one. Ratheratteepecified in DOE Orders and rules as well as those of
other Federal, State, and locgéacies.

Demonstration of copliance with the ALARA rguirements of 10 CFR Part 834 ynaeprovided ty:

(1) A documented current deqation of the site ALARAprogram, reviewed andpgroved ty the gpropriate
Pragram Office€ and a statement of commitment tplament the ALARAprocess;

(2) A documented current ALARArogram describig procedures ¥ which the individual ALARA evaluations
andjudgments will be made and the documentation ofpiioeedures;

(3) A descrption of the trainiig programprovided to ensure staff pabilities toperform ALARA evaluations; and

(4) Records of all formal ALARA evaluations and decisions, inclythie rationale for the ALARAudgments,
indicating that the ALARAprogram is beig implemented. The records should demonstrate that sufficient information was
assembled and considered tpmart the ALARA decisions.

The ALARA program should identjf general areas to be considered in mgihARA decisions: societal,
technolgical, economic, angublic policy considerations. A checklist of more commeadific factors mg be hepful. As
a minimum, the checklist should include thghtiecific items listed in § 834.104(c).

The rule 10 CFR Part 834quaires that contractorspert to DOE line mangement and EH when certairpogting
limits are exceeded, such as a collective TEDE of@dfon-rem in gear.

Whether the ALARA angkes igjuantitative omualitative, it is essential that the ays#s and decision
be documented.

E. Evaluations and Assiptions
1. Cost of radiatioprotection gstems.

Costprojections for candidate radiatignotection (includilg treatment gstems) that alter the radiation source and
operatirg cost m& be exressed in terms of annual cost or total cost over the lifetime of theyfaditital cost for a faciljt
or processyypically should include, but not be limited to:
(a) the gstem (caital) cost
- gquipment andpiping (descrption andquantity),
- labor (installation andperation), and
- other material;
(b) the annual chge on caital (to the extent that this cost ip@icable to Federalgencies);

9 If the description of the ALARA program in the EPIP is sufficiently detailed, the ALARA program approval requirement may
be satisfied through the approval of the EPIP. However, if the EPIP is not approved, program offices may opt to approve an
ALARA plan.

10
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(c) the peration and maintenance (O&M) cost, that is,
- a selected fraction of totalpital equipment andoiping cost,
- expendable material cost,
- electrical or othepower cost,
- processig cost,
- collection and djmsal cost,
- contirgeng allowance,
- the ype of activiy beirg considered, and
- trangortation cost; and
(d) the health detriment (cost for reduction).

Cost varies with guipment pecifications, rgional labor availabilig, (perhas) site characteristics, and (certg)nl
with time--owirg to caital availability.

Standard costgnmethods should be used in arriyist cost estimates for thgstems.

2. Exposures and doses.

The doses to ocpationally-exposed individuals (workers) and to maxinyaddposed individual members of the
generalpublic are inportant because there apesific dose limits that have bepromulgated and must be metgeedless of
cost, if the activig causimg the eyosures is to bpermitted. Therimary dose limit is based on the sum total dose from all
exposure modes and sources with few soupssiic excetions (see 8 834.101(a)(2)(i)-(v)). Themary dose limit for
members of theublic from all exposure modes is 100 mrem ity@ar. Dose limits for individuals ageneraly specified in
a standard, that is, agudation or Federal Act, guublished in Federajuidance gined ly the President and generaly
selected on the basis mesumed health risk to the individual that is deemedptabke, feasibily of conpliance, cost-
benefit considerations, or arbityaselection.

Several sppementaldose limits that are sourcpegific or eyposure-pecific have beepromulgated, that is, from
drinking water, from airborne sources, from fugkle activities. Thus, there m&®e multple dose limits ppropriate for an
individual dgoendirg, in some casespan the eposure mode (direct ersure, igestion, inhalation or abgutiion), the
receptor status (ocquationally exposed worker or incidentgllexposed member of thaublic), and the source of the
exposure (fuel gcle activity, exposure media such as dringiwater, airborne source, and others).

Because therimary dose limit is pplicable to all sources amhthways, DOE rejuires that dose constraints for
single sources be a fraction of themary dose limit. DOE pplies a dose constraint of 30 mrem ipear be used for gn
single source opractice, § 834.102(a)(1).

If a DOE activiy is sulject to a dose limit that wasomulgated on the basis of cost-benefit considerations, and if it
can be demonstrated that the dose from the actsvitithin that dose limit, a cost-benefit (oryafarther ALARA anaysis to
demonstrate that the posures or resultindose from that @posure mode are ALARA) will ndve rejuired for thepart of
the exosure suject of that dose limit.

The maximum dose to individuals mustduantified to verif conpliance with g@propriate primary and
supplemental dose limits.

11
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a. Exposure location.

The manitude ofpotential doses to individuals ispndent, amaognother thimgs, on their location dur@gexposure.
The location of the maximallexposed individual will dpend on the amount and characteristics of the radioactive source,
the release mechanism (that is, thglo@ stack, elevated vent, buildilreakaye, rakes ...), the site gmrsal modes (that is,
wind-roses, natural water y&, ...) and eposure modes (that is, directpgmsure, intake of foodstuff, ...). If the DOE-actyvit
can cause the release of airborne radioactive material, the location of the mapdtential eyosure for thapathway is
likely to be where the annual maximum time-gnég of the air concentration exists. For extanthe location of the phest
annual averge air concentration as a function of distance fronpthiet of dischage mg be determinedybanajtical
modelirg of meteorolgical data usig joint wind-direction, windgeed, and stabiljtroses.

The location of maximumotential dose is not necessgrithere the lghest concentration occurs. While the
location of the maximum time-ingeal of the air concentration can be determined, the locatightrioé uninhabited and no
person would be gosed. Further, it is unlikgffor an individual to ocqoy ary location for vey extensiveperiods of time.
Fewpeale live in one location all of their lives. About two decades of ¢iimone house is more likel® The doses at
locations where there are homes, schools, and work locations, should be evaluated. Therefopeopheedidf
occasionall occlpy that location, aaistments for gposure duration would be necesstr estimate dose. However, it is
also inportant to recgnize that for collective dose assessments, thgtHesf time at agiven location is not as iportant as
the total timepegple gend at ggiven location. That is, the collective dose associated wittperson at gjiven point for 30
years is same aspegple each pendirg 10years at the location.

The distance of the maximglexposed individual from theoint of dischage of the radioactive effluents can be
taken as the location of the individuals home, waldce, school, or other location where the individual remains for
substantiaperiods of time. Doses to the maxinyadbposed individual from eposures to radioactive material in a
waterwas might dgpend on the concentration at the nearest location where access to the yvistékely to occur.

Although it is desirable (and recommended) to evaluate doses in a realistic manpessttike (angermissible)
for economic savigs to be realized to assume (conservagivitlat the egosure of an individual occurs at the site-boupdar
in the predominant wind direction. The advageas that it is not necesgato collect data on actual locations of individuals.
In this casepotential eyosurepathweys identified in the rule should be evaluated to confirmdtesterpotential doses are
unlikely to occur at a location end the site boundgr This gproach is less acptable for estimatig collective dose than
for individual dose because overestimgtitoses can result in biased results jpoat decisions.

In estimatiry anticipated doses for ALARAurposes, "realisticharameters should be used. Toal
should be to ensure that the estimated doses will not subsyantidérestimate the doses. To the extgnt
practicable, the estimates should address gatied doses to actupeple, rather than maximum doses
to hypotheticalpersons.

b. Recetors.

For most ALARA gplications, the use of "avaga" or typical characteristics for evaluagjpotential doses to
exposedpopulations are recommended. Ipestive of the ge or thegender of thgoersons egosed, aveige doses to gans
or tissues, avege risk coefficients, angpical values for food and drink intakes and metabmdi@meters for "reference

2 An EPA survey found that about 95% of the population live in a particular residence less than 30 years. The mean
duration was about 7 years per residency.
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man" should be uséd . ALARA evaluations should h@essed in terms of total effective dosgigalent (TEDE), that is
the sum of the EDE from externalpesures and the committed EDE from radionuclides taken into theduwihg the same
exposure time-interval. There mée pecial circumstances whergeaorgender issues nyae inportant considerations and
the use of "reference-man" or other standardized gismma mg not be aplicable.

For assessmconpliance with individual dose limits or dose constraints, where there is considerable uncertaint
the location and characteristics of the maxignakposed individual or it is difficult to idengifthe simgle individual who
receives (or is likel to receive) the lghest dose, the aveimdose to the "criticajroup** may be evaluated.

c. Collective doses.

Collective dose to thpublic is sinply theproduct of the avege dose and the number ofpesedpersons. Itis
important to the decision-malgrprocess that collective dose estimates peesentative so that cqgarisons of alternatives
can be accopiished without bias. Althagh the use of conservative dose estimateg imeaaccptable for screenup
assessments to determingutantitative ALARA assessments are needed, gesvargresentative dose estimates are
needed for actualptimization assessments. Tp®blem, therefore, is determimgjithe averge dose(s) and the number of
persons that receive the dose.

To illustrate one calculational method for estimgiiollective dose, S, consider the release of radioactive material
to the atmoghere. Various anglical modelsgeneraly in the form of diffusion guations, mg be used to estimate the
dispersion of the material at various distances from the sourcepotémstial exosure conditions, ., integrated air
concentration, as a function of distance and direction from the source can be valuateabulBtien distribution opersons
at the same distances and directions must be determined. Within each direction-sector, a series of radial ingrements (sa
distances X_+X) can be defined andpeesentative (avege) doses estimated for the centerline of the radial increment.
Thepotential dose at distance; X, can be taken as thegevdose, H, for albersons, N, located within the radial increment
defined ly X, + pX. The incremental collective dop& = N x H. Similay, additional incremental collective dose values
are estimated for all radial increments in ttpaadrant from the source until the next increment contributes less than about
5% of the total collective dose in that sector out to that distance or about 50 miles (86 Km) fpomttbErelease or about
50 miles bgond the site-boundgr Thisprocess is ngeated in all other sectors (each usuetirreponding to one of the 16
wind directions of the wind rosgenerated fronoint wind-geed and stabiljitclass), in the case of sitpexific meteorolgic
data. The sum-total of the incremental collective doses from all sectors is the collective dose, S, for th&igleade.
illustrates this exapie.

It is noted that DOE recommends the use of the linear dose to risk assumption and average parametric assumptions for
planning purposes and for evaluating potential exposures for use in the ALARA process and other environmental evaluations.
However, these assumptions may not be applicable or appropriate when assessing the risks from actual exposures or the
effects of exposures to accidental releases or conducting scientific studies (e.g., epidemiology). For instance, in
assessing possible health-effects that might be associated with an actual exposure, the magnitude of the exposures might be
much greater than the dose limits selected for radiation protection purposes and beyond the dose range where a linear
relationship might reasonably be expected to apply. At very high doses (beyond threshold dose values), non-stochastic
health-effects might be expected and these are not related to dose in a linear manner. Further, when quantitative estimates
of risk are evaluated in epidemiologic studies, it might be appropriate to consider the exposed group and determine if
specific age, gender, or other factors are important in making the risk assessments.

2 For purposes of this guidance, the "critical group” may be considered to be individuals in the general vicinity of a DOE
activity, facility, or site from which radioactive material is released or other sources of exposure occurs, which have
relatively homogeneous physical and lifestyle characteristics that are likely to result in the maximum dose (and
presumably the highest risk) compared to other groups in the exposed population. For example, the critical group might be
infants who ingest milk from cows pastured on land in the predominant downwind direction from a facility which releases
radioiodine to the atmosphere. Another critical group might be fishermen who ingest a substantial amount of fish taken from
a local waterway downstream of a facility that releases radionuclides in liquid effluent.

13



alara-7.gdt, draft 4-14-97.

B (AR
) s - . T ——
T - # ¥ T —
- e 7 \
. -

Figure 1 An lllustrative Reference System for Use in Collective Dose Estimates for
Airborne Releases of radioactive Material.

Around the releasgoint, O, consider 16qeial sectors of 22.5 deees, each centered on fiwnts of the
conmpass corrggonding to a wind direction. [Meteoroffical data are usuglicollected angresented as
wind roses withjoint wind-geed, wind direction, and stabjlitlass.] Divide each of the sectors into
radial incrementR, 1 mile in lewth for the first 10 miles, 5 miles in Igth from 10 to 50 miles, and
25 miles in legth from 50 to 150 miles. Calculate tpetential doses (internal and external), H, for th
center of each of the radial sectors, and determingrdigieict of the centroid dose and the number of
persons, N, within the radial sector. The collective dose is the summbthects from all radial
increments in all sectors.

T

In the example above, the radial increments selected at various distances in a sector should by szfetivat
locations where the concentration is decrepsapidly with distance and lger at locations where the concentration is
decreasig more slowy. This is necessgibecause thepgroximation is made that the avgeadose to alpersons in the
incremental radial sector will be the dose calculated for thepoiid-of the sector. For exae, the radial increments giit
be no more than a milgart out to about 10 miles, no more than about 10 mgag aut to 50 miles, and (if estimates
beyond this distance is needed) 25 milparaout to 150 miles. When the release includes short-lived matejisdiradnts
for decy in route mg be rejuired. The collective dose associated with the use of each alternative rautiatéation
system is needed for a cost-benefit ga. Unless the characteristics (other than thgninade) of the source term is
altered ly the various ystems, the collective dose will peoportional to the source term and the collective doses will be
readily determined Y ratios*® Deosition of the airborne source ground-level surfaces ngdbe estimated usinsimilar
anaytical models and estimatedmbesition velocities.

When evaluatig collective dose for release grfoperty, defining the rgpresentative reqetor is difficult. In
comparing alternative actions collective doses estimates should considempiwterkor likey use of theroperty. Where
data are available, for kgarameters, models maseprobabilistic assessment techneés to establish the avgeaor
representative dose for cquuting the population doses. However, these dose estimatgsnotsbe acgetable for
demonstratig conpliance with the individual dose limits.

The collective dose to the gosedpopulation is reguired to evaluate thgotential risk of serious radiation-induced
health effects to thpublic and to identif the gtimum radiol@ical system amog several alternatives. Actual, and
projected population distributions in the vicinitof the DOE activif or site are needed for this estimate. practical

3 Examples of situations where collective dose may not be proportional to source term include control systems that
selectively affect certain radionuclides. For example, a containment facility may be used to delay releases for a period of
time sulfficient to significantly deplete (through decay) short-lived radionuclides. Such a control system may also
increase worker dose while reducing public dose. Both public and worker doses must be assessed.
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reasons, such as availalyilaf data, relativegl small source term, limitations of gersion data, the availabilibf the
population distribution nght be limited to a distance of 50 miles from puént of release. Releases of radioactive material
to a surface waterwaalso mg be evaluated usjreadily available angtical models, data on water ggega and the

population data for activities involvinthe waterwsgt and shoreline.

Analytical models mg be used for evaluatiratmogpheric, waterwsg, and other digersal modes to estimate
collective doses tpopulations as well as doses to individuals. In the case of airborne relegessirexevaluations rja
assume sector-avegiag and radial increments with the dose calculated at the center of the radial sectpieshdoethe
number ofpersons in that area. For releases to watgswtae method of release, such as tghawakes or conduits, will
determine the initial djgersal conditions. The location of wells, water intakes for wateressig plants, fishirm,
swimming, boatirg, shoreline, and other activities will be arppntantparameters. In waterwys, the dipersion isgeneraly
much more limited than releases to the aphese and evaluations of collective dosey generaly require summations out
to greater distances than for atrpberic releases. For exale, dischages to a river mahave few and verlimited
pathways of exposure within 50 miles (80 km) of the site. However, at sgraater distance, $&0 miles, a mar drinking
water ystem mg extract water from the river. Potential collective doses associated with releasesfthaffedt the
system mg be the mpor detriment associated with the alternative conyrsiesns. Therefore, unlike atnpheric releases
where collective doses yend 50 miles are not essential @rgficant to ALARA decisions, in this exapte, potential
receptors 70 miles from the site are likab be inportant to the decision malgrprocess. Althogh in most instances, such
situations are not @ected to occur when evalualireleases to the air, the 50 milecticalgeagraphical-based truncation
of collective dose should be used cautipusihe truncation of collective dose calculations should occyrvaimén there is a
reasonable gectation that the additional calculations will pobvide information inportant to the ALARA decision.

d. Limiting doses.

When necessgy both individual and collective doses can be limitgadstrictirg one, or more, of the pasure
parameters, such as the inteysif the radiation source or shieldjrdistance from the source; duration opesure;
constraints on the intake of logaproduced food or water.

F. Detriment and MonetaiEquivalent.
1. Dose, risk, and health detriment.

Theprincipal radiola@ical benefitof theprocess gstem is the reduction of the dose to the individuals with the
highest eposures and the collective dose to thpasedpopulation. For radiatioprotectionpurposes, dose igresumedo
be a surrgate for risk. The risk of serious health effects is assumed, for radiadi@etionpurposes, to be linear!
proportional to the effective dosej@ivalent for all values of dosgreater than bagkound. The health detriment (risk of
contractirg radiation-induced cancer or serious heregithsease) to the pesedpopulation from an activit that causes
exposures to radiation is assumed tgobaportional to the collective dose to tpepulation from: (1) direct eposures to the
radiation external to the bgdand (2) internal eposures (material taken into the lydwy ingestion, inhalation, and
absoption). Even thogh the number opotential radiation-induced health effects withipopulation are assumed to be
proportional to the collective dose, there ispromulgated limit for collective dosé’

The manitude of a dose, whether to individuals or collective doseptipalation, will dgpend ypon the radiation
sourcegeomety, quantity, type and enayy of radiation emissions, pasure modegopulation distribution, location of the
receptor with repect to the source location, duration opesure quantity of radioactive material released, flission ly

4 However, a value of 100 person-rem in a year has been selected by DOE for reporting purposes. This is not a collective
dose limit or, as used in 10 CFR Part 834, but merely a reporting requirement.
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natural forces, lifegte of those egosed potential eyosurepathwas, and may otherparameters. If the health-detriment
can beguantified, a cost of the detriment ynlae postulated for cost-benefiurposes.

2. Quantif/ing the risk of radiation-induced serious health effects.

Studies of data concermgjhe tissueqgecific doses, site, and lethgliof cancers have been used to select a set of
tissue wajhting factors that are used poovide the risk-based dosgstem used Y DOE wherein the wghted doses
(relative to the risk of total-bgddose) to the various tissuesynige summed to and pressed as effective dosguéevalent
dose (EDE) units. When dose from radiation sources include the EDE from sources external tpdhe boelcommitted
EDE from sources taken into the lyod is termed the total effective dosguésalent (TEDE). The relationghbetween
dose, egressed as total effective dospiwalent (TEDE), and radiation-induced fatal health effeggaéraly cancers) has
been estimated to be to be about 5% 10 , that is, 500 fatal health pdfextitlion person-rem for an adutopulation; and
about 6 x 10 , that is, 600 fatal health effgaesmillion person-rem for thgeneralpopulation. It is further assumetat
there is no threshold for dose, below which there are no radiation-induced stochastic health effects.

Data used to derivguantitative risk values for radiation-induced serious health effectenezaly based on
human eposures to lgh levels of radiation delivered atghi dose rates, such as the survivors of the nuclegonsén
Japan, radium diapainters, and the use of radiation togiiase and treat a vanjestf illnesses. There is no data from
exposure of humans tguantify the dose-to-risk (or health-effect) relationsfur doses in the gime that rages from
"background" exposure levels to doses at the limits selected for members pdilttie or for workers. Most authoritative
organizations that havguantified radiation-induced risks caution that the valuesgplecable to doses of 10 rads greater.
DOE believes that it iprudent to be consistent with Fedegaldance and use the linear no-threshold apstom DOE
applies the concgt for radiationprotectionpurposes and for coparing and evaluatig radiationprotection alternatives for
protection of thepublic and the environment for ALARA or othpurposes.

3. Monetay considerations for reduction in collective dose.

ALARA analyses require the corparison of mag unlike factors such as collective dose, control costs, and so forth.
For thepurposes ofjuantifying and conparing such factors it is necesgdp express them in like terms, that is, a common
denominator. Althogh ary unit of conparison can be effectivelsed in multi-attribute anges like the ALARAprocess,
one commony used unit is cost. In such situations, the factor or attribute of interest (that is, collective dose), should be
expressed in terms of a moneataquivalent.

Consistent with the assymions of a linear relationghiof health-effects with dose, it ggneraly assumed that the
monetay value of a unit of collective dos, is indgoendent of the ngnitude of the individual doses cpnising the
collective doseprovided that the dose to individuals are within thprapriate dose limit'> In 1973, the Atomic Eggr
Commission (AEC) assumed a constant vahue $1,000 for a rulemakg(Appendix | of 10 CFR Part 50). At that time
the Atomic Enegy Commission did not attgohto derive a value for the monetarorth of a unit ofpopulation collective
dose usig first principles. Attenpts to rationalize the value of ugimwillin gness tgay insuranceremiums, commitment of
resources for lghway safey, cost of medical treatment for cancer, pitadization cost, loss ofears of life epectang, loss
of earnirys, gross Nationaproduct statistics, costs of workeptacement, and other indicators, have been considered over
the several decades since the need was identified. An AEC literature search iy ti@s#rlnd values fdy rarging from
about $10 to $1,000er person-rem.

* However, there are situations where varied monetary equivalent values have been applied that are dose-dependent.
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The Nuclear Rgulatory Commission has since reevaluated the mopetarivalent value that was used in
Appendix | of 10 CFR Part 30 and issuedutatory anaysisguidelines that recommend $2,00€r person-rem as the
current monetarequivalent value for convertgcollective dose to dollars. DOE also qaeted evaluations to determine
the apropriate monetar conversion factors for collective ddse and on the basis of thegyses)ahe Dgartment
recommends that the monetaguivalent for a collective dose used in DOE ALARA evaluations should be between $1,000
and $6,00@er person-rem. For mospglications, the $2,000er person-rem recommendeg the Commission is
accetable for DOE pplication. However, because of the uncertaintthe values, it is recommended that detailed ALARA
evaluations use the rg@ for conparing alternatives. Others haveggested ginificantly lower values® on the basis of
single anayses and others haveggested ayreater rage of values'® After a broad review of the literature, thpaldtenent
believes that its recommended garis gpropriate. DOE evaluations to gport ALARA analyses should@py monetay
equivalents for gperson-rem in the rge from $1,000 to $6,000 with the nominal value of $2,000.

For conparison, that onperson-rem rgresents gotential risk of 5 in 10,000 (5x10 fatal cancpes person-rem),
the recommended rga ($1,000 to $6,000er person-rem) wouldauate to a rage of $2,000,000 to $12,000,006r
hypothetical radiation-induced cancer deaths averted.

The monetar value of a unit of collective dose is agsd the gmbolp. The results of the ALARA
(optimization) process is not vgrsensitive to the value selected [ipbut the value should not combine health and non-
health effects in the same coefficient.

®*NUREG-1530, "Reassessment of NRC's Dollar per person-rem Conversion Factor Policy," U.S. Nuclear Regulatory
Commission, December 1995.

NUREG/BR-0058, "Regulatory Analysis Guidelines of the U.S. Nuclear Regulatory Commission," U.S. Nuclear Regulatory
Commission, November 1995.

"Estimating Costs for Man-rem Exposures;" U.S. DOE, Office of Waste Management; M.H. Chew & Associates, Inc.; April
1996.

8 The Health Physics Society, in March 1993, issued a "Position Statement" on "Radiation Dose Limits for the General
Public, Part II" wherein they concluded that "...the societally defined, statistical value of dose avoided is
approximately...$40 per person-rem avoided... and ...a maximum...$200 per person rem."

' The rationale discussed here, that is, the willingness to commit resources to avoid a radiation-induced serious health
effect, is only one of several rationales used to select a value for p. Others have been suggested based on many vastly
different considerations, such as: willingness to buy insurance; resources spent to reduce deaths from highway accidents;
the gross national product-to-population ratio; litigation costs; loss of earnings; pain and suffering; hospital cost
data;cost of replacing workers; etc. More recent articles have suggested values ranging from about $50 to $36,000 per
person-rem for the value of p. However, review of these estimates reveal that they frequently do not differentiate between
p and B factors. That is, the considerations are not based on the health effects alone, but are heavily weighted with non-
health considerations.
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By assgning a monetay value to the willigness to avoid a serious health effect, one caress the
health detriment in monetaterms, for example, Y =pS, where S is the collective dose of thpased
populatior?®. It is recommended thabe asgined a value in the rge $1,000 to $6,000er person-rem
with the nominal value bein$2,000.

4, Non-health detriment.

There are non-health detriments, some of thatIpeaintroduced into a cost benefit that are not rgadjpressed
prospectively in monetay terms and are not linegntelated to collective dose, for exgle, political considerations, comfort
considerations for workers, dgsior geratirg decisions made to avombssible losses of environmental amenities. Non-
health corponentsgeneraly are_notproportional to collective dose and snaot be related to actual dose at all, for eplam
increased risks in industrial safetiose-aversiorpolitical factors.

The monetar equivalent of non-health detrimentgeneraly given the gmbol beta, 3, and can be gpsd a
monetay value ($) or asghed weghting factors throgh multi-attribute anaises or similar techques, or simly recaynized
as a factors to be considered intuitivil the final selection of the radigical protection gstem. In somepgplications, the
R coefficient is a coplex function ofpotential individual doses and méae indicatedymbolically as (pPN{f(H). If 3 is the
monetay coefficient of other (non-health) factors of detriment, N the number of individuals reraidiose of H rem in a
year. The value for 3 is much more difficulfpréori, to estimate thap because it can include considerations such as the
cost of a State or Federaemq laying on requirements bgond those that can be rationalizgdhgalth risk evaluations in
order to obtain a grired permit or other pproval. Additional confoundigfactors corplicate the rationale, such as costs or
impacts and benefits mde accrued to population other than the one receigithe eyosure. It could include costs for
purchasim property or other epenses to avoid ligation or demonstrations from interested or affepties. Other
techngues (such as multi-attribute utjliana/ses) campermit some of the legpiantifiable factors, such as comfort
considerations or other environmental factors, to enter into the decisiorgrpadéess. Retrgectively, such (non-health)
costs can be estimated (it is the difference in cost betweepttimaim g/stem based on radigizal protection and the
system selected) and the cost difference should be determined and included in the records of ALARA decisions. When
ALARA evaluations are based on the combined doses to workers and to membegbfithéhe values db selected for
the twogroups generaly should not differ substantigjlhowever, the R factors ghit bequite different.

Although non-health coppnents of the detriment are yeral, and should be regized andjuantified to the
extent that one can do so, the methods usgdantification or other method for introdugithem in the decision-makin
process are variable and will not be discussed ingthidance. However, several methodsyrha found in the literature
(see listed referencep@nded to this ort) and should be considered.

2 In some countries, e.g., the United Kingdom, several values of p are assumed to apply depending on the fraction of the
dose limit the individuals in the exposed population encounter. Such applications are not necessarily a denial of the
"linear-theory" of health effects, but rather reflect (1) the importance which the UK authorities assign to the risk at low
levels of exposure and (2) their desire to avoid doses which approach the dose limits. The NRPB (UK) has suggested use of a
several values for p, each applied to a fraction of the collective dose based on a range of individual doses and whether the
individual is occupationally exposed or exposed as a member of the general public. The range of values for p, from lowest to
highest dose in the UK application, range from about $34 to $170 for members of the public and from about $70 to $1,700 for
occupational exposures.
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In some cases, aglgate information is available fmermit a cost-benefit angdis toguantify elements
important in the decision-makjprocess. In other cases, the informatioghihinot be available or a
guantitative cost-benefit analis mght not bepractical to aid in a decision-maljmprocess involvig
ALARA exposures--in that case, the decision must be based almostyeotirglipectivejudgment.

G. The ALARA Process
1. Optimization ejuations.
a. Total detriment.

The total detrimenincludes all deleterious effects, that is, health effects and non-health effects. These include real
and imajined effectsperceived effects, anxigtrisk aversion, and gmothers associated with the radiation source. _The total
cost, that is, the monetaequivalent of the total detriment (Y), can be written:

Egn. 1
Y S BNfH)

Owing to the corplexity of valuatirg the non-health detriment, thisidance will not atteipt to address them as
part of the cost-benefit analis (excet retropectively), but will focus on the health-detriment. ThuguELl becomes:

Egn. 2

Two conponents of detriment are the assumed radiation-induced health effects, ytta eyoressed in
monetay terms throgh the use of the coefficiept($/person-rem) and a non-health coefficient 3
($/person-rem) that is related to societal considerations.yMdterms" are nqgtredictable and can be
strorgly dependent on such factors as the local attitude toward radition.

2 The non-health component may be determined by ascertaining the total cost of the completed radiation protection system
and subtracting the cost of the radiation protection system with only those features which can be justified considering
only the health-effect detriment rather than the total detriment. This difference should be included in the records of
ALARA applications as well as the rationale for the non-health costs.
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b. Cost-benefit (ptimization) gplication.
Mathematical, the net benefit of an actiyitmay be eyressed in the followigpmanner:

Eqn. 3
BV®PXY)

where:
B is the net benefit of the actiyijt
V is thegross benefit of the actiwit
P is the basiproduction costs;
X is the cost of achievina selected level gdrotection;
Y is the cost of radiation detriment resuitifnom the activiy at the selected level of radiation protection.

To optimize radiatiorprotection, assuminthat the collective dose (S) is the relevant pedelent variable,
differentiate Hu. (3) with repect to S and set igeal to zero, that is:

Egn. 4
dv  dP dX dYy

ds dS dS ds

The values of V and generaly are indpendent of the ngmnitude of collective dose, S, forgaven activity, that is,
thegross benefit worth and theeoduction cost of an actiyitgeneralyy are not affectedybvariations in collective dose.
Thus, the components Dv/Ds and @Ds are zero and thegimum condition mg be written as:

Egn. 5
X dv S

ds dS dS

The gtimum deyree of radiatiomprotection is obtained at a value of S such that the incremental increase in the cost
of the radiatiorprotectionper unit of collective dose igjaal to the incremental reduction in detrimpat unit of collective
dose. This is differential cost-benefit guatior?® and is used tqbmize radiatiorprotection efforts and this form is best
suited for aplications where the gosures (and cost of the health-detriment) can be are associated with a release of
radioactive material that can be described inquraton ty a continuous variable.

2 To select the optimum radiological protection system, it is necessary to define, evaluate the performance, and cost
several candidate systems which range from the most rudimentary to the more technological sophisticated system. When the
several candidate systems are considered, the ALARA process will identifgtimeim system. If only two systems are
evaluated, the only finding to be made is whether the change from the first system to the secondsystteffeistiveor
not. There is a vast difference between the two applications, with economic savings favoring the optimization. This may be
obvious when considering a typical waste stream which will be discharged to the environment. The most rudimentary
treatment can be expected to remove a significant fraction of the contaminant and cost relatively little. Further removal
efforts will be less and less effective because there is less and less contaminant remaining in the waste stream and the more
sophisticated removal components will be more and more costly. The ALARA process will indicate the choice of the several
candidate systems which will result in the minimal total cost, e.g., optimization.

20



alara-7.gdt, draft 4-14-97.

In most cases, gpsures are not continuous variables; rather, the alternative ragiaitention gtions result in
finite incremental chages in eyosures (and cost of the health-detriment). Tquaton mg be written:
Eqn. 6
& X) 1)
S, S) 5, S)

where the subs@is indicate that the candidate radmital protection gstems considered angstem 2 is more
costly than gstem 1 and results in less collective dose tlgatem 1. This gpression indicates that th@tomum
radiological is achieved when the incremental cost of tretesn guals the incremental cost of the decrease in detriment.

Put sinply, given that the dose to the maxinyadixposed individuals from all ggosure modes are within the
appropriate dose limits, themimum choice is the radiatigorotection gstem with the least total cost--where the
cost of the radiation detriment is included and where benefitsaiitified, could be gxessed as a gative
cost.

2. Procedure.

The basiquestion to be answered in theplementation of the ALARAdrocess is "Have | done all that | can
reasonalyl do to reduce the radiation doses?" Altfjfiothegoal of ALARA is primarily radiation dose reduction, hazardous
non-radioactive materials alsoght be conponents of the waste stream effluent or could be introdugedrne of the
optional treatments used to reduce the radjokd conponents. Therefore, the risks associated with these materials should
be factored into ALARA determinations. It isportant to maintain amizance of the overall ipacts of ag decision. The
release of hazardous chemicals could be treated as a "R-factor," or a factor in a multi-attrjmite anal

There are manmethods that can be usedyatherirg data concernmALARA. Many of these techgues are
described in varied detail in the referenpessided in thisguidance. Some of these determinations cagerénom
guantified cost-benefit angdis, toqualitative evaluations such as multi-attribute wtiihayses with waghing factors and
scalirg factors. Some nyabe rudimentar and based on a fundamental understanditd commitment to the ALARA
principle, "common sense," or "soujutigment,” rather than formauantitative techmjues--and that nyabe all that is
required orjustified. Activities that involve low doses are more ki be based ojudgmental decisions. In cases where
dose increments are yeow conpared to the dose limits, the social gmditical considerations often will be the dominant
factors in arriviig at the ALARA decision. DOE'gglication of the Best Available Technag for radioactive effluent
control (BATREC®) mg be seen as a form of ALARA.

Theprincipal difference between the ALARgrocess and the BATREC selection is that the ALARAcess
balances the cost and dose reduction and ptisebmidentif/ the least costlof several alternatives, whereas t
BATREC selectiorplaces more importance on the source term (rather than doses) and lpsgance on
achievirg minimal cost. BATREC owlgpplies to liquid effluent, but ALARA gplies to all sources of radiatio
exposure.

% Reference BATREC Manual here.
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3. Application.

Table 1presents one tpcal seuence of pecific stgps might be followed in either ALARA or BATREC
evaluations. A sensitiwitanaysis is useful in both ALARA and BAT evaluations because itpravide information on the
robustness of the results. It can also idgnitiformation that is irportant to obtain or monitor g&rt of the monitorig and
surveillanceprogram.

A flow diagram of an ALARA aplication ispresented irfFigure 2. The fgure indicates where criteria such as dose
limits or dose constraints to individualsquéred ky 10 CFR Part 834 or other Federal or Stgtnaies), or other
requirements (such as those derived from CERCLA and RCRA) would be considered and the ponsi€waluated for
conpliance.

ALARA should be a flexiblgorocess and the evaluation efforts shoulgtoportional to thepotential benefits. The
boundaries between each of thepsteill not alwa/s be clear-cut: some maroceed inparallel or mg need reeatirg. The
overall impact of the alternatives consideredghtialso control the detail and level of effort gasid to individual stes. If
the difference in doses and costs associated with the vapboissois small, the cost of a detailed ALARA reviewghtinot
be warranted. Similay] if the difference in dose increments igkand the cost difference is small, or visa-versa, the
decision of alternatives could be obvious andg datailed angises nofjustified. However, when costs, doses, and other
impacts vay significantly amorg options, more detailed aneles are needed.
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Table 1 A Laical Seyuence of Events Iptementing the ALARA Process

Step 1: Define the Ojective and Sque of the Issue to be Analed

State the ojective of theproject orproposal in terms that do nptejudge the meansybwhich the obective is to be achieved.
Specify the radiolgical protection factors to be included and those non-radicdbprotection factors to be brght into
consideration.

Step 2: Identify Radiolajical Protection @tions

Generate severaptions for achievig the oljective: the aim is to findmiions that are botpracticable and environmentgall
acceptable. This steprovides a strogiincentive to consider not gnbbvious solutions, but also innovative alternatives. It also
includes the elimination of ipractical gtions.

Step 3: Evaluate the Performance of the Radimlal Control (Qptions

Analyze these gtions to identi§ the advantges and disadvargas of eachgtion. Usequantitative andjualitative methods when
appropriate. Cost each of thetons for geration, maintenance, utilities, structuregjipment, labor, and collective dose.
Incomporatejudgmental criteria elicitly. Identify other (non-rad) ipacts and other considerations. Evaluate thmainand cost of
conpliance with non-rad girements.

Step 4: Screen @tions

Present the results of thygantitative anafsis of factors. Present the results of the evaluation copeisdlolpectively and in a
format that can Ighlight the advaniges and disadvargas of each gtion. Do not combine the results of different measurement
and forecasts if this would obscure information that jgoirfant to decision-makq

Step 5: Order and Angke
Include consideration of all relevant factors whether trequedtitativey or qualitatively, together withjudgement on relative
weighing and the results of sensitiyedna/ses to select the recommended radjicl optimum.

Step 6: ldentify Optimum Alternative
Select thepreferred @tion from the feasiblemiions. The choice will dnd ypon the adguag of the radiolgical protection, the
weight given to the environmental ipacts, and associated risks and the costs involved.

Step 7: Perform SensitiwtAnalysis

The robustness of the decision to selquricular alternative can be determingdvarying the more imortantparameters and
observirg how the "bottom line" results are affected. faaticularparameter is seen to bepable of substantiallaffectirg the
results, the sitepecific information should be scrutinized to ensure that the value patheneter used in the stui$ representative
for the site.

Step 8: Decision

Take account of the results gitonization and ay non-radiolaical factors and make the decision. Scrutinize cjoedproposed
detailed degjn or geratirg procedures to ensure that pallution or hazards have been overlooked. ¢joisd practice to have the
scrutiry done ly individuals who are ingendent of the oginal team. Decision makers should be able to demonstrate that the|
preferred gtion does not involve unagable consguences to the environment.

Step 9: Implement and Monitor

Monitor the achieveg@erformance gainst the desired tgets, epecially those for environmentauality. Do this to establish
whether the assygtions in the degn are correct and farovide feed-back for future devgiment ofproposals and degns. The
results of the sensitivitstud/ canprovide valuable iput to planning a monitorirg program for the activi.

Throuwhout Stgs 1 to 9: _Maintain an Audit Trail

Record the basis for grehoices or decisions thrgl all of these sgges; that is, the assyations used, the details of evaluation
procedures, the reliabijitand orgins of the data, the affiliations of those involved in theital work and a record of those tagir}
the decision. Record, jiossible, the reasons foryadeparture from the recommendepgtionum.
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Figure 2. STEPS OF AN ALARA ANALYSIS

PLANNING
Scope
Options
Issues

IDENTIFY DATA INPUTS
Radiation Protection Factors
Societal Factors

EVALUATE PERFORMANCE OF CONTROL OPTIONS
Dose Reduction

Cost of Installation and Operation
Other (non-radiological) Factors

SCREEN OPTIONS
Compare to Regulatory Requirements
(e.g., individual dose limits and other constraints or
requirements)

ORDER AND ANALYZE OPTIONS
Determine Impact of Controls
Perform Differential or
Summation Cost-benefit Analysis

IDENTIFY OPTIMUM SYSTEM OR ACTION

PERFORM SENSITIVITY ANALYSIS

Vary Key Parameters and Assumptions
Identify Those Significant to Overall Conclusions
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H. Factors and Issues

This guidanceprovides gprocedure that will aid infimizing resource allocations for radigical protection and
systemize and clanf"good ALARA practices." ALARA pplications are broad, rgng from dg-to-day "routine”
operations to those related to the dasir modification of mjor facilities. Some usefgrocedures can be used to aid in
decidirg how much angkis is reuired for the ALARA evaluations.

National and international radiaizal protection oganizations have recommended de minimis values individual
and collective dose. International nucleayutatoty organizations have agted and ipplemented de minimis values for
individual and collective doses. The@etment does not have a de minimip@sure condition for ALARA pplication.

All DOE activities are sylect to the ALARAprocess. However, the ALARprocess should bepglied in agraded manner.
An admonition, in 8 834.5(a), states that the content of the ERPP should be commensurate withlekigycand hazard of
the DOE activiy also @plies to the ALARAprogram (that is, it is a coponent of the ERPP). In thiglidance, DOE
providespractical benchmarks and criteria for ensgtinat the level of effort associated with ALARA ays#s is effective.

In order to scpe the effort necessato conply with the ALARA requirements, one nyastart ly estimating the
maximum amount of resources that canfustified for reductions of the health detriment. This can eliminate considerations
of options that would exceed that amount.

1. Resource allocation.

One examle of an pplication of this admonition is to estimate the maximum resources that ¢astified for
health-detriment reductions. Thisocedure would be to: (1) estimate the source term that would cqaeseiess of the
public; (2) estimate thpotential collective dose, $€rson-rem); (3) multly theperson-rem $ the value op
($2,000person-rem). The resulfinvalue, S x $2,000, is the maximwamount of resources that couldjbstified for health
concerns because there ispnocess orystem that can eliminate akposures. If the collective dose is from annual
exposure, the $2,000S value is the maxinjustifiable_annuatost. If the collective dose is over the lifetime of the agtivit
the $2,000S value is the maximyjustifiable_totalcost. If noprocess orystem can be identified that could faérchased,
installed, perated, and maintained within this cost constraint, no further ALARA effort is needed, other than to make the
conclusionpart of the record. Such a findjiloes not foreclose aquantitative assessments agaheralgood mangement
practices that madecrease doses jpotential doses.

In gpplying the examle described above, the source term amubsure conditions nyabe
approximated, but in doigso, there must be some assurance that the collective dose is not sulystafjtiall
underestimated.

In general, if the maximum individual dose is less than 1 mreny@agand collective dose is less than péon-
rem in ayear, ony aqualitative or semguantitative ALARA assessment canjhbstified. However, if individual doses are
significant, sg 10s of mrem in gear, or collective dose exceeds p@@son-rem in gear, Quantitative ALARA angbses
are recommended.

2. Uncertainties.

A second basis for defingrthe scpe of the ALARA @plications is the uncertaiptin the estimations of collective
dose, even when ugjithe best available angical models for makig such estimates. Evaluations of collective dose
generaly involve estimatig a radiation source term, estimation thepelisionpatterns, characterizinexposure conditions,
and summig thepostulated resultant doses to members ofjmeralpublic over all distances (locations) and time where
and when the gosures occur. It is instructive to briefieview some of the factors that contribute to uncertainties that are
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germane de minimis considerations in that when uncertainties are exttargelrelative to the values neededjt@ntify
exposures and doses, it is fruitless to continue the evaluation exercise.

Source terms|t is unusual to know, exagtlthe identiy, quantity, andphysical/chemical characteristics of the
radioactive source term that is the cause pbeures of th@ublic. Sanpling, monitorirg, and environmental surveillance
canprovide a reasonable data-base for reasgraidracterizig the sources if an effort  has been made to do so.
Sanpling. collection, analses all have limitations and introduce their own uncertainties. Iy o@ses, the source term can
only be estimated from fggnentay information from @eratirg experience or are coptetely based ongeculation. Thus,
the source terms are gabt to considerable uncertaint

Dispersionpatterns When radioactive material is released to the environment tofgerslid l natural forces, the
concentrationgeneralyy decrease monotonicahvithout limit until it no lorger exists due to radioactive dgcarhe ultimate
fate of the material can postulated and angical models can be found or devgdal to atterpt to describe theyhamics of
the digersion between the release and the ultimate fate. There are substantial uncertaiptitefahe wy. The
concentrations at various locations wheeesons will be eposed is deendent on dengsaphic information and social
profiles, that introduceget another uncertaiynt

Time-variations Essentialf all of theparameters that determinepasure or dose vauwith time, for examle,
source terms gend on guipmentperformance; digersionpatterns are affecteds/taily, monthy, seasonal, annual, and
geolagic fluxuations;population numbers, locations, and lifgdsis that affect eposurepathwa/s and modes vamwith time.

Releases to the atniwere Consider ground-level release of airborne material. As distance from the source
increases, the dose raigeheraly decreases and one must decide how far thgratten should extend. In thggrand in
fact, some sources are piissed vey widely, that is, thousands of miles, or world-wide. However, the confidence in the
ability of the analtical models tqrecisey predict the dipersionpattern, or ay of the other eposureparameter necessar
for collective dose estimates at distancgehd a few 10s of miles, is weak. Further, the characteristics of the source term
and the inabiliy to predict itsphysical fate due to, for exaste, dgposition or re-entrainment, is another confougdarctor
in estimatimg collective dose. In view of the manncertainties such as those discussed above, it dogspeat aational to
attenpt to predict doses h@nd a modest distance ysz0 miles, from the DOE site boungiarin most instances, collective
dose intgrated over 50 mileprovides sufficient information necesgdor the decisiomprocess and, therefore, truncation of
the dose calculations at 50 miles jgi@priate. Several DOE sites are ydarge--in some cases 10 or more miles from the
releasepoint to the site boundgr When several releapeints arepresent and theare all located at a considerable distance
within the site boundgr they may be treated as a gjle point of release--fopurposes of calculatigpcollective dose.
However, the actual releapeints should be used where doses to individuals are evaluated yoceenfliance with
appropriate limits.

DOE has no de minimis on individual dose for pligpose of intgrating collective dose. Howevegiven that
collective dose is used in the cpanison of alternative controystems, it is not necesgao integgrate doses to infinjt
Rather, a collective dose igiation mg be truncated when it is unliketo sgnificantly affect the decisioprocess. This is
expected to occur when doses are a fraction of 1 mrenyéaiain most instances.

Releases to surface wategsa Releases to natural wategsgeneraly undego more limited dipersion than those
released to the atmuasere. In both cases, thegission is due to mixiopby edd/ currents, but the natural waternygehave
much more finite dimensions than the atpiese and that restricts the freedom for further ngixi€onsguently, estimates
of collective doses from releases to watgmsvaa require includirg dose contributions lyend those associated with
releases to the atma®ere. Further, if the wateryas a drinkirg water spply for populations, map persons mg be
exposed. In this event, the 50-mile distance constraint for gtmeds releases are not necesgaadejuate for releases to
waterwgs. For smaller waterwa, such as creeks, rivers,pands, the concentration becomes uniform over cross section of
the waterwsgt in a relativey short distance and decreases with distangeamfurther dilution from other water sources
becomes availablegeneraly slowly. In this case, the irgeation of doses mabe rejuired to be extended until the next
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collective dose increment to be added is less than about 1% of the totapirthafor lager waterwgs, such as lge

lakes, bgs, or oceans, the dimensions geaeraly greater and the water has fewer dimensional constraints, and the
concentration is likgl to decrease atgrater rate than is the case in smaller watgsva here could be less need for
calculatirg dose contributions at tlgeeater distances if the concentrations in the dimensyolaadler bodies of water are

less than those in the smaller wateysiaSite-pecific conditions should be used to demonstrate that the collective dose has
been adguatel determined. The site of the retar population is extremel important in these determinations. A 0.1 mrem
peryear dose 90 miles downstream at a water treatrgstens servig a lage population could be the mostgsiificant

source opotential collective dose.

Releases tground waterReleases to the subsurface water, fhatally undego less dipersion than releases to
surface water, maor ma not impactground watequality, dependirg upon a number of factors, all of which contribute to
overall uncertaint. These factors include:

Deoth of the guifer or water table;

Force that drives the released material towardciiéea or water table;
Pathwygs in the subsurface, that inclugleysical barriers; and
Chemicaprocesses that enhance or retardration.

O O 0o

If factors obtainig at aparticular site sggest thaiground water will be irpacted ly a release, then additional
factors related to the saturated zone becogmfisiant in determinig the ultimate fate of the released material, and also
contribute to overall uncertaint Such factors include:

o] Transmissiveroperties of the fdrogeolagic unit, includirg the tydraulicgradient, the size and dimensions of the
unit, and soiparticle distribution;

o] Geochemicgbrocesses, that can yasignificantly from onepoint to another in the sangeound water unit, and can
valy significantly over time; and

o] Chemical anghysicalproperties of the released material.

Further, understandirof the currenphysical conditions of the subsurface is limited as a result of giedoists of
subsurface invegations. While "at surface" and "above surfggleénomena can be readdbserved, all subsurface
investgations are out of ght. Data from soil cores, monitognvells, andgegphysical techrmjues aregeneraly taken from a
small number of observatigoints, and extnaolated to a much lger area, or to future timgeriods. Extrpolation, based
on models and inference, adds uncenaidtie to the lack of uniformyitin the subsurface (even considgrgmall scale
investgations) and to the relatiwelong time periods needed to validate modedjlianal/ses angredictions.

To these factors and sources of uncenjaiome must consider the uncertgiassociated with lapterm unknowns.
Travel time of a conservative (that is, nomideling) species in theground water carypically be measured in tens of meters
peryear. At this rate of ngration, human activities mgrgenerations into the future that one caryapkculate, as well as
long-termgeolagic phenomena, can contribute further to uncernyaint

Conceptual models of a site's subsurface conditions should bgngesio identif these sources of uncertainand to
include each source inwanaysesperformed--if ony in aqualitative sense. Short-term (decades to centurig$ lon
predictions of fate of releases to the subsurface should be matched \gamgmonitorirg of actual site conditions to
reduce uncertaigit and to continuajl validate lom-termpredictions.
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3. Time intgyrals.

Among the more difficult issues to evaluate are those that deal wigHaxerevels of eposure from man-made
sources in the environment, that ispesures that result in individual and collective doses that are a small fraction of those
from naturaly occurrirg sources. In some activities, wigesad, chronic, verlow dose levels nght be delivered over ver
long time intervals (such as sevegaherations) to mampemle over a vey large geographical area.

The dose from radiation sourcegedrds on the dose rate and the duration pbsxre. Possible duration of
exposures to members of thablic to radiation from some DOE activities couldgarirom the duration of a cloyzhssge
to a recetors lifetime. Estimates of the time-igtated air concentration and doses from airborne radioactive material in the
cloud can be evaluated ugiavailable meteoroffical models describmatmopheric digersion in the lower atmpkere for
finite size clouds and for clouds of semi-infinite dimensions. Such calculations can also be used to estimate the intake of
radioactive materialybinhalation durig cloudpassae.

In estimatiry the doses from finite @osure durations, the annual intake of radionucligeisialation or igestion
should be determined andpropriate dose conversion factors used to estimate the annual (committed) dose and summed
over theyears of eposure. The avege lifetime is about 7Qears. However, it is hly unlikely that an individual would
be exosed to one source for more than abouwedrs, becauggele rarey live in one location more than about yars.

Most intake-to-dose conversion factors are based gre&ftime-intgrals (dose commitments) after the intake.
There is little error introducedylihe 50year rather than a #@arperiod since ver few isotges have half-lives sufficiemtl
long that the last 2@ears would make aggiificant difference in the dose received.

Another time-interval that must be considered is the time-interval over whightlie could be egosed. In some
cases, chronic @osuregpresumaby} could occur over mayears-perhgs several hundreds géars anghossibl several
thousands. The duration of thespasures argeneraly associated withpplications involvirg very long-lived radioactive
materials that are assumed to be released to thehbigsat sompoint in time. The scenario usualhvolves the
assumtion of a release mechanism and a fraction of the egistientoy of material into a medium such as the water
suwpply (terrestrial or undground), and chronic gwsure of thgublic. The results of such evaluations uguafisume that a
large number opeaqple will receive relativet low doses for mangenerations. Sugbrojections deserve to be examined
critically to verify their credibiliy. Judyement on the acptability of such doses are usyaliased on the dose to
individuals, rather than the collective dose, but the societadtis related to collective rather than individual dose. The
dose estimate canqéire the summation of annual dose over a lifetime and the tqasere is assumed to continue over
mary generations. Further, thpulation densit and distribution can be pected to differ substantiglconpared to
current distributions. Lifegtes, that determine prsure modes, can also bepegted to chage marked} over such a time-

span.

For purposes of comparing ALARA alternatives for perational gstems, the lifetime of the faciitgeneraly is a
basis for truncatig collective dose estimates, tpanally. However, where cleapurestoration, and waste mageaent
activities are necessarthe time-frame of interest can be muchgiem Where radionuclides have relativehort half-lives,
decy over a few half-lives mabe sufficient to determine the collective dose. Fogédotlived radionuclides, ingeation
times mg be determinedybthe uncertainties in scenarios and due tghysical parameters affectqndose rates. yipically,
it is only appropriate to doquantitative corparisons to a few hundraaars, or les$?  Alth@h evaluatig doses foperiods
of up to 1000years mg provide useful informatiorperiods bgond 1000years should not be usedguantitative ALARA
assessments.

24 Administrator of the Office of Information and Regulatory Affairs of the Office of Management and Budget, 11 Jan 1996,
"Regulatory Planning and Review, -- Economic Analysis of Federal Regulations Under Executive Order 12866."
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Owing to the uncertainties and difficultn quantifying these time-related factors, it is critical that knoweable
persons be rgonsible for makig ALARA judgments. As an exaple, the time and duration of pasures to the affected
individuals orpopulation and the likelihood qarobability of occurrence of the prsure scenarios evaluated in the peed
should be considered angpeopriately balanced when the alternatives areghved. It mg be gpropriate, for instance, to
give more wajht to likely near-term eposures than tplausible but unlikef future eyosures. Irgeneral, it is reasonable to
weight doses that are increagly uncertain lower than those that are not. SinyiJadual collective doses resulgrirom
individual doses that are arificant fraction of the dose limit mpébe considered more partant than collective doses
resultirg from individual doses that are yesmall conpared to the dose limit. This is recommended because the linear non-
threshold dose-risk assption isgeneraly believed to be conservative.

Theproduct of a vey small annual dose, to a ydarge number opele, over a ver large area, and
over a vey long period of time, can result in collective doses thay mrama/ not be gjnificant. A
pergective for such egposures should barovided for lay readers.

4, Discountimg cost.

One of the more controversial time-igtal issues is that associated with discountihcost when the genditure is
present and the health detriment that is egduced is several hundred or thousandeafs in the future. From strigthn
economicgoint of view, it is rational to discount cqatojections based goostulated health effects centuries and eons in the
future. Assumig all conservative assutions inquantifying potential health effects are factual, ifydimite discountiry is
applied, thepresent worth would be a small, even infinitesimal, fraction of the cost of the future detriment. Because of this,
and the extreme uncertainties associated with hegg projections of dose, DOE recommends tpadntitative assessments
of collective dose to gyport ALARA efforts be limited to a few hundraekars. This is one method of \gkiing present
collective dosegreater than those that occur in the future. Conventional discgustiot recommended for ayaks
hundreds of/ears into the future. However, without discougtianayses of detriments over Igmperiods areypically
biased in favor of futurgenerations at the pgnse of th@gresentgeneration, includig current radiation workers.

5. Perpectives.

A pergective should berovided for lay readers. It is useful to cquare estimated collective dose values from
DOE activities with the collective dose to the samaosgdpopulation from natural (bagkound) radiation sources. One
such corparison would be the timegeired for the egosedpopulation to receive a coparable collective dose from natural
baclground radiation. Similayl risks topopulations can be copared to the normal incidence of cancers (fatal and non-fatal
to the sam@opulation durirg the same gposure time). For exapte, about one-third of thgopulation will contract cancer
in their lifetime, and about half of those will be fatal. There are othepaisons that also can agdrective.

Although justifiable from economic considerations, the issue of discau(iike mary other factors) is @
policy consideration, and curreptho discountig is likely to be considered. Howeveergpectives are
always hepful to lay readers.
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6. Other factors and criteria.

In mary casesparticularly where mulgple contaminants in multimedia situations occur, DOE ALAR&uirements
must be pplied alorg with other criteria and gelirements. The ALARArocess is sufficiengl flexible to incoporate such
criteria into theprocess and in marcases, these factors or criteria are alygedlt of theprocess.

For exanple, under CERCLA rgulations (40 CFR 300.430) selection of remedial actions must consider the
following criteria:

Threshold Criteria:

Convpliance with ARARs- Addresses whether a renyedill meet the aplicable and relevant angpropriate
Federal and state standards or whether a waiyestified.

Overallprotection of human health and the Environmefitidresses whether a rerygatovides adgquate
protection of human health and the environment and discusses how risks are eliminated, reduced or controlled
through treatment, egineered controls or institutional controls.

Both of these criterion are addressed in the ALARA process through the consideration of dose constraints and
selection of alternatives that reduce doses (risks) to as low as is reasonable. Although ARARS waiver justification
is a CERCLA-specific requirement, the ALARA process may be useful in assessing the use of specific ARARs and
their impacts with regard to implementable alternatives.

Primary Balancing Criteria:
Short-term effectivenessAddresses thperiod of time needed to achiepmtection and to determineyaadverse

impacts on human health and the environment thgtlmea@osed durig the construction and jplementation
period, until remedial action géctives are achieved.

Long-term effectivenessRefers to epected residual risk and abjlibf a remeg to maintain reliablg@rotection of
human health and the environment over time.

Reduction of toxicif, mability, or volume- Refers to th@erformance of treatment techngies.

Implementabiliy - Refers to the technical and administrative feasihilita remeg including the availabiliy of
materials and services toplement the alternative remgd

Cost- Includes estimated pital and gerational and maintenance costs and themssent value.

All of the primary balancing criteria are key factors in ALARA process assessments. Although the Reduction of
toxicity, mobility, or volume criterion is not addressed in detail, processes or techniques such as these that can
reduce migration and possibly dose should be considered and addressed in the selection of alternatives.

Modifying Criteria:

State acagatance- Indicates whether the state concurs withgposes or has no comment on ghneferred
alternative.

Communiy accetance- Summarizes thpublic's reponse to the alternatives.
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As noted in this guidance, the analysis of the ALARA process factors requires judgement and as a result, input from

interested groups (e.g., states, cumminities, unions and so forth) may be important when considering and

evaluating the ALARA factors. The impacts of such input is discuss in some of the examples in Volume Il of this

guidance for both CERCLA and non-CERCLA related projects.

As noted in italics above all of these criteria are or canydasibddressed gart of the ALARAprocess and the
CERCLA requirements to document their consideration is cjeashsistent with the ALARA documentatiorgtérements.
Although some of the CERCLA criteria maot be easjl quantified throgh a monetar equivalent in the cost-benefit
anaysis, the can all be address with multi-attribute wilénal/sis pproaches. Suchparoaches would weght each of the
criteria and then score the alternatives for each criterion. The sum of these sgdvesused to rank the alternatives.

l. Quantification of Collective Dose

As observed thragghout this section, there is no de minimis for the ALABtAcess. Theoreticgllcollective doses
over all time andpace ma be considered inpglying this decision-makigtool. Howevergiven that thepropose of usig
the ALARA process is to hploptimizing benefit and makgood decisions balanamary factors includig dose reduction,
economics and social factors, collective dose calculations should be constyginactibal considerations. Extendidose
calculations inppropriately to include vey long time periods, vey large areas or vgrlow individual doses could bias the
data and angis and is as likglresult in gpoor decision as good decision. For exaple, integrating doses to infinig could
result in results that are biaseghistprotection of workers bugiven the uncertaigtin the lorg projectsprovide little
additional benefit to the non-workpopulations. Thereforequantitative ALARA anajses should oglbe conducted within
periods or paces where the collective dose data and differences between alternatives argfuhedeimporal and
geagraphical boundaries should be selected with care so as to minimize bias in results and ynioetteden alternatives
anayzed. With this in mind, as noted in thevious discussion:

o] Intggration times foilquantitative corparisons should be limited to tinperiods for which reasonabjeojections
and conparisons can be made. Fgeoational activities it igenerally the exected life of the facilit or operation.
For cleanp and waste maigement it is ypically aperiod p to a few hundregtears but no more than 109@ars.
In special circumstance such as gegeolagic disposal,quantitative anagises bgond 1000years my be useful but
in most situations angdes and data relagro such log periods should be assesspdlitatively notquantitativey.

o] As ageneral rule, collective dosespopulations need oglbe assessed to 50 miles from the site boynd@inere
may be gecial circumstances whereder distances nyabe used (@., a lage population is locatequst bgond the
50 mile (80 km) radius or the gsrsion is sufficiengt limited that lager distances can contribute collective dose
that will be sgnificant to the anakses).

o] Although the Dgartment recommends no dose-based value for trugaatifective doses pecific anayses mg
truncate calculations when it is determined that the continuegtétiten will be of little or no use in the cquarison
of alternative controls. It is ercted that ansuch truncation will be at doses well below 1 mremyeaxgiven
that the median maximum individual dose associated with releases from DOE facilities is below 0.1 nyean.in a

o The ALARAprocess must bepglied and documented for all DOE activities. However, thpaBtenent spports a
graded @proach to theorocess. Aprocess for assesgjithe maximum resourceppopriate for an ALARA
assessment are discussed in Section H.1.a (Resource allocatiogen®sad rulequantitative assessments will not
be reyuired if potential individual doses from all alternatives assessed are less than a 1 myeariarad collective
doses are less than f€rson-rem. Quantitative cqarisons of alternatives should alygebe considered when
individual dose npexceed 10s of mrem inygar and collective doses exceed peson-rem.
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All of the criteria above constitugiidance not rules. Thgoal of ary ALARA analysis is toproduce data that will
be useful in spporting agood decision that faiylassesses the benefits and costs associated with the alternatiges bein
considered. Therefore, care should be taken to treatsasadf the alternativesgjgally and not compare conservative
estimates for one alternative to realistic estimates for another. Symitairled uncertainties in data from different
alternatives should be identified and to the expessible eliminated or at least be clgastated.
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