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ABSTRACT

All waste disposal sites are required to monitor the en-
vironment. The proposed NRC licensing rule, 10 CFR Part 61,
requires that such monitoring be conducted before, during,
and after a site is operated.

An adequate monitoring program consists of measuring
concentrations of radionuclides, chemically-toxic substances,
and leachate indicators in environmental media and of evalu-
ating specific physical properties of the site. In addition,
the composition of the buried waste must be known. Methods
for obtaining this information are discussed and monitoring
programs are presented for the preoperational, operational,
and postclosure phases of a disposal site. Environmental
monitoring is considered in a broad context, since it includes
monitoring burial trenches onsite, as well as surveillance in
the offsite environment.

- ^ i i i J I - i ? 5 ^ Postclosure monitoring programs will be strongly influ-
" l&fiftjlc'Ii enced by the operational monitoring results. In some respects,

this phase will be easier since the migration pathways should
be well known and the number of radionuclides of concern re-
duced by radioactive decay. The results of the environmental
monitoring program will be vital to successful site operation.
These results should be used to determine if operational
changes are needed and to predict future environmental impacts.

INTRODUCTION

10 CFR Part 61 Requirements

Environmental monitoring is required of all low-level waste disposal
sites. The proposed licensing rule (1) specifies this in the following
statement:

"§61.53 Environmental monitoring.

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

(b) The licensee must have plans for taking corrective
measures if migration of radionuclides would indicate that
the performance objectives of Subpart C [weaJd] maj£ not be
met.

(c) During the land disposal facility site construc-
tion and operation, the licensee shall maintain a monitoring
program. Measurements and observations must be made and
recorded to provide data to evaluate the potential health
and environmental impacts during both the construction and
the operation of the facility and to enable the evaluation
of long-term effects and the need for mitigative measures.
The monitoring system must be capable of providing early
warning of releases of radionuclides from the disposal site
before they leave the site boundary.

(d) After the disposal site is closed, the licensee
responsible for post-operational surveillance of the dis-
posal site shall maintain a monitoring system based on the
operating history and the closure and stabilization of the
disposal site. The monitoring system must be capable of
providing early warning of [m*gipat4eB] releases of radio-
nuclides from the disposal sits before they leave the site
boundary."*

The performance objectives referred to in part (b), as they relate to
monitoring, are summarized below:

. Concentrations of radioactive material...released to the
general environment in ground water, surface water, air,
soil, plants, or animals must not result in an annual
dose exceeding...25 millirems to the whole body, 75 milli-
rems to the thyroid, and 25 millirems to any other organ
of any member of the public.

Reasonable effort should be made to maintain releases of
radioactivity...as low as is reasonably achievable.

The requirement that the site not cause the radionuclide concentrations
in the nearest public drinking water supply to exceed the EPA drinking

This paragraph is from the version issued Kay 19, 1982. Bracketed words
indicate deletions, and underlined words indicate additions, to the rule
as published in the Federal Register. (1)



water standards has been deleted in the revised rule. This eliminates
a potential conflict between the dose limits given above and those on
which the EPA concentration standards are based, although no site would
wish to be responsible for exceeding the EPA drinking water standards.

The proposed rule provides the minimum requirements for environ-
mental monitoring, and implies which environmental materials should be
examined. Although only radioactive materials are mentioned, monitoring
for non-radioactive materials should also be conducted. In addition,
the proposed rule requires that any radionuclide releases, the results
of the environmental monitoring program, and changes in site character-
istics be reported annually.

In these statements, the NRC recognizes that an adequate environ-
mental program is vital for successful low-level waste disposal opera-
tions. The monitoring system must be able to determine if the site
meets performance standards and must provide sufficient early warning
of potential pollution problems so corrective actions can be taken.
Plans for possible corrective action should be made in advance, and
should include contigencies for problems caused by accident situations,
severe weather, and severe geological disturbances.

Scope of Environmental Monitoring

Environmental monitoring is defined in broad terms in this paper,
and is considered to include burial trench and other onsite measurements
as well as offsite monitoring, and to include both radiological and non-
radiological measurements. Thus, measurements of such parameters as
meteorological conditions, soil moisture, erosion, ground-water flow;
and activities such as geophysical borehole logging are considered part
of the environmental monitoring program. The Draft Environmental Impact
Statement (2) accompanying 10 CFR Part 61 also includes trench and on-
site monitoring, but only for radioactive materials.

Objectives of Environmental Monitoring

Before a monitoring program can be designed, its objectives must be
established. Some of these were indicated above. A more complete list
for a waste disposal site is:

1) To verify that there is no unacceptable migration of pol-
lutants (radioactive or chemical) through pathways that
could lead to mam, if that is the situation.

2) To provide the data needed to assess the impact of site
operations on the environment anH. the public.

3) To satisfy the monitoring requirements in applicable regu-
lations and to determine if the site is in compliance with
regulations, standards, and performance objectives.



4) To detect any unacceptable migration early enough that
corrective actions can be taken to prevent or minimize
any significant adverse impacts.

5) To obtain data for long-term predictions of waste be-
havior, which will become important following site
closure.

6) To obtain data on site and po1lutant behavior for use
in the design of future waste disposal sites and moni-
toring programs.

To meet these objectives, the monitoring program should include these
basic components:

1) Measurement of concentrations in the environment of those
radioactive materials, chemically-toxic substances, and
leachate indicators that are expected to be in the buried
waste.

2) Measurement of direct penetrating radiation from the
buried waste.

3) Measurements of specific physical site and area para-
meters.

4) Collection of specific information on the area.

5) Interpretation of results of the monitoring program in
terms of potential health and environmental impact, com-
parison with standards and performance objectives, and
comparison with predicted site and trench performance.

These activities can be divided into three groups, depending on their
purpose:

1) those designed to measure the impact of the site on the
public,

2) those designed to monitor site performance, and

3) those measurements and data collection activities de-
signed to support the first two.

In some cases the activities overlap and may serve more than one purpose.
In general, the first group of measurements should be made as close to
man as possible, the second as close to the site and trenches as possible.

In the third group are the observations and measurements that pro-
vide information needed for deciding on sampling locations and frequen-
cies for the first two purposes, or are themselves indicators of site and
trench performance. Such observations include meteorological conditions;



surface and ground-water flow; depth of the water table; geological
changes, such as erosion and seismic activity; trench subsidence; on-
site water ponding; evidence of animal or plant intrusion into trenches;
population distribution in the area; use of nearby water, land, and
natural resources; and information on the chemical, physical, and radio-
nuclide composition of the waste to be buried. Many of the physical
characteristics and area information will have been obtained during the
site selection and characterization process.

Discussions of radiological environmental monitoring of nuclear
facilities that will be useful for planning purposes may be found in
references (2,3,4,5,6). Although some of these publications deal with
nuclear power plant operations, the information will find some applica-
bility in disposal site monitoring.

PROGRAM DESIGN

Pathway Analysis

Environmental media that require sampling and monitoring are tho.c.e
that can serve as vehicles for the transport of contaminants. A useful
starting point in program design is a pathway analysis that describes
the routes of waste transport from burial site to man - a c^-an approach
to environmental studies of radionuclide movement from a nuclear facility,,
but equally valid for non-radiological materials.

Pathway analysis is a modeling exercise and is done by first con-
structing a diagram to illustrate the compartments and pathways graphic-
ally, and then analyzing the compartmental transfer kinetics for a
substance by a system of differental equations (7,8). The major uncer-
tainty in this process is that the compartmental transfer coefficients
are highly site and substance specific, are not well known, and are dif-
ficult to obtain. However, even a qualitative analysis is very useful,
but it must be noted that the analysis is only a model of a real system.
It is important to recognize the many and varied pathways that can lead
to significant release and result in expsoure to man. Rather than con-
struct a new pathway diagram for this paper, the one given in reference
(2) is reproduced in Fig. 1, with a few pathways added, and is particu-
larly applicable to low-level waste sites. The materials to be sampled,
and the information that is needed to determine where, when, and how
cften to sample can be seen from the diagram and will be discussed below.

Waste Characteristics

The starting point in the pathway diagram is the "waste-soil mix"
compartment, i.e., a trench filled with waste and backfilled. The waste
composition is of particular importance, since it is the source term for
the monitoring program and determines to a large degree the environmental
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measurements to be made and the important pathways for pollutant trans-
port. In practice, the identity of the radionuclides is limited by the
definition of low-level waste (although the traditional definition is not
used in 10 CFR Part 61), the radionuclides accepted for burial, and their
half-lives. The variety of chemical compounds is probably greater than
the number of radionuclides. The pathways by which buried waste reaches
man are qualitatively the same whether the hazard of the migrating
material is due to its radioactivity or chemical toxicity. Because of
the variety of chemical and physical forms in which many radionuclides
can exist, it is possible that the same radionuclide can migrate at
different rates from the same trench. Also, the source term in a trench
varies with time.

Quantitative information on waste composition is difficult to obtain
and verify. Information supplied by the waste generator and the historic
record (9,10,11,12) of the composition of wastes received by disposal
sites may be used as a starting point. It is likely that future regula-
tions will require, and future practices will include9 more verification
of waste composition by the site operator than previously has been the
case.

Site and Area Characteristics

Information on a variety of properties and characteristics of the
disposal site will be needed to design an adequate monitoring program
and to evaluate the results of that program. Such characteristics and
their uses are summarized in Table 1. As mentioned earlier, most of
this information will be obtained during the preoperational phase of a
disposal site and when the site and surrounding area are being evaluated
for suitability for low-level waste disposal. These aspects were des-
cribed in some detail in the first two Symposia in this series (13,14)
and will be discussed only briefly in this paper. However, such measure-
ments and information must be updated periodically during the operational
phase and any changes factored into the ongoing monitoring program as
appropriate.

Monitoring Systems

With the use of the information described above, a rationale for
determining sampling and measurement locations and frequencies can be
developed for operational phase monitoring. The environmental media to
be considered below are air, surface water, soil moisture in the unsatur-
ated zone, water in trenches, ground water, surface soil, direct radia-
tion, and plants and animals.

The primary means of dispersal of buried waste are through air and
water, so the monitoring program usually concentrates on these materials.
The NRC Low-Level Waste Licensing Branch considers the subsurface water
pathway the most significant one for potential migration (23), in terras
of soil moisture and vapor at arid sites and ground water at humid sites.



Table 1. Site and Area Characteristics

Property/
Characteristic

Typical
Measurements Purpose References

Meteorology/
Climatology

Geology/
Geomeclianics

Hydrology

Subsurface

Surface

Demography

Ecology

Land Use

Wind speed and direction, disper-
sion parameters, solar radiation,
precipitation, temperature

Stratigraphy, seismicity, surface
mapping, erosion, geophysical bore-
hole logging, l i thology, geochemi-
stry, mineralogy

Inventory of aquifers and users,
directions and velocity of water
flow, movement of soil moisture and
vapor, analysis of ground-water
systems: hydraulic conductivity

Directions of flow, in f i l t ra t ion
rates, drainage patterns, inventory
of water users, runoff

Population distribution by distance
and sector

Inventory of plant and animals,
(domestic, commercial, and natural)

Inventory of agr icul tural , recrea-
tional , commercial, and other uses

Air-sampling locations, water 13,14,15,
budget, airborne pathway 16,17
analysis, severe weather, evapo-
transpiration, i n f i l t ra t ion

Surface and ground-water pathway 13,14,18
analysis, subsurface monitoring
locations

Ground-water pathway analysis; 14,17,19,
location and frequency of sub- 20,21
surface monitoring wells;
public water supply monitoring

Pathway analysis, sampling 14,17,21
locations, base flow sampling,
potential flooding and erosion

Dosimetry calculations, sampling 22
locations

Pathway analysis, sampling
locations

Pathway analysis, sampling 14
locations



However, conditions under which surface water infiltration or airborne
contamination are the primary pathways for dispersal either have occurred
or can be surmised.

For air and water, in which the direction and velocity of migrating
waste can be estimated, the rationale is based on three simple concepts:
1) if the direction of a pollutant can be measured or predicted to be
from A toward B, a sampling station should be placed along a line between
A and B; 2) the position of a sampling station depends on the desired
time for pollution detection and the speed of migration; and 3) the time
between samplings should be equal to or less than the travel time from A
to the monitoring station.

A different rationale is used for other cases, and statistical cri-
teria for determining the number, as contrasted with the frequency, of
samplings and measurements are also needed. In addition to monitoring
locations based on migration directions, monitoring and sampling must
also be conducted for comparison purposes at locations where the presence
of migrating waste from the site is highly unlikely, for example, off-
site, upwind, upstream, or upgradient.

Air. From measurements of joint frequency distributions of wind
speed and direction as a function of atmospheric stability, samplers can
be placed where the average probability of detection is known. The total
probability of detection is a function of the number of samplers and the
detection sensitivity. Samples are best placed in the buffer zone be-
tween the buried waste and site boundary for this purpose, but to detect
releases before they leave the site boundary, an on-line device needs to
be operated continuously downwind from an open trench. Such early de-
tection is not possible in the general case (i.e., for all contaminants),
although for particulate gamma-ray emitters this can be accomplished.
Sampling and measurement should also be made for hydrogen-3 (tritium),
carbon-14, and radioiodine in gaseous and vapor forms and for some noble
gases. Tritiated water vapor may reach the air by evapotranspiration,
and biological activity in the trench may result in the release of several
gaseous compounds containing hydrogen-3 and carbon-14.

Surface Water. Surface streams and lakes may receive waste from
runoff of surface water that has been in contact with a trench and from
discharge of contaminated ground water. Visual observation and topo-
graphic maps will indicate the drainage pattern and the appropriate
downgradient locations for sampling. To distinguish between pollutants
carried by surface water runoff and by ground-water discharge, it is
necessary to sample streams during dry seasons when the base flow is not
being diluted by direct precipitation and runoff.

Moisture in the Unsatuirated Zone. If the unsaturated or vadose zone
is large, perhaps 15 meters or greater, it is useful to measure changes
in soil moisture content beneath or between trenches by field techniques



such as neutron scattering or electrical measurements and to sample soil
moisture for analyses with pressure-vacuum lysimeters. Flow rate and
solute transport in the unsaturated zone should be estimated by a com-
bination of field measurements and mathematical modeling, preferably by
digital methods (8,14,21), although unsaturated zone modeling is not as
reliable here as in the saturated zone. However, this type of analysis
will indicate when sampling for the most mobile waste forms (tritiated
water, some anions) and retarded species should be done.

Trench Monitoring. Water monitoring inside a burial trench is a
special case of unsaturated zone monitoring, and the same principles
apply. From measurements of percolation, moisture content of the soil,
permeability, and other hydraulic parameters, travel time through a
trench can be estimated. One or more sumps should be installed in each
trench, and sump water samples collected and analyzed when available.
From the concentration of a pollutant in sump water, the rate at which
it leaves the trench can be estimated (8,14). This rate can be used as
the source term, but it must be recognized that the accuracy of this
value is questionable and unknown.

Water in the Saturated Zone. The ground-water system beneath and
in the vicinity of a disposal site must be evaluated by the methods
described for the unsaturated zone - measurements and digital modeling.
From the results of this analysis, monitoring lines from a trench or
group of trenches in the directions of flow can be established and
monitoring wells placed along them at an appropriate distance to detect
migration before releases reach the site boundary (8).

Surface Soil. Surface soil collected on and near the site, with
locations concentrated in downwind directions, is needed to detect any
pollutants deposited from airborne contamination, accidental spillage,
evaporation of waterborne contamination, and resuspension and subsequent
deposition.

Plants and Animals. Two types of vegetation should be sampled: 1)
plants growing on completed trenches since they may intrude into the
buried waste, and 2) plants used as food for man and grazing animals in
areas that could potentially become contaminated.

Sampling of two types of animals should be conducted if they are
present: 1) animals that can burrow into a trench, and 2) terrestial
animals that graze on land or consume water that can become contaminated
by waste, and aquatic animals that live in rivers and lakes that can be-
come contaminated.

Direct Penetrating Radiation. Direct radiation from buried waste
should be measured near trenches, at the site perimeter, and at offsite



locations for a complete evaluation of this source of radiation exposure.
Since the radiation is emitted isotropically, the exact monitoring loca-
tions (at the same distance from the source) do not significantly affect
results, except where obstructions and sky shine are factors. The number
of locations is somewhat arbitrary, but should be sufficient to give
statistical reliability (8). Gamma-ray spectrometers with sodium iodide
or hyperpure germanium detectors and high-pressure or tissue equivalent
ionization chambers may be used, although passive thermoluminescent dosi-
meters are preferable for routine measurements.

STATISTICAL CONSIDERATIONS

Statistical criteria should be used in the design and operation of
a monitoring program to assist in deciding on the number of samples and
measurements and in deciding when small, but real, changes from back-
ground or previous levels have been detected. The application of statis-
tics should begin in the preoperational phase. A sufficient number of
sample collections and measurements should be made for all important media
and for all important pre-existing potential contaminants to obtain an ob-
served mean and standard deviation sufficiently close to the true values
to allow the use of statistical tests based on the established Gaussian
(or normal) distribution. From the central limit theorem, this number is
about 30 (8,24). During the operational and postoperational phases, the
number can be reduced and be based on experience. Since releases from a
burial site can be directional, individual onsite and buffer zone results
should be compared with preoperational and offsite means to judge the
statistical significance of small changes (8).

MONITORING PROGRAMS

Programs for the three phases of the life cycle of a low-level waste
disposal facility can be developed from the above discussions. A suit-
able sampling program for the preoperational phase is given in Table 2,
and is generally applicable far both arid and humid sites. Suitable
operational sampling programs for arid and for humid sites are given in
Tables 3 and 4, respectively. Flexibility in the numbers and locations
are to be expected when site-specific programs are developed.

A general radionuclide analysis program is provided in Table 5.
Reliance should be placed on high-sensitivity gamma-ray spectrometry
with large germanium detectors for gamma-ray emitting radionuclides.
However, some of the most mobile long-lived radionuclides are pure low-
energy beta emitters, for which radiochemical analyses are needed, and
ff the transuranic element limits in low-level waste are increased, their
measurements should also be included.

The most important radionuclides on the basis of hazard, migration
potential, and long half-life, and that cannot be detected by gamma-ray



Table 2. Preoperational Sampling Program

Sample Type Frequency
No. of

Sampling Locations

Air-particulate, water
vapor, gases, radio-
iodine

Precipitation

Direct Radiation

Water - surface

Water - subsurface

Soil - subsurface

Soil - surface

Plants

Animals

Milk

Continuous, weekly
to monthly collector
changes

Monthly composite

Continuous - bimonthly
dosimeter changes

Quarterly to semi-
annually

Quarterly

Semi-annually

Annually

Annually

Semi-annually,
when cows are in
pasture

Buffer Zone - 2
Offsite - 1

Onsite - 1

Buffer Zone - 3
Offsite - 3

Streams, other
water bodies on-
site and within
10 km

Buffer Zone - 8
monitoring wells
into saturated zone
(humid); unsaturated
zone (arid). Wells
into aquifers within
10 km

Collect soii when
boreholes are dug

Onsite - 15
Buffer Zone - 15
Offsite - 30

Onsite - represen-
tative vegetation
Offsite - same,
plus farm crops
within 10 km

Representative
species of the area
- a few aquatic
animals, game birds,
small land animals

Upwind and downwind
of site, if avail-
able



Table 3. Operational Environmental Sampling Program for an Arid Site

Medium Type Frequency Sample Size Locations

Air

Direct radiation

Water

Soil

Particulate
Tritiated water vapor
Gases & Iodine

Precipitation

TLD (or other)

Surface
Subsurface—off site
Subsurface—onsite

Subsurface—onsite

Subsurface—onsite

Continuous—changed weekly
Continuous—changed weekly
Continuous—changed weekly

Monthly

Bimonthly

Semiannual ly
Semiannually
Quarterly

Monthly

5000 mVsample 8 perimeter—4 offsite
6 perimeter—3 off site
4 perimeter—2 offsite

Total 1 perimeter location

6 Perimeter--4 offsite

4 L Up to 10 locations within 10 km
4 L Up to 10 locations within 10 km
4 L 8 perimeter monitoring wells and

any we'll Into aquifers
1 L Trench sumps and trench monitoring

line wells from modeling results

1 kg Collect a representative number of
cores from each borehole as dug

son
Bottom sediment

Vegetation &
farm crops

Small mammals

Game birds

Fish

Milk

Surface

Offsite

Offsite

Onsite

Offsite

Offsite

Offsite

Annually

Annually

Annually

Annually

Annually

Annually

Semiannually

4-5 kg

Several kg

1 kg each

1 kg each

1 kg each

1 kg per species

4 L

10 orsite-lO off site

Nearest river that drains area

Representative samples of the
dominant species of the area

Representative samples of the
common species that Inhabit the
sito

In-suason species at convenient
locations within 10 km of site

Representative samples of the
major species within 10 km of
the site

If available



Table 4. Operational Environmental Sampling Program for a Humid Site

Medium Type Frequency Sample Size Locations

Air

Direct radiation

Water

Soil

Partieulate
Tritiaied water vapor
Gases & Iodine

Precipitation

TLO (or others)

Surface

Surf ace—off site
Subsurface--offsite
Subsurface—onsite

Subsurface—onsite

Subsurface—onsite

Continuous—changed weekly
Continuous—changed weekly
Continuous—changed weekly

Monthly

Bimonthly

Continuous collection or
weekly grab

Quarterly
Quarterly
Monthly

Monthly

Soil

Bottom sediment

Vegetation &
farm crops

Small mammals

Game birds

Fish

Milk

Surface

Offsite

Off site

Onsite

Offsite

Offsite

Offsite

Annually

Annually

Annually

Annually

Annually

Annually

Quarterly

5000 mVsasiple 6 perimeter—4 offsite
4 perimeter—2 offsite
2 perimeter—2 offsite

Total 1 perimeter location

6 perimeter—4 offsite

4 L Water that drains the site and at
that location that 1s downstream
of the site and drains the area

4 L Up to 10 locations within 10 km
4 L Up to 10 locations within 10 km
1 L 12 perimeter monitoring wells and

any wells into aquifers
1 L Trench sumps and trench monitoring

line wells, froti sodeiing results

1 kg Collect a representative number of

cores froie each borehole as dug

4-5 kg 10 onsite-10 offsite

Several kg Abovt and below the site

1 kg each Representative samples of tht
dominant species of the area

1 kg each Representative samples of tht
common spicit* that Inhabit tht
site

1 kg tach In-union tpiciti at convenient
locations within 10 ka of tht
iitt

1 kg tach Upstrau and downstream of tht sUt

4 L Upwind and downwind of tht titt



Table 5. Typical Radionuclide Analysis Schedule

Sample Type Analysis Conditions*

Air - participate

water vapor
gases

Precipitation

Water

Soil

Plants, Crops

Animals

Milk

Total alpha, beta;)
gamma-ray s p e c . )
TRU**
3H
3H

> 2 2 2 R n

Gamma-ray s p e c .

Gamma-ray s p e c .

, 6 3 N i , 9 0 S r , " T c
226 * *

i,
226R a > T R U**

Gamma-ray s p e c .
3H
9 0 S r , U

Gamma-ray s p e c .
3H

Gamma-ray s p e c .

Gamma-ray s p e c .
3H

All (combine samples by
location monthly)

5%
A l l
A l l
10%

A l l

25%
A l l

5%-25%

A l l
25%

5%

25%
A l l

A l l

50%
A l l
50%

Fraction of collected samples selected for each analysis indicated.
** Transuranic elements, especially alpha-emitting isotopes of Np, Pu,

and Am.



spectrometry are hydrogen-3 (as water vapor, methane, and other simple
organic compounds), carbon-14 (as carbonate, methane, and other simple
organic compounds), nickel-63, krypton-85, strontium-90, technetium-99,
iodine-129, radon-222, radium-226, uranium, and some alpha-emitting
transuranic nuclides (neptunium-237, plutonium-238,-239, and americium-
241). Some flexibility is also given in Table 5 for the fraction of
samples analyzed for certain radionuclides. In this aspect, as well as
in sampling locations and frequencies, judgement and operational experi-
ence must be exercised to modify programs as conditions dictate.

Of equal importance to radionuclide analyses, particularly in ground-
water monitoring, are measurements of chemical indicators of waste migra-
tion to identify leachate movement. These measurements include pH,
electrical conductivity, chloride and nitrate ions, chemical oxygen demand,
organic carbon, and complexing agents for metallic ions. Chemically-
toxic compounds and pathagens that may be associated with the buried waste
should also be measured, and decisions on these analyses require informa-
tion on the composition of the waste.

Sample collection, preservation, and measurement procedures have
not been addressed due to lack of space and time. These aspects are as
important to the success of a monitoring program as those discussed in
this paper, and such information is provided in reference (8) and the
references in that document.

The details of postoperational monitoring will be determined princi-
pally by the operational monitoring results. The important migration and
exposure pathways should be well known, and the number of radionuclides
and chemical pollutants of concern should be fewer because of radioactive
decay and non-detection during operational monitoring. It is also ex-
pected that any corrective actions found necessary during operations will
be completed. The ground-water or soil moisture pathway will probably
remain dominant, and air sampling can probably be discontinued.

Sampling should be concentrated on the soil lysimeters, wells, and
boreholes, particularly along the monitoring lines, and on sources of
drinking water, onsite and offsite. The analysis scheme should rely
principally on the determination of tritiated water, gamma-ray emitters,
a few highly mobile radionuclides, and the chemical leachate indicators.

Aerial radiological surveys of high sensitivity are available for
surface and near-surface gamma-ray emitters. Portable instruments using
germanium diode detectors will be useful for ground surveys. Jn̂  situ
borehole and well monitoring instruments for a few radionuclides (hydro-
gen-3, strontium-90, and some transuranic elements) will be available
(25) in addition to gamma-ray logging. This will eliminate the need for
some of the sample collection and analytical procedures now used. The
postoperational program should also provide for physical inspection and
site maintenance. Problems such as biointrusion, erosion, and weather
damage should be observed and controlled.



SUMMARY AND CONCLUSIONS

The proposed NRC licensing rule recognizes that shallow land burial
techniques will not retain the waste completely in place over time. Some
release is expected, but it must be acceptable in amount and rate. En-
vironmental monitoring programs of the type described here will provide
the data to determine if this is the case. Proper application of moni-
toring principles and techniques, and attention to details, will result
in a program that will meet its objectives and supply the information
needed by operators and regulators to maintain a properly operating site.

One should not claim better site performance than is achievable,
otherwise it will be difficult to keep the site in operation. All re-
leases should be detected and reported first by the site's monitoring
program, not by an outside institution or agency.
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