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ABSTRACT

The U.S. Nuclear Regulatory Commission prepared a Branch Technical Position
(BTP) paper on environmental monitoring of a low-level radioactive waste-disposal
facility, The BTP provides guidance on what is required in Section 61.53 of 10
CFR Part 61 for thosesubmittinga license application,Guidance is alsoprovided
on choosingconstituentsto measure,settingaction .wels,relatingmeasurements
to appropriateactions in a corrective action plan, and quality assurance. The
environmental monitoring program generally consists of three phases:
preoperattonal,operational,and postoperatlonal,Each phase shouldbe designed
to fulfill spec ric objectivesdefined in the BTP, During the preoperatlonalphase,
program objectivesare to provide site characterizationinformation,demonstrate
site suitability and acceptability,and obtainbackground or baseline information,
Emphasisduringthe operationalphase is on measurement shifts.Monitoringdata
are obtained to demonstrate compliance with regulations, with dose limits of 10
CFR Part 61, or withapplicableU,S, EnvironmentalProtectionAgency standards,
Data are alsoused to update importantpathwayparametersto improvepredictions
of site performanceand to providea record o_performance for publicinformation.
The postoperatlonalphaseemphasizesmeasurementstodemonstratecompliance
with site closure requirements and continued compliance withthe performance
objective for release. Data are used to support evaluation of long-term impacts
to the generalpublicand for publ!cinformation.

INTRODUCTION

The Atomic Energy Act of 1954 and the Energy Reorganization Act
of 1974 assign the responsibility for licensing and regulating commercial
nuclear facilities to the U.S. Nuclear Regulatory Commission (NRC).
Licensing requirements for near-surface disposal of low-level
radioactive wastes (LLW) are given in Part 61 of Title 10 of the Code

of Federal Regulations (NRC, 1989). The basic NRC reqfiirement for

near-surface LLW disposal-site monitoring is given in 10 CFR 61.53
(NRC, 1989). The regulation calls for environmental monitoring during
preoperational, operational, and postoperational stages of a facility.
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The NRC is preparing a Branch Technical Position (BTP) paper to
provide general guidance to applicants, their consultants, and
regulatory authorities on designing a monitoring program for LLW
disposal facilities. The BTP is not a handbook of detailed or mandatory
procedures. The primary objective of environmental monitoring is to
provide assurance that the performance objectives in 10 CFR Part
61 (NRC, 1989) are met. Because each site has unique topography,
meteorology, demography, and geohydrogeology, a detailed environ-
mental monitoring program' for an LLW disposal facility must be
tailored to the site-specific operating and environmental conditions.

In designing an environmental monitoring program, there is no
substitute for good professional judgment, combined with a thorough
knowledge of the local environment (ICRP, 1984). This paper
summarizes the BTP and provides insight into the opinions and
expectations of NRC for acceptance review of the applicant's
environmental monitoring program. For more detailed design
information and guidance on implementing an environmental
monitoring program, NRC has provided references (DOE, 1988, 1989;
NRC, 1982, 1989) in the BTP.

ENVIRONMENTAL MONITORING PROGRAM OBJECTIVES

Regulatory Requlrements

Requirements pertaining to an environmental monitoring program are
described in 10 CFR Section 61.53 (NRC, 1989), "Environmental
Monitoring":

(a) At the time a license application is submitted, the applicant
shall have conducted a preoperational monitoring program to
provide basic environmental data on disposal site character-
istics. The applicant shall obtain information about the ecology,
meteorology, climate, hydrology, geology, geochemistry, and
seismology of the dispoal site. For those characteristics subject
to seasonal variationl data must cover at least a twelve month
period.

(b) The licensee must plan to take Corrective measures if migration
of radionuclides would indicate that the performance objectives
of Subpart C may not be met.

(c) During land disposal facility site construction and operation,
the licensee shall maintain a monitoring program.
Measurements and observations must be recorded to provide
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datt_ to evaluate the potential health and environmental impacts
duritng construction and operation of the facility and to enable
eval,uation of long,.term effects and the need for mitigative
me_sures. The monitoring system must provide early warning
of r _dionuclide releases from the disposal site, before they leave
the site boundary.

(d) Aftq_r the dispoal site is closed, the licensee responsible for
postoperational sur_reillance site shall maintain a monitoring
syst;em based on operating history and the closure and
sta)ilization of the idisposal site. The monitoring system must

prcvide early warning of radionuclide releases from the disposal

site before they leave the site boundary.
--i

OBJECTI_'ES OF ENVIRONIMENTAL MONITORING PROGRAM

_bjectives of the three phases of environmental monitoringPrincipal

for an LLnl disposal facility are:

PreoperatJ onal i
[

1. Provic e site characteriZation information.

2. Demo_mtrate site suita_.ility and acceptability.
3. Obtaiz background or I_aseline data.

I

Operation!al
r

1. Demol_strate compliance with applicable environmental radiation
standards.

2. Obtai/l data on critical pathway parameters to more accurately
evaluiLte radiation dose to the public.

3. Provide records for public information.

Postopera.tional

1. Demo!nstrate compliance with site-closure requirements.
2. Provide data to support long-term impact evaluation, e.g., on

ground water. i

3. Provide records for site closure and public information.
i

GENERAl. GUIDANCE ON _REOPERATIONAL ENVIRONMENTAL
MONITOFUNG

f

The primary purpose of preoperational monitoring is to characterize
the site _nvironment, i.e., i_ollect new or existing monitoring data to
evaluate the geological, hydrogeologicai, climatological, ecological,
radiological, and nonradioactive environments of the site and
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surrounding area. Characterization is needed to demonstrate the site's

acceptability and suitability for LLW disposal, compared with that of
alternative sites, in the applicant's site-selection process. In the
preoperational phase, environmental media are sampled and analyzed
to provide background or baseline data. Some environmental sampling

data can be used for long-term impact assessment. For some
characteristics, generally those subject to seasonal changes, the
program must continue for at least 1 yr and should extend through
NRC's license review period of 12 to 15 mo. Typical environmental
measurements are summarized in Table 11

Table 1. Site characteristics and typical environmental monitoring measurements,

SiteCharacteristics TypicalMeasurements

Meteorology/Climatology Windspeedanddirection;stability;l:',rectpitatlon;temper-

ature;evaporation
Ground-waterhydrology Rateanddirectionof ground-watermovement;water-table

elevation;movementof infiltrate;identificationof aquifers
and ground-water systems; hydraulic cond_,!ctivity;
backgroundcontaminantlevels

Surface-waterhydrology Runoff, infiltration rates; erosion rates; surface-water
dischargerates;surface-waterquality

Geology/Seismology Stratigraphy,tectonics, seismicity; surface and trench
mapping;geophysicalboreholelogging

Geochemistry/Hydrochemistry Waterquality,ion-exchangecapacity,Eh-pH,distribution
coefficient

Ecology Plant and animal inventory(domestic,commercial,and
natural)

Demography Populationdistributionby distanceandsectors

Landuse Inventoryof agricultural,recreational,commercial, and
otheruses

Backgroundradiation Direct radiation;soil, air, and waterconcentrationlevels.
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GENEP_.L GUIDANCE ON OPERATIONAL ENVIRONMENTAL i

MONITORING

Thz principal purposes of the operational environmental program are

to monitor site performance and demonstrate compliance with
applicable standards. The following discussion will emphasize

radiological aspects of operation. Nonradiological aspects are discussed
only _, the extent that they affect transport of radionuclides and serve
as early warning indicators of waste migration into ground water.

Considerations in Design of Operational Environmental-
Monitoring Program

Pathway Analysis. Knowledge of waste migration pathways is
important when designing an operational monitoring program.

Pathway analysis, consisting of (1) pathway identification, (2) pathway
modeling, and (3) dose calculation, can identify the critical pathways
for human exposure. The operational program monitors critical
pathways by selecting appropriate environmental sampling media and
locations to ensure that human exposures can be measured or

e calculated as accurately as possible. Critical pathways depend on wastestream characteristics, facility opera_ion and design, and site
environmental factors. The detail, or level, of monitoring for a particular

pathway depends on the need to demonstrate compliance with
applicable standards.

Critical Nuclides and Groups. "Critical" nuclides and groups refer to
radionuclides most subject to release and the human population groups
potentially subject to greatest exposure. To identify critical
radionuclides, characteristics of the wastes to be buried at the facility
must be known.

Measurement of Parameters in the Environment

Physical Parameters. Data collected to characterize fundamental
variables of the site, such as the geology, ecology, hydrology, etc., may
pot be collected during the operational phase. However, time-variant

variables, such as wind speed and direction, precipitation and
evaporation data, important in dose assessment, should be collected
at intervals and evaluated periodically.

Radiological Measurements. Radiological measurements include those
for direct radiation, and contaminants in air, ground and surface
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waters, soft, sediment, flora, and fauna. Sample locations, sampling
frequency, and radionuclide _measurements are site-specific and are

determined on a case-by-case basis. Generally, samples should be
collected to determine background levels, areas of maximum impact,
where people can be exposed, and where measurements can be useful
in interpreting results of the overall monitoring program. Sampling
depends on the critical pathway determination, which is site-specific,
and on compliance requirements. Determination of radionuclides to

be measured depends on waste characterization, pathway consider-
ations, and compliance requirements.

Action Levels

The applicant should set action levels on key environmental media
to provide early warning and ensure that mitigating measures are taken
in a timely manner and in compliance with 10 CFR 61.53(b) (NRC,

1989). The following action levels should be considered: (1) Triggering
Level: the concentration of radioactkdty or chemical indicators above
which an investigation is required. (2) Reporting Level: the
concentration of radioactivity or chemicals that exceeds or is about

to exceed regulatory, standards. A report should be sent to NRC, or
the appropriate state agency, describing the investigation, findings,
and mitigating measures taken to correct the problem.

GENERAL GUIDANCE ON POSTOPERATIONAL ENVIRONMENTAL
MONITORING

After closure of an LLW disposal site, buildings and land should have
been decommissioned, and residual contamination should have been

reduced to acceptable levels. Disposal units should be capped to limit
infiltration, protect intruders, and prevent biological intrusion. The .

site is then placed under institutional control. Postoperational
monitoring ensures that the site continues to meet closure
requirements.

Physical surveillance should be conducted periodically after site closure
and any required repairs should be made to maintain site integrity
(e.g., repairing and maintaining the perimeter fence, backfilling

subsidence of trenches, and repairing damage caused by erosion).

After site closure, the primary path for radionuclide release to the
environment is through ground water. The operational ground-water
monitoring program should be continued during the inititial period

O
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after site closure and can be gradually reduced if no potential problem
is identified. Analysis of chemical indicators and radioactivity should
continue. If subsurface water reaches the ground surface and
eventually enters streams, rivers, or lakes, these should be monitored.
Vegetation (particularly deep-rooted plants) should be sampled
periodically to evaluate potential uptake of radionuclides. Burrowing
animals or animal feces should be sampled and analyzed to evaluate
whether the biological barrier remains effective.

QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)

The applicant's environmental monitoring program should include a
QA/QC program to identify deficiencies in environmental sampling _ ad
measurement. Corrective action can then be taken, and regulatory
agencies and the public can be assured that results of the monitoring
program are valid. The applicant should refer to NRC's Regulatory
Guide 4.15 (NRC, 1979) and NUREG-0945 (NRC, 1989) for the design
of a QA/QC program.
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