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SUMMARY AND
CONCLUSIONS

This report reviews the radiological environmental
monitoring performed in 1999 by GPU Nuclear
for the Saxton Nuclear Experimental Corporation
(SNEC) Facility. The environmental sample
results indicated that SNEC operations in 1999 had
no adverse effect on either the environment or the
health and safety of the public.

Many of the radioactive materials discussed in this
report are normally present in the environment,
either from natural processes or as a result of non
SNEC activities such as prior atmospheric nuclear
weapon tests and medical industry activities. To
determine the impact of SNEC operations on the
environment and the public, results from samples
collected close to SNEC (indicator stations) were
compared to results from samples obtained at
distant sites (control or background stations).
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The results of environmental measurements were used to assess the impact of SNEC
decommissioning operations and to demonstrate compliance with the SNEC Offsite Dose
Calculation Manual (Ref. 1) and applicable Federal and State regulations.

During 1999, samples of air, surface water, sediment, soil, vegetation, and groundwater were
collected. Direct radiation exposures were also measured in the vicinity of SNEC. Samples
were analyzed for gross alpha and gross beta radioactivity, tritium (H-3), strontium-90 (Sr
90), and/or gamma emitting radionuclides. The results are discussed in the various sections of
this report and are summarized in the following highlights:

• Approximately 300 samples were collected in 1999 from the aquatic, atmospheric and
terrestrial environments around the SNEC facility. There were nearly 600 analyses
performed on these samples. In addition, 112 direct radiation exposure measurements were
taken using thermoluminescent dosimeters (TLDs). The monitoring performed in 1999 met
or exceeded the sample collection and analysis requirements of the SNEC Offsite Dose
Calculation Manual (ODCM).

• The raw surface water collected downstream of the SNEC liquid discharge outfall resulted
in less then detectable activities for radionuclides attributed to SNEC, including tritium
(B-3).

• River sediments collected just downstream of the SNEC liquid discharge outfall and at the
control station upstream of the site detected low concentrations of Cesium-137 (Cs-137).
These concentrations were attributed to fallout from prior nuclear weapon tests. Cs-137
was also detected in aquatic sediments collected from storm drains that are located on site.
Cesium is readily adsorbed by suspended particles in sediment.

• Seven groundwater samples collected from the onsite monitoring and supply wells
contained H ...3 above ambient concentrations. The activities of these samples ranged from
130 to 200 picocuries per liter (PCi/L). Although humans do not consume this water, it was
well below the United States Environmental Protection Agency's (USEPA's) Primary
Drinking Water Standard (Ref. 2) of 20,000 pCi/L.

• Gamma radiation exposure rates recorded at the offsite indicator TLD stations averaged
71 milliroentgens per year (mRlyr). These exposure rates were consistent with those
presented by the National Council on Radiation Protection and Measurements (Ref. 3). No
increase in ambient gamma radiation levels was detected.
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In conclusion, radioactive materials related to SNEC operations were detected in certain on
site environmental samples, but the measured concentrations were very low. During 1999, no
liquid effluents were released and no SNEC related radioactivity was detected in the gaseous
effluent releases that occurred from SNEC. Hence, no dose to the public should be attributed
to SNEC activities. The environmental sample results indicated that there was no permanent
buildup of radioactive materials in the environment and no increase in background radiation
levels.

Therefore, based on the results of the radiological environmental monitoring program (REMP)
SNEC operations in 1999 did not have any adverse effects on the health and safety of the
public or on the environment.
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INTRODUCTION

Characteristics of Radiation

Instability within the nucleus of radioactive
atoms results in the release of energy in the form
of radiation. Radiation is classified according to
its nature -- particulate and electromagnetic.
Particulate radiation consists of energetic
subatomic particles such as electrons (beta
particles), protons, neutrons, and alpha particles.
Because of its limited ability to penetrate the
human body, particulate radiation in the
environment contributes primarily to internal
radiation exposure resulting from inhalation and
ingestion of radioactivity.

Electromagnetic radiation in the form of x-rays
and gamma rays has characteristics similar to
visible light but is more energetic and, hence,
more penetrating. Although x-rays and gamma
rays are penetrating and can pass through
varying thicknesses of materials, once they are
absorbed they produce energetic electrons which
release their energy in a manner that is identical
to beta particles. The principal concern for
gamma radiation from radionuclides in the

. environment is their contribution to external
radiation exposure.

Page 4



1999 RADIOLOGICAL ENVIRONMENTAL MONITORING REPORT

The rate with which atoms undergo disintegration (radioactive decay) varies among
radioactive elements, but is uniquely constant for each specific radionuclide. The term
"half-life" defines the time it takes for half of any amount of an element to decay and can
vary from a fraction of asecond for some radionuclides to millions of years for others.
In fact, the natural background radiation to which all mankind has been exposed is
largely due to the radionuclides of uranium (U), thorium (Th), and potassium (K). These
radioactive elements were formed with the creation of the universe and, owing to their
long half-lives, will continue to be present for millions of years to come. For example,
potassium-40 (K-40) has a half-life of 1.3 billion years and exists naturally within our
bodies. As a result, approximately 4000 atoms of potassium emit radiation within each
of us every second of our lives.

In assessing the impact of radioactivity on the environment, it is important to know the
quantity of radioactivity released and the resultant radiation doses. The common unit of
radioactivity is the curie (Ci). The curie represents the radioactivity in one gram (g) of
natural radium (Ra), which is equivalent to a decay rate of 37 billion radiation emissions
every second. Because of the extremely small amounts of radioactive material in the
environment, it is more convenient to use fractions of a curie. Subunits like picocurie,
pCi, (one trillionth of a curie) are frequently used to express the radioactivity present in
environmental and biological samples.

The biological effects of a whole body equivalent dose of radiation are the same whether
the radiation source is external or internal to the body. The important factor is how
much radiation energy or dose was deposited. The unit of radiation dose is the Roentgen
equivalent man (rem), which also incorporates the variable effectiveness of different
forms of radiation to produce biological change. For environmental radiation exposures,
it is convenient to use the smaller unit of millirem (mrem) to express dose (1000 mrem
equals 1 rem). When radiation exposure occurs over periods of time, it is appropriate to
refer to the dose rate. Dose rates, therefore, define the total dose for a fixed interval of
time, and environmental exposures are usually expressed with reference to one year
(mrem/yr).

Sources of Radiation

Life on earth has evolved amid the constant exposure to natural radiation. In fact, the
single major source of radiation to which the general population is exposed comes from
natural sources. Although everyone on the planet is exposed to natural radiation, some
people receive more than others do. Radiation exposure from natural background has
three components (i.e., cosmic, terrestrial, and internal) and varies with altitude and
geographic location, as well as with living habits. For example, cosmic radiation
originating from deep interstellar space and the sun increases with altitude, since there is
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less air which acts as a shield. Similarly, terrestrial radiation resulting from the presence
of naturally-occurring radionuclides in the soil and rocks varies and may be significantly
higher in some areas of the country than in others. Even the use of particular building
materials for houses, cooking with natural gas, and home insulation affect exposure to
natural radiation. The presence of radioactivity in the human body results from the
inhalation and ingestion of air, food, and water containing naturally-occurring
radionuclides. For example, drinking water contains trace amounts of uranium and
radium while milk contains radioactive potassium. Table 1 summarizes the common
sources of radiation and their average annual doses.

The average person in the United States receives about 300 mrem/yr (0.3 rem/yr) from
natural background radiation sources (Ref. 4). This estimate was revised from about 100
to 300 mrem because of the inclusion of radon gas which has always been present but
was not previously included in the calculations. In some regions of the country, the
amount of natural radiation is significantly higher. Residents of Colorado, for example,
receive an additional 60 mrem/yr due to the increase in cosmic and terrestrial radiation
levels. In fact, for every 100 feet above sea level, a person will receive an additional 1
mrem/yr from cosmic radiation. In several regions of the world, naturally high
concentrations of uranium and radium deposits result in doses of several thousand
mrem/yr to their residents (Ref.5).

TABLE 1

Sources and Doses of Radiation*

Natural (82%)
Radiation Dose

Source (mrem/yr)

Manmade (18%)
Radiation Dose

Source (mrem/yr)

Radon
Cosmic rays
Terrestrial
Internal

200 (55%)
27 (8%)
28 (8%)
40 (11 %)

Medical X-rays 39 (11 %)
Nuclear Medicine 14 (4%)
Consumer products 10 (3%)
Other < 1 « 1%)

(Releases from nat. gas, phosphate
mining, burning of coal, weapons
fallout, & nuclear fuel cycle)

APPROXIMATE
TOTAL 300

APPROXIMATE
TOTAL 60

* Percenta e contribution of the total dose is shown in arentheses.
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Recently, public attention has focused on radon (Rn), a naturally-occurring radioactive
gas produced from uranium and radium decay. These elements are widely distributed
in trace amounts in the earth's crust. Unusually high concentrations have been found in
certain parts of eastern Pennsylvania and northern New Jersey. Radon levels in some
homes in these areas are hundreds of times greater than levels found elsewhere in the
United States. Additional surveys, however, are needed to determine the full extent of
the problem nationwide.

Radon is the largest component of natural background radiation and may be responsible
for a substantial number of lung cancer deaths annually. The National Council on
Radiation Protection and Measurements (NCRP) estimates that the average individual in
the United States receives an annual dose of about 2,400 mrem to the lung from natural
radon gas (Ref. 4). This lung dose is considered to be equivalent to a whole body dose
of 200 mrem. The NCRP has recommended actions to control indoor radon sources
and reduce exposures.

When radioactive substances are inhaled or swallowed, they are not uniformly
distributed within the body. For example, radioactive iodine selectively concentrates in
the thyroid gland, radioactive cesium is distributed throughout the body water and
muscles, and radioactive strontium concentrates in the bones. The total dose to organs
by a given radionuclide is influenced by the quantityand the duration of time that the
radionuclide remains in the body, including its physical, biological and chemical
characteristics. Depending on their rate of radioactive decay and biological elimination
from the body, some radionuclides stay in the body for very short times while others
remain for years.

In addition to natural radiation, we are exposed to radiation from a number of manmade
sources. The single largest of these sources comes from diagnostic medical x-rays and
nuclear medicine procedures. Some 180 million Americans receive medical x-rays and
nuclear medicine treatment each year. The annual dose to an individual from such
radiation averages about 53 mrem. Much smaller doses come from nuclear weapon

. fallout and consumer products such as televisions, smoke detectors, and fertilizers.
Production of commercial nuclear power and its associated fuel cycle contributes less
than 1 mrem to the annual dose of about 360 mrem for the average individual living in
the United States.

Fallout commonly refers to the radioactive debris that settles to the surface of the earth
following the detonation of a nuclear weapon. It is dispersed throughout the
environment either by dry deposition or washed down to the earth's surface by
precipitation. There are approximately 200 radionuclides produced in the nuclear
weapon detonation process; a number of these are detected in fallout. The
radionuclides found in fallout, which produce most of the fallout radiation exposures to
humans are 1-131, Cs-137, Sr-89, and Sr-90.
There has been no atmospheric nuclear weapon testing since 1980 and many of the
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radionuclides, still present in our environment, have decayed significantly.
Consequently, doses to the public from fallout have been decreasing. As a result of the
nuclear accident at Chemobyl, Ukraine, on April 26, 1986, radioactive materials were
dispersed throughout the environment and detected in various media such as air, milk,
and soil. Cesium-134, Cs-137, 1-131 and other radionuclides were detected in the
weeks following the Chemobyl accident.
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DESCRIPTION OF THE
SNEC SITE

Location of the Plant Site

The site is located about 100 miles east of Pittsburgh
and 90 miles west of Harrisburg, Pennsylvania in the
Allegheny Mountains, three-fourths of a mile north
of the Borough of Saxton in Liberty Township,
Bedford County, Pennsylvania. The site is on the
north side of Pennsylvania Route 913, 17 miles south
of U.S. Route 22, and about 15 miles north of the
Breezewood Interchange of the Pennsylvania
Turnpike.

Description of Plant Site

Saxton was built adjacent to the Saxton Steam
Electric Generating Station of Pennsylvania Electric
Company (Penelec), a subsidiary of GPU. This coal
fired station operated from 1923 to 1974 and was
demolished between 1975 and 1977. The Saxton site
consists of 1.148 fenced acres of the approximate 150
acres owned by Penelec. An additional 9.6 acre
fenced area contains an electrical switchyard and
buildings under Penelec control. A general property
layout is shown in Figure 1. The Saxton site, as well
as a portion of the Penelec area and the surrounding
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uncontrolled lands, is in the 100-year floodplain of the Raystown Branch of the
Juniata River which borders the north and west portion of the property. A small
stream known as Shoup's Run crosses the central portion of the property and joins
the Juniata River. Normal elevation of the River near Saxton is approximately 794
feet above mean sea level (msl). The site and adjacent property lie about 17 feet
above river level. Much of the property consists of gently sloping open grassland, a
result of the restoration activities following the demolition of the Saxton Steam
Electric Generating Station.

SNEC Decommissioning Operations

The Saxton Nuclear Experimental Facility was a pioneer in the development of the nuclear
energy program for the United States. It operated for ten years, from 1962 to 1972, and
provided valuable information on operations and training. The fuel was removed from the
Containment Vessel (CV) in 1972 and shipped to the Atomic Energy Commission (ABC)
facility at Savannah River, South Carolina. Following fuel removal, equipment, tanks, and
piping located outside the CV were removed. Final decontamination and dismantlement of
reactor support structures and buildings were completed in 1992.

On April 20, 1998, the U.S. Nuclear Regulatory Commission (NRC) gave its approval for the
fmal stage of decommissioning. The first task was to verify that the ventilation system for
SNEC's decommissioning support building (DSB) was operating correctly. Next, a 10-foot by
15-foot opening was cut in the DSB to allow movement of materials and equipment in and out
of the building. In 1998, the large component structures, pressurizer, steam generator and
reactor vessel, were removed and shipped to Chern-Nuclear's low-level waste facility in
Barnwell, S.c. In 1999, the remaining miscellaneous components were removed from the CV
and concrete remediation operations commenced and will continue into the year 2000.
Additional information can be obtained from the 1999 SNEC Annual Operations Report (Ref.
6).

Facility Description

The only remaining Saxton structures include the Containment Vessel (CV), the two remaining
concrete shield walls and tunnel sections that are immediately adjacent to the outer .
circumference of the CV. Concrete barrier walls have been installed to isolate the open ends
of the tunnel that were connected to the Control & Auxiliary Buildings, the Radioactive Waste
Disposal Facility and the Steam Plant. Portions of the Steam Plant Tunnel still exist beyond
the point where the tunnel was blocked-off.
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Containment Vessel

The Saxton Containment Vessel is a circular steel structure approximately 100 ft. tall by 50 ft.
in diameter with approximately 50 percent of the structure below grade. The CV is subdivided
into a reactor compartment/storage well. primary compartment. auxiliary compartment and an
operating floor. Concrete walls. floors and ceilings separate these areas from each other. The
below grade portion of the CV is lined with concrete. as well.

Demography - Human Activities in the Environs

The area surrounding the Saxton site is generally rural forested and mountainous terrain. The
population density of the area is low with small concentrations in the valleys and along main
highways. The site lies about three-fourths of a mile north of the Borough of Saxton in
Liberty Township, Bedford County. Pennsylvania. The population and population trends for
the Borough of Saxton. Bedford County and the adjacent counties of Blair and Huntingdon
have decreased by approximately 3% between 1980 and 1990 (Ref. 7). At the time the SNEC
facility was constructed. the estimated population of the Borough of Saxton was 975 as
recorded during the 1960 census. Thirty years later. the population as recorded during the
1990 census was 838. a decline of 16.3 %.

The nearest population center (as defined by 10 CFR 100) of 25.000 or more is the city of
Altoona which lies approximately 20 miles north-northwest of the Saxton site. The 1990
population of Altoona was 51.881. The closest incorporated towns other than the Borough of
Saxton are Coalmont Borough about 2.5 miles to the east, Dudley Borough about 3.4 miles to
the east and Broad Top about 5.3 miles also to the east.

Current uses of adjoining properties include undeveloped wooded and residential areas. A
cemetery lies along the eastern property boundary while undeveloped wooded and residential
areas border the northern, southern and western property boundaries.

The Raystown Branch of the Juniata River in the vicinity of the site is primarily used for
recreational boating and fishing by local residences. The vast majority of recreational
activities along the river. however, are located downstream of the site on Raystown Lake.

Approximately 34 miles downstream of the site, the Raystown Branch of the Juniata River is
dammed. impounding the river to form Raystown Lake. The dam built by the US Army Core
of Engineers (COE) for flood control. recreation and water quality purposes was constructed
from 1968 to 1973. At normal pool level, the lake is 27 miles long and has an area of 8.300
acres. Raystown Lake provides one of the better recreational areas in this part of
Pennsylvania. The Federal Government developed the lake extensively for recreational·
activities including boating. fishing. camping. hunting. and picnicking.
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Geology

The Saxton site lies in the Appalachian highlands in the Ridge and Valley physiographic
province. This province comprises alternate successions of narrow ridges and broad or narrow
valleys trending generally northeast. This region contains alternating hard and soft
sedimentary rocks that have been severely folded by lateral compression into a series of
anticlines and synclines. The ridge consists of Tuscarora quartzite and a small amount of
Pleistocene gravel. Most of the area is underlain by strata of Upper Devonian age. Although
coal was mined in the general area of the site, no coal has been reported to lie beneath the site,
nor has the site been undermined. The ridges immediately to the northwest of the site rise to
1300 feet and to the southeast rise to 1500 feet with site elevation being approximately 811
feet above msl.
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Figure 1
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RADIOLOGICAL
ENVIRONMENTAL
MONITORING

GPU Nuclear conducts a comprehensive
radiological environmental monitoring program
(REMP) at SNEC to measure levels of radiation
and radioactive materials in the environment.
The information obtained from the REMP is then
used to determine the effect of SNEC operations,
if any, on the environment and the public.

The USNRC has established regulatory guides
that contain acceptable monitoring practices. The
SNEC REMP was designed on the basis of these
regulatory guides along with the guidance
provided by the USNRC Radiological
Assessment Branch Technical Position for an
acceptable radiological environmental monitoring
program (Ref. 8). The SNEC REMP meets or
exceeds the monitoring requirements set forth by
the USNRC.

Page 14



1999 RADIOLOGICAL ENVIRONMENTAL MONITORING REPORT

The important objectives of the REMP are:

• To assess dose impacts to the public from the SNEC Facility.

• To verify decommissioning controls for the containment of radioactive materials.

• To determine buildup of long-lived radionuclides in the environment and changes in
background radiation levels.

• To provide reassurance to the public that the program is capable of adequately assessing
impacts and identifying noteworthy changes in the radiological status of the environment.

• To fulfill the requirements of the SNEC Technical Specifications.

Sampling

The program consists of taking radiation measurements and collecting samples from the
environment, analyzing them for radioactivity content, and then interpreting the results. These
samples include, but are not limited to, air, water, sediment, soil, vegetation and groundwater.
Thermoluminescent dosimeters (TLDs) are placed in the environment to measure gamma
radiation levels.

The Offsite Dose Calculation Manual (ODCM), (Ref. 1) defmes the sample types to be
collected and the analyses to be performed. Asappropriate, changes to the REMP are initiated
by recommendations from the scientific staff at GPU Nuclear. However, the minimum
sampling and analysis requirements specified in the aDCM are maintained or exceeded.

Sampling locations were established by considering topography, meteorology, population
distribution, hydrology, and areas of public interest. The sampling locations are divided into
two classes, indicator and control. Indicator locations are those which are expected to show
effects from SNEC activities, if any exist. These locations were selected primarily on the
basis of where the highest predicted environmental concentrations would occur. The indicator
locations are typically within the site boundary, along the perimeter fence or a few miles from
the SNEC facility.

Control stations are located generally at distances greater than 10 miles from SNEC. The
samples collected at these sites are expected to be unaffected by SNEC operations. Data from
control locations provide a basis for evaluating indicator data relative to natural background
radioactivity and fallout from prior nuclear weapon tests. Figures 2 and 3 show the current
sampling locations around the facility. Table A-I in Appendix A describes the sampling
locations by distance along with the type(s) of samples collected at each sampling location.
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Analysis

In addition to specifying the media to be collected and the number of sampling locations, the
ODCM also specifies the frequency of sample collection and the types and frequency of
analyses to be performed. Also specified are analytical sensitivities (detection limits) and
reporting levels. Table A-2 in Appendix A provides a synopsis of the sample types, number
of sampling locations, collection frequencies, number of samples collected, types and
frequencies of analyses, and number of samples analyzed. Table A-3 in Appendix A lists
samples which were not collected or analyzed as per the requirements of the ODCM. Changes
in sample collection and analysis are described in Appendix C. All samples analyzed meet the
required analytical sensitivities.

Measurement of low radionuclide concentrations in environmental media requires special
analysis techniques. Analytical laboratories use state-of-the-art laboratory equipment designed
to detect all three types of radiation emitted (alpha, beta, and gamma). This equipment must
meet the analytical sensitivities required by the ODCM. Examples of the specialized
laboratory equipment used are germanium detectors with multichannel analyzers for
determining specific gamma-emitting radionuclides, liquid scintillation counters for detecting
H-3, low level proportional counters for detecting gross alpha and beta radioactivity and alpha
spectroscopy for determining specific transuranic isotopes.

Calibrations of the counting equipment are performed by using standards traceable to the
National Institute of Standards and Technology (NIST). Computer hardware and software
used in conjunction with the counting equipment perform calculations and provide data
management. Analysis methods are described in Appendix H.

Data Review

The analytical results are routinely reviewed by GPU Nuclear scientists to assure that
sensitivities have been achieved and that the proper analyses have been performed.
Investigations are conducted when action levels or USNRC reporting levels are reached or
when anomalous values are discovered. This review process is discussed in more detail in
Appendix D.

Tables 4 and 5 depict gross beta and gross alpha results, respectively. Table 6 lists the tritium
concentrations from station GEO-5 and Table 7 lists tritium results from a111999 monitoring
wells. Table 8 provides a summary of radionuclide concentrations detected in the aquatic
sediment samples for 1999. Statistical methods used to derive these tables along with other
statistical conclusions are detailed in Appendix G. Quality control (QC) sample results were
used mainly to verify the primary sample result or the first result in the case of a duplicate
analysis. Therefore, the QC results were excluded from these tables and the main text of this
report to avoid biasing the results.
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Quality Assurance Program

A quality assurance (QA) program is conducted in accordance with guidelines provided in
Regulatory Guide 4.15, "Quality Assurance for Radiological Monitoring Programs" (Ref. 9)
and as required by the ODCM. GPU Nuclear maintains written policies, procedures, and
records, that encompass all aspects of the REMP including sample collection, equipment
calibration, laboratory analysis and data review.

The QA program is designed to identify possible deficiencies so that immediate corrective
action can be taken. The program also provides assurance to the regulatory agencies and the
public that the results are valid. The QA program for the measurement of radioactivity in
environmental samples is implemented by:

• Auditing all REMP-related activities including analytical laboratories.

• Requiring analytical laboratories to participate in a cross-check program(s).

• Requiring analytical laboratories to split samples for separate analysis (recounts are
performed when samples cannot be split).

• Splitting samples, having the samples analyzed by independent laboratories, and then
comparing the results for agreement.

• Reviewing QC results of the analytical laboratories including spike and blank sample
results and duplicate analysis results.

The QA program and the results of the cross-check programs are outlined in Appendix E and
F, respectively.

The TLD readers are calibrated monthly against standard TLDs to within five percent of the
standard TLD values. Also, each group of TLDs processed by a reader contains control TLDs
that are used to correct for minor variations in the reader. The accuracy and variability of the
results for the control TLDs are examined for each group of TLDs to assure the reader is
functioning properly. In addition, each element (TLD) has an individual correction factor
based on its response to a known exposure.

Other cross-checks, calibrations, and certifications used to assure the accuracy of the TLD
program include:

• Semiannually, randomly selected TLDs are sent to an independent laboratory where they
are irradiated to set doses unknown to GPU Nuclear. TLDs which meet the criteria
specified by the National Voluntary Laboratory Accreditation Program (NVLAP) are used
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for this test. The GPU Nuclear dosimetry laboratory processes the TLDs and the results
are compared against established limits.

• Every two years, each TLD is checked to ensure an appropriate correction factor is
assigned to each element of the TLD.

• Every two years, GPU Nuclear's dosimetry program is examined and NVLAP recertified
by the NIST.

The environmental dosimeters were tested and qualified to the American National Standard
Institutes (ANSI) publication N545-1975 and the USNRC Regulatory Guide 4.13 (Refs.lO
and 11).
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Figure 3
SNEC :'.tonitoring Wells Map
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DIRECT RADIATION
MONITORING

Radiation is a normal component of the
environment resulting primarily from natural
sources, such as cosmic radiation and naturally
occurring radionuclides, and toa lesser extent from
manmade sources, such as fallout from prior
nuclear weapon tests. The cessation of atmospheric
nuclear weapon tests and the decay of fallout
products have resulted in a gradual decrease in
environmental radiation levels. Direct radiation
monitoring measures ionizing radiation primarily
from cosmic and terrestrial sources.

Gamma radiation exposure rates near SNEC were
measured using thermoluminescent dosimeters
(TLDs). There are 28 TLDs that surround the
SNEC facility. Sixteen Indicator Stations, one per
compass sector, are located on the SNEC outer
perimeter fence. One station is located in the
Penelec Line Department garage. There are nine
Offsite Indicator Stations in various sectors within
two miles of the site. There are also two Control
Stations, each about 10 miles from the site. The
indicator stations are used to detect any potential
effect of SNEC Facility activities on environmental
radiation levels.
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No relationship between the SNEC facility activities and offsite exposure rates were
detected at any station. The 1999 quarterly exposure rates for the individual TLD stations
are contained in Appendix 1.

Sample Collection and Analysis

A thermoluminescent dosimeter (TLD) is composed of a crystal (phosphor) which absorbs
and stores energy in traps when exposed to ionizing radiation. These traps are so stable

·that they do not decay appreciably over time. When heated, the crystal emits light
proportional to the amount of radiation received, and the light is measured to determine
the.integrated exposure. This process is referred to as thermoluminescence. The reading
process 'rezeros' (anneals) the TLD and prepares it for reuse. The TLDs in use for
environmental monitoring at the SNEC facility are capable of accurately measuring
exposures from a minimum of 1 mR (well below normal environmental exposures for the
quarterly monitoring periods) to a maximum of 200,000 mR.

Each TLD station consists of 2 TLD badges, each of which has 4 phosphors or elements.
Since each TLD responds to radiation independently, this provides 8 independent
detectors at each station. Of the 4 elements in GPU Nuclear's TLDs, 3 are composed of
calcium sulfate and 1 is composed of lithium borate. The calcium sulfate elements are
shielded with a thin layer of lead making the response to different energies of gamma
radiation more linear. The lead also shields the elements from beta radiation, making
them sensitive to gamma radiation only. The lithium borate element is shielded
differently to permit the detection of beta radiation as well as gamma. The combination
of different phosphor materials, shielding, and multiple phosphors per badge permit
quantification of both gamma and beta radiation. Only the calcium sulfate phosphors are

· used for.environmental monitoring; however, the lithium borate elements can be used to
evaluate beta exposures or as a backup to the calcium sulfate elements should more data
be required.

Data from the TLDs were evaluated by obtaining the average of the usable element
results at each station. All TLD exposure rate data presented in this report were
normalized to a standard month (std month) to adjust for variable field exposure periods.

· A std month is 30.4 days. Several badges were used to quantify transit exposure during
storage and handling of TLDs. Transit exposures were subtracted from gross field
exposures to produce net field exposures.

Results

In 1999, the average annual exposure rate for offsite indicator stations was 6.0 ± 0.5
mR/std month. Quarterly exposure rates ranged from 4.4 to 8.8 mR/std month. Offsite
indicator station E2-1, located 0.25 mile from the CV, displayed the highest elevated
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exposures. An investigation revealed that the elevated results were due to residual waste
from the coal-fired station formerly located adjacent to SNEC. The soil at station E2-1
consists of a mixture of coal slag and cinders, which emit a slightly elevated gamma from
naturally occurring. Th-232 and Ra-226, and thus adding to the TLD results.

The average annual exposure rate for the two control stations, those stations farther than
10 miles from SNEC, was 5.6 ± 0.4 mRlstd month. Quarterly exposure rates at the
control stations ranged from 4.9 to 6.4 mRlstd month. Table 2 depicts the average
offsite indicator results with the average control results:

The TLD along the perimeter fence from sector D showed the highest results due to the
storage of radioactive materials proximal to the subject TLD station.

No elevated exposure rates attributed to the SNEC facility activities were observed at any
offsite station. TLDs are sensitive and accurate mechanisms for measuring the low
exposure rates characteristic of environmental levels. Effects of normal SNEC facility
activities, however, are too small to be discernible outside the normal range of
background radiation levels. Table 3 compares the highest site boundary exposure result
to the allowable maximum exposure rate based on 40 CFR 190 (Ref. 12).

The annual average gamma radiation exposure rate recorded from all offsite indicator
TLD stations was 5.95 mRlstd month. This equates to an annual exposure rate of 71
mRlyr..Exposure of this magnitude is consistent with the annual average dose a person
receives from cosmic and terrestrial sources (Table 1, "Sources and Doses of
Radiation") .

Page 23



1999 RADIOLOGICAL ENVIRONMENTAL MONITORING REPORT

TABLE 2
1999 SNEC TLD Summary

Field Cycle: January 19, 1999 to January 6, 2000

mRJstd month MEAN MINIMUM MAXIMUM

Average Offsite
8.81 @ E2-1

Indicator Stations 5.95 4.41 @ K1-5

Average
6.41 @ GlO-1

Control Stations 5.59 4.91 @ HlO-1

TABLE 3
Highest Site Boundary Exposure Comparison

Compared to an allowable maximum exposure

9.2
mR/std rate of 0.37 mR/hr. This equivalent to the 25
month mR annual limit specified by 40 CFR 190

At Station adjusted by the 67-hour recreational factor
D1-4 specified in Reg. Guide 1.109 (shoreline

0.0126 mR/Hr
exposure for maximum exposed teenager)
(Ref. 12).
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ATMOSPHERIC
MONITORING

A potential exposure pathway to humans is the
inhalation of airborne radioactive materials. To
monitor this exposure pathway, ambient air was
sampled by a network of continuously operating
samplers and then analyzed for radioactivity
content. Based on the analytical results, no
contribution to the general levels of airborne
radioactivity was attributed to the SNEC facility
during 1999.

The indicator air sampling stations are located in
the three predominant wind sectors around the
Containment Vessel (CV), the north sector (A1
2), the east sector (D1-l), and the south sector
(11-3). The control air sampling station (G10-1),
which is 10 miles from the site, provided
background airborne radioactivity data for
companson.
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Sample Collection and Analysis

Mechanical air samplers were used to continuously draw air through glass fiber filters.
To maintain a constant flow rate throughout the collection period, each sampler was
equipped with a mass flow probe. This electronic device maintains a constant airflow
across the filter paper. All air samplers were calibrated semiannually and maintained by
instrumentation technicians.

The glass fiber filters were used to collect airborne particulate matter. The filters were
collected weekly and analyzed for gross alpha and gross beta radioactivity. The filters
were then combined quarterly by individual station locations and analyzed for
gamma-emitting radionuclides.

Air Results

During 1999, 194 air particulate samples (filters) were collected and analyzed for gross
alpha and gross beta radioactivity. The particulate matter (dust particles) collected
weekly on all indicator and control filters contained gross beta radioactivity above the
minimum detectable concentration (MDC). The gross beta concentrations measured on
the filters collected from indicator sites ranged from 0.010 ± 0.002 pCi/m3 to 0.059 +
0.006 pCi/m3 and averaged 0.0202 ± 0.0163 pCi/m3

• The air particulate samples
collected from the control location had gross beta concentrations, which ranged from
0.0093 ± 0.0046 pCi/m3 to 0.051 ± 0.005 pCi/m3 and averaged 0.0190 ± 0.016
pCi/m3

. The average results are listed in Table 4.

As depicted in Figure 4, average weekly gross beta concentrations at indicator and
control air monitoring locations were analogous and trended similarly throughout the
monitoring period. The weekly gross beta concentrations and trends at individual air
sampling sites also were similar. The 1999 data indicated that gross beta radioactivity
levels did not change as a result of SNEC operations. Additionally, the gross beta
radioactivity associated with airborne particulates was due to naturally-occurring
radionuclides.

Air particulate gross alpha concentrations (detected above the MDC) at indicator stations
ranged from 0.00092 ± 0.00054 pCi/m3 to 0.0050 ± 0.0010 pCi/m3 and averaged
0.0020 ± 0.0016 pCi/m3

. Control samples averaged 0.0018 ± 0.0014 pCi/m3 and
ranged from 0.00052 ± 0.00052 pCi/m3 to 0.0036 ± 0.0009 pCi/m3

•

Average weekly gross alpha concentrations are depicted in Figure 5. Due to a naturally
occurring alpha ingrowth that occurs in air particulate samples, variations in
concentrations were observed. As the time between sample collection and sample
analysis increased, so did the ingrowth of alpha resulting in higher sample activity.
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Inconsistent or late sample deliveries to the analytical laboratory promoted these
variations of concentrations. Actual concentrations (whether the count rates were above,
below, or equal to the blank count rates) were used to calculate weekly averages because
approximately 15% (29 of 194) of the weekly results were below the MDC. Using
actual concentrations eliminates biases in the data and missing data points on graphs. As
depicted in Figure 5, average weekly gross alpha concentrations at indicator and control
stations remained relatively constant throughout the monitoring period. Generally, the
trends of average gross alpha concentrations at indicator and control sites were similar.
The average results are listed in Table 5.

The data obtained in 1999 indicated that gross alpha radioactivity levels did not change as
a result of the SNEC facility. In addition, the gross alpha radioactivity measured on the
particulate filters was caused by naturally-occurring radionuclides.

Gamma-emitting radionuclides related to the SNEC facility were not detected on any of
the quarterly composites that were analyzed in 1999. As expected, all of the quarterly
composite samples contained naturally-occurring beryllium-7 (Be-7). Concentrations
detected on indicator samples were similar to those detected on control filters.
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TABLE 4
1999 Average Gross Beta Concentrations

in Airborne Particulates
(pCi/m3

)

Station

Al-2 (I)

D1-1 (I)

J1-3 (I)

GlO-1 (C)

Description

North Sector

East Sector

South Sector

New Granada

Average + 2 std dev*

0.0196 ±.0.016

0.0204 ± 0.016

0.0206 ± 0.017

0.0190 ± 0.016

* Averages and standard deviations are based on concentrations > MDC
(I) = Indicator Station (C) = Control Station

TABLES
1999 Average Gross Alpha Concentrations

in Airborne Particulates
(pCi/m3

)

Station Description Average + 2 std dev*

Al-2 (I) North Sector 0.0020 ± 0.0014

D1-1 (I) East Sector 0.0020 + 0.0018

J1-3 (I) South Sector 0.0020 + 0.0016

GlO-1 (C) New Granada 0.0018 ± 0.0014

* Averages and standard deviations are based on concentrations > MDC
(I) = Indicator Station (C) = Control Station
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