1/18/73

REGULATORY GUIDE

DIRECTORATE OF REGULATORY STANDARDS

REGULATORY GUIDE 4.1

MEASURING AND REPORTING OF RADIOACTIVITY
IN THE ENVIRONS OF NUCLEAR POWER PLANTS

A. INTRODUCTION

General
Radivactivity Releuses™ ol Appendix A 1o 10 CFR Pant
50, General Design Criteria for Nuclear Power Plants,”
regutires that licensees provide for monitoring the plant
environs for radioactivity thar may be released from
normal operations. including anticipated  operationu
occurrences, and from postulated accidents,

Desipgn Criterion 64, “Monitoring

Subpatagraph a2y of §50.36a of 10 CFR Pan 50
requires that technical specifications for each license
include o requirement that the licensee submit 4 report
to the o« Communission within 60 days after January 1 and
July 1 of cach year which, in addition to specifying the
quantity of exch of the principal radionuclides released

" to unrestricted arcas in liquid and airborne effluents

during the Jast six months of operation,!  provides
sufficient information to estimate annual radiation doses
to the public resufting from effluent releases.

Paragraph {e) of §20.106 ot 10 CFR Part 20 states
that the Commission may limit the quantities of
radioactive materials released in air or water during a
specitied period of time o assure that the daily intake of
radioactive materials from air. water. or food by
suitable sumple of an exposed population group.
averaged over a time period not exceeding one year.
would not exceed specified quantities. Section 20.201 of
10 CFR Part 20 further requires that a licensee conduct
surveys of levels of radiation or concentrations of
radioactive material as necessary 1o show compliance
with AEC regulations.

This guide describes un acceptable  basis for
designing a program to measure and report levels of

' An aceeptable program is presented in Safety Guide 21 (1o
he reissuved as a Regulatory Guide). “Measuring and Reporting of
Efftuents from Nuclear Power Plants.”

radiation and radioactivity in the plant environs, The
provisions and principles in International Comnnssion on
Radiological Protection {(ICRP)  Publication  7°
pertaining to the releases of radivactivity during normal
plant operation should be used as udditional guidance in
developing a program ol this nature.

B. DISCUSSION

Present requirements to Keep levels of radioactive
material in effluents as low as practicable should assure
that radiation doses to the public resuliing from eftfluent
releases will continue to remain minimal. The wpe of
program described in this guide is considered adequate
to provide informaticn needed to determine whether
exposures in the environment are within prescribed or
expected limits and to assure that long-term buildup of
specific radionuclides in the environment will not
become hazardous.

A preoperational program should be conducted in
the environs of cach proposed nuclear power plant site
to: (1) identify probable critical® pathways 1o be
monitored after the plant is in operation: (2) measure
background levels and their variations along the
anticipated critical pathways in the area surrounding the
plant: (3} train personnel: and (4) evaluate procedures.
equipment, and techniques.

Years of experience at various Commission lacilities
have demonstrated that specific radionuclides behavein
known wavs under given environmental conditions.
Therefore. comprehensive and detailed envitonmental
studies may not be needed at sites with well known

TICRP Publication 7. Principles  of  Enviconmenta!
Monitoring Related to the Handling of Rudivactive Materials,
September 13, 1965 theecinafter TCRP Pablication 7).

3For the purpose of this guide. the rerm “eritical™ has the
same mueaning as in JURP Publication 7, Supra note 2.
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boenviromnental  transport processes, Onee adeguate

_studies have been done to assure that the transport

processes  are understood.  analyses  of  indicator
organisms” may adequately detine rudionuclide levels in
the environment. The “indicator organism™ concept of

envirommental  sampling  involves  the  practice  of
examining food  chains  tor selected  organisms  or

materials which provide a sensitive and reliable measure
of the gquantities of each radionuclide eveling through
cach food chain. For example. in the case where the
plint-cow-milk-man tood chain is determined to be a
critical pathway, it may not he necessary 10 extensively
sumple and measure grazing plants and fodder 1o keep
tack of iodine-130 cveling in the food chain, sinee
sampling and measuring the milk produced by duiry
cows in surrounding areas may be adequate.

Atter the plamt is in operation. a program for
measuring radiation levels and radioactivity in the plant
environs must he maintained on o continuing basis to
assist in verifving projected or anticipated radioactivity
concentrations  and  related  public  exposures.  An
environmental monitoring program should be flexible.
and, us results are obtained. the program should be
reviewed to identity any necessary changes. The progrum
should then be appropriately modified. The initial
program should be designed in accordance with the
following criteria; '

Voot should be based on the analysis of ¢ritical
pathways  for  the  types
radionuciides  released from  the plant into the
surrounding environment:

2. A should consider the possibility of buildup of long
halflived rmdionuclides in the eavironment and
identify  physical  and  biological  sites  of
accumutation  that  may contribute 10 human
eXpOsures:

It should be designed to facilitate use of reported
fevels of radiation and radioactivity in estimating
annual radiztion doses o the public resulting from
effluents:

‘s

4. It should  consider the  potential
. - B
important plants and animals:

damage to

‘N

1t shoutd be designed to establish correlations
hetween evels of radiation and radioactivity in the
environment and radioactive releases from plant
operition, (A varicty of techniques. including
measurements at control locations. preoperational
survevs. correlutions  with  effluent  daty, und
comparisons of operating versus shutdown levels of

4 A species, whether animal or plant is “important™ (1) if it
is commercially or recreationatly valuable, (2) i it i rare or
endingered, ar (3) i it offects the well-heing of some important
species within criteria (1) and (2) above or (4) if it Is critical to
the structure and function of the ceological system. A “rare or
endangered™ species is any apeeies officially designated as such
hy the 1.8, Fish and Wildlife Service,

and  quantities  of
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as
radivactivity in the environs may all be usetul for
this purpose.) Information of this nature will he of
considerable  help in  modifying the initial
environmental measurements progrum,

Information obamed from this program will be
used. in conjunction with data on radioactive effluents.
to evalwte measures taken by the ficensee to assure that
plant releases to the envivomment and radiation doses to
the public are maintgined within the numerical dose
limits determined by the Commission 1o be as low us
practicable. Also. licensees” data will be compiled and
campared.  and o comprehensive  sunmnay of
rudioactivity in the environs of nuclear power plants will
be prepared by the Commission.

The Commission’s Regulatory staft has evaluated
the types of information needed to provide supporting
evidence Tor assessing the performance of the plant with
respect o Keeping  population exposures as low s
practicable and to verify predictions of concentrations
ol specific radionuclides in the environment based on
effluent  measurements at the plant. Based on  this
evialuation and on o review and assessment of existing
licensees™ monitoring and reporting programs. the stalr
has developed the regulatory position set forth below,

C. REGULATORY POSITION

The program  for measuring and  reporting of
radioactivity in the enviruns of nuclear power plants
must provide suitable inforration from which levels of
radiation and radioaciivity in the environs of each plam
cun be estimated. This information also may provide
supporting evidence in evaluating the performance of
systems and equipment installed 10 control releases of
radioactive material 1o the environment.

The basic principles set forth in this guide constituie
an geceptable  basis  for use in establishing un
environmental monitoring  program. These same
principles will also be used as bases in developing the
licensee's corresponding technical specifications.

1. Preoperational Progrum

Potential critical pathways should he identified
prior to plant operation. Tie provisions in ICRP
Publication 7 related to  operational  releases  of
radicactivity to the environment shouwld be used as a
guide in determining critical radionuclides and pathways.
Other puthways not directly related to humans should
also be identified (see regulatory position 2. below).
Wherever possible. suitable indicator organisms or media
should be identified in each pathway.

2. Opc'rationnl Program
a. Sample Media

Where practical. a suituble indicator organism
or medium in cach critical pathway should be sumpled




s
and anatyzed for the critical adionuclidets) released
from the plant. An abundant, readily available form with
cnown habits should he selected.

Carelul attention should be given o avaid
induding serious stress on an important species ol
organism by a sampling program. Heavy sampling
pressure added o natural predation and other
envirommental  stiesses  could  result in temporary
obliteration of desirable populations. In such  cuses.
other indigenous but abundant species such as rodents,
rabbits or scrap lish, may be subsiituted as indicator
Corganisms that will provide  an o estimate of  the
radionuclides availuble to man through nuural Tood
chains. In sonie instimees, properly selected and sampled
vegetation nay also provide a good mcasure of the
radionuctides in a critical puthway.

Where use of o single indicator medium s
tmpractical. sumples of several media from euach pathway
should be collected and analyzed. The Commission
recognizes that some pathways do not have more than
one envirommental mediovm. e, externyl radistion
exposures from clouds of gamma-ray-emitting  radio-
nuclides invol.2 only one pathway - the stmosphere.
The actual number of media 1o he sumpled in ecach
pathway will be determined on a case-by-case busis for
cach site. In some coses tield measurements may be
preferable to collecting sumples for luboratory analysis.

The program should include sampling of
envitonmental medin to estimate average radionuctide
concentrations in important biots (see B.4. above).
Radintion exposures {external) and internal doses from
short  half-lived  nuclides  may  be  estimated by
caleulations  (using  effluent  measurements  and
appropriste dispersion and concentration Lactors) rather
than by routine collection of samples of” environmental
media. In some cases ficld measurements ul certain
locations 1o establish  concentrations  of  specific
radionuclides may he necessary. initially. to confirm
predictions.

b.  Sampling Frequency

When a critical radionuclide has a short half-Jife
{minutes to days). it may be pecessary to evaluate
radigtion exposure by making measurements in the field
(e.g.. by use of thermoluminescent dosimeters or
portable multichannel gamma spectrometers).

When o eritical  radionuclide  with  an
intermedizte  hatf-life (weeks to months) is released
continuously or frequently, sampling and analysis of
environmental media in the critical pathway should
generally be carried out at intervals no greater than two
or three hali-lives of the vuclide. For Jong half-life
dionuclides (years). measurements should be made al
ast once per year, Where seasonal cffects may be
important, sampling should be on a quarterly or at least
semiannual basis.

o some cases. sumpling on a continuous basis
may be necessary (e.g.. air sampling and continnous
meusurement ot cumulative  exterpal  radintion
expostre). Compusites of some selected sumple types,
such s air Nlters. may be appropriate for measurement
ol long-ived radionuctides,

When  ceritical puthways become  firmly
identified and correlations are developed  between
concentrjons of radionuclides in environmental media
and plant releases, or fevels have been found too low 1o
detect.ivis probuble that sumpling frequencies o certiin
media may be appropristely incremsed or decreased.
Such changes should only be made on individual power
plants after considerable  opertional experience  has
acerued.

c. Program Scope’

During the initial three years of commercial
power operation (or other period corresponding to
maximum fuel burnup in the initial core cycle). the
measurement  program  should be relatively  compre-
nensive inan attempt to verify any projected corre-
lations  between radiouctive  effluents and  levels in
environmental media. The extent of measurement of
environmental medis should be {lexible and should
depend on the type. quantity. and conceentration of
radionuclides from the plant as well as the results
obtained from previous measurements.

I, after this period, the licensee is able 10
demonstrate from levels in environmentad media or
calculations (using measured effluents and appropriate
dispersion and bioaccumulation factors) that the doses
from a particular pathway are sufficiently small. the
number of media sampled in the pathway and the
frequency of sampling may be reduced. An adequate
program with emphasis on indicator organisms and
selected media should still be continued in order to
confirm that the levels of radiouctivity in environmental
media remain small.

d.  Analvses

Samiples should be analvzed for the eriticul
radionuclide(s) released from the plant. Gross heta and
gamma analyses of samples such as air and fresh water
may he uselul w indicate that the concentration of a
critical radionuclide is not greater than the detection
capability for that nuclide.

3. Detection Capabilities

The detection capabilitics associated with measuring
and analvzing radioactivity levels should be established
primarily on the basis of potential humai dose. The least
detectable dose  will vary  from  faciliy 1o faciliy
depending on the critical puthways idemtitied wnd 1he
state-of-the-art  of sampling and  analysis in  these
pathways. Because of the need for a preoperational
monitoring  program,  detection  capabilities fuor
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partculir program should be determined during an early
stage ot licensing. The swll recoenizes that ditect
measurements of environmental media cannot always
detect tevels conesponding 1o Commission  desian
< njectives. Nevertheless, every reasonable effort should
be made to achieve detection capabilities which wit
detect radiation levels or radivactivity concentrations in
critical pathways that could result in radiation doses
corresponding to a few percent of the Federal Radiation
Council’s radiation protection guides te.g.. s tew percent
af 170 mremdyear® for whole bady dose 1o 4 suitable
~aimple of the exposed population),

4. Reporting of Resulls

Data should be reporied to the Commission in the
report submitted within 00 Jays after January | und
July b oof each year.® (n the event that an unexpected
merease m radioactivity or radiation levels is measured in
a parsicular critical pathway. the Conunission should be
notfied promptly. Appropriate levels und reporting
integvals will be determined on an individual plant basis
and included in the technical specifications for euch
license. '

The Commission wtilizes the data from these reports
toy provide assurance that man and his environment are
nat being subjected to unacceptable radiation exposures,
Consequently. all assumptions. parameters and methods
used to measure and report radiodctivity copeentrations
and radiation levels should be specified in the licensee's
initial report and updated in subsequent reports as

$fedetat Radiation Councit Report No.o 1, Hackground
Matenal for the Development of Radiation Pratection Standards,
May 13, 1960,

®Quhparagraph (al2) of $50.36n of 10 CFR Purt 50
requres the submission af a report swithin 00 duys after Junuary
1 and Suly 1 of cach year specifying the yuantity of each of the
prindipal radinnuclides released (o unrestricted arvas in liguid
amd in gaseous effluents. The data taken in support of the
licensee’s envitonmental monitoring program should also bhe
ubmitted semiannualty. If additional time is peeded. the repnrt
shawld so indicate and the data should be carried over into the
oext semignnual report. 0 would greatly facilitate comparisons
and correlations of daty if the environmental and effluent
momitoring data were combined into single reports,

404
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appropriate, The licensee should demonstiate thar ll
asstptions, parameters and methads used are adequate
and complete to altow (where data permit) o comparison
with  predicted  coneentrations and  doses  based on
effluents from cich nuclear power plant under license.
{Sve Safety Guide 21),

To permit comparison of significant environmental
monitoring data with predicted concentrations and doses
(based on requirements of 10 CFR Part 50). the report
should include the  following dtems for  cach
environmental medii:o:

a,  Sample Type

1. Biological (to the extent practicable, list
species,  life  stage. age. weight or size. biological
condition, tissue o marerizl sumpled. swmple weight.
ete.). _

2. Non-Biological (identify wvpe - soil. air,
ete.: list actual aren. depth and weight or volume
sampled as appropriate. whether prab ur continuous
sample, number of samples, ete.).

b, Sumple Location (also sapply map showing
locations)

¢.  Collection Period (continuous sumples) or Date
of Collection

d. Critical Pathway

¢.  Rudionuclide

. Concentration (uCi/m! or g. specifying wet or
standard dry  weight) and/or Deposition (uCifm* or
other appropriste units of measure), (List conversion
factors relating sample activity and volume - depth X
cross section - to gotal area deposition: average und
maximum values for ecach medium, ete.)

g.  Buckground Vatue

h.  Analytical Method”

i. Comparison of Observed Concentrations,
Depositions and Estimated Doses with Predicted Values
(based on ¢ffluent measurements)

j. Remarks (be sure to explain any unusual
measurements or deviations).

T Estimates of the error associated with the measurement of
each environmental medivim should be reported.




