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SUMMARY AND
CONCLUSIONS

The radiological environmental monitoring
performed in 1996 by GPU Nuclear for Three Mile
Island Nuclear Station (TMINS) is discussed in
this report. The environmental sample results and
the doses calculated from measured effluents
indicated that TMINS operations in 1996 had no
adverse effect on the health of the public or the
environment.

The operation of a nuclear power station results in
the release of small amounts of radioactive
materials to the environment. A radiological
environmental monitoring program (REMP) has
been established to monitor radiation and
radioactive materials in the environment around
TMINS. The results of environmental
measurements are used to assess the impact of
TMINS operations, to demonstrate compliance
with the TMI-1 and TMI-2 Technical
Specifications (Refs. 1 and 2) and applicable
Federal and State regulations, and to verify the
adequacy of containment and radioactive effluent
control systems. The program also evaluates the
relationship between amounts of radioactive
material released in effluents to the environment
and resultant radiation doses to individuals.
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Summaries and interpretations of the data are
published annually in the Radioiogical
Environmental Monitoring Report. Previous
reports in this series are referenced at the end
of the report (Refs. 3 through 26). Additional
information concerning releases of radioactive
materials to the environment is contained in
the Radiological Effluent Release Reports
These reports are submitted annually to the
United States Nuclear Regulatory
Commission (USNRC).

Many of the radioactive matenials discussed in
this report are normally present in the
environment, either from natural processes or
as a result of non-TMINS activities such as
prior atmospheric nuclear weapon tests and
medical industry activities To determine the
impact of TMINS operations, if any, on the
environment and the public, results from
samples collected close to TMINS (indicator
stations) are compared to results from samples
obtained at distant sites (control or
background stations) Comparisons with
historical data also are performed, as
appropnate.

During 1996, samples of aii, surface, effluent
and drinking water, sediment, fruits,
vegetables, fish, groundwater, milk and rodent
carcasses were collected. Direct radiation
exposures also were measured in the vicinity
of TMINS Samples were analyzed for gross
beta and gross alpha radioactivity, tritium
(H-3), strontium-89 (Sr-89) and strontium-90
(Sr-90), iodine-131 (1-131) and/or gamma-
emitting radionuclides. The resul’s are
discussed in the various sections of this
report. Additionally, radiological impacts in
terms of radiation dose as a result of TMINS
radioactive releases were calculated and are

discussed in this report (Radislogical Impact
of TMINS Operztions and Appendix I)

The results provided in this report are
summarized in the following highlights:

8 More than 1700 samples were collected in
1996 from the aquatic, atmospheric and
terrestrial environments around TMINS
There were nearly 2700 analyses
performed on these samples. Also,
approximately 2100 radiation exposure
measurements were taken using
thermoluminescent dosimeters (TLDs)
Finally, more than 270 groundwater
sainples were collected and nearly 450
analyses were performed on these samples
The monitoring performed in 1996 met or
exceeded the sample collection and
analysis requirements of the TMI-1 and
TMI-2 Technical Specifications.

® In addition to natural radioactivity, low
concentrations of radionuclides such as
H-3, cobalt-60 (Co-60), Sr-90,
cesium-137 (Cs-137), cesium-134
{Cs-134) and 1-131 were detected in
various media and were attributed to either
fallout from prior nuclear weapon tests,
the medical industry or TMINS
operations

® The raw surface water collected
downstream of the TMINS liquid
discharge outfall typically had H-3
concentrations greater than those detected
in control samples as a result of routine
TMINE operations. This was expected
because the samples were collected from a
site where mixing of liquid effluents with
Susquehanna River water was incomplete
Although raw water is not consumed by
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humans, all of the measured
concentrations were well below the United
State Environmental Protection Agency’s
(USEPA) Primary Drinking Water
Standard of 20,000 picocuries per liter
(pCVL).

As a result of routine TMINS operations,
H-3 at low concentrations was deiected in
indicator fish samples. Its presence was
not unexpected because H-3 was released
in liquid effluents and the indicator fish
samples were collected in a zone where
mixing of effluents and river water is
incomplete. The H-3 concentrations in
the extracted water were a small fraction
of the USEPA Primary Drinking Water
Standard.

Low concentrations of TMINS-related
Co-60, Cs-134 and Cs-137 were detected
1 aquatic sediments collected proximal
to or just downstream of the TMINS
liquid discharge outfall. During 1996 as
well as in previous years, these materials
were routinely released in TMINS liquid
effluents. Additionally, Co-60, Cs-134
and Cs-137 are readily adsorbed by
suspended particles in the water column
and bottom sediments. A portion of the
Cs-137 measurad in the samples was
attributed to fallout from prior nuclear
weapon tests.

Groundwater samples collected from the
onsite monitoring and supply wells
contained H-3 above ambient
concentrations as a result of routine
operations at TMI-1 and past operations
at TMI-2. All H-3 concentrations
detected in onsite groundwater were
below the effluent concentration specified

in USNRC 10 CFR 20 (Appendix B,
Table 2)

Strontium-90 was detected in one
groundwater sample collected from an
onsite well. Its presence was attributed
to past leaks from a TMI-2 tank which
has since been drained. Water from the
subject well is not used for drinking.
The measured concentration was well
below the USNRC 10 CFR 20 effluent
concentration limit for Sr-90.

Trtium was detected in onsite
groundwater used for drinking. The
presence of H-3 in these samples was
attributed to routine TMI-1 operations
and possibly past TMI-2 operations. All
of the H-3 concentrations measured in
onsite drinking water were well below the
USEPA Primary Drinking Water
Standard

Low concentrations of H-3 were detected
in offsite groundwater. A portion of the
H-3 detected in these samples may be
related to atmospheric releases of H-3
from TMI-1. The concentrations were a
small fraction of the USEP 4 Primary
Drinking Water Standard.

(Gamma radiation exposure rates recorded
at the offsite indicator TLD and reai-time
monitoring stations averaged 55 and 66
milliroentgens per year (mR/yr),
respectively. The exposure rates were
consistent with those presented by the
National Council on Radiation Protection
and Measurements (Ref 27) No increase
in ambient gamma radiation levels was
detected
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® During 1996, small amounts of
radioactive materials were released in
TMI-1 and TMI-2 effluents. The
amount released from TMI-1 was the
lowest in its operating history. This
achievement was attributed to good fuel
integrity, minimal leakage in the steam
generators and improved efficiency of
the waste processing systems.

The calculated doses to the public from
TMINS operations in 1996 were well
beiow ali applicable regulatory limits and
significantly less than doses received from
other common sources of radiation. The
hypothetical maximum whole body dose
potentially received by an individual from
1996 TMI-1 and TMI-2 liquid and
airborne effluents combined was
conservatively calculated to be 0 11 mrem
This dose is equivalent to 0 04% of the
dose that an individual living in the TMI
area receives each year from natural
background radiation

The hypothetical maximum whole body
dose to the surrounding population from
all 1996 liquid and airborne effluents was
calculated to be 1.06 person-rem. This
dose is equivalent to 0.00016% of the
dose that the total population in the TMI
area receives each year from natural
background radiation.

In conclusion, radioactive materials related to
TMINS operations were detected in
environmental samples, but the measured
concentrations were low and consistent with
measured effluents. The environmental
sample results verified that the doses received
by the public from TMINS effluents in 1996
were well below applicable dose limits and

only a small fraction of the doses received
from natural background radiation
Additionally, the results .adicated that there
was no permanent buildup of radioactive
materials ir: the environment and no increase
in background radiation levels.

Therefore, based on the results of the
radiological environmental monitoring
program (REMP) and the doses calculated
from measured effluents, TMINS operations
in 1996 did not have any adverse effects on
the health 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
natur¢ -- 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 externai radiation
exposure.
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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 a second 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 internally within each of us every
second of our lives

In assessing the impact ¢ 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). It
represents the radioactivity in one gram (g)
of natural radium (Ra), which is also equal 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 aiso
incorporates the variable effe-tiveness 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 squels 1 rem).
When radiation exposure occurs over
periods of time, it is appropriate to refer to
the dose rate. Dose rates, theiefore, define
the total dose for a fixed interval of time, and
for environmental exposures are usually
expressed with -eference 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. Radiation
exposure from naturzi background has three
components (i.e., cosmic, terrestrial, and
internal) and vanes 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 less air
which acts as a shield. Similarly, terrestral
radiation resulting from the presence of
naturally-occurring radionuclides in the soil

and rocks varies and may be .
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significantly higher in some areas of the from natural background radiation sources
country than in others. Even the use of (Ref 27). This estimate was revised from
particular building materials for houses, about 100 to 300 mrem because of the
cooking ‘with natural gas, and home inclusion of radon gas which was always
insulation affect exposure to natural present but was not previously included in
radiation. the calculations. In some regions of the
country, the amount of natural radiation is
The presence of radioactivity in the human significantly higher. Residents of Colorado,
body results from the inhalation and for example, receive an additional 60
ingestion of air, food, and water containing mrem/yr due to the increase in cosmic and
naturally-occurring radionuclides. For terrestnial raciation levels. In fact, for every
example, drinking water contains trace 100 feet above sea level, a person will
amounts of uranium and radium and milk receive an additional 1 mrem/yr from cosmic
contains radioactive potassium. Table | radiation. In several regions of the world,
summarizes the common sources of radiation naturally high concentrations of uranium and
and their average annual doses. radium deposits result in aoses of several
thousand mrem/yr to their residents (Ref.
The average person in the United States 28)
receives about 300 mrem/yr (0.3 rem/yr)

TABLE 1

Sources and Doses of Radiation*

Natural (82%) Manmade (18%)
Radiation Dose Radiation Dose

Source (mrem/vr) Source (mremy/ve)

Radon 200 (55%) Medical X-rays 39 (11%)
Cosmuc rays 27 (8%) Nuclear Medicine 14 (4%)
Terrestrial 28 (8%) Consumer products 10 3%)
internal 40 (11%) Other <1 (<1%)
(Releases from nat. gas, phosphate
mining, burning of coal, weapons
fallout, & nuclear fuel cycle)

APPROXIMATE APPROXIMATE
TOTAL 300 TOTAL 60

* Percentage contribution of the total dose is shown in parentheses

Source: Ref 27




1996 RADIOLOGICAL ENVIRONMENTAL MONI1iORING REPORT

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 Pennsyivania
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. However, additional
surveys 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 27). 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 also is influenced by the quantity
and 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 radionuclies 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 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,
Sr-89, Cs-137, and Sr-90. There has been no
atmospheric nuclear weapon testing since
1980 and many of the .adionuclides, still
present in our environment, have decayed
significantly Consequently, doses to the
public from fallout have been decreasing
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As a result of the nuclear accident at
Chemnobyl, Ukraine, on April 26, 1986,
radicactive materials were dispersed
throughout the environment and detected in
various media such as air, milk, and soii.
Cesium-134, Cs-137. I-131 and other
radionuclides were detected in the weeks
following the Chernoby! accident

Nuclear Reactor Operations

Common to the commercial production of
electricity is the consumption of fuel to
r~>duce heat and steam.  The steam turns the
turbine which generates electricity. Unlike
the burning of coal, oil, or gas in fossil-fuel
powered plants to generate heat, the fuel of
most nuclear reactors is comprised of the
element uranium in the form of uranium
oxide. The fuel produces heat by the process
called fission

In fission, the uranium atom absorbs a
neutron (an atomic particle found in nature
and also produced by the fissioning of
uranium in the reactor) and splits to produce
smaller atoms termed fission products, along
with heat, radiation and free neutrons. The
free neutions travel through the reactor and
are similarly absorbed by the uranium,
permitting the fission process to continue

As this process continues, more fission
products, radiation, heat and neutrons are
produced and a sustained reaction occurs
The heat produced is transferred -- via
reactor coolant water -- from the fuel to
produce steam which drives a turbine
generator to nroduce electricity. The fission
products are mostly radioactive; that is, they

are unstable atoms which emit radiation as
they decay 'o stable atoms Neutrons which
are not absorbed by the uranium fuel may be
absorbed by stable atoms in the materials
which make up the components and
structures of the reactor. In such cases,
stable atoms often become radioactive. This
process is called activation and the
radioactive atoms which result are called
activation products

The TMINS reactors (TMI-1 and TMI-2) are
pressurized water reactors (PWR) Only
TMI-1 is an operating reactor. At the end of
1993, TMI-2 was placed in a condition calle
Post-Defueling Monitored Storage (PDMS)
As the name implies, TMI-2 will continue to
be monitored until operations at TMI-1

cease. At that ime, both TMI-1 and TMI-2
will be decommissioned

The nuclear fuel used in an operating reactor
such &s TMI-1 is contained within sealed fuel
rods arranged in arrays called bundles. The
bundles are located within a massive steel
reactor vessel Pressurized water reactors
utilize steam generators to transfer the heat of
the coolant water to the secondary steam
loop, thus, the steam generators serve as a
boundary between the radioactive primary
loop and the secondary steam loop

As depicted in Figure 1, heat is added to the
water as it 1s pumped around and through the
fuel bundles in the reactor vessel. The hot
primary coolant then passes inside thousands
of sealed tubes within the steam generator
Heat is transferred through the tube walls
into the secondary water which flows around
the tubes, thereby creating steam for use in
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the turbine. Afier the energy is extracted
from the steam in the turbine, it is cooled and
condensed back into water by a third loop
which circulates water between the condenser
and the cooling towers.

Several hundred radionuclides of some 40
different elements are created during the
process of geaerating electricity. And,
because of ri:actor engineering designs, the
short half-lives nf many radionuclides, and
their chemical and physical nroperties, nearly
all radioactivity is contained

Pressurized water reactors have five
independent barriers that confine radioactive
materials given off by the reactor fuel as it
heats the water. Under normai operating
conditions, essentially all radioactivity is
contained within the first two barriers

The ceramic uranium fuel pellets provide the
first barnier Most of the fission products are
either trapped or chemically bound in the fuel
where they remain  However, a few fission
products which are volatile or gaseous at
normal operating temperatures may not be
contained in the fuel

The second barrier consists of zirconium (Zr)
alloy tubes (cladding) that resist corrosion
and high temperatures. The fuel pellets are
contained within these tubes. There is a smal!
gap between the fuel and the cladding, in
which the noble gases and other volatile
radionuclides collect and are contained

The primary coolant water is the third barner
Many of the fission products, including
radioactive iodine, strontium and cesium are

soluble and are retained in water in an ionic
(electrically charged) form. These materials
can be removed in the primary coolant
purification system. However, krypton (Kr)
and xenon (Xe) do not readily dissolve in the
coolant, particularly at high temperatures.
Krypton and xenon coliect as a gas above the
coolant when the water is depressurized.

The fourth barrier consists of the reactor
pressure vessel and the steel piping of the
primary coolant system. The reactor pressure
veseel is a 36-foot high tank with steel walls
a 9 inches thick It encases the reactor
coi.. The remainder of the primary coolant
system includes the pressurizer, steam
generators and associated piping This
system provides containment for radioactivity
in the primary coolant.

The reactor building (or containment
building) provides the fifti barrier. It has
steel-lined concrete walls about 4 feet thick
that enclose the reactor pressure vessel and
the primary coolant system.

Sources of Ligquid and Airborne Efftuents

Although the previously described barriers
contain radioactivity with high efficiency,
small amounts of radioactive fission producis
diffuse or migrate through minor flaws in the
fuel cladding and into the primary coolant
Trace quantities of reactor system component
and structure surfaces which have been
activated also get into the primary coolant
water Many of the soluble fission and
activation products such as iodines,
strontiums, cobalts, and cesiums are removed
by demineralizers in the purification system of
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the primary coolant. The physical and
chemical properties of noble gas fission
products in the primary coolant prevent their
removal by the demineralizers.

Because the reactor systern has many valves
and fittings, an absolute seal cannot be
achieved. Small amounts of noble gases and
trace quantities of residual fission and
activation products have the potential for
escape into the reactor building and
associated buildings. A portion of the
airborne effluents comes from the atmosphere
around the primary coolant system, which
receives steam and liquid leakage from valves
and pumps on systems carrying primary
coolant. Environmental release of airborne
radinactivity is reduced by simply holding the
radioactivity inside the reactor building for a
peniod of time which allows for the natural
radioactive decay of some radionuclides
Radioactive gases from purification systems,
also contribute to airborne effluents and are
collected and stored in tanks for radioactive
decay before being released

Airborne effluents pass through a two-stage
filtration system prior to environmental
release  High efficiency particulate air
(HEPA) filters effectively remove
radionuclides such as strontium and cesium
with a 99 percent (%) efficiency. Activated
charcoal filters rernove radioiodines with a 99
to 95 % efficiency. Noble gases and tritium,
however, cannot be removed by either of
these filtration processes because of their
chemical and physical properties

Ventilation systems throughout the plant are
designed to maintain a negetive pressure

(suction) with respect to the outside
atmosphere. This pressure differential
assures that all building air and air exhausted
from potentially radioactive areas of the
buildings is filtered by HEPA and charcoal
filters prior to release to the environment.

Liquid wastes are generated from the primary
coolant purification system and from srnall
amounts of liquids which escape from valves,
piping, and equipment associated with the
primary coolant system during normal
operations. Liquids are treated using filters,
demineralizers. and evaporators to remove
radioactivity from the water prior to release
Purified water is reused or released to the
river and the processed wastes are
concentrated for offsite burial at approved,
licensed facilities. Tritium, because of its
chemical behavior, is not removed from liquid
wastes

As a result of minor leakage in the steam
generators, small amounts of radioactive
materials are present in the secondary (steam
loop) water Although not all of the water is
treated, all of the water is monitored and
diluted with nonradioactive water prior to
being released

GPU Nuclear conducts operations such that
releases of liquid and gaseous wastes are a small
percentage of the Federal limits. Consequently,
the doses associated with these releascs are a
small fraction of the dose limits established by
the Federal Government
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DESCRIPTION
OF THE TMINS SITE

General Information

Three Mile Isiand (TMI) is located in Londonderry
Township of Dauphin County, Pennsylvania. It fies
approximately 2.5 miles north of the southern tip of
the county, where the county borders of Dauphin,
Lancaster, and York converge. The Isiand is part of
an 814 acre tract of Company-owned land which
encompasses TMI and several adjacent islands in the
Susquehanna River (Refs. 29 and 30). Aligned north
to south, TMI is approximately 11,000 feet long and
1700 feet wide. The eastern and western riverbanks
are 900 and 6500 feet, respectively, from TMI.
Covering about 200 acres of land, Three Mile Island
Nuclear Station (TMINS) is situated on the northern
one-half of TMI.

The Island is relatively flat with elevations ranging
from about 280 feet above mean sea level (msl) at the
water's edge to slightly more than 300 feet above msl
in the north-central portion. The topography oi the
area immediately surrounding TMI is characterized
by rolling terrain which slopes to the river valley
floor. The hills within a two mile radius have a
maximum relief of about 200 feet with the highest
elevation seldom exceeding 500 feet above msl. The
Susquehanna River at the site drains a watershed area
of approximately 25,000 square miles.




With the exception of the southern border of
TMI, the Island is bounded by the part of the
Susquehanna River known as York Haven
Pond or Lake Frederick. The pond, which is
1.5 miles wide at the site, is formed by the
York Haven and Red Hill Dams. Three Mile
Island and Shelley Isiand divide the nver into
three main channels. Several lesser channels
also are formed by smaller islands

The historical average annua! flow of the
Susquehanna River in the TMI region is
34,000 cubic feet per second (cfs). During
1996, however, the annual average flow was
higher than the historical average. The flow in
1996 averaged about 57,094 for the TMI
region with monthly averages ranging from
11,474 cfs in August to 125,974 cfs in
January. The historical average annual
maximum flow is about 300,000 cfs while the
minimum daily flow recorded for the region is
1,700 cfs (Ref 29). A flood protection dike

completely surrounds TMINS and was
designed based upon a flow of 1,100,000 cfs
For comparison, the maximum flow/flood of
record occurred in June 1972 as a result of
tropical storm "Agnes". This event produced
a flow of 1,020,000 cfs

Present uses of the Susquehanna River include
public and industnal water supply, power
generation, and recreation such as boating,
swimming and fishing While there are no
commercial fisheries on the Susquehanna
River in the TMI region, recreational
fisherman catch several different sporting
species that inhabit the River. Three of the
more prevalent sporting .ishes in the vicinity
of TMI include Smallmouth bass, Channel
catfish and Walleye

Based on 1990 census data (Ref 31),
approximately 175,000 people reside within a

ten-mile radius of TMINS. The nearest
population center is Goldsboro with a
population of 458 people. It lies
approximately one mile to the west of the site
About 2.5 miles to the north, 9,254 people
reside in the town of Middletown.
Harrisburg, situated 12 miles to the northwest,
is the nearest major city with a population of
52,376. Land within a 10 mile radius ot the
site is used primarily for farming. Farm
products include poultry, meat, fruit, dairy
products, vegetables, com, wheat, alfalfa,
tobacco, and other crops of lesser importance

limatological mary - 1996*

The Appalachian Mountains, located about 20
miles to the north of TMI, protect the area
somewhat from the cold winter outbreaks of
Arctic air that invade central and western
Pennsylvania. However, the site is too far
inland to derive the full benefits of a coastal
climate like that of the southeastern region of
Pennsylvania. Summers tend to be warm and
humid and winters are cool, with frequent
periods of precipitation. Summer rainfall
typically comes from thunderstorm activity,
while most of the precipitation in the winter is
a result of coastal winter storms. Normal
yearly rainfall for the TMI region 1s 40 5
inches. Winds primarily are from the
northwesterly direction. The 1996 annual
average wind speed in the TMI region was
about 8 5 miles per hour (mph). Monthly
averages ranged from 4 8 mph in August to
12.7 mph in April. (Ref 32)

*Sources

1) Onsite Meteorological Data

2) Local Climatological Data, Harrisburg, PA

3) National Climatic Data Center, Ashevilie,
NC
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During 1996, the average monthly
temperatures ranged from 26.2°F in January
to 74.1 "F in July. The maximum monthly
deviation occurred in November when the
temperatures averaged 4 8 °F below the
normal monthly average The lowest
temperature of the year occurred on
February 6 when it dropped to -1 °'F. On
August 23, the temperature rose to 92°F,
marking the year's highest temperature. The
overall annual average temperature was
52.4 " F which is within |1 * of the normal
annual average for the area

A total of 55 9 (water equivalent) inches of
precipitation was recorded during 1996 This
amount was about 15.4 inches above the
normal annual average. Monthly precipitation
totals ranged from a low of 1 4 inches in
February to a high of 8.2 inches in July. The
amount of precipitation which fell in July
exceeded the normal total for the month by
approximately 4.6 inches

The most significant rain events occurred on
July 12 and 13 and again on October 18 and
19 when about 2 7 inches fell within 24-hour
periods. The year's greatest snowfall recorded
over a 24-hour period (21 7 inches) occurred
on January 7 and 8 January's total snowfall
was recorded at 38 9 inches wh ¢h was the
greatest monthly total for the year The year's
greatest depth of snow measured on the
ground was at 32 inches which occurred on
Janvary 12 and 13

Compared to 1995 which was a more typical
year, 1996 was highlighted by an early
blizzard which resulted in major flooding over
numerous areas of the Susquehanna Valiey
Most of the remainder of the year continued
with above normal precipitation which,
economically speaking, caused much lower

yields of hay in the region because of high
moisture content Corn yields, however, were
considered good as they approached the
record high which was set in 1994

A wind rose and joint frequency tables for the
TMINS site, which cummarize wind and
dispersion information used for offsite dose
calculations, are provided in Appendix K

The data normally are generated from
meteorological parameters recorded by onsite
instrumentation. When real-time data are
missing or invalid, default values are entered
into the data base. The default values are
consistent with actual meteorology for the
TMINS vicinity. During 1996, a total of 65
hours of real-time data (0.7%) were missing
or invalid
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EFFLUENTS

Historical Background

Almost from the outset of the discovery of x-rays
in 1895 by Wilhelm Roentgen, the potential
hazard of 1onizing radiation was recognized and
efforts were made to establish radiation protection
standards. The International Commission on
Radiological Protection (ICRP) and the NCRP
were established in 1928 and 1929, respectively.
These organizations have the longest continuous
experience in the review of radiation health
effects and with making recommendations on
guidelines for radiological protection and
radiation exposure limits.

In 1955, the United Nations created a Scientific
Committee on the Effects of Atomic Radiation
(UNSCEAR) to summarize reports received on
radiation levels and the effects on man and his
environment. The National Academy of Sciences
(NAS) formed a committee in 1956 to review the
biological effects of atomic radiation (BEAR). A
series of reports have been issued by this and
succeeding NAS committees on the biological
effects of ionizing radiation (BEIR), the most
recent being 1990 (known as BEIR V).
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These committees and commissions of
nationally and internationally recognized
scientific experts have been dedicated to the
understanding of the health effects of radiation
by investigating all sources of relevant
knowledge and scientific data and by
providing guidance for radiological
protection Their members are selected from
universities, scientific research centers and
other national and international research
organizations. The committee reports contain
scientific data obtained from physical,
biological, and epidemiological studies on
radiation health effects and serve as scientific
references for information presented in this
report.

Since its inception, the USNRC has depended
upon the recommendations of the ICRP, the
NCRP, and the Federal Radiation Council
(FRC), incorporated in the USEPA in 1970,
for basic radiation protection standards and
guidance in establishing regulations for the
nuclear industry (Refs. 33 through 36)

Effiuent Release Limits

As part of routine operations at a nuclear
power station, limited quantities of radioactive
materials are released to the environment in
liquid and airborne effluents. At TMINS, an
effluent control program is implemented by
GPU Nuclear to ensure that the amounts of
radioactive materials releasec to the
environment are minimal and do not exceed
release limits

The Federal government establishes limits on
radioactive materials released to the
environment. Regulated by the USNRC,
these limits are set at levels to protect the
health and safety of the public. They are

specified in the Technical Specifications for
TMI-1 and TMI-2 and the Offsite Dose
Calculation Manual, ODCM, (Ref 39). GPU
Nuclear conducts operations such that
releases of radioactive effluents are a small
percentage of the Federal limits

A recommendation of the ICRP, NCRP, and
FRC is that radiation exposures should be
maintained at levels which are "as low as
reasonably achievable" (ALARA) and
commensurate with the societal benefit
derived from the activities resulting in such
exposures. For this reason, dose limit
guidelines were established by the USNRC for
reieases of radioactive effluents from nuclear
power plants. These guidelines are presented
in Title 10 of the Code of Federal
Regulations, Part 50, Appendix I (10 CFR 50,
App I). Maintaining doses within these
operational guidelines demonstrates that
releases of radioactive effluents are being
maintained "as low as reasonably achievable".
These USNRC AL ARA guidelines are a
fraction of the dose limits established by the
USEPA

The USNRC 10 CFR 50, App 1 guidelines
are as follows

@ The dose to a member of the public from
radioactive materials released in liquid
effluents is limited to < 3 mrem/yr to the
total body or < 10 mrem/yr to any organ

The air dose due to noble gases at a
location which would be occupied by a
member of the public is limited to < 10
mrad/yr for gamma radiation or < 20
mrad/yr for beta radiation
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® The dose to a member of the public from
noble gases released in gaseous effluents is
limited to < § mrem/yr to the total body or
< 15 mrem/yr to the skin.

The dose to a member of the public from
airborne i1odines, tritium and particulates is
limited to < 15 mrem/yr to any organ

The USEPA dose limits as defined in Title 40
of the Code of Federal Regulations, Part 190
(40 CFR 190), are as follows:

8 The dose i0 a member of the public shall
not exceed in a year 25 mrem/yr to the
total body, 75 mrem/yr to the thyroid, and
25 mrem/yr to any other organ as a result
of uranium fuel cycle operations

rol Pro

Effluent control includes plant components
such as the ventilation system and filters,
waste gas holdup tanks, demineralizers and
evaporator systems. In addition to minimizing
the release of radioactivity, the effluent
control program includes all aspects of
effluent monitoring.  This includes the
operation and data analysis associated with a
complex radiation monitoring system,
collection and analysis of effluent samples,
and a comprehensive quality assurance (QA)
program. Over the years, the program has
evolved in response to changing regulatory
requirements and plant conditions. For
example, additional instruments and samplers
have been installed to ensure that
measurements of effluents remain onscale in
the event of any accidental release of
radioactivity

Effluent Instrumentation: Liquid and
airborne effluent measuring instrumentation is
designed to monitor the presence and the
amount of radioactivity in effluents. The
instruments provide continuous surveillance
of radioactivity releases. Calibrations of
effluent instruments are performed using
reference standards certified by the National
Institute of Standards and Technology
(NIST). The instruments are calibrated to
respend to specific radionuclides and are
sensitive enough to measure 100 to 1,000
times below the applicable release limits.

Each instrument is equipped with alarms
which are connected to the Control Room.
The alarm setpoints are set to ensure that
effluent release limits will not be exceeded If
radiation monito, alarm setpoints are reached,
liquid and airborne releases are automatically
terminated

FMuent Sampling and Analysis' In
addition to continuous radiation monitoring
instruments, samples of effluents are taken
and subjected to laboratory analysis to identify
the specific radionuclide quantities being
released A sample must be representative of
the effluent from which it is taken. Sampling
and analysis provide a sensitive and precise
method of determining effluent composition
Samples are analyzed using state-of-the-art
laboratory counting equipment. Radiation
instrument readings and sample results are
compared to ensure correct correlation.

Effluent Data

The amount of radioactivity released from
TMINS varies and is dependent upon
operating conditions, power levels, fuel
conditions, efficiency of liquid and gas
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processing systems, and proper functioning of
plant equipment. The largest variations occur
in the airborne effluents of fission ana
activation gases which are particularly
sensitive to the holdup time capability in the
gas processing system and to the integrity of
the fuel cladding

During 1996, small amounts of radioactive
materials were released in TMI-1 and TMI-2
liquid and airborne effluents. The total
amount of radioactivity released from TMI-1
in 1996 was the lowest in its operating
history. This notable achievement was due
primarily to good fuel integrity, minimal
leakage in the steam generators and
improved efficiency of the waste processing
systems. As expected, the doses notentially
received by individuals from 1996 TMI- |
and TMI-2 liquid and airborne effluents
were very low and a small fraction of the

Federal limits. Doses to the public are
discussed in more detail in Radiological
Impact of TMINS Operations and
Appendix 1.

The amounts of radioactive materials
released from TMINS as well as the
associated doses to the public are
summarized and reported annually to the
USNRC. The following sections discuss the
radioactive constituents of the 1996 TMI-1
and TMI-2 liquid and airborne effluents.
They also are summarized in Table 2. All
amounts are reported in curies (Ci) to three
significant figures.

Noble Gases: Noble gases such as argon,
xenon and krypton are produced and
released from operating nuclear power
stations. These gases are readily dispersed

in the atmosphere when released and do not
react chemically or biologically with other
materials. Typically, xenon and kyypton are
the predominant radioactive materials
released in TMI-1 airborne effluents. This
was not true for 1996. The predominant
radionuclide released in TMI-1 airborne
effluents was tritium. Lesser amounts of
xenon and krypton were released due to
good fuel integrity.

Specifically, 0.571 Ci of xenon (primarily
Xe-133), 0.847 Ci of krypton (primarily
Kr-85) and 0.0909 Ci of Ar-41 were
released from TMI-1 to the atmosphere in
1996. For comparison, approximately 580
Ci of xenon and about 33 Ci of krypton were
released in 1995 TMI-1 airborne effluents.
A very small amount of xenon (0.00000882
Ci) also was released in TMI-1 liquid
effluents. Noble gases were not detected in
1996 TMI-2 liquid or airborne effluents.

lodines and Particulates The discharge of
radioiodines and radioactive particulates to
the environment is minimized by factors such
as their high chemical reactivity, solubility in
water, and the high efficiency of removal in
airborne and liquid processing systems

During 1996, iodines were not detected in
TMI-2 liquid or gaseous effluents. For
TMI-1, I-131 and 1-133 were the only
radioiodines released in liquid and gaseous
effluents lodine-131 was released in both
liquid and airborne effluents while 1-133 was
released only in airborne effluents. The
other isotopes of iodine were not released at
detectable amounts either because of a very
short half-life or a low production rate. For
example, I-129 has a 17 million year half-life
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but its production in the nuclear fission
process is so low that it cannot be detected
routinely in effluents.

The principal radioactive particulates
released as a result of 1996 TMI-1
operations were the radiocesiums (Cs-134
and Cs-137), radiostrontiums (Sr-89 and
Sr-90) and activation products Fe-55, Co-58,
Co-60, Ag-110m and Sb-125. All of these
radionuclices were released in TMI-1 liquid
efflients. Only Cs-137 was measured in
TM.{-1 airborne effluents. For TMI-2, small
amounts of Sr-90, Cs-134 and Cs-137 were
released in liquid effluents. Like TMI-1,
only Cs-137 was measured in TMI-2
airborne effluents.

The total amounts of radioiodines and
radioactive particulates released from TMI-1
and TMI-2 in 1996 liquid effluents were
0.00430 Ci and 0.0000657 Ci, respectively.
For airborne effluents, 0.00000725 Ci and
0.000000184 Ci of radioiodine and
radioactive particulates were released from
TMI-1 and TMI-2, respectively.

The combined amounts of radioiodines and
radioactive particulates released in liquid
effluents from TMI-1 for the period of 1986
through 1996 are depicted in Figure 5. As
shown in Figure 5, the amount released in
1996 was much lower compared to previous
years. The reduction was due primarily to
good fuel integrity, minimal component
leakage and improved efficiency of the
liquid waste processing systems.

Tritium: Tritium was the predominant
radionuclide released in 1996 TMI- 1 liquid
effluents. This radionuclide also was released

in TMI-1 gaseous effluents and TMI-2 liquid
and gaseous effluents, but at much lower
amounts. Tritium is a radioactive isotope of
hydrogen. It is produced in the reactor
coolant as a result of neutron interaction with
the naturally-nccurring deuterium (also a
hydrogen isotope) present in water and with
the boron used for reactivity control of the
reactor.

During 1996, the amounts of H-3 released in
TMI-1 liquid and gaseous effluents were

167 Ci and 7.94 Ci, respectively. Figure 6
shows the amounts of H-3 released in TMI-1
liquid effluents for the period 1986-1996. For
TMI-2, H-3 releases were 0.00117 Ci and
2.54 Ci for liquids and gases, respectively

To put these amounts of H-3 into perspective,
the world inventory of natural cosmic ray
produced H-3 is 70 million Ci, which
corresponds to a production rate of 4 million
Ci/yr (Ref 37) Tritium contributions to the
environment from nuclear power production
are too small to have any significant effect on
the existing global environmental
concentrations

Transuranics: Transuranics are produced by
neutren capture in the fuel, and typically emit
alpha and beta particles as they decay
Important transuranic isotopes produced in
reactors are U-239, plutonium-238 (Pu-238),
Pu-239, Pu-240, Pu-241, americium-241
(Am-241), Pu-243, plus other isotopes of
americium and curium (Cm). They have
half-lives ranging from hundreds of days to
millions of years. Transuranics are mostly
retained within the nuclear fuel Because they
are so insoluble and non-volatile, they are not
readily transported from inplant pathways to
the environment  Gas and liquid processing
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systems remove greater than 90% of any
transuranics outside the reactor coolant

Since greater than 99% of all transuranics are
retained within the fuel and transuranic
removal processes are extremely efficient,
releases in airborne and liquid effluents are not
routinely detected

During 1996, transuran.zs were not detected
in TMI-1 or TMI-2 effiuents.
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TABLE 2

Radionuclide Composition of TMINS Effluents for 1996

Liquid Effiuents (Ci) Airborne Effiuents (Ci)
Redionuclide ®  Half-Life ® ML IMI2 ™I M2

H-3 1.23E+1 yr 1.6TE+2 1.17E-3 7.94E+0 2. 54E+0
Ar-4) 1.83E+0 h 9.09E-2
Fe-55 2.70E+0 yr & S0E-6

Co-58 7.08E+] day 2.04E-5
Co-60 S2TE+ O wr 8 44E-6
Kr-85 107E+] wr

Kr-88 2 84E+0 day

Sr-89 S.05E+1 day

Sr-90 2 86E+1 v

Ag-110m 2 50E+2 day

§b-125 2. TTE+O yr

I-131] 8 04E+) day 2 BSE-6
Xe-131m 1.18E+1 day 3.00E-3
|-133 2.08E+1 h 4.32E-6
Xe-133 5.25E+0 day 5 44E-1
Cs-134 2 06E+0 yr 6 74E-4

Xe-135 911E+0 h 8 82E-6 1 63E-2
Xe-135m 1.54E+1 mun 8.28E.3

Cs-137 3.02E+1 yr 3.18E-3 6.10E-5 8 16E-8

The results are expressed in exponential form (i.e, 1 2E-2 =0012)
Refer to List of Abbreviations, Symbols and Acronyms (p. v) for nomenclature of the radionuclides/elements

w1 = year, h = hour, min = minute




Historical Releases of Radioiodines and Radioactive
Particulates in TMI-1 Liquid Effluents

mCi of Radioiodines and Radioactive Particulates by Year
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Historical Releases of Tritium in TMI-1 Liquid Effluents

Curies of Tritium by Year
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RADIOLOGICAL
ENVIRONMENTAL
MONITORING

GPU Nuclear conducts a comprehensive
radiological environmental monitoring program
(REMP) at TMINS 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 TMINS operations,
if any, on the environment and the public.

The USNRC has established regulatory guides
which contain acceptable monitoring practices.
The TMINS 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. 38). The TMINS REMP meets or exceeds
the monitoring requirements set forth by the
USNRC.
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The important objectives of the REMP are:

@ To assess dose impacts to the public
from TMINS operations.

To verify inplant 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 TMI-1
and TMI-2 Technical Specifications

vironment hw t
Airb iqui
EfMuents

As previously discussed (Effluents), small
amounts of radioactive materials are released
to the environment as a result of operating a
commercial nuclear power station. Once
released, these materials move through the
environment in a variety of ways and may
eventually reach humans via breathing,
drinking, eating and direct exposure These
routes of exposure are referred to as
environmental exposure pathways. Figure 18
illustrates the important exposure routes

As can be seen from this figure, these
exposuie pathways are both numerous and
varied While some pathways are relatively
simple, such as inhalation of airborne
radicactive materials, others may be compiex
For example, radioactive airborne particulates
may deposit onto forage which when eaten by

cows may be transferred into milk, which is
subsequently consumed by man. This route of
exposure is referred to as the
air-grass-cow-milk-human pathway.

Although radionuclides can reach humans by a
number of pathways, some are more
important than others. The critical pathway
for a given radionuclide is the one that
produces the greatest dose to a population, or
to a specific segment of the population. This
segment of the population is termed the
critical group, and may be defined by age,
diet, or other cultural factors. The dose may
be delivered to :he whole body or confined to
a specific organ, the organ receiving the
greatest fraction of the dose is termed as the
critical organ. This information was used to
develop the TMINS REMP

Sampling

The TMINS I"EMP consists of two phases --
the preoperational and the operational. Data
gathered in the preoperational phase is used as
a hasis for evaluating radiation l¢vels and
radioactivity in the vicinity of the plant after
the plant becomes operational. The
operational phase began in 1974 at the time
TMI-1 became operational

The program consists of taking radiation
measurements and collecting samples from the
environment, analyzing them for radioactivity
content, and then interpreting the results
With emphasis on the critical exposure
pathways to humans, samples from the
aquatic, atmospheric, and terrestrial
environments are collected These samples
include, but are not limited to, air, water,
sediment, finfish, mulk, fruits, vegetables and
groundwater. Thermoluminescent dosimeters
(TLDs) are placeZ in the environment to
measure gamma radiation levels
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The Offsite Dose Calculation Manual,
ODCM, (Ref 39) implements the TMI-1 and
TMI-2 Technical Specifications and defines
the sample types to be collected and the
analyses to be performed. As appropriate,
changes to the REMP are initiated by the
recommendations from the scientific staff of
GPU Nuclear Environmental Affairs of
TMINS. However, the minimum sampling
and analysis requirements specified in the
ODCM are maintained.

Sampling locations were established by
considering topography, meteorology,
population distribution, hydrology, areas of
public interest and land use characteristics of
the local area. The sampling locations are
divided into two classes, indicator and
control Indicator locations are those which
are expected to show effects from TMINS
operations, if any exist. These locations were
selected primarily on the basis of where the
highest predicted environmental
concentrations would occur. The indicator
locations are 1ypically within a few miles of
TMINS

Control stations are located generally at
distances greater than 10 miles from TMINS
The samples coliected at these sites are
expected to be unaffected by TMINS
operaticns. 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, 3 and 4 show the current sampling
locations around TMI Table A-1 in
Appendix A describes the sampling locations
by distance and azimuth along with the type(s)
of samples collected at each sampling
location

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 per the requirements of
the ODCM. Sample analyses which did not
meet the required analytical sensitivities are
presented in Appendix B. Changes in sample
collection and analysis are described in
Appendix C

Mez - ‘ement of low radionuclide
CCuventrations in environmental media
requires special analysis techniques
Analytical laboratones 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
multichanne! analyzers for determining
specific gamma-emitting radionuclides, liquid
scintillation counters for detecting H-3 and
low level proportional counters for detecting
gross alpha and beta radioactivity

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

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
luvestigations are conducted when action
leve's or USNRC reporting levels are reached
or when anomalous values are discovered
The action levels were established by GPU
Nuclear and are typically 10 nercent of the
USNRC reporting levels specified in the
ODCM. These levels are purposely set low so0
that corrective action can be initiated before a
reporting level is reached. This review
process is discussed in more detail in
Appendix D

Table 3 provides a summary of radionuclide
concentrations detected in the primary
environmental samples for 1996 Statistical
methods used to derive this table along with
other statistical conclusions are detailed in
Appendix H. Quality ontrol (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 Table 3 and the main text
of this report to avoid biasing the results

ii nce Program
A quality assurance (QA) program 1s
conducted in accordance with guidelines
provided in Regulatory Guide 4 15, "Quality
Assurance for Radiological Monitoring
Prograins" (Ref 40) and as required by the
Technical Specifications. It is documented by
GPU Nuclear written policies, procedures,
and records. These documents 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. It also
provides a measure of confidence in the
results of the monitoring program in order to
assure the regulatory agencies and the public
that the results are valid. The QA program
for the measurement of ~»dioactivity in
environmental samples . implemented by

B  Auditing all REMP-related activities
inc'uding analytical laboratories

Requiring analytical laboratories to
participate in a cross-check programi(s)

Requiring analytical laboratories to split
samples for separate analysis (=< ounts

are performed when samples cuanot 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 tc 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
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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
individua! correction factor based on its
response to a known exposure

Other cross-checks, calibrations, and
certifications are i::-place to assure the
accuracy of the TLD program

® Semiannually, randomly selected TLDs
are sent to ar independent laboratory
where they are irradiated to set doses not
known to GPU Nuclear. TLDs which
meet the criteria specified by the National
Volumary Laboratory Accreditation
Program (NVLAP) are used for this test
The GPU Nuclear dosimetry laboratory
processes the TLLDs and the results are
compared against established limits

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

M Every two years, GPU Nuclear's
dosurnetry program is examined and
NVLAP recertified by the NIST

B Ten environmental TLD stations have
vendor-supplied quality control badges
which are processed by the vendor The
results are compared against GPU
Nuclear TLD results

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 41
and 42). The resuits for some of these tests
were published in the Health Physics Journal
(Ref 43)

In addition to the GFU Nuclear REMP, the
USNRC and the Pennsylvania State Bureau of
Radiation Protection (PaBRP) also maintain
surveillance programs in the TMI area. These
programs provide independent assessments of
radioactive releases and the radiolcgical
impact on the surrounding environment. The
results from these programs have compared
favorably with those from the GPU Nuciear
program.

GPU Nuclear Three Mile Island
Environmental Affairs Department collects
and analyzes samples of the TMINS liquid
discharge as a QC <heck for the inplant
effluent sampling program. Results from the
REMP samples were consistent with the
radioactivity measured inplant prior to release
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from Three Mile Island Nuclear Station™

TABLE 3

Summary of Radionuciide Concentrations in 1996 Environmental Samples

Media or Pathway Teotsl Lower Limit Location with Highest Mean(9)
Sampied Number of of Indicator Locations Staticn Name Control Lecations Nun.ber of
(Unit of Anaivses Detection Mesn (F)4) Mstance, (Hrection, Mean (FX4) Mean (Fx4) Reportahie
Measurcment) Anslyses Performed(2} _ LLD(3) (Range) _and Descript! wn(6) (Range) {Range) _Results(T}
Aur lodme i3 620 007 NIXR) ND 0
(pCvm3)
Air Particulates Gr-Aipha 306(5) 0.0015 1.3E-03 (153/208) QI5-1, 13.5 mi NW 1. 4E-03 (38/51) 1.4E-03 (76/98) 0
{(pCi/m3) (6 8E-04 - 2. 3E-03) West Fairview (7.2E-04 - 2.5E-03) (7.2E-04 - 2.5E-03)

Gr-Reta 616(5) .01 1 6E-02 (466/465) 151, 126 mi S 1.7E-02 (47/4T) 1.7E-02 (150/150) 0

(6.2E-03 - 3 4E-02) York Substation (3.7E-03 - 29E-02) (7.8E-03 - 3 .1E-02)

Sr-89 24 0.0008 ND ND 0

Sr-90 2 0.01 ND ND 0

Gamma Spec B

Be-? 005 7.0E-02 (36/36) A3-1,26mi N 7.5E-2 (4/4) 7.0E-02 (12/12) 0

(4 4E-02 - 9 SE-02) Middletown Substation (4 4E-02 - 9. 5E-02) (4. 6E-02 - 9.7E-02)

Cs-134 008 ND - ND 0

Cs-137 006 ND - ND e
Fish H-3 L3 02 | 4E-01 (4/4) indbf, Indicator 1.5E-01(272) ND Q
(pCvg, wet) (ROE-02-22E-01) Bottom Feeder (ROE-02 - 22E-01)

Below Discharge
Sr-89 L] 0028 ND - ND 0

Note: See footnotes at end of table
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TABLE 3
Summary of Radionuclide Concentrations in 1996 Environmental Sampies
from Three Mile Island Nuclear Station

Medis ar Pathway Total Lowey Limit Location with Highest "*can(9)
Sammpled Namber of of Indicstor Locstions Station Name Control Locations Number of
(Unit ¢ Anslyses Detection Mean (Fy4) Distance, Direction, Mean (Fy4) Mean (Fx4) Reportable
Megsurement) - nalvses Performed(2)  LLDO (Range) and Description(6) _(Range) {Range) Resulis(7)
Fish S1-90 % 0.01 ND Bkgp, Control I9E-03 (1h2) I9E03(1/9) 0
(pCig, wet) Predator
Anove Discharge
Ciamma Spec R
Co-5R 0.13 ND - o ND L1
Co-60 0.13 ND ND 0
Cs-134 013 ND - - ND 0
Cs-137 018 6 9E-03 (1/4) Indp, Indicator 6.9E-03 (172) ND 0
Predator
Below Discharge
Fe-59 026 ND — s ND 0
K-40 02 3.0E+00 (4/4) Indp, Indicator 30E+00 (2/2) 29E+00 (3/4) 0
(2.7E+00 - 3. 2E+00) Predator (2 9E+00 - 3 2E+00) (Z.8E+00 - 3. 0E+00)
Below Discharge
Mn-S4 013 ND - - ND e
In6S 0.26 ND - ND G
Note: See footnotes at ead of table Page 34
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TABLE 3
Summary of Radionuclide Concentrations in 1996 Environmentai Semples
from Three Mile Istand Nuclear Station’

Medie or Pathway Total Lower Limit
Sumpled Number of of

(Unit of Analys. « Detection
Measurement) Anaiyses

Location with High=st Mean(9)

Statien Name

Distance, Direction, Mean (F)4)
and Description(6) {Henge)

Indicetor Locations
Mean (F¥4)
Performed(2) LLDG)  (Range)

Aguabs Sediment Ny 01 ND

(pCvg, dry)

Gamma Spec

Be-7

Co-60

Note: See footnotes at end of table.

1. BE+00 (6/6)
(3.5E-01 - 3. 1E+00)

2.3E-02 (1/6)

1.9E-02 (2/6)
(1.8E-02 - 2.1E-02)

1.9E-01 (6/6)
(1.3E-01 - 2.9E-01)

1 4E+01 (6/6)
(ORE+00 - 2. 1E+0D)

2.1, Sm S
Above York Haven
Dam

K1-3, 6.3 mi SSW
West Shore
of TMI

K1-3, 0.3 mi SSW
West Shore
of T™MH

Kl1-3, 0.3 mi SSW
West Shore
of T™M!

Al-3,05mi N
North Tip of
Three Mile Island

21,1 5mi S
Above York Haven
Dam

26E+00 QY
(2 1E+00 - 3.1E+00)

23E02 (172

1.9E-02 (2/2)
(1.8E-02 - 2.1E-02)

2.3E-01 (272)
(1.7E-01 - 2 9E-01)

2.8E-02 (1/2)

1.9E+01 272)
(1.TE+01 - 2.1E+01)

2.0E+00 212)
(1.SE+00 - 2.6E+00)

ND

T3E0221)
(6.3E-C2 - 8 4E02)

2.8E-02 (172)

1.2ZE+01 272)
(1.1E+01 - L3E+0O1)
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from Three Mile Isiznd Nuclear Statien'’

TABLE 3
Summary of Radionuclide Concentrations in 1996 Environmental Samples

Media or Pathway Total Lower Limit Location with Highest Mean(9)
Sampled Number of of Indicator Locations Station Name Control Locstions Number of
(Unit of Analyses Detection Mean (FX4) Distance, Direction, Mean (Fx4) Mean (FX9) Reportable
Measurement) Analyses Performed(2)  LLINJ) (Range) and Description(6) (Range) {Range) Results(T)
Aquatic Sedimert  Ra-226 2.3 2 4E +00 (6/8) 221, 15Smi S 3IE+00 27D 2.1IE+00 272) 0
(pCi/g, dry) {(1.8E400 - 33E+00) Above York Haven (2OE+00-33E400) (2O0E+00-22E+00)
Dam
Th-232 02 1 3E+00 (o/6) -1,15miS 1.SE+00(272) 12E400 (27D 0
(9.7E-01 - 1 . TE+00) Above York Haven (1.4E+00 - |.TE4+00) (1.1IE+00- 13E+00)
Dam
Drinking Water Gr-Beta 60 B 2 8E+00 (31736) Q9-1, 85 mu NW JIE+00 (/1) 2.7E+00 (16/24) 0
(pCvL) (16E+00 - 4 SE+00)  Stechon Water (ZOE+00-45E+00) (QO0E+00-45E+00)
Company
H3 60 2000 1.1E+02 (1/36) Q9-1, 8.5 mi NW 1.2E+02 3/1D) 1.2E+02 (329) a
Steclton Water OSE+01-14E402) (O SE+0t - 1 4E+02)
Company
1131 87 1 ND - ND 0
Sr-89 10 1 ND ND 0
Sr-90 10 2 ND - ND 0
Gamma Spec 60
Ba-140 60 ND ND 0
Note: See footnotes at end of table Page 36
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TABLE 3
Summary of Radionuclide Concentrations in 1996 Environmental Sampies
from Three Mile Island Nuclesr Station™

Media or Pathway Total Lower Limi Location with Highest Mean(9)

Sampled Number of of Station Name

(Unit of Analvves Detection Distance, Direction, Mean (F)4)
Messurement; Anslyses Performed(2)  LLD(3) and Description(6) (Renge)

Drinking Water 15
(pCvL)

JIS-2, 147 m S 1.SE+01 (1112 15E+01 (1124)
York Water
Company

Le-140

Note: See footnotes at end of table.




1996 RADIOLOGCAL ENVIRUNMENTAL MONITORING REPORT

TABLE 3
Summary ef Radionuclide Concentrations in 1996 Environmental Samples

from Three Mile Island Nuclear Station"’

Medis or Pathway Total Lower Limit Location with Highest Mean(9)
Sampled Number of of Indi-ator Locations Stavior, Name Contrel Locations Number of
(Undt of Analyvses Detection Mesn (Fx4) itsts o ce, Direction, Mean (FN4) Mean (F)4) Repartable
Measurement) Analyses Ferformed(2)  LLD(3) {Range) end Descrig Jon(6) (Range) {Range) Resuire(7)
Fruns Gamma Spec 16
{(pCiig, wet)

Cs-134 0.06 ND ND 0

Cs- 137 008 ND ND 0

1-131 0.06 ND ND 0

K-40 ¢ 23E+00 (13/13) D1-3, 0.5 mt ENE 25E+00 (/D) 2SE+0 (/%) 0

(1RE+00-2TE+00) Residence on (Q2E40-2.7E+0)
Route 441

Broad Leaf Sr-89 6 0025 ND ND 0
Vegetation
(pCi/g, wet)

Se-90 6 2.01 6 0E-03 (3/S) 122,1.5mS TAE-03 (/D) 43E3 (/Y 0

(4 3E-03 - 7 IE03) South End Of TMI

Gamma Spec 6

Cs-134 0.06 ND ND ¢

Cs-137 G.0% ND ND 0

1-131 0.06 ND Ni ¢
Nate: See footnotes at end of table. Page 38
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TABLE 3

Summary of Radionnclide Concentrations in 1996 Environmentai Sampies
.rom Taree Mile Island Nuclear Station™

Fotal Lower Limit Locaticn with Highest Mesn(9)
Numsher of of Indicator Locations Station Name Control Locations Number of
Analyses Detection Mean (Fy4) Distance, Mrection, fesn (F¥a) Mean (VYO Reportable
Performed(2)  LLD(3) {Range) and Description(6) {Range) {Range) Results(7)
K-40 0.2 2 0E+ 00 (5/5) F1-1,05 m ESE 2AE+00UY 21E+00 (/1) 0
(1.TE+00 - 24E+400) SO kV Substation
Gamma Spec 10
Be-7 01 6.TE-O1 (1/8) 22,15mi8 6. TE-O0L (/D) ND O
South End of TMI
Cs-134 0.06 ND ND 0
Cs137 008 Ne . ND 0
131 ;.06 ND ND 0
X 49 0.2 3 9E+00 &/%) Fi-1, 05 mi ESE 43E+0 QM 4 1E4+002N2) 0
QAE+00 -4 SE+00) S kV EZubstation (A3E+D00-44E+00) (@HIE+00 -42E+00)
1131 162 | ND ND 0
Sr-R9 25 s ND ND 0
S#-60 25 2 1 2E+00 621 P71, 6.7 mi WNW 1.GE+00 (1/4) 8 SE21 (1/9) 9

Note. See footnotes at end of table

(6. SE-O1 - 1 SE+00)
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TABLE 3
Summary of Radionuclide Concentrations in 1996 Environmentzi Sampies
from Three Mile Istand Nuclear Station™

Media or Pathway Lower Limit Location with Highest Mean(9)
Sampled of Indicator Locations Station Name

(Unit of Detection Mean (FY4) Diseance, Direction, Mean (Fi$)
Lieasurement) Anaivses {Range) _and Descrintion(€) (Range;

Mitk (cow)
(pCvVL)

1. 4E+02 (136/136) P7-1. 6.7 mi WNW 1 SE+03 (26:26) 1 4E+03 (26726}
(12E+03 - 1 SE+03) Dairy Farm (1.3E403 - 1 SE+03) (1.2E+403-18E+0Y)

ND ND

1.4E+02 (1/136) F4-1, 3.2 mi ESE 1 4E+02 (1726} ND
Dairy Farm

Surface Water 2 P1-3, 0.1 mi WNW 2 9E+00 (10/12) 2C8E+00 (10¥12)
(pCvL) Sration lntake (1SE+00-43E+00) (1.5E+00-43E+00)
(Unit 13, T™MI

1.2E+03 {6/12) J1-2,. 63 miS 1.2E +03 (8/12)

(10E+02 -4 1E+03) West Shore {1.0E+02 - 4.1E+0D)
of T™M!

Note: See footnotes at end of table
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TABLE 3
Summary of Radionuclide Concentrations i1 1996 Environmental Samples
from Three Mile Istand Nuclear Station'”

Medin o Path.ay Totai iower Limit Location with Highest Mean(9)

Sarnyled Number of of Indicator Locations Station Name Ce<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>