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SUMMARY AND CONCLUSIONS

The radiologicsl environmenta. monitoring performed during 1990 by the GPU
Nuclear Environmental Controle Department at the Oyster Creek Nuclear
Generating Station (OCNGS) is discuesed in this report. The cperation of
& nuclear power plant results in the release of emali amounts of
radioactive materials the environment., A radiological environmental
monitoring program (REMP) hae been established to monitor radiation and
rafiocactive materials in the environment around the OCNGS. The progran
evaluates the relationship between amounte of radicactive material
released in effluents to the environment and resultant radiation doses to
individuals. Summaries and interpretatione of the data were published
eemiannually from 1969-19B% and annually since 1986 (References 19, 20,
21, and 22). MAdditional information concerning releases of radicactive
materials to the environment ie contained in the Semi~Annual Effluent
Reporte submitted to the United Statee Nuclear Regulatory Commission
(USKNRC) .

During 1990, ae in previous years, the radicactive ligquid and airborne
sffluents associated with the OCNGE were a emall fraction of the
applicable federal regulatory limites and did not have eignificant or
measurable effects on the guality of the envirenment. Calculated maximum
hypothetical radiation doses to the public attributable to 1990 operations
&t the OCNGS ranged from 0.0002 percent to & maximum of only 0.38 percent
of the applivable regulatory limite. Furthermore, they were eignificantly

less than doses received from common sourcee of radiation,

Radicactive materiale considered in this report are normally present in
the environment, either naturally or a® a result of non~OCNGS activities
such as prior atmospheric nuclear weapone testing and medical industry
activities. Conseguently, measurements made in the vicinity of the site
(indicator) were compared to background meagurements to determine any
impant of OCNGS operations. Samples of air, precipitation, well water,
surface water, clams, esediment, fish, crabs, vegetables, and suil were

collected, Samples were analyzed for radiocactivity including tritium
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Characteristice of Radiation

Inetability within the nucleus of a radicactive atom resulte in the
release of elergy in the form of radiation. Radiation is classified
according tu ite nature - particulate and electromagnetic, Particulace
radiation consiste of energetic subatomic particles such ae electrons
(beta particles), protons, neutrong, and alpha particles. Because of ite
limited ability to penetrate the human body, particulate radiation in the
environment contributee primarily to internal radiation exposure resulting

from inhalation and ingestion of radiocactivity.

Electromagnetic radiations in the form of x-raye and gamma rays have
characteristice similar to vieible light but are more energetic and,
hence, more penetrating. Although x-rays and gamma raye are penetrating
and can paes through varying thickneeses of materia.e, once they are
absorbed they produce energetic electrone which release their ensrgy in a
manner that ie identical to beta particlee. The principal concern for
gamma radiation from radionuclides in the environment is their

contribution to external radiation exposure.

The rate at which atoms undergo disintegration (radicactive decay) varies
among radiocactive elements, but is uniquely constant for each specific
radionuclide. The term "half-life" definee the time i’ takes for half of
any amount of an element to decay and can vary from a fraction of a sec nd
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 tc the radionuclides of uranium, thorium, and potassium.

These radicactive elements were formed with the creation of the universe
and, owing te their long half-lives, will continue to be present for
millione of ymars to come. For example, potassium-40 has a half-life of

1,3 billion yeare and existe naturally within our bodies. As a result



approximately 4000 atoms of potassium emit radiation internally within

each of ue every second of our life.

In aseeseing the impact of radicactivity on the environment, it ie
important to know the gquauntity of radicactivity released and the resultant
radiation dosee. The common unit of radiocactivity ie the curie. It
represents the radiocactivity in one gram of natural radium which ie also
egual to a decay rate of 37 billion radiation emissions every second.
Because of the extremely small amountes of radicactive material in the
environment, it ie more convenient to use fractions of a curie. Subunite
like picocur.e (one trillionth of a curie) are freguently used to express

the radicactivity present in environmental and biological samples.

The biological effecte of a specific 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 doee iep the rem, which aleo incorporates the variable
effectiveness of different forme of radiation te produce biological
change. For environmental radiation exposuree, it is convenient to use
the smaller unit of millirem to evpress dose (1000 millirems eguals

1l rem). Whan 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 for environmental exposures,
are usually measured with reference to one year of time (millirems per

year).

Seurces of Radiati.n

Life on earth has evolved amid the conastant exposure to natural

radiation, 1In fact, natura) radiation ie the single major source to which
the general population is exposed. Although everyone on the planet is
exposed to natural radiation, some people receive more than others.
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, ccsmic radiation originating from deep interstellar space and
the sun increases with altitude, since there is less air which acte as a
shield. Similarly, terrestrial radiation resulting from the presence of
naturally occurring radionuclides in the soil varies and may be
significantly higher in some areas of the country than in othere., Even
the use of particular building materiales for houses, cooking with gase, and

home insulation affect exposure to natural radiation,

The presence of radicactivity in the human body resulte from the
inhalation and ingestion of air, food, and water containing naturally
ocourring radionuclides. For example, drinking water containe trace
amounts of uranium and radium and milk containg radicactive potassium,
Table 1 summarizes the commocn sources of radiation and their average

annual doses.

TABLE 1
(Ref. 2)

scurcee and Doges of Radiationt®

Natural (82%) Man-made (18%)
Radiation Dose Radiation Dose

Source inilliirems/year) source anddlirems/year)
Radon 200 (5%5%)
Cosmic ravse 27 (8%) Medical X~-rays 39 (11%)
Terrestrial 28 (8%) Nuclear Medicine 14 (4%)
Internal 40 (11w Consumer products 10 (3%)

Cther <] (<1¥%)

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

APPROXIMATE APPROXIMATE
TOTAL 300 TOTAL 63

*Percentage contribution of the total dose is shown in parentheses.

The average person in the United States receives about 300 millirems (0.3
rem) per year from natural background radiation sources. Thig estimate
wae revised from about 100 to 300 millirems because ¢of the inclusion of

radon gas which has alwaye been present but has not previously figured in
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the calculations. In some regions of the country, the amount of natural
rad.ation i@ eignificantly higher. Residents of Colorado, for example,
receive an additional 60 millireme per year 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 millirem per year from cosmic
radiation. In several regione of the world, high concentratione of
uranium and radium deposite result in doses of several thousand millirems

each year to their residents (Ref. 3).

Feacently, public attention has focused on radon, & naturally occurring
radicactive gas produced from uranium and radium decay. These elements
are widely distributed in trace amounte in the earth's crust. Unusually
high concentrations have been found in certain parte of eastern
Pennsylvania and northern New Jersey. Radon levele in some homes in these
‘reap 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 Meagpurements (NCRP) estimates that the average individual
in the United States receives an annual dose of about 2,400 millirems to
the lung from natural radon gas (Ref., 2)., This lung dose is considered to
be equivalent to a whole body dose of 200 millirems. The NCRP has

recommended actions to control indoor radon sourcee and reduce exposures.

When radiocactive substances are inhaled or ewallowed, they are distributed
within the body in a nonuniform fashicn. For example, radicactive iodine
selectively concentrates in the thyroid gland, radicactive cesium is
distributed throughout the body water and muscles, and radiocactive
strontium concentrates in the bones. The total dose to organs by a given
radionuclide ies alec influenced by the guantity and the duration of time
that the radionuclide remains in the body, including ite physical,
biological and chemical characteristics. Depending on their rate of
radiocactive decay and biological elimination from the body, some
radionuclides stay in the bady for very short times while others remain

for years.



In addition to natural radiation, we are exposed to radiation from a
number of man~made sources. The single largest of these sources comes
from diagnostic medical x~raye, and nuclear medicine procedures, Some 180
million Americans receive medical x~-raye each year, 7The annual dose to an
individual from such radiation averages about 53 millirems. Much esmaller
doses come from nuclear weapone fallout and consumer producte euch as
televisions, smoke detectors, and fertilizere. Production of commercial
nuclear power and ite aesociated fuel cycle contributes less than 1
millirem to the annual dose of about 300 millireme for the average

individual living in the United States.

Fallout commonly refere to the radiocactive debris that settles to the
surface of the earth following the detonation of nuclear weapons. It is
diepersed throughout the environment either by dry deposition or washed
down to the earth's surface by rain or snow., 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 tc humans are
iodine~131 (I-131), strontiun-89 (Sr-89), cesium-137 (Ce~137), and
strontium=%0 (8r-90). There hae been no atmospheric nuclear weapon
testing eince 1980 and many of the radionuclides have decayed
significantly. Consequently, doses to the public from fallout have been

decreasing.

As a result of the nuclear accident at Chernobyl, USSR, on April 26, 1986,
fallout was dispersed throughout the environment and detected in various

media such ae air, milk, and soil.

Nuclear Reactor Operatjions

Common to the commercial production of electricity ie the consumption of
fuel which produces heat to make steam which turns the turbine-generator
which generates electricity. Unlike the burning of coal, oil, or gas in
foseil-fuel powered plants to generate heat, the fuel of most nuclear

reactors ie comprised of the element uranium in the form of uranium



oxide. The fuel produces power by the process called fission., In fission
the uranium atom absorbe a neutron (an atomic particle found in nature and
aleo produced by the fissioning of uranium in the reactor) and eplite to
produce smaller atome termed fisesion products, along with heat, radiation
and free neutrons. The free neutrons travel through the reactor and are
eimilarly absorbed by the uranium, permitting the fiseion procese to
continue. Ae this process continues, more fieeion producte, radiation,
heat and neutrone are produced and a sustained reaction occurs. The heat
produced ie transferred - via reactor cocolant water = from the fuel to
produce steam which drives a turbine-generator to produce electricity.

The fission producte are mostly radicactive: that is to say they are
unstable atoms which emit radiation as they change to stable atoms.
Neutrone which are not absorbed by the uranium fuel may be absorbed by
etable atoms in the materials which make up the components and structures
of the reactor. 1In such cases, stable atoms often become radiocactive.
This procese is called activation and the radicactive at ms which result

are called activation products.

The OCNGS reactor is a Boiling Water Reactor (BWR). The nuclear fuel is
designed to be contained within sealed fuel rods arranged in arraye called
bundles which are located within a massive steel reactor vessel. As
depicted in Figure 1, cooling water boils within the reactor vessel
producing steam for use in the turbine., After the energy is extracted
from the steam in the turbine, it is cooled and condensed back into water
in the main condenserse. This condensate ie then pumped back into the

reactor vessel.

Several hundred radionuclides of some 40 different elements are created
during the process of generating electricity. Because of reactor
engineering designs, the short half-lives of many radionuclides, and their

chemical and physical properties, nearly all radiocactivity is contained.

The OCNGS reactor has six independent barriere that confine radiocactive
materials produced by the fission reaction as it heats the water. Under
normal operating conditions, essentially all radicactivity le contained

within the first two barriers.
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Sources of Liquid and Alrborne Effluents

Although the previously described barriers contain radioactivity with high
efficiency, small amounte of radicactive fiesion producte are nevertheless
able to diffuse or migrate “hrough minor flaws in the fuel cladding and
into the reactor coolant, Trace guantities of reactor system component
and etructural materiale which have been activated, aleo get into the
reactor coolant water. Many of the soluble fission anrd activation
productse such as iodines, strontiume, cobalte, and cesiumr. are removed by
demineralizers in the purification system of the reactor coola .t. The
physical and chemical properties of noble gas fission products in the

primary coolant prevent thelir removal by the demineralizers,

Because the reactor system hae many valves and fittings, an absolute seal
oannot be achieved., Minute dr- rage of radicactive liguids from valves,
piping, and/or egquipment associated with the coolant system may occur in
the Reactor, and/or Turbine Buildinge. The noble gases become part of the
gaseous wastes while the remaining radicactive liquids are collected in
floor and egquipment draine and sumpe and are pumped to and proceseed i

the Radwaste Bullding.

Reactor off~gas, cong'sting primarily of hydrogen and radiocactive
non-condensable gases, ie withdrawn from the reactor primary system by
steam jet air ejectors. These air ejectors drive the process stream
through a 60 minute holdup pipe at approximately 110 cubic feet per minute
and then into the Augmented Off-~Gas (AOG) System. The holdup pipe allows
radionuclides with short half-lives to decay. The Augmented Off-Cas
System is a gaseous proceseing system which provides hydrogen conversion
to water via a catalytic recombiner, removes the water (vapor) from the
process stream, holds up the processe stream to allow further decay of
short-lived nuclides, and filtere the off-gas using charcoal beds and High
Efficiency Particulate (HEPA) filters prior to discharge to the base of
the stack, Once the process stream entere the stack, it is diluted by
building ventilation, which averages 200,000 cubic feet per minute, is
monitored and sampled, and then is discharged out the top of the 368-foot

stack.



The liguid waste processing syetem receives water contaminated with
radiocactivity and processes it by filtration, demineralization, and
distillation, Purified radwaste water is recycled to the plant,
Occasionally, it is necessary to discharge thie purified water to the
environment., Contaminants removed during the purification process are
disposed of via the polids disposal eystems. When purified water ie
discharged to the environment, it is firet sampled, analyzed, assigned
release rate, and then released to the discharge canal which has a flow

rate of 460,000 to 960,000 gallons per minute.






Oyster Creek meteorcological tower, was closely comparable to data recorded
at the Atlantic City National Weather Service Station (Pomona, New Jersey)
for each of the twelve calendar montha., The largest differences were
during the winter months of January, February and December, Data
comparisons for these three months show higher temperatures at Oyster
Creek than at Atlantic City (Pomena). The difference in mean monthly
temperature between Oyster Creek and Pomona averaged approximately 6
degrees F higher at Oyster Creek. This difference could be d e to the
Atlantic City NWS monitoring location., Data are measured and recorded at
Pomona, New Jersey, a site further inland, which is away from the
moderating effects of the ocean, During the winter months, Pomona often
experiences cooler nighttime temperatures due to radiational cooling,
which means that heat from the surface ie more readily lost, The ocean
tends to keep winter temperatures higher along the coast than at inland
locatione due to the fact that the ocean temperature remaing warmer than
the adjacent air producing pronounced temperature modification.
Conversely, during the spring, summer and early fall monthe, the Atlantic
City (Pomona) monthly mean temperature exceeds the Oyster Creek monthly
mean because the ocean water, which is cooler in the summer than the
adjacent land, tende to keep the temperatures at coastal locations such as
Oyster Creek lower than at inland stations (Pomona). The difference in
mean monthly ambient temperature during these seasons is much smaller,
never exceeding 3 degrees F, In summary, the winter weather of 1990 was
warmer than normal at the OCNGS while the spring, summer and autumn were

climatologically average for the area,

For the firet half of the annual period (January through June), there were
no predominant wind directions. 8lightly elevated freguencies of winde
from the south-southwest, as well as from the southwest clockwise through
the northwest, reinforced the normal climatological tendencies for the
area. Normally, northwest winde are expected to predominate during the
winter months as the polar jet stream pushes southward and allows Canadian
air maeses to dominate the region. Although prevalent in other areas
during 1990, no major arctic air usually associated with northwesterly

winde enveloped the OCNGS region during the months of January through
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March. A somewhat elevated frequency of east-northeast winds wae present
during the period, Thie was due to the influence of extratropical low
pressure systems (northeast storms) which are common to the region during
the winter monthe, alony with airflow around large high pressure systems
gituated over the Canadian raritime. During such periods of onshore
winde, site meteorology was characterized by low clouds, drizzle, and fog
(i, @, stable atmospheres . Onshore winds decreased ambient temperatures
along the shoreline during the spring (April through June) because the
ccean temperature wag lower than that of the adjacent land. Mean monthly
temperatures during these monthe were consistently lower at Oyster Creek
than at Atlanti® City (Pomona) eince the latter site ie further from the
cooler ocean waters. The period from April through June showed an
increase in th. percent fregquency of occurrence of wind direction from the
pouth~southweet. Thie typical eummer-like pattern of increased southerly

flow ie the result of the polar jet stream's retreat northward,

During the early portion of the second half of 1990, the predominant winds
remained from the south-southwest clockw.se through the west. Normal
summer winde at the site are from the south and the west, the lattey
direction due to modified continental polar air masees that follow cold
frontal paseages. The southerly winde are primarily due to the end result
of the sea breeze phenomenon. At the height of this nmesoscale effect
(approximately 2:00 teo 4:00 PM), the wind will parallel the coast - this
result created due to unaven heating between the land and sea coupled with
the natural rotation of the earth. The lack of many sea breeze events
(southerly wind component) wae mainly due to the strong westerly winds
from the jet stream along with the northward shift of the subtropical high
pressure center. These two features will increase southwest (offshore)
flow and hinder this onshore wind phenumenon. During the late fall and
winter monthe of 1990, the wind direction was mainly west-northwest and
northwest as the polar jet stream once again moved south bringing cooler

continental polar air from Canada.

A total of 38 inches of precipitation fell during 1990 at Oyster Creek.

Although this wae approximately 3.29 inches below the rainfall recorded at
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Atlantic City/Pomona (41.29 inches), it wae well within the range of
annual precipitation totalse previously recorded at the site. However,
there were several interesting maxima and minima in monthly precipitation
totale (Figure 2, page 18), For example, during February the total
precipitation at Oyster Creek wae & mere 0,99 inches, 2.21 inches below
the Atlantic City NWS historical February average. Thie was due in part
to the large dome of high preesure aspociated with cold air masees that
swept through the eastern half of the country, a common occurrence during
winter monthe. Theee large high pressure systems act to deflect the
normal extratropical cyclones, found along the east coast in winter, to
the south, thereby producing more copious amounts of precipitation in the
mid-Atlantic region south of Oyeter Creek. To a lesser extent, the
November total precipitation (2.1% inches) wae also lower than the
historical monthly average, primarily due to similar circumstances.
However, the precipitation during May wae 2.48 inches higher than
average. Most of the May precipitation was the result of numerous but
uncharacteristic extratropical cyclones passing in close proximity to the
coast. These extratropical cyclones are more common during the late
autumn through early spring period. Precipitation during the summer
ronthe was primarily due to emall-scale convective showers and
thundersetorme. These are evente of short duration but strong intensity.
With thie type of precipitation event, there will be increased particulate
fallout (washout) from the atmosphere, which has implications for
radionuclide depoeition. During the summer, stable marine air will
generally supprees these convective storme and decrease precipitation at
most ¢ocastal locations., The sea breeze can produce the same result. The
remainder of the eite's rainfall during 1990 was due to extratropical

storme of light to mcderate inteneity and long duration.

For additional site specific meteorological data, refer to the Semiannual

Effluent Release Reports for 19%0.
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MONTHLY PRECIPITATION AT THE OYSTER CREEK NUCLEAR GENERATING STATION
DURING 1990 COMPARED WITH HISTORICAL (1946 — 1981)
ATLANTIC CITY NATIONAL WEATHER SERVICE PRECIPITATION DATA
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Historical Background

Almost from the outset of the diecovery of x~raye in 1895 by Wilhelm
Roentgen the potential hazard of ionizing radiation wvas recognized and
efforts were made to establish radiation protection standarde. The
International Commission on Radiolcgical Protection (ICRP) and the
National Council on Radiation Protection and Measurements (NCRP) were
estabiiched in 19286 and 1929, respectively, and have the longes!
continuous experience in the review of radiation health effects and with
recommendations on guidelines for radioclogical protection and radiation
axposure limite. In 1955, the United Natione created a Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR) to summarize
reports received on radiation levels and the effecte on man and his
environment., The Netional Academy of Sciences (NAS) formed a committee in
1956 to review the biological effecte of atomic radiation (BEAR). A
periems of reports have been issued by this and succeeding NAS committees
on the biclogical effects of ionizing radiation (BEIR), the most recent
being 1990 (known as BEIR V). The Federal Radiation Council (FRC) was
formad i1 1359 to provide a federal policy on human radiation exposures.

These federal policiee are approved by the President of the United States.

These comnittees and commieeions 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 reportse contain scientific data obtained
from physical, biological, and epidemiological studies on radiation health
effecte and serve ae scientific references for information presented in
this report. Since its inception, the USNRC has depended upon the
recommendatione of the ICRP, the NCRP, and the FRC (incorporated in the

United States Environmental Protection Agency in 1970) for basic radiation
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protection standards and guidance in establiehing regulations for the

nuclear industry (Ref. 5 through 8).
Effluent Release Limite

Az part of routine plant operstions, limited guantities of radiocactivity
are released to the environment irn ligquid and aivborne effluents. An
effluent control program ie implemented to ensure radiocactivity released
to the environment ie minimal and does not exceed release limits,
Radiocactive effluent releases at Oyster Creek are under the regulatory
juriediction of the USNRC. Regulatione through the yeare have changed and
reflect operating experience and advances in nuclear technology. Federal
regulations as defined by Title 10 of the Code of Federal Regulaticns,
Part 20 (10 CFR 20) establiesh limite on the concentrations of radiocactive
effluente relessed to ¢ . environment, Federal effluent limits are set at
low levels to protect the health and safety of the public., GPU Nuclear
conducts operations in a manner that holds radiocactive effluente to small

percentagee of the federal limite,.

A recommendation of the ICRP, NCRP, and FRC is that iw.ia@tion exposures

should be maintained at levels which are "as low am reasonably achievable"

activities resulting in such exposures. For this reason, dose limit
guidelines were established by the USNRC for releases of radicactive
effluents from nuclear power plants, Theee guidelines are presented in
the Oyeter Creek Technical Specifications. Maintaining releases within
these operation guidelines demonstratee that radicactive effluents are

being maintained "ae low as reasonably achievable".

The Oyster Creek Technical Specification dose limit guidelines are ase

follows:

\
|
\
:
\
(ALARA) and commensurate with the societal benefit derived from the
-20..



Technical Specification 3.6.K.1

The dose equivalent rate outside of the EXCLUSION AREA due to
radiosctive noble gas in gaseous effluent shall not exceed 500

mRem/year to the total body or 3000 mRem/year to the skin,

Technical Specification 3.6.L.1

The air dose outeide of the EXCLUSION AREA due to noble gas
released in gaseous effluent shall not exceed:

§ mrad/calendar guarter due to gamma radiation,

10 mrad/calendar guar.er due to beta radiation,

10 mrad/calendar year due to gamma radiation, or

20 mrad/calendar year due t¢o beta radiation,

Technical Specification 3.6.N.1

The annual dose to a MEMBER OF THE PUBLIC due to radiation and
radiocactive material in effluents from the OCNGS outeide of the
EXCLUSION AREA shall not exceed 75 mRem to his thyroid or 25

mRem to hie total body or to any other organ,

Technical Specification 3.6.K.2

The dose eguivalent rate outeide of the EXCLUSION ARFA due to
H=3, I-131, I-133, and to radicactive material in particulate
form having half-lives of 8 daye or more in gaseous effluents
shall not exceed 1500 mRem/year to any body organ when the dose
rate due to H-3, Sr-89, S8r-9%0, and alpha-emitting radionuclides
is averaged over no more than 3 monthg and the dose rate due to

other radionuclides is averaged over no more than 31 days.

Technical Specification 3.6.M,.1

The dose to a MEMBER OF THE PUB, IC from iodine-131, iodine~133,

“21=



and from radionuclides in particulate form having half-lives of
8 days or more in gaseous effluents, outside of the EXCLUSION
AREA shall not exceed 7.5 mRem to any body organ per calendar

quarter or 15 mRem to any body organ per calendar year.

Technical Specification 3.6.1.1

The concentration of radioactive material, other than noble
gases, in ligquid effluent in the discharge canal at the Route 9
bridge shall not exceed the concentratione specified in 10 CFR

Part 20, Appendix B, Table 11, Column 2.

Technical Specification 3.6.1.2

The concentration of noble gases dissolved or entrained in
ligquid effluent in the discharge cana) at the Route 9 bridge

shall not exceed 2 x 10”9 microcuries/milliliter.

Technical Specification 3,6.J.1

The dose to a MEMBER OF THE PUBLIC due to radiocactive material
in liguid effluente beyond the outside of the EXCLUSION AREA

ghall not exceed:

1.5 mRem to the total body during any calendar quarter,
§ mRem to any body organ during any calendar quarter,
3 mRem to the total body during any calendar year, or

10 mRem to any body organ during any calendar year.



Efflvent Control Program

Effluent control includese plant components such as the ventilation system
and filters, off gas holdup components, demineralizers, and an evaporator
system, In addition to minimizing the release of radiocactivity, the
effluent control program inclucdes all aspects of effluent and
environmental monitoring. This includee the cperation and data analysis
associated with a complex radiation monitoring system, environmental
sampling and monitoring, and a comprehensive guality assurance program.
Nver the years, the program has evolved in response to changing
regulatory requirements and plant conditions. For example, additional
instruments and samplere have been installed to provide that measurements
of effluents remain onsecale in the event of any accidental release of

radioactivity.

Effluent Instrumenta‘’.jont Liguid and airborne effluent measuring

instrumentation is designed to detect the presence and the amount of
radicactivity in effluents. Many of these instruments provide continuous
surveillance of radicactivity releases, Calibrations of effluent
instruments are performed using reference standards certified by the
United States Naticnal Institute cf Standarde and Technology. Where
continuous surveillance is not practicable or possible, contingencies are
spelled out in the Technical Specifications. If pre~designated setpoints

are reached, releases are immediately terminated.

Effluent Sampling and Analysig: In addition to continuoue radiation

monitoring instruments, samplee of effluents are taken and subjected to
laboratory analysie to identify the epecific radionuclide quantities being
released. A sample must be representative of the effluent from which it
ies taken. Sampling and analyeie provide a sensitive and precise method of
determining effluent composition. Samples are analyzed using the highest
guality laboratory counting equipment. Radiation instrument readings and

sample results are compared to ensure correct correlation.
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Carbon-14: FProduction of carbon=14 (C~1
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routes of importance: (1) ingestion of drinking water, (2) fish and
shellfieh consumption and (3) exposure from shoreline sedimente. Each of
these poesible routes that can lead to radiation exposure to humane is
termed an exposure pathway. A# can be seen, these routes are both
numerous and varied, While some pathwaye are relatively simple, such ae
inhalation of airborne radioactive materiale, others may be complex. For
example, radicactive airborne particulates may deposit onto forage which
when eaten by cows may be secreted into milk, which le subseguently

coneumed by man. Thi@ is known a# the air-grass-cow-milk 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
gepecific segment of the population. Thie segment of the povulativn is
known as the critical group, and may be defined by age, dietary, or other
cultural factore. The dose may be delivered to the whole body or confined
to a specific organ; the organ receiving the greatest ‘raction of the dose
is known as the critical organ. This information wae used to develop the

Oyeter Creek program.

Sampling

The OCNGS radiological environmental monitoring program consiste of two
phases -- the precperational and the operational. The preoperational
phase provided data which ie used as a basis for evaluating increases in
radiation levele and radioactivity in the vicinity of the plant after the
plant became operational. The cperational phase began in 1969 when the

OCNGS began power generation.

The program coneiste of taking radiation measurements and collecting
samples from the environment, analyzing them for radioactivity content,
and interpreting the results. With emphasis on the critical pathwaye to
humans, samplee from the aguatic, atmoepheric, and terrestrial
environmente are collected. These samples include air, precipitaticon,

well water, surface water, clams, sediment, fish, crabs, vegetables, and

-29-
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sensitivities are presented in Appendix B, Changes in sanmple collection

and analysie sre described in Appendix ©,

The analytical results are routinely reviewed by GPUN scientiste to assure
that establishes pensitivities have been achieved and that the proper
analysee have been performed. ALl analytical results are subiected to an
automated review process which ensures that Technical
Specification~required lower limite of detection are met and that
reporting levels are not exceeded. Investigations are conducted when

anomalous values are discovered,

Table 3 provides & summary of radionuclide concentrations in environmental
samples from the OCNGE in 1990, The data are summarired in the fornat

suggested in the USNRC Branch Technical Position (Ref. 12).

Measurement of low radionuclide concentrations in environmental media
reguires special analyels technigues, Analytical laboratories utilized
for the OCNCS REMP use state~of-the-art laboratory equipment designed to
detect beta and gamma radiation. This eguipment must meet the regquired
snalytical sensitivities, Examples of the specialiczed laboratory
egquipment used are germanium detectore with multichannel analysere for
determining specific gamma emitting radionuclides, liguid scintillation
detectors for tritium, low level alpha and beta counters, and coincidence
countere for low level 1-13" detection, Computer hardware and software
used in conjunction with tl. counting egquipment perform caloulations and
provide data management, Analyeie methods are discussed in more detail in

references 13, 14, and 1% and are aleo described in Appendix I.

Quality Assurance Program

A quality assurance program is conducted in accordance with guidelines
provided in Regulatory Guide 4.15, "Quality Assurance for Radiological
Monitoring Programs" (Ref, 16) and ae regquired by the Technical

Specifications. The OC program is documented by GPFUN written policies,

procedures, and records. This program is designed to identify poseible

~34-
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2 <tD 0/13%)
CLAMS AN K-40 5 %o LD 1. 15643 €55, 59 1.336+3 (26/26) 23 2% 2
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2 118543 (13713%)
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2 id B71%)
CLAMS GAMMA wB-95 &5 1.828+1 <D 0/39) <iip (0726) 2324 25
(pCi /kg(VET))
P i CO/133

- S0 -



0 THROUGH DECEMBER 199C

BACK GROUND - M6 AN / STATIONS
RANGE e ]
- i STATION-ME AR SOICATOR

PERFORMED g :
RARCE T

1SOTOPE £ Of 11D IRDICATOR -MEAN




IABLE 3
"y TAL MOMIT ¥
- v T 1990
SAMPi £ ANALYSIS  1SOTOPE # of Lo 1MD T CATOR-ME AR (/707> SACTGROUND -oE AN (%/TOTAL) STATIONS
TYPE ANALYSES RanGE USED FOR
PERFORMED STATION STATION-MEAN %/TOTAL ) 1D ITATOR
RANGE e AN
T GaMMa a®e 65 3.S0E+1 <ip €07%) T aw T Y7 T 3393
(pCi7kQIMET))
93 atp ©75)
TAUTOG Gams cS-134 6 332641 AaLp 8/5) 41D @ 33 93
(pCi/kgIWET))
o3 <atp 75)
TAUTOG Cama Cs-137 6 2. 78641 aip (0/%) aip o 33 93
(pCi/kg(VET))
93 aip 0/5)
TALTOG CAMMA FE-S9 6 7.67E+1 aip 0/5) aip Or1) 33 93
(pCi7Xg(VET))
3 <L oS
TAUTOG Camms 1-131 6 4 B35+t 1D 075) aip 071y 33 53
(pCi/kg(WET))
o <tib ars)
TAUTOG Camma X-40 6 No LD & 12643 5/5) 4 60E+3 (N 33 93
(pCi/kQ(VET)) Repor d (4.00E+3 - & S0E+3) (4_60E+3 - 4 605e3)
o3 4. 12843 5753
(4_DOE+3 - &_SOE+Y)
TAUTOG GAMMA LA- 140 . 6.00E+1 41p ©/5) <tp 071 33 93
(PCi/kg(VETY)

o3 atd 0rs)

61



£ €5

NY S
sCivsiani
803 aasn
SNOiivis

£2/76)

L2/a)

(212)

2/2)

($/70)

(L/6)

(5/8)

/o

S0

(/)

($/9)

(/e

(wigi/w)

Wi/ w)

.rz

ar- ¥
ae (y/Q) are Le35R° 4 9
(2+30%"% 2+306° %)
Z+3K17Y wy
(2+306°Y 2+300° %) (2+30%° Y 2+308°2) pesscdey

Z+359" Yy (9/9) ZeWE'E an os 9
gi 6
a1 (3/0) o™ £+300°S 9
ary £
ain (S/0) aire L+300°6 9
g £6
are ($/0) i L+3g8°Y v
aie i
ary (s/¢) ae Le386°2 9
aie £6

.y = arw (s/0) are be354°2 9
FRLIT)
Ny am-NOi LS wOilvis Oima0 3832
Enve S3S4 Twwe
WY - ONOO8T X0YE (101/w) R¥im-801¥01am1 an 0 »
D661 B3GWI030 WONDEAL DOEL LEWONVE - SONI0
ABYWNS WYEOOSd LINOw Vi i
£ 361

8ZZ-v

L
g

3401081

SiSLTuNy

((L3mM)6x/ 1 x1)
1108

((13m)By/id)
1i0s

((13n)8%/10d)
JOLNYL

((13m)Bx/128)
9041

(CL3n)6%/ i )
0Nl

((13m)8%/10d)
5010V1

C(L3)63/10d)

3idn¥s



ENVIRONMENT

MON ] TORING PROGRAM SUMMARY
JRNUPRY 1990 THROUCH |

ANALYSIS 1SOTIPE

18D I CATOR - %5 AN

BACYGROIND -MEAN
RaNfF
IO AW

CRNTT




/) arve 99
99 <% (2/0) are (/9) arne» 1+305°% 9 S6-8Z VD
(/03 are 99
99 s& (2/79) i (»/9) g1 i*3ii’ e 9 S9-N LL L
(Z+304°4 - 1+302°0)
272) be30i°8 99
(Z+3BL°L - 1+306'6) (2+304°4 - 1+302°0) peasoday
99 S5 2/2) S+ {(y/v) i+352°8 an on g 9ZZ-va VYT
/e ap 99
99 5§ Z/e) ar (/o) are 1+301°2 9 S6-8N WiV
(Z/0) are ¥
99 S5 €2/0) are (%0) Qe i*32L°2 9 75 - N YYD
(2702 aie 9%
99 S5 /e are (0) ae L+3§8 S 9 0YL-¥1 VYO
(£+309°2 €+306°L)
272} £*352°2 99
(£+306°2 £+308°2) (§+369°2 - Z+3UO P ioday
¥ S8 - 27/2) £+30%°2 (y/y) £+39°0 maw on ) \ro a%-2 Vv
LE IONYE
WiIViom (Wwioi/w) M¥IW-NO1IVIS NOLIWIS Q3maC 834
803 a3sn 3nva S3SATvNY
SMOLLviS Cvi0i/n NV k- ONOEO X0 TE (i01/m3 LLE B SFL e an 0 » 3d010S1 SISA TN

((A80I8%/12d)
7108

((A30)8%/1)
1108

(LABQ)88/10d)
1108

{(ABQ)Bx/i0d)
108

£CA¥Q)BY/10d)
1108

((Aa0)83/10d)
1108

(CA30)6%/1d)
1ios

3dAl
ERE L



1ABLE 3
RADIOLOGICAL ENVIRONMENTAL MONI

TORING PROGRAM SUMMARY

OCNGS - JAWUARY 1990 THROUGH DECEMBER 1990

# OF IND ICATOR -ME AN (N/107)

BACK GROUND - MF AN
ARALY TS RANCE
PERFORMED

TOTAL )

IS FOR
STAT [ON-MEAN FTOTAL ) INDICATOR
RARE L

SWISS CHARD

WET)Y)




{(13n)85/10d)
99 5§ ($/0) are {ol») . Le35°2 £ 922-v4 V") Gu¥H) SsinS
(o/e) - .
((13m)6%/10d)
99 S5 (£/0) are (ole) . LvuB1L £ 66N VYD GEYHD SSims
n.\.v » -
((13m)6%/1)
99 S£ (£/0) ame (ofe) . L+352°1 s 95 - N ey QUKD SSInS
(elul} - -
(C13m)6x/310d)
99 <§ (£/0) awe (o/s) . Ledl9E £ CYi-¥1 VYO GdvKD SSINS
Ai\.v - -
(§+30L°9 $€+306° ) peisodey (Ci3m)6%/:2d)
99 i (§/%) £eRZ°S (ulu) B a1 on £ 0y-a VYO GavHl SSIns
A’\.U - -
(C13M)8%/10d)
9% S5 (£/0) o (o/e) . 1+32671L £ igi-1 Vv GHVHD SSInS
A.\.v - -
(C13m)6y/ 1)
9 s (£/0) v (a/a) ¥ X .2 3 T 65-34  WWWvd  G¥WHD SSIMS
NY 3 I9uve
2OIvIIoN CWi0L/w) NYI-NOIIVIS NOLLIWAS G3WB0183d
#04 Q3sn FINYE SISATVNY 3dAl
SHOLL¥LS CII0LANG NV 3k ONN0EOAOYE VTS NV3W- 301¥2 1081 an 0 » 3401081  SISATwNy ERETLS
(661 438W3030 HONOZHI D661 AUVINE - SONO0
THVWNNS WYED0BE ONTHOLINOW TVINIANGETANT 1O 150101 ava

€ 318v1



9/¢)

8 (L/a)

(9/0)

% Gi/9)

{9705

i (i/e)

(9/0)

6 (L/a)

(9/0)

% (L7865

(e/e)

99 S£ (£/0)

\'\.V

99 £ e'w

LLE ]
201VIIoKI
804 aasn
SKOIiviS

(WwioL/w)

(WwioL/w)

aie

G e

ain»

ae

aie

aie

ae

are

amwe

ES L]
N¥3s-NOILVIS
3INYY
NV M- IROOE0 10YE

4.7

]

£5

0

NOILIVIS

($/0)

(9/0)

{(9/0)

(9/0:

(9/9)

(o/e)

(101w

vk@.

a»

ae

ae

ame

aiy

NY3R-301vOIaN

L+30%°%

bedis"2

2+39¢° L

Z+IN2°L

Z-350°1

1+300°¢

an

4 ovi-ve

4 8ZZ-0v

Y S6-8l

(3W80483d
S3SA ey
0= 340i0sS!

(C13m)6%/1xt)
A3ION0TS Y3LWIn

((13m)6%/10d)
HIONN0 T4 B3ININ

(C13m)8x/ 1)
AIONNOD TS BIINIM

(C13m8y/ 1)
WIOMIO 14 BIINIR

(C13m)6%/10d)
AION0 TS FIINIA

((13m)8%/1d)
GHvHI SSiINS

(C13m)6%/10d)
~ GHVHD SSInS

3dAl
ERE LY



LA
s0i¥310ni
804 Q3Isn
SHOILVIS

INvn
MY Is-NO1LIVIS
JONvs

NV k- ON089 X0OVE NV im- 3012

D661 B3BW3030 HONOEA. D661 ABvnNvT $9830

AEVWMOS WV EDO3R4

ol

430N0 T

LR TV

J3Wa0 1434
SISATYNY
W 3401081 SISATYNY




((13)5%/104a)

133 NV 83wy

074 ¥3AINER

MIER/12G)

2IONN0 T4 B3INIA

(C13m)8%/ 1)
i3 ¥3LININ

JONVE
JiMs0i83d

IONVa SISA T¥NY
NV 3 - GNNOEDIOVE NYIN-80LIVO 10N ] i0 # 3 1dm¥S

MY im-N01IVIS
ddil

G6h1 EI8WID30 WONOEN1 0601 AUWINWT - SONJO

HNOBIANT VD190 101 ave

POVRIE WYEDONE ONTHOLINOM TYIN

£ 38Vl




272>
£ X (9/7)
i9/0)
£5 ££ (2/8)
(9/9)
£6 ££ (v/0)
(9/0)
6 5 (v/9)
{($/0)
£6 £5 {(v/0)
(9/3)
£ % {9/0)
9/0)
S5 88 _(vo)
NY 2
BOLVIIOMI {WioL/%)
%04 a3sn
SNOilvisS (Wwi0i/w)

(£+302°S - $+30%°2)
£+308°2
(£+306°C - £+309°D)
£+350°¢
are

are

are

ary

are

Gy

are

are

are

are

ae

ESLIL
WVIe-NCILIVIS
39%ve
WY M- OROOEDXOYE

it

(8/82

(8/0)

(8/0)

{8/0)

(8/0)

&

(8/0)

1.3

NOPlvis

(1o1/w)

(£+302°3 - £+302°2)
f£e3l8°2

gl

are

are

aie

are

WY 3W- 8010 1ONI

0661 530W3030 WONOEN]L D66L ABVONYT - SOND0

PRisoden
g1 Oon

t+398°2

beLL7S

i+326° L

L+382°2

an

Zi

i

i

2i

G3W80 3834
S3SAT¥NY
0 »

or-

isi-1

65-34

£51-83

T%4-8J

09-00

\cmwOu

3401081

YRy

ViV

SISATvNY

(€13n)6x/:10d)
133 NYD 1 ¥3WY

({13m)8%/1d)
133 NV 143NV

(C13m)Bx/ 1)
133 NVO1HINY

((13mM)8%/ 1)
133 NYO 123NV

({13m)83/35)
T43 NYO1EIWY

(C13m)8%/i30)
133 NYOTH3NY

((138)83/1d)
3 e

3dAl
31dwYS



w
££ 2% 2 w2 2

5 5

6 55

£ €%

£6 55

_§6 5%

Y s
LIV Ian]
%03 a3sn
SWOiivis

(/)

(8/0)

(9/6)

(v/02

(9/0)

(/o)

s/0)

o)

(9/0)

(y/3)

(9/0)

(v/0)

(WwioL/m)

(wioi/n)

¥4

ary £

({A8Q)8x/10d)
are (92/9) e i+390°L 28 g22-v Vriny9 IN3WIG3S 3E1VNoV
g e 6

((13m)6%/1d)
arve (8/9) g 1+32%°¢ 2 S&-¥2Z V¥ 133 NVO i u3INY
ae Y1

((13m)8%/12d)
a» (8/0) are UL 2 $9-NZ Viel¥ D 133 NVO ¥RV
e ©%w

(Ci3m)By/10d)
ae (8/0) are 1+3i6°2 Zi 92Z-¥8 YYD 133 NYO 143NV
ary %

(C13m)Bx/ 1<)
o (8/0) an 36871 Zi S&-8N VWY 133 YO N3WV
e £6

((13m)8%/12d)
are (8/0) aw 1432671 i 76 - M Yo 133 NYD. 43NV
are [ 7.

(C13m)8y/10d)

S e (8/0) oy Le358°E 21 07i-¥3 YYD 133 NI N3NV
ESTTTY
WY 3IW-NOTLVIS NOIAVLS QINB04i83¢
19NVYE S3ISATYNY 3dAL
Y i A0S A0VE (io1/w) NYIW-HOLVOIONT an 0 » FJ0L0ST  SISATVNY ERF

0661 438W3030 HONOENL D661 ANWINYT - SONDD




a——

TAELE 3

(R/7107) BACEGROUND -#F A4 (N/TOTAL) STATIONS

SANPLE ANALYSIS 1 SOTOPE # OF Lo I1ND I CATOR -MEAN
TYPE ANALYSES RAMGE USED FOR
PERFORMED STAT : ON STAT I OM-MEAN (N/TOTAL ) N0 I CATOR
FANGE "N
AQUAY IC SEDIMENT GCAMMA 8A-140 ¥ 1.11E+2 <Ll (0/724) <L LE 8 AR WIS
(pCt /kg(DRY)Y) %
SEDIMENT CAMMA BE-7 ¥ 1. 68E+2 % . % 724) DOF+2 1 /Ry " 34 25 %2 33
(X kQ(DRY)Y) {1.80€E+ 6. S0E+2) { O0F « 2.0082) %
33 L BOE+2 %4
3 SOF+ & SOF+
AQUAT IL SEDIMEN [ AMMA £o-58 32 2. 4L1E <iLf (0/26) <t LT 8 2324252 %
(pCi/kg(DRY)) o
1 At (074
AQUATIC SEDIMENT CAMMA o84 32 2.785+1% £ DSE+1 (6/2 < 1D (/AR % 24 25 32 3%
(ol ka(DRY) & SOE+1 052 o
L5 C.OTE. L/4)
5 SOE+1 1.106+
AQUAT IC SEDIMENT AMBAA cs-134 3 5.S3E+1 « 24 < iy 32425 32 %3
pCi/kg(DRY e3
o . r
AQUATIC SEDIMENT CaMmA re_ 127 x > PCE ot y BTC e . < RAr et £ s 2% 26 25 32 3%
(ol i 7kqgtDRY)Y (1.108+ 305« 3 B0E+" 7 108+ o3
T T PSre &/46
AQUATIC SEDIMENT LA FE-59 L ¥, S TBE+1 <l (0726 < LT R 3 24 25 %2 %3
pl kg(DRY o3
b -




ANALYSIS # Or 1. ! { BACKGROLND -WEAR ’ STAY 1OWS
RANGE JSED FOR

STATION-"E 2N O INDICATOR

ANALYSES

PERFORMET
CANGE - Am




(2/05 am
i (alal -
(2/0) G
g6 {els) .
(2703 aiy
£ (a/e) -
2/9) are
g A.\.u -
(2/93 Gl
£ (ale) -
(€578 awe
sSuus
syt f2iz/0) ame
(/9 are
Y3
£ 28 2w (8/0) arve
ELE ) iSeva
B0iviian: (Wwioi/iw) Wi mOILVLS
0 G3TH 0Nve
SMOLLviS CWLoL/ND WY 3w OWCED x0ve

6

&

NOIivis

/)

2/6)

z/a)

(270}

Z/9)

(£2%/%)

(92/0)

(101/m)

- 9 -

are

are

are

e

are

are

LAE I 8 e 3

1*305°2

be35870

2+358°L

*300° 4

1+300°9

-2

an

oYL-ve

82Z-w

LEL-3NIQ0I

AL LA

3401081

SiSaTvny

CCL3m) 8x/:10a)
K834 3iiMm

((i3m) By/i15a)
Hl83d4 3lian

(Ci3n) B3/17d)
3834 FiiWm

((13m) B3/10a)
Hi¥3d 3liwn

(Ci3n) By/i0d)
HI¥3¢ 31imn

(gu/i1d)
INGGOL wlY

CCABQIBN/10d)
LN3WIG3S D1ivnov

3dal
3 1dwvs



) STATIONS
BACK GROUND -MF A% ) e
oANF

7Y IHITAYR
. STAT I7M -5 AN
ANALY
PERFORMEL

LD INDICATOR -ME AN
[ SOTOM: L4

L}
RANY




(£/0)

Y- 2/6)

(£/05

£e (Zie)

(/95

1% @/

(2/9)

1] (ele)

z2/e)

£ (afel

2/6)

£ (ale)

/o)

1Y) (ele)

LA
SIvIi0ni ({Widi/w)
a03 g3sn
SMOilvis (WisL/w

are

are

ae

ae

ary

e

ane

are

are

Onvs
EViM-NOIIVIS
Ve
NV GNO0S9 A0 e

£6

£

NOILLViS

(£/9) a1 2+399°L S 2-38

(£/0) o L+300°6 B 0vi-ve

(s/a) e Le302°6 s 82z-ov

z/¢) are 1#300°¢ 2 So-8z

2/0) o 1+305°y 2 $9-N2

2/ awe L*300°2 Z Sec-ve

@/m @ - A S .
O3ma0 1834
S354 Wiy

(104/%) w201V LN an 08 360181

(C13m) 8x/10a)
HS14M018

({i3n) B6%/10d)
HS14M08

(Ci3m) By/10d)
HS14Mm08

(C13m) Bx/ )
HO¥3d 3118M

(C13m) Sx/i0d)
K3¥3d 3LiMN

((13m) By/10d)
KJd3d4 31Imn

(Cian) By/ixd)
N3¥3d 3ilWn

3dii
31dWVS



J3Ma 3433

Imve
NN LYAS
NV e 5354 TRy
WY 3w S0LVOION] : 0 ¥ IHCLOS | SISA TNy

NV 3w ONNOS9X0VE
3651 E3aMII35 WONDEN] 0651 ABWIWWT - SONI0
THOSEE WVED05d SHIZOLTNOW TWINIWNOBIANZ 13190101 0ve

¢ 318Vl




NV e
jIMe0 4834

INY

vioL/w) WY am-NOLIVIS
Ve

(WiGL/ w3 WY - ONIGES A0YE (L0L/™) Ny am- 201V IG0] gl . 3401081

661 238W3030 WHNIOUHL 0661 ABw
R ITE T ) i s)
u.

£ 38

19001 0vE

LEVRMS WYEO0Sd DNT 301 TN




RIRECT RADIATION MONITORING

Dose rates from external radiation sources were measured at a number of
locatione in the vicinity of the OCNGS ueing thermoluminescent dosimeters
(TLDs). Naturally ocourring sources, including radiations cf cosmic origin and
natural radiocactive materiale in the air and ground, as well as fallout from
prior nuclear weapon testing, resulted in a certa.n amcunt of penetrating
radiation being recorded at all monitoring locatione. Indicator TLD's were
placed systematically with at least one station in each of 16 cardinal compass
pectore {(in a ring) at the site at a maximum dietance of 1.5 miles. TLD's were
aleo placed within a five mile radius of the OCNGS, in locations where the
potential for deposition of radicactivity is known to be high, in arease of
public interest, population centerse, and in background locations which are
typically greater than ten milee distant from the OCNGS and generally in an

upwind direction.

sanmle Collseti  Raatoat

A state-of-the-art thermcluminescent dosimeter is used. Thermoluminescence is
A procese in which ionizing radiation, upon interacting with the sensitive
material of the TLD (the phosphor or 'element’') causes some of the energy
depoeited in the phosphor to be stored in stable 'traps' in the TLD material.
These TLD traps are so stable that they do not decay appreciably over the
course of monthe or even years., Thie provideg an excellent method of
integrating the exposure received over a period of time. The energy stored in
the TLD'es as a result of interactione with radiation is removed and measured by
a controlled heating procees in a calibrated reading system. As the TLD is
heated, the phoephor releasee the stored energy as light. The amount of light
given off is directly proportional to the radiation dose the TLD received. The
reading process 'zeros' the TLD and prepares it for reuse. The TLD'® in use
for environmental monitoring at the OCNGS are capable of accurately measuring
exposures between 1 mRem (well below normal environmental levels for the

guarterly monitoring periods) and 1000 REM.

During 1990, TLD's were collected every twelve weeks from locations ranging

from lesee than 0.2 miles to 35.1 miles from the OCNGS. Four GPUN Panasonic



TLD'e and one vendor supplied (Teledyne lsotopes) TLD are exposed at each
of 63 monitoring lo:ations. GPUN TLD'e provide sixteen independent
detectors at each station. Vendor supplied TLD's provide an additional
four independent neasurements. Thie provides twenty detectore at each
station. In addition, two of the 63 monitoring locatione are guality
control (QC) stations at which 4 additional GPUN TLD's and one vendor
supplied TLD are expcsed for quality control purposes. Forty independent

measurements are made at these locations.

Resultse

All TLD dose rate data presented in this report have been normalized to
eliminate differences caused by slightly differing exposure periods. GPUN
TLD resulte were normalized to a standard guarter (91.3 days) and vendor
supplied data to a standard menth (30.4 dayes). TLD dose rate data are
presented in Tablee J-1 and J-~2 in Appendix J.

An underground natural gas pipeline was installed in Ocean County during
1990 in close proximity to some of the OCNGS REMP TLD stations. Pipeline
construction included weld verification via radiography. Based upon
construction location and time frame, it ie highly probable that TLD'e
from stations 62, 64, €5, and 96 were exposed to gamma radiation from the
radiography during the first three guarters of 1990, which resulted in

comparatively higher doses relative to previous exposure perioda.

In 1990, the dose rate measured at indicator stations ueing Teledyne TLD's
averaged 4.19 mRem/standard month and ranged from 3.1 to 9.3 mRem/standard
month, including data from four stations that were exposed to pipeline
radiography. When these data are excluded, the mean drops two percent to 4.10
mRem/standard month and the range is from 3.1 to 7.2 mRem/standard month. The
dose at background TLD stations, located greater than 30 miles from the OCNGS,
averaged 4.15 mRem/standard month and ranged from 3.5 to 5.3 mRem/standard
month. The mean dose rate from the background stations was higher than the
mean dose rate from the indicator stations (excluding data influenced by
construction radiography) suggesting that OCNGS operation contributed little if

any to off-gite exposure. These results are consistent with the results of
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measurements from previous years (Fig. 6). Considering that the standard
deviation of dose rates wae as high as 2.7 mRem/standard month and that
the dose rates monitored at locations from O to 2 miles from the OCNGS
were elevated due to radiography, the data indicate that the dose rates

are not significantly higher c¢lose to the OCNGS (Fig. 7).

In the description above, indicator and background station aseignment was
based on distance from the OCNGS and with respect to downwind or upwind
meteorology. A second method wae developed to test and compare results.
This method designated indicator stations as those located within the
highest four air dispersion (X/Q) compass sectors based upon analysie of
historical metecroclogical data. Background stations were those located in
the remaining compase sectors. The resulte of thie analysis (Fig. 8)
closely agree with the above mentioned conclusion that operation of the

OCNGE contributed little if any to off-site exposure.

Regarding Panasonic TLD data, the mean dose from indicator stations was 11.53
mRem/standard quarter with a iznge from 8.51 to 25.60 mRem/standard guarter.
These data include doses influenced by construction radiography. With these
data excluded, the mean dose for indicator stations drope 3.7 percent to 11.10
mRem/standard guarter with the maximum quarterly dose being 19,86 mRem/standard
guarter. The background mean dose rate, from stations greater than 30 miles
from the OCNGS, was 11.26 mRem/standard quarter with dose ratee ranging from
9.95 to 12.7 mRem/standard guarter., The mean background dose exceeded the mean
indicator doee again suggesting OCNGS operation had little if any affect on
off-eite exposure. The standard deviation of dose rates ranged from 0.24 to
14.20 mRem/standard quarter. Considering these data, no relationship between

dose rate and distance from the OCNGS was observed during 1990 (Fig. 9).

A comparison of dose per affected compass sector between Teledyne and Panasonic
TLD's was performed using 1990 data (Fig. 10). The results indicate good
correlation between the dose per sector as recorded by the two independent TLD
networks. 1In addition, the data indicates that the north-northwest sector had
the highest 1990 dose. Based upon on-gite meteorology for 1990, the highest
air dispersior (X/Q) factore were in the southeast sector. The north-northwest
sector ls almost directly oppoesite the southeast sector which ie further

evidence that the OCNGS had little if any effect on off-site exposures.
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MEAN TELEDYNE TLD GAMMA DOSE - 1984 THROUGH 1990
OYSTER CREEK RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
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ATMOSPHERIC MONITOURING

A primary exposure pathway to man (e the inhalation and ingestion of
radionuclides relessed - the atmosphere, Radioactivity in amblent air
was sampled by & network of thirteen continuously operating air samplers.

Frecipitation samples were ale collected at these thirteen locations,

Indicator air sampling and precipitation stationg are located in
prevaliling downwind directions, locel population areas, and areap o,
public and special interest. All indicator stations are located within
6.5 miles of the OCNGS, Background air sampling and precipitation
ptations are located greater than 17 miles from the site in Lakewood,

Allenhurst, Cookstown, and Hammonton, NJ.

s Collection wnd Analyeis

Mechanical air cawplers are used to continuously draw a recorded volume of
alr through & glase fiber (parciculate) filter and then through & charcoal
cariridge. A dry gae meter, which ie temperature compensated, is used
inside the ai: sampler to record air volumes. Internal vacuums are also
measured in order to pressure correct the indicated volume. All air
samplers are . “‘ntained and calibrated by GPU Nuclear instrument and

contrel technician.

The particulate fllitere wi e collected weekly and analyzed for grose beta
radicaccivity. The filter» were then combined monthly by individual

station locations and analy .ud for gamma~emitting radionuclides,

Charcoal cartridges, used to collect gasecus radiojodines, contain
activated charcocal. Charcoal castridges wevre collected weekly and

analyeed for fodine~131 (I-131) activity.
Precipitation eamples were collected monthly using an eight-inch diameter

funnel that drains into a collection container. A quarterly composite per

station was then prepared, 8ix of the thirteen composite samples were
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analysed for tritium and gamma-emitting radionuclides. The remaining

seven samples were stored pending the outcome of the eix analyted samples.
Beanise

The resulte of the atmospheric monitoring during 1990 demonstrated that,
a8 in previous years, the radiocsctive airborne effluente associated with

the OCNGS did not have any measurable effects on the environment,

buring 1990, €89 grose beta analyses were performed on air particulate
filters (Table 3). PFour of these analyeis could not meet the reqguired LLD
because in each case;, an alr sampler malfunction yielded & very low total
volume (Appendix B). For the purposes of the descriptive statistical
analyees reported in Table 3, these results were excluded. The background
mean gross beta activity (0.01861 pCi/m3) wae the same ap the indicator
mean (00,0161 pCi/m3), 1In addition, all grose beta analyeie resulte were

within two standard deviations of the historical mean.

Ap described above, indicator statione were located on the basie of
gensral proximity to the OCNGS, in prevailing downwind directions.
Background stations were located greater than 17 miles from the OCNGE in
generally upwind directions., Comparison of the 1990 weekly mean air
particulate grnes beta concentratione for .hese indicator and background
stations indicates that indicator and background concentrations were
essential.y identical (Fig. 11). In order to test the validity of these
resulte, the air particulate grose beta concentrations were aleo analyzed
ueing an alternate method of designating indicator and background

stations. Using the alternate method, indicator statione were those

compase sectors, based upon meteorclogical data analyeie, while background
stations were located in the remaining compase sectore (Fig. 12). The
resulte ©of this analyeis also demonstrated that alr particulate gross beta
concentrations were essentially lidentical at indicator and background
stations, These results were consistent with the results of gross beta

analyses of air sanplese from previous years (Fig. 13).

|
located within the tour highest air diepersion (X/Q) and deposition (D/Q)
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MONTHLY MEAN AIR PARTICULATE GROSS BETA CONCENTRATIONS — 1984 THROUGH 199
OYSTER CREEK RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
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MEAN COBALT-60 CONCENTRATION IN CLAMS — 1984 THROUGH 1990
OYSTER CREEK RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
RESULTS iN PCI PER KG (WET)
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MEAN COBALT-60 CONCENTRATION IN AQUATIC SEDIMENT — 1984 THROUGH 1990
OYSTER CREEK RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
RESULTS IN PICOCURIES PER KILOGRAM (DRY)
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MEAN COBALT—-60 CONCENTRATION IN BLUE CRAB - 1984 THROUCH 1990
OYSTER CREEK RADIOLOGICAL ENVIRONMENTAL MONITGRING PROGRAM
RESULTS IN PICOCURIES PER KILOGRAM (WET)
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L{ERRESTRIAL MONITORING

Radionuclides released to the atmosphere may be deposited on soil and
vegetation and may be incorporated into milk, vegetables, and/or other
food products. To assess the impact of dose to humane from the ingestion
pathway, food product samples such ae green leafy vegetables were
collected and analyzed during 1990. Surface soil sanmples were aleo
collected and analyzed for the purpose of monitoring the potential buildup

of atmospherically deposited radionuclides.

The contribution of radionuclides from the OCNCS operation wae assessed by
comparing the results of samples collected in prevalent downwinu
locations, primarily to the southeast of the eite, with background samples

collected from distant and generally upwind directions.

A dairy censuve wae conducted to determine the locations of commercial
dairy operations and milk producing animale in each of the 16
meteorclogical sectors out to a distance of five miles from the OCNGS.
The census showed that there were no commercial dairy operatione and no
dairy animals producing milk for human consumption within a & mile radius

of the plant (Apperdix F).

GPUN Oyster Creek Environmental Controls established and maintained two

gardens near the s “oundary in the 'wo sectors with the highest
potential for radas deposition in lieu of performing an annual
garden census. Bol. ¢ . 8 are greater than 50 sgquare meters in size and

produce green leafy vou,¢ ables. A commercial farm located approximately

24 miles northwest ¢ the site wae used as a background station.
Sample Collection and Analyeis
Broadleaf vegetables, specifically cabbage, collarde, and Swisse chard,

were collected on & monthly basie beginning in July and ending in December

1990, A gamma isotopic analyeie +as performed on each sample.
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Surface scil samples from the gardens were collected during hugust and

November. Each soll sanmple was subjected 10 & gamma ipotopic analyelis.

Egpuite

The resulta of the terrestrial monitoring during 1990 demonstrated that
the radicactive effluents associated with the OCNGS did not have any

measurable effects on soll or vegetation,

Naturally occurring potassium=40 activity was detected in cabbage,
collard, and Swies chard samples (Table 3). Potaselum=-40 was detected in
100 percent of the samples collected from both indicator and background
statione. Anocther naturally occurring nuclide, beryllium=7, was
identified in 8 of 20 cabbage and collard samples collected at indicator
stations and in 2 of 6 collard samples collected from background
locations. No background cabbage samples could be obtained. Cesium~137
activity wae detected in 2 of 20 indicator etation samples of cabbage and
collarde, but not detected in eix background samplee of collarde (Figure
17). The maximum concentration of cesium=137 wae 19.0 pli/kg (wet) which
i® only 14 percent of the lower limit of detection (80 pCl/kg (wet)) and
lesp than one percent of the reporting level (2000 pCi/kg (wet)) specified
by the OCNGS Technical Specifications

Cepium~137 activity wae detected in all indicator and background soil
samples collected from the gardens in which vegetables were grown

(Table 3). Closer analysis reveals that the background mean (190 pCi/kg
(dry)) wae higher than the indicater mean concentration (142 pCl/kg (dry))
and the indicator maximum concentration (180 pCi/kg (dry)). It i well
established that root uptake of Ce~137 from soil is minimal and that
foliar abeorption ie thy main pathway of Ce~137 to the food chain

(Ref, 20). These results sugyest that the cesium-137 detected in
vegetables was atmospherically deposited rather than taken up from the
soil, Although cesium~137 activity wae released ag a gasecus effluent of
the OONGS in 1990, it accounted for only 0.026 percent of the total

gaseous particulate effluent released (Table 2) and was only released
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during April and May, prior to the planting of the cabbage and collarde at
the indicator stations, Furthermore, our historical data base shows that
cemium=137 activity has been detected in vegetables on a more freguent
basis, and in higher concentrations, during yeare in which the
radionuclide wae not released with OCNGS gasecus effluente. For exanmple,
cepium=~137 activity was detected in 50 percent and 12 percent of the
indicator station vegetable samples collected in 1988 and 1989
respectively, although no cesium=137 wae released with effluents during
those years:. The concentration of cesium~137 in vegetablee during those
yeare ranged from 17.) vo 44.5 pCi/kg (wet)., During 1990, when small
guantities of cesium~137 were released with OCNGS effluente, thise
radionuclide ocourred in only 10 percent of the vegetable samples, at
concentrations ranging from 11.0«19.0 pCi/kg (wet). These results
indicate that the minute concentrations of cesium=137 detected in
vegetables were due to fallout from previous weapons testing and the
Chernobyl nuclear accident and not the result of deposition of effluents
from the OCNGS. No other radionuclide was detected as & deposition

product on vegetables,
In addition to cesium~137 activity, naturally ocourring potaesium=-40,

radium=226, and actinjum=228 activity was observed in all socil sanples

collected from indicatoy and background stations (Table 3).
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An assessment of potential radiological impact indicated that radiation
doses Lo the public from 1990 operations at OCNGS were well below all
applicable regulatory limits and were significantly less than doses
received from common sources of radiation The 1990 whole body dose
potentially received by an assumed maximum exposed individual from OCNGS
liquid and airborne effluents wae conservatively calculated to be about
0.0087 millirem total or only 0.0348 percent of the OCNGS Technical
Specification limit. The 1990 whole body dose to the surrounding
population from OCNGS ligv and airborne effluents wae calculated to be
2.74 B~4 person-rem and 0.34 person-rem respectively. Thie is
approximately 2.9 million times lower than the doses to the total
population within a 50-mile radiue of the OONGS reesulting from natural

background sources.

kRetexmination of Radiation Doses to the Public

To the extent possible, doses to the public are based on direct
measurement of dose rates from external sources and measurements of
radionuclide concentrations in the environment which may contribute to an
internal dose of radiation, Thermoluminescent dosimeters (TLD#)
positioned in the environment around Oyeter Creek provide measurements to
determine external radiation doses to humanse. Samples of air, water, food

producte, etc., are used to deternmine internal doses.

During normal plan!. operations the quantities of radionuclide releases are
typically too small to be measured once dietributed in the offeite
environment. A® i result, the potential offsite doses are calculated
ueing a computerized model that predicts concentrations of radicactive
materiale in th, environment and subseguent radiation doses on the basis
of radionuclides released to the environment. GPUN calculates doses using
an advanced diespersion model called SEEDS (Simplified Effluent
Environmental Dosimetry System). Thie model incerporates the guidelines
and methodology set forth by the USNRC in Regulatory Guideline 1.109. Due
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to the conservative assumptions that are used in the model, the caloulated

doses are considerably higher than the actual doses to people.

The type and amount of radicactivity released from the OCNGS is calculated
using measurements from effluent radiation monitoring instruments and
effluent sample analyeis. Once released, the dispersion of radionuclides
in the environment is readily determined by computer modelling. Airborne
releases are diluted and carried away from the site by atmospheric
diffueion which continuously acts to disperee radicactivity., Variables
which affect atmospheric dispersion include wind speed and direction,
temperature at different elevations, and terrain. A meteorological
monitoring etation northwest of the reactor site ie linked to a computer
terminal which permanently recorde all necessacy meteorological data.
Computer models alsc are used to predict the downstream dilution and
travel times for liquid releases into the Barnegat Bay estuary and
Atlantic Ocean.

The pathways to human exposure alec are included in the model. These
pathwaye are depicted in Figure 18, The exposure pathwaye considered for
the diecharge of the station's liguid effluent are fish and shellfish
consumption and shoreline exposure. The exposure pathways considered for
airborne effluente include plume exposure, inhalation, vegetable
consumption (during growing season) and land deposition. SEEDS employe
numerous data files which describe the area around the OCNGS in terme of
demography and foodstuffe production. Data filee include such information
ae the distance from the plant stack to the eite boundary in each compass
sector (eixteen in all), the population groupinge, gardens of more than

500 square feet, meat animals, and crop yields.

When determining the dose to humans, it is necessary to consider all
pathwaye and all exposed tissues, summing the dose from each to provide
the total dose for each organ as well as the whole body from a given
radionuclide in the environment. Dose calculations involve determining
the energy absorbed per unit mase in the various tissues. Thus, for

radionuclides taken into the body, the metabolism of the radionuclide in
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the body must be known along with the physical characteristics of the
nuclide such as energles, types of radiations emitted and half~life.
SEEDS also containe dose conversion factore for over 75 radionuclides for
each of four age groupe (adults, teenagers, children and infante) and
eight organe (total body, thyrold, liver, skin, kidney. lung, bone and

Qastro~intestinal tract).

Doses are calculated for what ie termed the "maximum hypothetical
individual." Thie individual ie assumed to be affected by the combined
maximum environmental concentratione wherever they oceur. For liguid
releaces, the maximum hypothetical individual would be one who stands at
the U.8, Route ¥ discharge canal shoreline for €7 houre per year while
eating 43 pounds of fieh and shellfieh., For airberne releases, the
maximum hypotheticsl individual would live at the location of highest
radionuclide concentration for inhalation and direct plume exposure while
eating 1,389 pounds of vegetables per year. Thise location e 522 meters
to the southeast based on the metecrclogical conditions at the time of
releases. The conservative usage factore and other sssumptions used in
the model result in a conservative overestimation of dose. Dosee are
calculated for the population within 80 miiee of the OCNGS for airborne
effluents and the entire population ueing the Barnegat Bay estuary and
Atlantic Ocean for liquid effluents. Appendix G contains & more detaile
discuseion of the dose calculation methodology.

Resuite of Dose Caloulations

Doses from natural background radiation provide a baseline for assessing
the potential public health significance of radicactive effluents. The
average person in the United States receives about 300 millirem (mR) per
year from natural background radiation sources. Natural background
radiation from coemic, terrestrial and natural radionuclides in the human
body (not including radon), averagee about 100 mR/yr. The natural
background radiation from cosmic and terrestrial sources varies with
geographic location, ranging from a low of sbout 65 mR/yr on the Atlantic
and Gulf coastal plainse to & much ae 350 mR/yr on the Colorado plateau
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(Ref, 3). The National Council or Radiation Protection and Messurements
(NCRP) now estimated that the average individual in the United States
receives an annuai dose of about 2,400 millirems to the lung from natural
radon gas. This lung dose is considered to be eguivalent to & whole body
tose oF 200 millirems (Ref. 2), Effluent releases from the OCNGE and
ovher wclewr po.er plante contribute but a very small percentage to the
natura. Jefd,oactivity which has alwaye been present in the air, watar,
#oil ant even in our bodies. In general, the annual population doses from
natural background radiation (excluding tadon) ar¢ 1,000 to 1,000,000
times sarger than the doses to the same population resulting from nuclear

power plant operations (Ref. 17).

Resulte of the dose caloulatione are summariged in Tables & and 6., Table
§ compares the calculated maximum dose to an individual of the public to
the OCNGS Technical Specificetions, 40CFRI®0, and 10CFRS0 Appendix I dose
limite. Table 6 presents the maximum total body radiation doses to the
population within 50 miles of the plant from airborne releases, and to the
entire population using Barnegat Bay and the Atlantic Ocean, for liguid

releases,

These conservative caloulations of the doses to members of the public from
the OCNGS ranged from less than one percent to & maximum of only 0,38
percent of the applicable regulatory limite. They ere aleo considerably
lower than the doses from natural background and fallout from prior

nuclear weapon testa.
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CALCULATED MAXIMUM HYPOTHELICAL DOSES TO AN INULYIDUAL

EROM LIGUIO AMD ALKROSNE EfPLVENT BELEASES FROM THE OCNGS
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(NOBLE GAS
ALRBORNE 15 SN 10 CFr 50 AM 0. 0108 0.0%
(NOBLE GAS
AL RBORNE s ANY ORGAN YECH SPEC 3.6 0.057% 0.581
(10D INE ANE
PARTICULATE)
TOYAL “L 1QUIL e TOTAL BODY TECH SPEC 3.6.5%.1° 0.0087 0.08
AND AL RBORNE
TOTAL-LIGUIT ] THYROIL TECH SPEC 3.6.x.1° 0.057¢ 0.07¢
ARD A RBORNE
TOTAL LIV P ANY DTHER TECH SPEC 3. 6.6 1" 0.0108 0. 0&é
AND AL RBORNE Ol AN
* 40 CFr ™
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TABLE A-1 (continued)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SAMPLING LOCATIONS

Sample Station
Medium Code Distance Azimuth Description
APT, AIO, RWA, H 3% miles 248° WSW of site, Atlantic Electric office
TLD storage yard, Eammonton, RJ
TLD 10 10.2 21 NNE of site, Route 37 and Gilford Avenue,
Toms River, NJ
TLD 11 8.3 156 SSE of site, 80th and Anchor Streets at
Water Tower, Harvey Cedars, NJ
TLD 12 5.4 392 SSW of site, Atlantic Electric substation
access road, Cedar Run, NJ
!
- TLD 13 8.3 345 NNW of site, Dover Road, next to last pole
? traveiing west, South Toms River, NJ
APT, RIO, RWA, 14 18 1 N of site, Larrabee Subestation on
TLD Randolph Road, Lakewood, NJ
TLD 15 19 309 NW of site, Route 539, last pole on south
side across from Bomarc Site, New Egypt, NJ
TLD 16 18 271 W of site, two poles south of the
intersection of Routes 563 and 72.
TLD 17 19 214 SW of site, Route 563, 2 miles north at
high voltage line, New Gretna, NJ
WWA i8 | 42 NE of site, Townsend's Marina,
Lacey Road, Forked River, NJ
WWA 19 1.6 73 ENE of site, 1015 Inland Road, Forked

River Beach, Forked River, NJ



TABLE RA-1 (continued)

RADIOLOGICAL ENVIRONMENTRL MONITORING PROGRAM SAMPLING LOCATIONS
Sample Station
Medium _Code Distance _Azimuth Description
PAPT, AIO, RWA, 20 0.7 miles 93® E of site, on Firninger Farm on south side
TLD of access road, Pole BT17, Forked River, NJ

WWA 21 2:0 115 ESE of site, at 215 Dock Avenue,
Waretown, NJ

TLD, WWA 22 1.6 145 SE of site, at 27 Long John Silver Way,
Skipper's Cove, Pole #BT152 ON, Waretown, NJ

SWA, CLAM, AQS 23 4.0 63 ENE of site, Barnegat Bay off Stouts Creek
400 yards SE of FL"1"
'
e SWA, CLAM, AQS 24 2.0 104 ESE of site, Barnegat Bay, 250 yards
f SE of FL"3"
SWA, CLAM, RAQS - 1.8 127 SE of site, Barnegat Bay off Hcliday Harbor,
200 yards SE of lagoon mouth
SWA, CLAM, RAQS 31 10.5 183 € of site, Manahawkin Bay 25 yards SE of
C "23" and N “24"
SWA, RQS 32 1.9 se E of site, mouth of Oyster Creek
discharge canal
SWA, AQS, 33 0.7 104 ESE of site, 1200 yards east of koute 9
FISH, CRAB 8ridge in Oyster Creek Discharge Canal
VEG, SOIL 35 0.4 110 ESE of site, east of Route 9 and North of the

Discharge Canal, Forked River, NJ
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TABLE A-1 (continued)

RADIOLOGICAL ENVIRONMENTAL MONITORING PRUGRAM SAMPLING LOCATIONS
Sample Station
. Medium Code Distance _Bzimuth Description
FISH, CRAB 93 0.1 to 0.2 miles 128° to 250C° SE to WSW of site, Oyster Creek Discharge

Canal between pump discharge and Route 9

SWA, RAQS, 94 21.8 201 SSW of site, in Great Bay, mouth of Jimmiee
CLAM, FISH Creek west of channel marker 1
CRAB 94 21.8 201 SSW of site, in Great Bay, adjacent to docks

of Cape Horn Marina

TLD Ss 2.5 243 WSW of site, at Ocean County VoTech School
on JCP&L siren pole, Waretown, NJ

TLD 96 1.3 15 NNE of site, at sewage pumping etation across
from Oyster Bay Restaurant, Forked River, NJ

=pEl=

TLD 97 1.3 43 NE of site, at Twin Rivers sZw..ge pumping
station, Forked River, RJ

TLD T1 0.2 228 SW of site, at Oyster Creek Fire Pond,
Forked River, NJ

SAMPLE MEDIUM IDENTIFICATION KEY

APT = Air Particulate SWR = Surface Water SOIL = Soil
AIO = Air Iodine AQS = Aguatic Sediment FISH = Fish
RWA = Precipitation CLAM = Clams CRAB = Crab

WWA = Well Water VEGC = Vegetables TLD = Thermoluminescent Dosimeter
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TABLE A-3

SAMPLING AND ANALYSIS EXCEPTIONS - 1990

More than the minimum number of samplee and analyses required by the
Oyeter Creek Technical Specifications were collected and performed during
1990, No sampling and/or analyeis exception cccurred in 1990 that
resulted in a deviation from or violation of the requirements of the

Technical Specifications.
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TABLE B-1

($ AN SULTS WHICH

FAILED TO MEET THE REQUIRED LLD DURING 1990

No. of
Samples Out
Sample Media Analyeis Reguired LLD ef Compliance comments
Air Particulate Gross Beta 0.01 pCi/m3 P Low Sample Volume
Air Iodine 1-131 0.07 pci/m° 4 Low Sample Volume
NOTE ¢ More than the minimum number of samples and analyses required by the

Technical Specifications were collected and performed so that none of
the missed LLD values listed above resulted in any violations of the

Technical Speacifications.
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January,

January,

1990

1990

TABLE C~1]
CHANGES EFFECTED 1IN THE 1990 REMP

There was a modification of the gamma isotopic analysis
reporting output from the primary analyses laboratory (GPU
Muclear Corporation, Environmental Radiocactivity
Laboratory, Harrisburg, Pa.). Prior to the change, a
gamma ieotopic analyeis wae capasble of detecting resuits
for 30 nuclides. Thie modification involved extracting 14
of the 30 nuclides because they were not comnon to a BWR
(OCONGS is a Boiling Water Reactor) or not usable in
aspessing environmental impact. (e.,g. 1~-133 was dropped

because ite half-life is only 20,8 hours).

There was a modification of the reporting output for all
analyeis from the primary analyeis laboratory. 1If the
result ie a poeitive activity, no lower limit of detection
(LLD) i® reported. Prior te this change, an LLD was

provided whether the result was positive or negative.
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SAMPLE
MEDIUM

Precipitation

Surface Water
wWell Water
Clams

Soil

Sediment

Vegetables

TLD

Y, o

BEQ'!' EB
:y].emxgﬁ-s‘

13

o

63

TABLE D-2

4980 OB SAMPLE PROGRAM

SPLIT SAMPLES
COLLECTION
EREQUENC(

MONTHLY

MONTHLY
MONTHLY
MONTHLY

QUARTERLY WHEN
VEGETABLES AVAILABLE

MONTHLY

MONTHLY WHEN
AVAILABELE

QUARTERLY

=134~

NUMBER OF

QA
STAT

|
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»

’

-

10NS

QA_SAMPLE
COLLECT LON
EREQUENCY

QUARTERLY WHEN
AVAILABLE

QUARTERLY
QUARTERLY
QUARTERLY

QUARTERLY WHEN
VEGETABLES AVAILABLE

QUARTERLY

QUARTERLY WHEN
AVAILABLE

QUARTERLY



TABLE D-3
RESOLUTION OF OCNGS PEMP SPLIT SAMPLE ANALYTICAL
NON-AGREEMENTS

AGREEMENT AFTER

SAMPLE MEDIUM SAMPLE DATE NUCLIDE RE-ANALYSIS REASON FOR NON-AGREEMENT
Agquatic Sediment 1-05-89 Ce-137 Sample discarded -

could not be
re-analyzed.

Clam 1-09-89 X-40 YES
Agquatic Sediment 4-05-89 Ac-228 YES
Aguatic Sediment 6-26-89 K-40 NO Non-homogeneous distribution
of radiocactivity in sediment.
1
g Aguatic Sediment 5-31-90 Ra-226 Sample discarded -
§

could not be
re-analyzed.

Surface Water 8-25-90 Ra-226 YES

Surface Water 8-25-90 H-3 YES

Surface Water 11~15-90 X-40 YES

Rquatic Sediment 11-15-90 K-40 YES

Agquatic Sediment 11-15-90 Ra-226 NO Non-homogeneous distribution
of radiocactivity in sediment.

Soil 11-15-90 Ra-226 NO Non-homogeneous distribution

of radicactivity in sediment.
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TABLE E-1

U8 EPA CROSS-CHECK PROGRAM 1990
[ EPA RESULTS GPUN<ERL* | TIwee
_DATE | _MEDIA | NUCLIDE | _RESULTS (B) | RESULTS (C)
Jan 1990 Groes Alpha i 12,0 # 8.7 11:7 2 0,6 10.0 # 1.7
Gross Beta i 12.0 # 8.7 13.7 ¢ 0,6 12.3 » 1:6
Feb 1980 Ba-133 | 74.0 & 12.1 81.3 &+ 1.8 66.0 + 3.5
Co~60 [ 15.0 &+ 8.7 12.7 2 1.5 16.0 #+ 3.8
Ce~134 | 18.0 &+ 8.7 17.0 & 1.0 16.3 ¢ 2.3
Ce~137 | 18.0 ¢ B.7 16.0 # 1.0 19,3 + 3.2
Ru=106 | 139.0 ¢ 24.2 | 140.0 % 10.0 | 113.7 ¢ 4.0
Zn-65 | 139.0 + 24.2 | 133.3 ¢+ 5.8 | 131.3 ¢+ 9.1
H=3 1497€.0 + 862.6 |5133.3 + 57,7 14900.0 ¢ 100.0
Mar 1990 | AIR FILTER | Ce~137 10,0 & 8.7 11.7 # 0.6 30.2° 8 3.8
Groes Alpha $.0 » 8.7 6:3 2 0.8 6.3 % 0.6
@ Grose 31,0 8.7 28.7 &+ 1.§8 31,7 & 0.6
Apr 1990 i Ce~134 16,0 +# 8.7 12.7 ¢ 0.6 12.7 ¢+ 1.§
, Ce=137 16.0+ 8.7 | 14,3+ 1.8 | 16.3% 1.2
| Groes Alpha 90.0 &+ 39.9 83.3 &+ 8.8 79:3 2 c.9
: Grose §2.0 + 8.7 0.0 + 2.0 §3.3 ¢ 1.5
l Sr-89 10,0 ¢ 8.7 NO DATA (D) 10.7 &+ 1.2
| Sr-80 10,0 2 2.6 NO DATA (D) 9.7+ 0.6
[ Ra=226 .0+ 1.4 NO DATA (D) KT8 0:3
i i Ra~-228 10,2 ¢+ 2.6 NO DATA (D) 9.4 & 1.4
| | U (Nat.) 20.0 ¢+ 10.4 NO DATA (D) 19.0 ¢ 0.0
Apr 1990 | Ce-137 24,0 ¢+ 8.7 26.5 ¢+ 1.8 27,3 %+ 2.%
! 1-131 | 99.0% 17.3 | 98.3 2 2.1 | 89.73 3.2
Sr-89% 23.0 # 8.7 NO DATA (D) 24.7 # 1.5
S§r-90 23.0 ¢+ 8.7 NO DATA (D) 24.0 &+ 0.0
K-40 1650.0 + 135.1 [1533.3 # 57.7 |1483.3 + 75.1
May 1990 Groes Alpha 22.0 £+ 10.4 27.0 ¢ 2.7 16,0 + 1.0
Grose Beta 15.0 # 8.7 17.3 2 0.6 17.0 # 1.0
Sr~89 7.0+ 8.7 NO DATA (D) $:7 % %
8r=90 7.0+ 8.7 NC DATA (D) 6.7+ 0.6
Jun 1990 Ba=133 $9.0 &+ 17.3 98.3 &+ 1.8 93.0 # 6.1
Co=60 26.0 ¢+ 8.7 26,3 ¢+ 1.5 25.3 + 2.8
Ca~134 2.0 + 8.7 23.0 ¢+ 1.0 23.7 + 2.9
Cs-137 26,0 + 8.7 26,0 =+ 1.7 2¢.7 2 2.1
Ru=106 210.0 *# 36.4 | 193.3 % 30.6 | 196.0 + 20.7
Zn=65 148.0 # 26.0 | 143.3 + 5.8 | 148.1 + 3.1
H=3 12933.0 # 621.1 |3000.0 #£100.0 [2900.0 % 100.0
Jul 1990 Ra~-226 12.1 &+ 3.1 NO DATA (D) 11.4 + 0.6
Ra-228 3.1 % 2.3 NO DATA (D) 4.2 + 0.8
U (Nat.) 20.8 + 5.2 NO DATA (D) 19.0+ 0.4
~137~



TABLE E-1
QXSTER CREEE NUCLEAR GENERATING STATION
L8 _EPA CROSS-CHECK PROGEAN 1990
o S R o
I EPA RESULTS -T GPUN-ERL* | TI%e

—RATE | MEDIA _ | _NUCLIRE (A) _mBEEHLIE_LHJ_.; — AESULTS (C)
Pug 1990 | WALER 1-131 39.0 + 10.4 41.3 # 1 | 36,0 % 3.0
Pu-239 9.1+ 1.6 ‘ NO DATA (o) J 11,5 ¢+ 2.3

|
AIR FILTER | Grose Alpha 10.0 &+ 8.7 12.7¢ 0.7 | 16,02 1.0
Groes Beta 62.0 + 8.7 §9.0 » 1.0 | 63.3 4 1.5
8r-90 20,0 ¢ 8.7 NO DATA (D) ; 18,0 &+ 1.0
Ce-137 20,0 ¢ 8.7 | 23.7 2 0.6 18.3 % 3.2
Sep 1990 | WATER Grose Alpha | 10.0 ¢ 8.7 ! 5.7 0.6 | 11.0% 1.0
; Grose Beta 10.0 &+ 8.7 ; 13:3 ¢ 0.6 11.0 » 1,0
Sr-89 10.0 # 8.7 | NO DATA (D) | 8.7+ 0.6
Sr-90 9.0+ 8.7 | NODATA (D) | 9.0 1.0

|

MILK Sr-§9 16,0 +# 8.7 | NO DATA (D) 9.0 2 2.7
§r-90 20,0 + 8.7 NO DATA (D) | 15.3 % 0.6
1-131 58.0 + 10.4 59.7 + 0.6 4.7 + 1.8
Cce-137 20,04 8.7 20,0+ 1.0 23,02 1.7
K-40 1700.0 # 147.2 [1700.0 * 100.0 [1710.0 * 66.5

i
Oct 1990 | WATER Co=60 20,0+ 8.7 NO DATA (D) | 21.0 %+ 1.0
Zn=65 116,0 + 20.8 | 116.7 ¢+ 5.8 | 115.0 % 11.%
Ru~106 1561,0 # 26.0 | 146.7 + 5.8 | 142.0 + 8.7
Ce~134 12.0 ¢+ 8.7 10,0+ 1,0 11.0% 0,0
Ce-137 12,0 + 8.7 12,7+ 0.6 | 16,3 ¢ 2.5
' Ba-132 110.0 & 19.1 | 110.0 %+ 0.0 94.7 ¢+ 5.1
H-3 7203.0 #1247.1 [7633.3 % 208.2 f7133.3 4 251.7

|
Nov 1990 | WATER U (Nat) 35,8 ¢+ 6.2 i NO DATA (D) [ 35.3 + 1.8

* GFUN~ERL = The Environmental Radicactivity Laboratory located in Middletown, PA

** Tl - Teledyne Isotopes Westwood Laboratory located in Westwood, NJ.

EPA results are presented as the known values and the expected laboratory

precision (one sigma, one determination) and control limite as defined by the
Unite are pCi/L for water and milk except K~-40 is in mg/L.
pCi for air particulate filters.

Units are total

Units for food are pCi/kg except K+~40 which is

for water and milk except K-40 is in mg/L.

particulate filters.

A.
EPA.
mng/kg.
B.
(+ 3%

GPUN-ERL results are given as the average * experimental sigma.

Unite are pCi/L

Unite are total pCi for air

Unite for food are pCi/kg.

-

are pCi/L for water and milk except K-40 is in mg/L.

particulate filters.

Units for food are pCi/kg.

Teledyne Westwood results are given as the average » experimental sigma.

Units

Unites are total pCi for air

D. Results for Sr-89, 8r-90, Ra-226, Ra~228, Pu~239 and naturally-occurring Uranium

weére not provided to the EPA.

performed by GPUN-ERL,

Analyses of these nucliides are not routinely
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Annual Dairy Census

Ocean County Agricultural Agent, Me. Deéebra

= 4290

Smith=~Fiola,

regarding the occurrence of dairy animale within a five

OCNGS., According to her records, there are

operationg nor any dairy animale producing

within a five mile radius of OCNGS,

neither any

milk for humai

wag contacted
mile .adius : 4
commercla Gairy
n consumpt i
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shoreline exposure. All pattways are coreidered *o be primary

recreational activities associated with Barnegat Bay and the Atlantic

Ocean in the vicinity of the OCNGE., The "receptor" would be that
individual who eats fish and shellfish that reside in the station
discharge, and stands on the shoreline influenced by the station
discherge. Table G-l presents the maximum total body dose and critical

organ dose for the age group most effected.

For the 1990 reporting period, the calculated maximum hypothetical total
body dose recelved by anyone from liquid effluents would have been

1,280 E~b mram to an adult. This represente 4.27 E-4 percent of the OCUNGS
Technicul Specification annual dose limite., Similarly, the waximum
hypothetical organ dose from liguid effluents would have been 2.01 E-3
mrem to the liver of an adult., Thies represents 2.01 E~4 percent of the
OCNGE Technical Specification annual dose limite,

dndividual Doses From Gaeeous Effivents

There are seven mejor pathwaye corsidered in the dose calculation for
gaseous effluunte, These are: (1) plume exposure, (2) inhalation, (3)
consumpt ion of cow milk, (4) goat milk, (5) vegetsbles, (6) meat, and (7)

etanding on contaminated ground.

The maximum plume exposure reported in lines 3 and 4 of Table f-1
generally occurs at, or near, the site boundary (Table G~1). The notation
of "air dose" is interpreted to mean that these doses are not to an
individual but are considered to be the maximum deve at a location, The
location ie not necessarily a receptor. It should be noted that real=-time

metecrology wae ueed .n all dose calculations for gaseous effluents.

With respect to the releases for the 1990 reporting period, the maximum
plume exposure (air dose) would have been 0.0187 &nd 0.0023 mrad for OCNGS
gamma and beta dose, respectively. These doses are equal to 0,187 percent
and 0,012 percent of the OCNGS Technical Specification annual dose limits,
respectively.

=143~



The calculated doses to the closest receptor, individual, (1208 meters) in
the maximally affected sector (NNE) are presented in linee & and €& of
Table G+1. Plume exposures to an (ndividual, regardlees of age, from
gasecus effluents during the 1990 reporting period were 0.0087 mrem and
0.0106 mrem for totsl body and skin ervosure, respectively. These duses
are eguivalent to 0,174 percent and 0.070 percent of the 10CFRED,

Appendix 1 annual dose limite, res ectively.

The dose to the maximunm exposed organ due to radicactive alrborne iodine
and particulates is presented in line 7, Table G~1. This does not include
the whole body plume exposure which wae separated out on line &, The dose
presented in thie section again reflects the maximum exposed organ for the
appropriate age group., During 1990, gasecus iodines and particulates from
OCNGS would have resulted in a maximum dose of 0.0672 mrem to the thyroid
of an infant. Thie dose ie only 0.38]1 percent of the OCNGS Technical

Specification annual dose limite.

Eeusdation Roses From Liquid and Gaseous Effiuents

The population doses resulting from liguid and gasecue effluents ard
summed over all pathwaye and the affected population (Table G+-1, lines
§+11). Liguid popvlation dose is based upon the population located within
the rogion from the OCNGS outfall extending out to the Atlantic Ocean.

The population dose due to gaseous effluente is based upon the 1980
population projections of the Final Safety Analysie Report (FSAR) and
considers the population out to a dietance of 50 miles around the OCNGS as
well as the much larger total population which can be fed by food etuffe
grown in the 50 mile radiue. Population doses are summed over all

distances and sectors to give an aggregate dose.

Total OCONGSE liguid and gasecus effluente resulted in a population dose of
0,34 person-rem total body for the 1990 reporting period. Thise i@
approximately 2.9 million timee lower than the doees to the same

population resulting from natural background sources.
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TABLE G-I
SUMMARY OF MAXIMUM EYPOTHETICAL INDIVIDUAL AND POPULATION DOSES
FROM LIQUID AND AIRDORNE EFFLUENT RELEASES FROM TFE OCNGS
FOR_ 1990
Individual Doses
Calculated Location Percent
Effluent Regulatory Limite Dose Age Dist Dir RBegulatory
— BReleased = mRem/Year __Source sRem/yeaxr  Group (m) (toward) _ _ Limit
i. LIQUID 3 mRem Tech. Spec. 3.6.J.1 1.28 E-S Adult 610" SE* 4.27 ¥-4
Total Body
2. LIQUID 10 mRem Tech. Spec. 3.6.2.1 2.01 E-S Teen 610* SE* 2.01 -4
Any Organ
3. AIPBORNE 10 mRad Tech. Spec. 3.6.1L.1 0.0187 - SO0 BNE 0.18
{Boble Gas) Gamma Radiation
4. AIPBORNE 20 mRad Tech. Spec. 3.6.L.1 0.0023 - SC00 NNE J.01
{Noble Gas) Beta Radiation
5. AIRBORNE 5 mRem I10CFRS0 App. I C.0087 AlLL 1208 NNE 0.17
-5 (Noble Gas) Total Body
E-3
o
. €. AIRBORNE 15 mRem 10CFRSO App. I 2.010% All 1208 NNE 0.07
{Noble Gas) Skin
7. AIRBOBNE 15 mRem Tech. Spec. 3.6.M.1 0.0572 Infant 1006 ESE 0.38
(Iodine and Any Organ
Particulate)
Population Doses
Calcnilated
Effluent applicable Vone
Released Organ {Person-remj}
8. LIQUID Total Body 2.7¢ E-4
9. LIQUID Thyroid .82 E-5
1C. GASEOTS Total Body 0.34
il. GASEOQUS 2 Thyreid 0.57

* U. S. Route 9 Bri - OCNGS Dischar Canal
ge
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TABLE H~1
QCNGS -~ GROUNDWATER RESULIS
%/ ¢ ON
MARCH 1990
STATIQON o BALANM RESULTS . e SADMMA,_1SQTOPIC RESVLIS
OC=WwW=] 210 +/+- 100 ALL NUCLIDES < LLD
OC~WwW~2 < 140 ALL NUCLIDES < LLD
OC~Ww=~3 200 #/+ 100 ALL NUCLIDES < LLD
OC-WW~4 < 140 ALL NUCLIDES < LLD
OC=WW=§ < 140 ALL NUCLIDES < LLD
OC~WW- & < 140 ALL NUCLIDES < LLD
OC~WwW=" 150 +/= 90 ALL NUCLIDES < LLD
OC~WW-8 < 140 ALL NUCLIDES < LLD
OC~Ww~10 < 140 ALL NUCLILES < LLD
OC~WW=-12 < 140 ALL NUCLJDES < LLD
OC-WW~13 < 140 ALL NUCLIDES < LLD
OC-Ww~14 1800 +/= 200 ~LL NUCLIDES < LLD
OC=WW-15% < 140 ALL NUCLIDES < LLD
OC=~WW=16 < 140 ALL NUCLIDES < LLD
OC=WwW=17 < 140 ALL NUCLIDES < LLD
SEPTEMBER 1990
STATION b BALANM _RESULTS . o SABMMA_LEOTORIC RESULTS
OC=WW~1 < 180 ALL NUCLIDES < LLD
OC~WwW~2 < 150 ALL NUCLIDES < LLD
OC~WW~1 < 180 ALL NUCLIDES < LLD
OC~Ww-4 < 150 ALL NUCLIDES < LLD
OC~Ww« 5§ < 150 ALL NUCLIDES < LLD
OC=WW=6 < 150 ALL NUCLIDES < LLD
OC=WW~7 < 180 ALL NUCLIDES < LLD
OC=WW~9 < 150 ALL NUCLIDES < LLD
OC=WW~10 < 150 ALL NUCLIDES < LLD
OC=WW~12 < 150 Ra~226 4.3 +/= 3.9
ALL OTHER NUCLIDES « LLD

OC=WW~13 < 150 ALL NUCLIDES < LLD
OC~WW~14 1400 +/+ 100 AL" NUCLIDES < LLD
OC~WW=~156 < 150 ALL NUCLIDES < LLD
OC~WW=-16 < 150 ALL NUCLIDES < LLD
OC=WW=17 < 170 ALL NUCLIDES < LLD
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TARLE -1

RADIOLOGICAL ENVISONMENTAL MONITORING PROGRAM
SUMMARY OF SAMPLE COLIECTION AND ANALYSIS METHODS

1990
Collection Approv imate Aralysis
Samp! & Procedure Sample Size Procedure Procedure
Analys's Medium Sampti ing Method Number Coliected Number Abstrect
Gr-Beta T Continuous weekly or more oC-EC T filter e -€C Low backgrouw! gas
frequent air sampl ing 6635- 1P -4522 .05 (approximately 600 426 1P 4552 05 flow proportional
“hrough filter paper cubic meters weekliy) counting
O APT Four week composite of orC-gC & filters ™I -£C Gamme isotopic
Spectro- each station 6635- 1P 652205 {spproximately 2400 PL20- 1WP-4592 05 analysis
scopy cubic meters)
L A /0 Continuous weekly or more OC-EC 1 cartridge TR -EC GCamma isotopic
' Spectro- frequent air sampling S635- 1P -£522.05 (approz imately 600 EA81S-0PS-45V1 .04 aralysis
:: sCopy through chercoel cartridges cubic meters weekliy)
?
> rmymss Suit Four week grab sample OC-EC 7.5 liters ™™ -EC Gamma 1sotopic
Spectro- S635- 1P -4522 66 6615 - 1MP-L597 05 aralysis
scopy
T1-Miduest Gamma isotopic
Gs-0 aralysis
7! -Westwood Gamma Isotopic
PRO-062-5 analysis
L Dt Twelve week composite oCc-£C Minime of 0.5 titers ™i-EC Gamme isotopic
Spectro- 6635 1P -4522.97 6615 1P -4592 06 aralysis
scopy

Ti-Midwest
Gs-01

T1-Westuwood
PRO-042-5

Gasma isovepic
analysis

Gamms [ so0topic

ana'ysis
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TABLE 1-1 (Continued)

RADIOLOGICAL ENVIRONMENTAL MON!ITORING PROGRAM
SUMARY OF SAMPLE COLLECTION AND ANALYSIS METHODS

Procedure
Abstrect

1990
Collection Approximste nalysis
Samp!e Procedure Sampie Size Procedure
Anslysis  Wedium  Saspling Method Number Collected Number
v Wk four week grab sample OC-EC 7.5 liters ™I -EC
Spectro- S435- 1P 4522 .10 6515 19P-4592 06
sSCopy
TI-Miduest
cs-N
T1 -Nes twood
PRO-042-5
e ) CLAS Four week grab sseple OC-EC 1 kg ™! -EC
Spectro- FISE Semiarvunl grab sample 635 1MP-4522 14 (if possibie) SHH1S- 1M -4592 0%
scopy CRAB Semiannus! grab sample SA35-1MP-4522 14
Ti-®Miduest
&s-Nn
T1 -wWestwood
PRO-062-5
e ACS Tuelve week composite OC-EC 3.8 Liters ™! -EC
Spectro- of each station
scopy SOIL Twelve week grab ssmple S635-1MP-4522 .03 (¥ possibie) 6615 1MP L4592 04

(when vegetables
are availsble)

6635 - 1WP-4522 .08

TI-Mideest
Gs-01

T1-Nestwond
PRO-062-5

Gamme isotopic
amalysis

Gamma 1sotopic
analysie

GCamma Isotopic
snalysie

Ganme isotopic
analysis

Gamme isotopic
analysis

Gamma (sotopic
snalysis

Gamme iSOTORIC

analysis

Camme isotopic
anaiysis

Gamma [sotopic
analysis
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TABLE 1-1 (Continued)

RADICLOGICAL ENVIRONMENTAL MONITORING PROGRAM
SUMMARY OF SAMPLE COLLECTION AND ANALYSIS METHODS

1990
Cotlection Approx imate Arsliysis
Sampie Procedure Sample Size Procedurs Procedure

Anslysis Medium Samp! ing Method Mumber Collected Number Abstract
A VEG Four week grab sample oC-gC 1 kg or more ™I -EC Ganma isotopic
Spectro- 6635 1P -4522 .06 (if possible) AHT1S- 1P -4592 .03 amlysis
scopy

Tl -Midwest Gamma isotopic

es-, analysis

T1 -Westwood Gamma !sotopic

PRG-062-5 armalysis
Tritium Twd four week grab sample oC-£C 7.5 liters ™ -EC Sampie mixed with

6635- 1P -4522 .86

6615 1Mp- 4592 02

TI-®Miduest
1-02

Tl -Westwood
PRO-052-2

scintiliation fluid
for scintilletion
count ing

Sample distillied,
mined with
scinmtiliation fluid
for scintillation

counting

Sampie vapor:red
arvd water vapor
counted
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TABLE 1-1 {Contirmed)

RADIO! JGICAL ENVIRONMENTAL MOMITORING PROGEAM
SUMSARY OF SAMPLE COLLECTION AND ANALYSIS METHODS

1990
Cotiection Approximete Anelysis
Sample Procedure Sample Sire Procedure Procedurs
Analysis Medium Sampl ing Method Eomber Collected Numper Abstract
Tritium Pua Twelve week OC-EC Minimm of ™I -EC Sample mixed with
composite sample &E35-1MP-4522.07 0.5 liters 6615 198 -4592 02 scirtilistion fluid
for scintiliation
count ing
T -Midwest Sampie distilied,
T-02 miyed with
scintiliation fluid
for scintillation
count ing
T1 -Nestwood Sample vaporired
PRO-052-2 aryd wuater vapor
counted
Tritium wih Four week grab sample OC-€C 7.5 liters ™-£C Sampir mimed with

6635 1MP-4522 .10

6615 194592 .02

TI-Widwest
T-02

TI-Westwond
PRO-052-2

scinmtitiation fluid
for scintillation

count ing

Sample digtilied,
®ixed with
scintilistion fiuid
for scimtillation

count ing

Sampie vaperired
arvd water vapor
counted,
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TABLE I-1 (Continued)

RADIOLOGICA; ENVIRONMENTAL MONITORING PROCRAM
SUMMARY OF SAMPLE COLLECTION AND ANALYSIS METHODS

1990
Coliection Approx imate Araiysis

Sampie Procedure Sample Size Procedurs Procedure
Analysis Redium Sampt ing Method Hmber Col lected Numder Abstract
e Imwersion Dosimeters exchanged oC-EC Four Badges w-2 Thermo! umi nescent
(Panasonic} Dose quarterly 6435 - 1w 4522 02 S2W0-0PE-4250. 07 dos imetry
T lmmereion Dosimeters exchanged OC-£C One Badge 71 -Westwood Thermo! uminescent
(Teledyne Dose querterly 6635 1P 4522 02 Pro-%2-17 dos imetry

Isotopes)

“p§1-
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TABLE J-1 /Continued)

—

STATION First Quarter 19%0 Second Quarter 19%0 Third Quarter 19%0 Fourth Quarter 19%0
Reading Std. Devw Reading std. Devw Reading Std. Dev Reading Std. Dev
€2 *8.3 +f~- -2 5 *f~ 0.4 3.8 o e 0.4 4.4 of- c.4
&3 4.8 /- 0.6 3.8 #/- _0O.a 3.9 = 0.4 3.6 *J- 0.2
64 *8.1 /- 1.7 4.3 +f~ 0.4 3.6 /- 0.5 3.4 LY e 0.2
65 4.5 *j/- 0.5 .8 - 2.7 4.8 *+f- c.2 3.4 -~ 0.2
66 3.7 - 0.3 4.5 *f- 0.4 4.5 & f- 0.2 4.2 *j- 0.2
87 4.0 2y~ 0.2 3.4 b 0.2 3.6 sf- 0.2 4.4 /- 0.3
69 3.8 *f- 0.2 4.1 /- 0.3 3-5 o f- 0.2 3.4 o~ 0.2
70 3.3 /- .2 3.2 &= c.1 3.3 s Mt 8.2 4.0 $.f= 0.4
71 3.9 /- 0.3 3.3 *f- 0.2 3.5 S e 0.2 3.6 3 b 0.1
73 3.7 &f- 0.3 4.1 *f- 0.3 3.3 e e 0.2 2.9 *f- "
74 3.9 /- 8.3 TLP 1LOST 3.4 »f- c.2 4.4 &4~ .2
F-4- 4.1 sj-= 0.2 3.8 s~ ___ 8.3 3.7 > f- 0.3 3.8 *j- 8.1
(A Fi 3 r Py | af- 0.3 3-1 b S -4 3.4 *f- 0.1 E | L e 0.2
@ 72 '1.8 *f- .3 23 [ 0.1 4.2 )~ 2.1 3.5 i~ 0.2
' 78 8 - 0.3 4.1 af- 0.2 o 3 *f~ 0.1 4.5 o c.4
73 i - 3.6 s 0.3 TLD LOST ILD LOST ==~
80  fnuc 0.2 c 2:3 af= 0.9 A5 &f- 0.3 4.1 */- o.4
81 &.0 +J/- 0.3 4.6 af= 0.2 3:9 af~ 0.3 - & f- 0.2
82 S-1 +f~- e.3 4.4 4~ 9.5 ILD LOET 3.8 /- 2.3
83 5.4 ;s 7 3.5 L s 0.2 3.8 S~ 0.2 3.6 sf- 8.3
84 S.5 +/- 0.5 §.6 = - 0.5 4.0 &5~ 0.3 3.7 2 s 0.2
_85 5.4 /- 0.2 4.2 *+f - 0.3 TLD LOST 3.5 &t~ 0.2
86 4.1 sf~ e.3 4.3 e I s 2.3 4.4 *f- 0.3 3.5 af- c.1
87 5.5 - 8.3 3.8 o o 8.2 4.0 *f- 0.2 4.0 -~ 0.3
&8 3-8 &~ 0.1 33 s 0.1 3.4 &~ 0.2 B *j- 8.3
8% 2.7 [~ 0.2 2.3 3 f~ 0.3 4.2 s 0.2 3.2 b s 8.2
20 4.5 af~- 0.3 2.2 /- 0.3 3.4 &= 0.3 3.1 af- 0.2
21 ™ 4 e oo 0.3 3.5 e 0.2 4.2 of— 0.3 3.6 &4~ 0.3
-~ I 6.2 - 9.0 4.3 S~ 0.3 4.3 &~ 0.2 4.2 >~ 0.3
95 3.9 &f - 0.2 4.2 it oo 0.3 4.5 s 0.2 3.5 & f - 0.2 ]
28 5.5 i 0.6 ”.3 S f - =2 *6.1 g 0.3 4.2 > f- 0.4
S7 5.6 *7- 0.2 3.5 &/~ 2.2 3.5 s/~ 0.1 4.4 S b 0.1
NS I N IS ———. - —) WIS SN

- Dose was probably increased when dosimeters were inadvertently exposed to gasma radiation from
radiography dering construction of a nateral gas pipeline.
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