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Radiological Dose Impact

The extent of the 2000 Radiological
Environmental Monitoring Program
(REMP) sampling met or exceeded the
requirements of the Susquehanna Steam
Electric Station (SSES) Technical
Requirements. The types of analyses
that were performed on these samples
for the identification and quantification
of radioactivity also met or exceeded
the SSES Technical Requirements. The
result of this effort was the verification
of the SSES Effluent Monitoring
Program data that indicate that the
SSES operation has no deleterious
effect on the health and safety of the
public or the environment.

The amounts of the radionuclides
detected in environmental samples
during 2000 were very small, as in past
years. Based on the radionuclide levels
measured by the REMP, the maximum
whole body dose or maximum organ
dose to a member of the public from
SSES operation is estimated to be less
than one-tenth of one percent of the per
unit dose limits established by the
Nuclear Regulatory Commission (NRC)
as stated in 10 CFR 50, Appendix L.
The maximum hypothetical off-site
whole body and organ doses from
radionuclides detected by the REMP
and attributable to the SSES operations
were calculated to be approximately
0.00085 mrem/year.

By contrast, potassium-40, a very long-

| COMPARISON OF PERCENT OF AVERAGE
| ANNUAL PUBLIC EFFECTIVE DOSE-EQUIVALENT
FROM OTHER SOURCES WITH THAT FROM THE

SSES
<0.01%

SSES

Natural Background
81%

Consumer Products
5%

Medical
14%

Sources for the values provided, with the exception of Susquehanna, are the following from NCRP
Report #93 (1987): Tables 2.4 (Natural Background), 5.1 (Consumer Products), and 7.4
(Medical).
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Summary and Conclusions

lived, naturally occurring radionuclide
found in the human body, is estimated
to deliver an average annual dose to the
blood forming organs of individuals in
the United States of about 27 millirem.
While a small portion of the background
dose from natural radiation sources, the
potassium-40 dose is still more than
31,000 times the estimated maximum
whole body and organ doses to a
hypothetical member of the public from
ingestion of radionuclides attributable to
the SSES.

The maximum direct radiation dose
from SSES operation to a member of
the public was determined to be
approximately 0.029 millirem/year.
The total whole body dose from both
ingested radionuclides and direct
radiation is negligible compared to the
public’s exposure from natural
background radiation, medical
irradiation, and radiation from
consumer products of more than 300
millirem/year effective dose-equivalent.

Identified Radionuclides
and Their Dose
Contributions

Naturally Occurring

Radionuclides

In 2000, the SSES REMP reported the
naturally occurring radionuclides
beryllium-7, potassium-40, radium-226,
and thorium-228 in the environment at
levels exceeding the minimum
detectable concentrations (MDCs) for
their respective gamma spectroscopic
analyses. Beryllium-7 was identified in
air and one vegetable sample.
Potassium-40 was observed in fish,
sediment, air, milk, soil, and fruit and

vegetables. Thorium-228 and
radium-226 were reported in fruits and
vegetables, sediment, and soil. These
radionuclides are not related to the
operation of the SSES. Doses from the
presence of these radionuclides were not
included in the estimate of the dose
from SSES attributable radionuclides.

Man-made Radionuclides
Although not all due to SSES operation,
the following man-made radionuclides
were reported at levels in the
environment in excess of the MDCs for
their respective analyses: tritium,
1odine-131, and cesium-137. These
radionuclides, with the exception of
cesium-137, were identified in surface
water. Tritium was measured above
minimum detectable concentrations in
some surface water and drinking water
analyzed. Iodine-131 was identified in
surface water and drinking water.
Cesium-137 was observed in fruits and
vegetables, sediment, and soil.

Tritium was the only man-made
radionuclide attributed to the SSES
operation. Tritium in media other than
Susquehanna River water downstream
of the SSES was attributed to both
natural production by the interaction of
cosmic radiation with the upper
atmosphere and previous atmospheric
testing of nuclear weapons. The
presence of cesium-137 was attributed
to non-SSES sources. Cesium-137 was
considered to be present only as residual -
fallout from atmospheric weapons
testing. lodine-131 was believed to be
found in the aquatic pathway only as the
result of the discharge of medical waste
to the Susquehanna or Lackawanna
Rivers through sewage treatment plants
upstream of the SSES.

2

2000 Radiological Environmental Monitoring Report



Summary and Conclusions

- AQUATIC PATHWAY
All of the man-made radionuclides PERCENT TOTAL
mentioned above were not analyzed for GAMMA ACTIVITY
in all media. For example, no analyses
were performed in an effort to SEDIVENT

determine iodine-131 levels in ground
water. When selecting the types of
analyses that would be performed,
consideration was given to the potential |
importance of different radionuclides in
the pathways to man and the regulatory
analysis requirements for various
environmental media.

Relative Radionuclide Activity

. . TERRESTRIAL PATHWAY
Levels m.Selec.ted Medta PERCENT TOTAL
SOH:!C media mom.tor.ed in the GAMMA ACTIVITY
environment are significant for the
numbers of gamma-emitting | .

radionuclides routinely measured at

levels exceeding analysis MDCs. Nt
. . . s 06

Sediment in the aquatic pathway and |

soil in the terrestrial pathway are two

such media. -

The following pie graphs show the

relative activity contributions for the |
types of gamma-emitting radionuclides SES
reported at levels above the analysis
MDCs in sediment and soil at indicator
locations during 2000.

Naturally occurring radionuclides
account for 99.7% and 99.6 % of the
gamma-emitting activity in sediment
and 1in soil, respectively, in 2000. Man-
made radionuclides of non-SSES origin
account for most of the rest of the

gamma-emitting activity in sediment
and all of the rest in soil during 2000.
Generally, the activity for naturally
occurring radionuclides reported in
sediment and soil dwarfs the activity of
the man-made radionuclides also

2000 Radiological Environmental Monitoring Report 3



Summary and Conclusions

reported, especially those originating
from the SSES.

Radionuclides Contributing to
Dose from SSES Operation

Of the three man-made radionuclides
reported in the environment by the
SSES REMP, tritium is the only
radionuclide attributable to the SSES
operation.

Because tritium was the only
radionuclide attributable to the SSES
operation, the dose to members of the
public from REMP-identified
radionuclides was based on the amount
of tritium estimated to have been
released from the SSES. Tritium was
included in the dose calculation because
it was identified in the REMP samples
of water being discharged to the river.
The concentration of tritium in the
water and the volume of water
discharged were used to determine the
amount of tritium released. The
presumed exposure pathways to the
public from this radionuclide were
drinking water taken from the
Susquehanna River at Danville, PA, and
eating fish caught near the SSES
discharge to the river. Exposure from
tritium was only assumed to occur
through the eating of fish and the
consumption of drinking water. This
assumption is based on the fact that
tritium does not emit gamma radiation
and the beta radiation emitted by tritium
is not sufficiently penetrating to reach
an individual on the shore.

4 2000 Radiological Environmental Monitoring Report



Radioactive Materials
Releases

Radioactive Materials

Generation

The SSES produces the thermal power
to generate electricity using two boiling
water reactors (BWRs). Radioactive
materials are produced at the SSES by
the fissioning of uranium and the
activation of materials inside the cores
of these nuclear reactors. When very
small quantities of fission products
escape through the cladding of the
core’s fuel rods, they enter the water
with the activation products circulating
through the reactor.

Since the mid-1980s, improvements in
the following have all contributed to
minimization of the escape of
radioactive materials from the fuel to
the reactor core’s circulating water: the
manufacture of nuclear fuel, PPL
Susquehanna, LLC’s (PPL) fuel pre-
conditioning (to prevent pellet-clad
interaction), reductions in the numbers
of reactor scrams (rapid control rod
insertions) that put stresses on the fuel,
and maintenance of good water
chemistry in the reactors. This has been
responsible for significant reductions in
the already relatively small amounts of
some radioactive materials released in
both gaseous and liquid effluents from
the SSES.

Gaseous Effluents

In boiling water reactors (BWRs), such
as the SSES Units 1 and 2, some
fraction of the radioactive materials that

enter the circulating water are vaporized

and others are entrained in the steam,
carrying over to the turbines and
eventually the condensers. In turn,
some fraction of the radioactive
materials in the condensers are removed
from them with the offgas. Offgas is
eventually released to the atmosphere
through turbine building vents. Other
pathways also exist for the release of
gases through each of five continuously
monitored rooftop vents at the SSES.

The radioactive material released as
gaseous effluent from the SSES may be
divided into the following three
categories: noble gases (xenons and
kryptons), iodines and particulates, and
tritium (a radioactive isotope of
hydrogen). These categories are used for
the purposes of tracking the amounts of
radioactive material being released from
the SSES and monitoring the SSES
release performance. Reduction of the
amounts of radioactivity otherwise
destined to be released with the gaseous
effluent depends on the category into
which the radioactive material fits.

Short-lived noble gas activity is reduced
by radioactive waste processing systems
which delay the release of gases to the
environment to permit them to decay
prior to release. Iodine and particulate
radioactivity in the gaseous effluent are
reduced by adsorption in charcoal beds
and capture in particulate filters,
respectively. There is a total of 74 tons
of charcoal distributed in five beds that
the condenser offgas must pass through
prior to release. A delay time of over
30 days for some of the gases is
expected as a result of the charcoal
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Introduction

beds, providing a significant amount of
decay time prior to release. This
provides for a significant reduction in
the radioactivity levels of the gases
before release. The charcoal is typically
very efficient at capturing the iodine.
Similarly, the particulate filters are
expected to have capture efficiencies of
more than 99.7% for particles 0.3
microns or larger in size.

Unfortunately, no practical means yet
exists to eliminate tritium from the
gaseous effluent. Some elimination of
tritium in the form of tritiated water
vapor by chilling of the offgas and
subsequent collection of the condensate
prior to passage through the charcoal
adsorbers does occur. But, the primary
purpose of this chilling is to reduce the
moisture entering the charcoal beds so
that they will maintain their efficiency
for the removal of iodine.

Liquid Effluents

Maintaining the quality of water
circulating through the reactor core at
acceptable levels and capturing water
that leaks from reactor systems, results
in the generation of waste water at the
SSES. This waste water also contains
radioactivity in the form of fission
products and activated corrosion and
wear products from structural materials.
In order to minimize the release of this
water to the environment, as much of it
as is practical is cleaned up and
recycled. Some water must be released
in batches to the Susquehanna River
because of excess water inventory on
the site or because of chemical
impurities that would be harmful to the
reactor if recycled.

For the purpose of tracking radioactive ;
releases and monitoring SSES release S
performance, liquid effluent radioactive
materials are divided into two groups,
tritium being one group, and all other
radioactive materials constituting the
other. Prior to releasing water to the
river, a significant effort is made to
reduce the level of radioactivity in
waste water to levels which are as low
as practicable by filtering the water and
passing it through ion exchange
material, similar in function to
household water softeners. These
methods are effective to varying degrees
with all of the radioactive materials
except tritium, which can’t be removed
from water by either method. For most
radionuclides, the ion exchange media
may be expected to have a removal
efficiency of roughly 99%.

Controlling Radioactive Releases
NRC regulations (10 CFR 50.34 and 10
CFR 20.1101b) require that nuclear
power plants be designed, constructed,
and operated to keep levels of
radioactive materials in effluents to
areas unrestricted to the public as low as
reasonably achievable (ALARA). To
ensure that these criteria are met, each
license authorizing reactor operation
includes technical specifications (10
CFR 50.36a) that contain requirements
governing radioactive effluents.
Instantaneous, as well as quarterly and
annual limits, have been set based on

~ the dose that the maximally exposed

individual in the public could be
expected to receive. During routine
operation of the SSES, doses are kept as
much below these actual limits as
possible.
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Introduction

The NRC release limits are far below
the approximately 300 millirem dose
received on average each year by
residents of the United States from all
natural background sources. On the
other hand, the allowable limits are far
above the doses estimated for the levels
of radioactivity actually being released
from the SSES. The actual doses are
typically small fractions of one millirem
or less per year of SSES operation.
Such doses are far below the levels at
which any health effects would be
expected to be observed in the exposed
population.

Monitoring Releases

Roof top vents from which gaseous
releases take place are continuously
monitored to detect any excessive rates
of radioactivity release that might occur
well before any release limits are
reached. Also, discharge rates of
radioactively contaminated water to the
Susquehanna River are carefully
controlled to remain as far below the
discharge limits as possible. Discharges
are monitored by radiation detectors so
that if levels of radioactivity in the
water would inadvertently approach the
limits of permissible levels, the
discharges could be stopped quickly.

Radiological Environmental
Monitoring

In addition to the steps taken to control
and to monitor radioactive effluents
from the SSES, the SSES Technical -
Specifications also require a program
for the radiological monitoring of the

environment in the vicinity of the SSES.

The objectives of the SSES REMP are

as follows:

e Fulfillment of SSES Technical
Requirements’ radiological
environmental surveillance
obligations,

e  Verification of no detrimental
effects on public health and safety
and the environment from SSES
operations,

e Assessment of dose impacts to the
public, if any,

e Verification of adequate SSES
radiological effluent controls, and

e Identification, measurement,
trending, and evaluation of
radionuclides and their
concentrations in critical
environmental pathways near the
SSES.

PPL has maintained a Radiological
Environmental Monitoring Program
(REMP) in the vicinity of the existing
Susquehanna Steam Electric Station
Units 1 and 2 since April, 1972, prior to
construction of both units and ten years
prior to the initial operation of Unit 1 in
September, 1982. The SSES is located
on an approximately 1500 acre tract
along the Susquehanna River, five miles
northeast of Berwick in Salem
Township, Luzerne County,
Pennsylvania. The area around the site
is primarily rural, consisting
predominately of forest and agricultural
lands. (More specific information on
the demography, hydrology,
meteorology, and land use
characteristics of the area in the vicinity
of the SSES can be found in the

2000 Radiological Environmental Monitoring Report . 7



Introduction

Environmental Report (14), the Final
Safety Analysis Report (15), and the
Final Environmental Statement (16) for
the SSES.) The purpose of the
preoperational REMP (April, 1972 to
September, 1982) was to establish a
baseline for radioactivity in the local
environment that could be compared
with the radioactivity levels observed in
various environmental media
throughout the operational lifetime of
the SSES. This comparison facilitates
assessments to be made of the
radiological impact of the SSES
operation.

The SSES REMP was designed on the
basis of the NRC’s Radiological
Assessment Branch Technical Position
on radiological environmental
monitoring, as described in Revision 1,
November 1979.(17) However, the
REMP conducted by PPL for the SSES
exceeds the monitoring suggested by the
NRC’s branch technical position, as
well as the SSES Technical
Requirements in terms of the number of
monitoring locations, the frequency of
certain monitoring, the types of analyses
required for the samples, and the
achievable analysis sensitivities.

Potential Exposure Pathways

The three pathways through which
radioactive material may reach the
public from nuclear power plants are the
atmospheric, terrestrial, and aquatic
pathways. (Figure 1 depicts these
pathways for the intake of radioactive
materials.) Comprehensive radiological
environmental monitoring must sample
media from all of these pathways.

Mechanisms by which people may be
exposed to radioactivity and radiation in

the environment vary with the pathway.
Three mechanisms by which a member
of the public has the potential to be
exposed to radioactivity or radiation
from nuclear power plants such as the

SSES are as follows:

e inhalation (breathing)
e ingestion (eating and drinking), and

e whole body irradiation directly
from a plant or from immersion in
the radioactive effluents.

REMP Scope

During the operational period of the
SSES, it has been important to establish
two different categories of monitoring
locations, called control and indicator
locations, to further assist in assessing
the impact of the station operation.
Control locations have been situated at
sites where it is considered unlikely that
radiation or radioactive material from
normal station operation would be
detected. Indicator locations are sited
where it is expected that radiation and
radioactive material that might originate
from the station would be most readily
detectable.

Control locations for the atmospheric
and terrestrial pathways are more than
10 miles from the station. Preferably,
the controls also are in directions from
the station less likely to be exposed to
wind blowing from the station than are
the indicator locations. Control
locations for the aquatic pathway, the
Susquehanna River, are upstream of the
station’s discharge to the river.

Indicator locations are selected
primarily on the basis of proximity to

2000 Radiological Environmental Monitoring Report



Introduction

the station, although factors such as
meteorology, topography, and sampling
practicality also are considered.
Indicator locations for the atmospheric
and terrestrial pathways are typically
less than 10 miles from the station.
Most often, they are within 5 miles of
the station. Indicator locations in the
Susquehanna River are downstream of
the station’s discharge. Monitoring
results from indicator locations are
compared with results from control
locations. These comparisons are made

Figures 2 through 7 display the REMP
TLDs and sampling locations in the
vicinity of the SSES. Appendix C
provides directions, distances, and a
brief description of each of the locations
in Figures 2 through 7.

Regulatory agencies also participate in
monitoring the SSES environment and
also oversee PPL’s monitoring efforts.
The State of Pennsylvania’s Department.
of Environmental Protection (PADEP)
monitors air for radioactive particulates

SSES REMP
Type of Monitoring Media Monitored
Gross Alpha Activity Drinking Water
Gross Beta Activity All Waters, except Ground Water, and Air
Particulates
Gamma-Emitting Radionuclide Activities | All Media
Tritium Activity All Waters

Iodine-131 Activity

Surface Water, Drinking Water, Air &
Milk

Exposure Rates
(by TLD)

Ambient Radiation Levels

to discern any differences in the levels
and/or types of radioactive material
and/or radiation that might exist
between indicators and controls and that
could be attributable to the station.

In 2000, the SSES REMP collected
more than 850 samples at more than 40
locations and performed more than
1,600 analyses. In addition, the REMP
monitors ambient radiation levels using
thermoluminescent dosimeters (TLDs)
at 85 indicator and control locations,
making as many as 340 radiation level
measurements each year. The media
monitored and analyses performed are
summarized in the table above.

and radioactive iodine. It also monitors
milk, fruits and vegetables, surface and
drinking water, fish, river sediments,
and ambient radiation levels. PADEP
makes this data available to the NRC.
Inspectors from the NRC regularly visit
both PPL’s Corporate Office and the
SSES to review procedures and records,
conduct personnel interviews, observe
activities first-hand, and generally
examine the programs supporting the
effluent and environmental monitoring
for the SSES. '

2000 Radiological Environmental Monitoring Report 9
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REMP Monitoring Sensitivity
The sensitivity of the SSES REMP was
demonstrated in 1986, following the
problem with the Chernobyl reactor in
the former Soviet Union. When the
Chernobyl incident occurred, the SSES
REMP was able to detect a relatively
small increase in the level of gross beta
activity in air samples at both control
and indicator locations, as well as the
presence of some specific radioactive
materials that are not normally
observed.

Detection of radiation and radioactive
material from the SSES in the
environment is complicated by the
presence of naturally occurring radiation
and radioactive materials from both
terrestrial and cosmic sources. Man-
made radiation and radioactive material
from non-SSES sources, such as nuclear
fallout from previous nuclear weapons
tests and medical wastes, also can make
identification of SSES radiation and
radioactive material difficult. Together,
this radiation and radioactive material
present background levels from which
an attempt is made to distinguish
relatively small contributions from the
SSES. This effort is further
complicated by the natural variations
that typically occur from both
monitoring location to location and with
time at the same locations.

The naturally occurring radionuclides
potassium-40, beryllium-7, radium-226,
and thorium-228 are routinely observed
in certain environmental media.
Potassium-40 has been observed in all
monitored media and is routinely seen
at readily detectable levels in such
media as milk, meat, fish, and fruits and
vegetables. Seasonal variations in

beryllium-7 in air samples are regularly
observed. Man-made radionuclides,
such as cesium-137 and strontium-90
left over from nuclear weapons testing
are often observed as well. In addition,
the radionuclide tritium, produced by
both cosmic radiation interactions in the
upper atmosphere as well as man-made
(nuclear weapons), is another
radionuclide typically observed.

Radioactivity levels in environmental
media are usually so low that their
measurements, even with state-of-the-
art measurement methods, typically
have significant degrees of uncertainty
associated with them.(18) As a result,
expressions are often used when
referring to these measurements that
convey information about the levels
being measured relative to the
measurement sensitivities. Terms such
as “minimum detectable concentration”
(MDC) are used for this purpose. The
formulas used to calculate MDCs may
be found in Appendix E.

The methods of measurement for
sample radioactivity levels used by
PPL’s contracted REMP radioanalytical
laboratory are capable of meeting the
analysis sensitivity requirements found
in the SSES Technical Requirements.
Summary descriptions of the analytical
procedures and the accompanying
calculational methods used by the
laboratory can be found in Appendix E.

10
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FIGURE 3
2000 TLD MONITORING LOCATIONS
FROM ONE TO FIVE MILES FROM THE SSES
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FIGURE 4
2000 TLD MONITORING LOCATIONS
GREATER THAN FIVE MILES FROM THE SSES
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: FIGURE 5
2000 ENVIRONMENTAL SAMPLING LOCATIONS
WITHIN ONE MILE OF THE SSES
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FIGURE 6
2000 ENVIRONMENTAL SAMPLING LOCATIONS
FROM ONE TO FIVE MILES FROM THE SSES

" SUSQUEHANNA
RIVER

1

BERWICK
\

L
NASCOPECK

@/ SURFACEWATER & AIR

\.\:‘” v MILK
af@ SEDIMENT e
-‘5‘@ FISH 3@; FRUITS/ YEGIETABLES

£ CROUND WATER



FIGURE 7
2000 ENVIRONMENTAL SAMPLING LOCATIONS
~ GREATER THAN FIVE MILES FROM THE SSES
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Ambient Radiation Monitoring

INTRODUCTION

The principal or primary method for the
SSES REMP’s measurement of ambient
radiation levels is the use of
thermoluminescent dosimeters (TLDs).

The TLDs are crystals (calcium sulfate) -

capable of detecting and measuring low
levels of radiation by absorbing a
portion of the radiation’s energy that is
incident upon them and storing the
captured energy until the TLDs are
processed (read). Processing involves
heating the TLDs to release their stored
energy in the form of light and
measuring the intensity of the light that
they emit. The intensity of the emitted
light is proportional to the amount of
radiation to which they were exposed.
Calibration of the TLD processors
permits a reliable relationship to be
established between the light emitted
and the amount of radiation dose
received by the TLDs; the result permits
accurate measurements of the ambient
radiation in the environment.

Environmental TLDs are continually
exposed to natural radiation from the
ground (terrestrial radiation) and from
the sky (cosmic) radiation. In addition,
they also may be exposed to man-made
radiation. Most of the environmental
TLD’s natural radiation exposure comes
from sources in the ground. These
terrestrial sources vary naturally with
time due to changes in soil moisture,
snow cover, etc. The natural-radiation
picture is complicated because these
factors affecting radiation reaching the
TLDs from the ground vary differently
with time from one location to another

due to locational differences in such
factors as soil characteristics (amounts
of organic matter, particle size, etc.),
drainage opportunities, and exposure to
sunlight. Environmental TLDs can also
be affected by direct radiation (shine)
from the SSES turbine buildings during
operation, radwaste transfer and storage,
and radioactive gaseous effluents from
the SSES.

Unfortunately, TLDs do not have any
inherent ability to indicate the source of
the radiation to which they are exposed.
The placement of numerous TLDs in
the environment can facilitate decision-
making about the possible radiation
sources to which TLDs are exposed.
However, a method for evaluating TLD
data is still required. The SSES REMP
relies on a statistically based approach
to simultaneously compare indicator
TLD data with control TLD data and
operational TLD data with
preoperational TLD data. This
approach permits the flagging of
environmental TLD doses that might
have been produced by both man-made
sources of radiation, as well as natural
radiation sources. It also provides a
means for attributing a portion of the
total TLD dose to SSES operation if
appropriate. Appendix E, pages E-6
through E-10, provides a description of
the process for evaluating the results of
TLD measurements.
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Ambient Radiation Monitoring

Scope

TLDs

The area around the SSES was divided
for monitoring purposes into sixteen
sectors radiating outwards from the
plant site, each encompassing an area
described by an arc of 22.5 degrees.
TLDs were placed in all 16 sectors at
varying distances from the plant.
Monitoring locations were chosen
according to the criteria presented in the
NRC Branch Technical Position on
Radiological Monitoring (Revision 1,
November, 1979).(17) The locations
for the TLDs were selected by
considering factors such as local
meteorological, topographical, and
population distribution characteristics.

At the end of 2000, the SSES REMP
had 77 indicator TLD locations and
eight control TLD locations. This level
of monitoring exceeds that which is
required by the Nuclear Regulatory
Commission. The indicator TLDs
nearest the SSES are positioned at the
security or perimeter fences surrounding
the site. This is the closest that a
member of the public would be able to
approach the station. The control TLDs
are the most distant from the SSES,
ranging from 10 to 20 miles from the
site.

Monitoring Results

TLDs

TLDs were retrieved and processed
quarterly in 2000. Average ambient
radiation levels measured by
environmental TLDs were lower in the
second and third quarters of 2000, as
shown in the bar graph on the following

page than in the first and fourth
quarters. This pattern is similar to that
observed in 1998 and 1999. Refer to
Figure 8 which trends both indicator
and control data quarterly from 1973
through 2000.

The 2000 annual average exposures for
indicator and control locations were
19.7 mR/std. gtr. and 19.1 mR/std. gtr.,
respectively. These are 1.1 mR/std. gtr.
and 1.7 mR/std. gtr., respectively, below
the corresponding 1999 annual
averages. The 2000 exposures are
within the ranges of annual averages for
the prior operational periods at each
type of monitoring location. The 2000
annual average exposure for control
locations is also within the range for the
pre-operational period. However, the
2000 annual average exposure for
indicator locations exceeds the range for
the pre-operational period. Refer to
Figure 8 at the end of this section which
trends quarterly TLD results for both
preoperational and operational periods
at the SSES. Refer to Appendix H,
Table H 1, page H 3 for a comparison of
the 2000 mean indicator and control
TLD resul