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All nuclear facilities, including waste disposal sites, are ex-
pected to evaluate their effect on the environment. This paper des-
cribes a multidisciplinary approach to the design of environmental
surveillance programs for near-surface disposal sites. Surveil-
lance is broadly considered to include burial trench and other on-
site measurements as well as offsite monitoring, and to include
both radiological and non-radiological measurements .

The objectives of a surveillance program are: to determine the
extent of any pollutant migration early enough for corrective
action to be taken to minimize adverse impacts, to provide data to
assess the impact of site operations on the environment and public,
to predict long-term waste behavior, to satisfy regulatory agency
requirements, and to obtain data on site and pollutant behavior for
the design of future disposal sites and surveillance programs.

To meet these objectives, the surveillance program should in-
clude measurements of radioactive and chemically-toxic substances
and of leachate indicators, measurements of direct penetrating radi-
ation, determination of specific site and area properties, collec-
tion of specific information on the area- arid interpretation of the
results of the program in terms of health, environmental impact,
standards, and expected performance.

These activities can be divided into three groups depending on
their purpose: to measure the impact of the site on the public; to
monitor site and burial trench performance; and measurements and
data collections that support the first two activities. The first
group of measurements should be made close to man; the second,
close to the site and trenches. The third group includes observa-
tions and measurements needed for deciding on sampling locations
and frequencies for the first two purposes , or are themselves indi-
cators of site and trench performance.

DESIGN OF SURVEILLANCE PROGRAMS

An important starting point in program design is a pathway
analysis that describes the routes of waste transport from burial
site to man. Pathway analysis is a modeling exercise that analyzes
compartmental transfer kinetics for a rubstance in the pathway.
The major uncertainty in this process is that the compartmental
transfer coefficients are highly site and substance specific and
are not well known. However, even a qualitative analysis is very
useful.
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The waste composition and its chemical and physical proper-
ties are of particular importance, since it is the source term for
the monitoring program and determines to a large degree the needed
environmental measurements and the important pathways for pollutant
transport. The number of radionuclides in the waste is limited by
the definition of low-level waste and radioactive decay rates. The
variety of chemical compounds is probably greater than the number
of radionuclides. The pathways by which buried waste reach 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
caw-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.

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. Most of this
information (e.g., meteorology, surface- and ground-water flow, geo-
chemistry, land and water usage, and population distribution) will
be obtained during the preoperational phase of a disposal site and
when the site and surrounding area are being evaluated for suitabil-
ity for waste disposal.

With the use of the information described above, a rationale
for determining sampling and measurement locations and frequencies
can be developed. The environmental media to be considered below
are air, surface water, soil moisture in the unsaturated zone,
water in trenches, ground water, surface soil, direct radiation,
and plants and animals. Although the primary means of dispersal of
buried waste are through air and water, biointrusion can be an im-
portant pathway in some locations.

For air and water, in which the direction and velocity of mi-
grating waste can be estimated, the rationale is based on these
basic principles: if the direction of a pollutant is from A toward
B, a sampling station is placed along a line between A and B; the
position of a station depends on the desired time for pollution de-
tection and the speed of migration; and the time between sampling
periods should be less than the travel time from A to the monitor-
ing station. A different rationale is used for other cases, and
statistical criteria for determining the number, as contrasted with
the frequency, of samplings and measurements are also needed. Moni-
toring and sampling must also be conducted for comparison purposes
at locations where the presence of migrating waste from the site is
highly unlikely.

From measurements of wind velocity as a function of atmos-
pheric stability, samplers can be placed where the average probabi-
lity of detection is known. For a high total probability of detec-
tion, samplers are best placed in the buffer zone between the
buried waste and site boundary. To detect releases before they
leave the site boundary, an on-line device needs to be operated con-
tinuously downwind from an open trench. Such early detection is
not possible for all contaminants. Sampling and measurement should
be made for particulate contaminants, hydrogen-3, carbon-14, and
radioiodines in several volatile chemical forms, and for some noble
gases.



Surface streams and lakes may receive waste from runoff of sur-
face water that has been in contact with a trench and from dis-
charge of contaminated ground water. Visual observation and topo-
graphic maps will indicate the appropriate locations for sampling.
It is necessary to sample streams during dry seasons when the base
flow is not being diluted by direct precipitation and runoff .

If the unsaturated zone is large, 15 meters or greater, it is
useful to measure changes in soil moisture content beneath or
between trenches and to sample soil moisture with pressure-vacuum
lysimeters. Flow rate and solute transport in the unsaturated zone
shoji-ld be estimated by a combination of field measurements and
mathematical modeling. Water monitoring inside a burial trench is
a special case of unsaturated zone monitoring, and the same princi-
ples apply. Sumps should be installed in each trench, and from the
concentration of a pollutant in sump water, the rate at which it
leaves the trench can be estimated and used as the source term.
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 modeling. From this, monitoring lines from
a group of trenches in the directions of flow can be established
and monitoring wells placed along them.

Surface soil collected on and near the site, with locations
concentrated in downwind directions, is needed to detect any pollu-
tants deposited from airborne contamination, accidental spillage,
evaporation of waterborne contamination, and resuspension and subse-
quent deposition. Two types of vegetation should be sampled:
plants growing on completed trenches and plants used as food for
man and grazing animals in areas that could become contaminated.
Sampling of two types of animals should be conducted: animals that
can burrow into a trench; and those that graze on land or consume
water that can become contaminated or live in rivers and lakes that
can become contaminated.

Direct radiation from buried waste should be measured near
trenches, at the site perimeter, and at offsite locations for a com-
plete evaluation of this source of radiation exposure.

STATISTICAL CONSIDERATIONS

Statistical criteria should be used to assist ir. deciding on
the numbers of samples and measurements, and in deciding when
small, but real, changes from background or previous levels have
been detected. The application of statistics should begin in the
preoperational phase. Sufficient sample collections and measure-
ments should be made for all important media and pre-existing po-
tential contaminants to obtain an observed mean and standard devia-
tion of sufficient reliability to allow the use of established
statistical tests. From the central limit theorem, this number is
about 30. Subsequently, the number can be reduced, based on ex-
perience. Since releases from a burial site can be directional, in-
dividual results should be compared with preoperational and off-
site means to judge the statistical significance of small changes.
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MONITORING PROGRAMS

Programs for the three phases (preoperational, operational,
post-closure) of the life cycle of a waste disposal facility can be
developed from the above discussions. Suitable sampling and analy-
sis programs will be given in the poster session; space does not
allow giving such details here. 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 if the limits of
transuranic elements in low-level waste are increased, their
measurement should be included. The most important radionuclides
that cannot readily be detected at low concentrations by gamma-ray
spectrometry are hydrogen-3 (as water vapor and simple organic com-
pounds), carbon-14 (as carbonate and simple organic compounds),
nickel-63, kryptcn-85, strontium-90, technetium-99, iodine-129,
radon-222, radium-226, uranium, and transuranic nuclides.

Of equal importance to radionuclide analyses, particularly in
grcund-water monitoring, are measurements of chemical indicators of
waste migration 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 pathogens that may
be associated with the buried waste should also be measured.
Sample collection, preservation, and measurement procedures have
not been addressed due to lack of space, but adequate consideration
of these aspects are essential to the success of a monitoring pro-
gram .

The details of postoperational monitoring will be determined
principally by the operational monitoring results. The important
migration and exposure pathways should be well known , and the num-
ber of radionuclides and chemical pollutants of concern should be
fewer because of radioactive decay and non-detection during•opera-
tional monitorinc .

S'JMMARY AND CONCLUSIONS

It should be recognized that shallow-land burial techniques
will not retain the waste completely in place over time. Some, mi-
gration is expected, but it must be acceptable in amount and rate.
Surveillance programs will provide the information to determine if
this is the case. Proper application of monicoring techniques and
principles will result in a program that will meet its objectives
and supply the data needed by operators and regulators to maintain
a properly operating site.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.


