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1.0 Susmary and Recommendation

The NRC staff has prepared this summary of the Final Environmental Assessment for those who prefer to follow
the main themes of the assessment without referring to the technical descriptions, calculations, and other
data that provide the foundation upon which the staff's recommendation is based.

The krypton-85 (Kr-85) released into the reactor building during the accident on March 28, 1979, must be

removed from the building so that workers can begin the tasks necessary to clean the building, maintain instru-
ments and equipment, and eventually remove the damaged fuel from the reactor core. Those tasks must be performea
whether or not the plant ever again produces electricity Radiation from the krypton gas, although thinly
dispersed through the reactor building atmosphere, nevertheless poses a threat to workers who would have to

work in the building for prolonged periods.

This Final Environmental Assessment (NUREG-0662) presents a discussion of the information considered by the
NRC staff in arriving at its recommendation that the preferred method for removing the krypton-85 from the
reactor building is by a kind of flushing process by which the gases would be pushed out of the building and
fresh air pulled in.

The Metropolitan Edison Company (the licensee) on November 13, 1972, asked the NRC staff fcr permission to

purge or remove the reactor building étnosphere containing the krypton-85 to the outside (Ref. 1). [In March

1530, the NRC staff published the draft version of this Environmental Assessment (NUREG-0662) and two subsequent
Addenda for public comment (Ref. 2). The staff has received approximately 800 comments on the draft Environmental
Assessment. Of these, approximately 195 responses generally supported the purging of the reactor building,
approximately 500 opposed it, and the remaining responses were either recommended alternatives for removing

the krypton or comments that tock no position on the staff's recommendatic . Substantive comments received by
the NRC staff will be printed in Volume 2 of this Assessment.

From this process have emerged some NRC staff conclusions on four basic aspects of dealing with the reactor
building atmosphere:

=--The potential physical health impact on the public of using any of the projosed strategies for getting
rid of the krypton-85 i< negligible.

---The potential psychological impact is likely to grow the longer it takes (o reach a decision, get
started, and complete the process.

--=The purging method is the quickest and the safest for the workers on Three Mile Island to accomplish.

-==Overall, no significant environmental impact would result from use of any of the aiternatives discussed
in this Assessment.

The Problem

As will be developed in the foilowing discussion, decontamination of the reactor building atmosphere at this
time is a necessary activity irrespective of whether subsequent cleanup operations are authorized or of the
nature of such operations. There presently exists a need for relatively prolonged access to the reactor
building for purposes of maintenance of equipment essential for continuation of the safe shutdown mode and for
data gathering activities so that the nature and extent of future cleanup measures can be determined. In
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addition, it is believed that the prompt initiation of decontamination will be beneficial from the standpoint
of alleviating some of the psychological stress now being experienced by the nearby public.

Furthermore, authorization of any of the alternative methods for decontaminating the reactor building atmosphere,
being an action independent of any subsequent cieanup activities, does not foreclose, nor predetermine, the
consideration or selection of any alternative to such subsequent measure.

Taking the foregoing inio consideration, the staff believes that it is in the best interest of the public
health and safety to authorize this activity at this time, prior to issuance of the Programmatic Environmental
Impact Statement, now in preparation.

The March 28, 1979 accident in Three Mile Island Unit 2 heavily damaged the uranium fuel in the core of the
reactor. Many radicactive substances that normally remain trapped in the fuel rods were released when the
fuel rods were themselves broken. Some of the radioactivity, ir the form of gases, leaked out of the reactor
system, along with a large amount of water. Some of the gas¢s escaped to the environment and some of the
water reached other parts of the plant befire being captured. A great deal of water and a substantial amount
of radioactive gases remained confined in the reactor building.

As long as the damaged fuel in the reactor core is cooled and remains relatively undisturbed and surrounded by
boron, there is essentially no chance that the fuel chain reaction, which was abruptly stopped by the accident,
could start again. But as time passes, the NRC staff believes that there will be an increasing chance of
essential equipment wearing out or malfunctioning. If the core were accidentally to begin to undergo a chain
reaction once more, it could cause releases of more radioactivity within the reactor building. Therefore,
removal of the damaged fuel for safe storage is the paramount objective of the cleanup of TMI-2.

Shortly after the accident, the radiocactive gases xenon and iodine accounted for most of the radicactivity in
the reactor building atmosphere. But because these gases decayed to nonradioattive forms rapidly, they now
account for only about one millionth of the radicactivity in the building air. Nearly all of the radoactivity
now in that air comes from the relatively longer-lived krypton. Traces of a radioactive form of hydrogen,
called tritium, are in the building atmosphere at levels 10,000 times iower than the krypton. Most of the
radiation given off by krypton-85 in the reactor building is a kind that can be blocked by heavy layers of
clothing (which could also severely hamper workers), However, it is not this "beta" radiation that is of
primary concern for worker health. The primary concern is with the more penetrating gamma radiation. Since
krypton-85 contributes significantly to the gamma dose within the reactor building (it accounts for as much as
75% of the total in some areas of the building), removal of the krypton is necessary. Even with the krypton-85
remcved, there would still be radiation from the damaged reactor core, from radicactive material deposited on
sirface, and from the more than seven feet of contaminated water in the basement of the building. But, the
radiation dose rate for workers would be cut from about 2.3 rem per four to 1.6 rem per hour at the 305-foot
level in the building, and from about 1.3 to 0.3 at the 347-foot level if the krypton-85 were removed from the
building

At the present time, the reactor building is sufficiently air-tight so that steady cooling of the air in the
building has kept its pressure at slightly below outside air pressure. Whatever small air leakage there has
been has come in from the outside, rather than to the outside. However, the cooling system fans, designed to
run continuously for only a few hours, have been running for more than » year, and they may fail over a period
of time It they do, a rise in pressure inside the reactor buiiding would lead to small puifs of uncontrolled
leakage of the building atmosphere to the outside. This would not pose a health hazard to the public but

would be of major concern and could contribute to anxiety among residents in the area. Controlled and monitored
removal of the building atmosphere before the cooling fans fail would avert that possibility.
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The Proposed Solution

In performing its Environmental Assessment of Metropolitan Edisoc's proposal to purge the reactor building
atmosphere, the NRC staff has not only evaluated that plan Lut alsc has evaluated several alternatives,
including the following:

1. No action.
2. Purging (Slow or Fast, Lower or Higher Release Points).
3 Selective Absorption Process.
4. Charcoal Adsorption, Including a Refrigerated Adsorber System.
5. Gas Compression and storage.
6. (ryogenic Processing (Liquifying the Gas and Storing for Later Disposal).
7. A Combination of Purging and the Other Alternatives.
1. No Action

Leaving the contaminated air in the reactor building indefinitely would leave one important phase of the
cleanup process undone. It would also carry other risks. First, it would be physically more difficult, if
not impractical, for workers to do any significant cleanup work in the building because of the heavy prote. ive
clothing and air-supply equipment they would be required to wear. Under these conditions, workers may be
limited to only 15-30 minutes in the building before air supplies must be replaced. Dose considerations would
also limit the “stay time" of workers in the building. Second, to the extent that it would interfere with
maintainance of already over-used equipment in the building, indefinite delay might cause failure of equipment
essential to keeping the damaged reactor core in a safe condition. Third, the building could begin to leak
unexpectedly. Although the leakage is not considered a significant threat to the health and safety of the
public, it could generate the same anxiety and stress that similar minor leakage incidents at the plant have
generated in the past.

&5 Purging

The TMI-2 reactor building has two separate systems that can be used to move air from the inside of the building
to the outside by way of filtering and monitoring equipment leading to a ventilation stack that reaches 160 feet
in the air. The smaller of the two systems was designed as a backup system to the hydrogen recombiner system

to reduce hydrogen concentrations in the building following a loss-of-coolant accident so as to prevent possible
gas explosions. This hydrogen control subsystem, when modified, would employ a fan with the capacity to move up to
1,000 cubic feet of air per minute. This fan would be started slowly and run at low rates until the krypton-85
concentrations in the building had been lowered by dilution with fresh air so that larger volumes could be

sent outside without raising the concentrations of radiocactivity around the site. If this system of fans

and ducts was used by itself, it would take about 30 days of actua) purging, spread over about a 60-day period,

to complete the purging operation. The larger of the reactor building purge systems is the building’'s venti-
lation system. If this larger system were used along wth the hydrogen control subsystem, both systems could remove
the required amount of uir in about five days of actual purging, during good weather, over a 14-day period. Both
the hydrogen control subsystem and the reactor building purge systems are equipped with control valves and their
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cwn trains of filters so that fine particulate radicactive material would be removed from the zir before it is
diszharged to the outside through the ventilation stack. Just before reaching the stack, the air from the
reactor building would be mixed with air from other plant buildings to provide some dilution before it is
discharged froa the stack. As the air bearing the krypton-85 is pulled out of the reactor building, fresh air
from the outside would enter the building through an open valve.

The staff also examined the possibility of extending the 160-foot high stack to 400 feet with piping supported
by scaffolding or guy wires. The staff believes that under the best of weather conditions elevating the stack
could reduce the maximum possible exposures closest to the site to as little as 1/8th the dose predicted to
occur for the 160-foot stack The staff has estimated that designing, construction, and leak testing the
added stach sect.on would delay cleanup of TMI-2 by about four to five months.

The staff next considered construction of a raw 1000-foot stack to provide additional altitude for releasing

the reactor building air. The staff estimated that it weuld take at least 11 months to design, build, and

test such a stack to adeguate safety criteria. They also felt that while the higher stack would reduce the
public's radiation exposure, the projected exposure was already so low as to pose no radiological health

hazards and that the minimum of an 1l-month delay to build a stack of 1000 feet could not be justified.

Finally, the staff evaluated two proposals submitted by the Union of Concerned Scientists to Governor Thornburgh
(Ref. 3). The first proposal was that the reactor building air be heated to give it more buoyancy upon its
release from the stack for more effective rise ana dispersal.

The NRC staff believes that although heating of the discharge would reduce the public's radiation exposure
somewhat, the UCS has underestimated the time it would take to put such an incineratar-heating system into
operation, and that instead of the seven to nine months predicted by the UCS, it would take a minimum of 9
months. (The UCS estimated construction time only, excluding design, engineering, procurement, and testing of
the incinerator scheme.) The staff said the expected dose rcduction of a factor of about 30 to an individual
and the delay do not justify the impact of delaying the cleanup operation.

Tpe second proposal was that a 2000-foot tube of reinforced fabric, held aloft by a tethered balloon, be used
as a stack for discharge of the reactor building air. Because the method is unigue and untried, the staff
said there was some uncertainty as to how long it would take to implement, but the staff thought it could
work, The staff thought it would take 7 to 10 months to design, build, and test such a system. However, the
staff felt that the psychological impact of a balloon clearly visible over the site may offset any advantage
which might be gained by a reduction of the dose to any individual.

3. Selective Absurption

The selective absorption process would withdraw all the air in the reactor building, separate from it essentially
all the krypton, and return the decontaminated air to the reactor building. The contaminated air would pass
through a column in which liquid Freon would absord the krypton while allowing the other gases to pass through
unchanged. Once separated, the krypton could be stored for approximately 100 years under either high pressure

in a few gas cylinders, or under low pressure in a larger number of cylinders,

The Union Carbide Company of Oak Ridge, Tennessee, has been developing » selective absorption process since
1967. Their latest small-scale pilot plant, in operation since 1978, can remove 99.9% of the krypton passed
through it. Union Carbide officials are optimistic that a larger version of this pilot plant (scaled up at
least 10 times) can work at Three Mile Island. Estimated times for completing this larger version vary. Oak
Ridge personnel estimate that a system could be put in service at TMI in 10 months. To construct the system
in this period would require ¢ crash program that would use standard industrial design criteria, off-the-shelf
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components, and no competitive bidding. This estimate does not consider the need for a suitable building at
the TMI si*e and is based on other questionable assumptions.

In the best judgment of NRC construction experts, the shortest possible time to design, procure, construct and
test a suitable selective absarbtion system is 16 months. This time period is considered by the staff to be
an undesirable delay in getting the cleanup of the reactor building initiated It is relevant to note that
the Oak Ridge Naticnal Laboratory, the organizaton most know’edgable abcut the selective absorption systee,
has recommended against using that system and favors conirolled purging to dispose «f the krypton gas.

4. (Charcoal Adsorption

Charcoal adsorption is a process by which the contaminated air from the reactor building would be piped into
large tanks containing charcoal. The krypton would adhere to the surface of the charcoal after coming in
contact with it. The charcoal from this process would then be isolated and stored.

The NRC staff evaluated both normal temperature and refrigerated charcoal adsorber systems. Both systems
require large quantities of charcoal; the first 34,000 tons and the second 12,000 tons. Ouring normal operation,
no releases uf radiocactivity would be expected. Since noble gases do not react chemically with charcoal, but
Just stick to its surface, long-term surveillance would be required during storage. The krypton-bearing
charcoal would have to be stored (and watched over) for up tc 100 years to allow the radioactivity to decay to
insignificant levels.

The staff's major concern was the environmental impact of long-term onsite storage, and the long delay caused
by construction of the charcoal system. Construction and testing of a charcoal system would delay by from two
to four years the containment atmosphere cleanup. The staff considers this to be an intolerable delay in the
overall cleanup effort.

5. Gas Compression

Gas compression is a process by which the air containing the krypton gas in the reactor building would be

drawn off into pressurized storage containers. These pressurized containers would then be stored in sealed
sections of piping. For example, at a pressure of 300 pounds per square inch, about one million cubic feet of
pipe, 36 inches in diameter would be required. This corresponds to about 28 miles of piping. The advantages
of this process are that it would expose the general population to less radicactivity than purging the krypton
and gas compression and is a known technology. The disadvantages are that two to four years would be required
to put the system into operation, the krypton gas would have to be maintained under pressure in storage in

many pressurized containers for approximately 100 years, and the krypton could leak at some time during storage.
The staff has concluded that this alternative is impractical.

6. Cryogenic Processing

Cryogenic processing is the condensation of krypton-85 from the incoming air by bringing it into direct contact
with liquid nitrogen (-320°F). The liguified krypton-85 is collected, restored to a gas form, and stored to
allow decay. An alternative to storing would be to transport the containers of the separated krypton (whether
from the cryogenic or selective absorption systems) to a burial ground or to a remote area and release the
krypton gas to the environment.

The NRC has locked at severa)l cryogenic systems available from commercial nuclear power plants. None of these
systems has been operated successfully. Although these new systems could be purchased, a new buildino would



1-6

e required to house the system and contain any possible leakage. The cryogenic system would be connnected to
the piping of the existing hydrogen control system. The air from the reactor building would be passed through
the filters and charcoa' adsorber of the hydrogen contro] svstem and then piped to the cryogenic processing
system in the adjacent building. At least 20 months are estimated to be reguired to obtain a fully operational
cryogenic system at the TMI site. This estimate is based on NRC staff assessments and consultations with
construction engineers at Oak Ridge National Laboratory.

During the approximately 2-%-month period réquired to process the reactor builidng atmosphere, about 60 curies
of krypton-85 would be released to the environment with the purified effluent from the system. Also, some
leakage from the system is anticipated, but the staff believes this can be sinimized by judicious monitoring

and a rapid system shutdown if trouble develops. However, based on limited experience with these systems,
operation and saintenance are likely to resuit in a relatively high occupational dose. Designs have been
proposed to store the radicactive krypton on the site while it decays. This will require surveillance for 100
years and represents a continuing risk to workers at the site, as well as a potential source of anxiety to the
public. Alternatively, burial or release of the contaminated krypton at a remote site could be accomplished.
However, the NRC staff believes that release in a remote area probably would not be acceptable to local officials
and residents.

7. Combined Processes

The staff evaluated combinations of various alternatives, using one of the krypton extraction and recovery
systems, such as charcoal adsorption, gas compression, cryogenic, or selective absorption for most of the
krypton, and purging the rest to the envircnment. One of the krypton recovery systems would trap about 95% of
the krypton (54,000 curies) and the other 5% (3,000 curies) could be released to the environment. The size of
the processing system or the size of the storage facility for the final material holding the krypton would be
only about 25% to 33X of what would be needed if there were no purging used at all. Of all the combinations
considered by the staff,k those using smaller size cryogenic processing or selective absorption could be built
the fastest but even so would take at least one year to be operational. Additional time would then be required
to complete the processing and final purging. The staff still considers this an unacceptable delay in the
overall decontamination of the reactor building atmosphere.

Onsite Long-Term Storage of Krypton-85

With the exception of direct controlled purging of the reactor building to the outside, all the proposed
processes leave the radioactive krypton to be stored onsite, in some form, for about a century If a leak
were detected in an above-ground storage facility at the site, actions could be taken to terminate the leak by
transferring the contents of the leal ng container to a new one. The staff believes that more study is needed
in the selection of materials for such storage containers, and in their fabrication, because of the possibility
that containers may corrode over the projected 100 years it will take the krypton radioactivity to decay away.

Transportation and Offsite Disposal

pAlternatively, the krypton gas would be appropriately packaged and u: ‘ted to a waste burial facility for
burial or taken to a remote location, such as a desert, and released to the envircnment. The NRC staff estimates
that the impact of handling, packaging, tramsportation and buria) or remote release of the Kr-85 would be 8-24
person-rem (total body)




-7

Public Health and Environmental Effects

Physical Effects

The NRC staff has determined that there are neg gible physical public health risks associated with the use of
any of the alternatives (excepting the “no action" alternative). For the venting al.ernative in particular,
in independent analyses, the National Council on Radiation Protecticn and Measurements, the U.S. Environmental
Protection Agency, the U.S Department of Health, Education, and welfare, and the Union of Concerned Scientists
have reached the same conclusion. Additionally it should be noted that, based on the relatively greater
radiosensitivity of humans, purging would have no adverse impact on plants or animals.

An estimate of the total number of fatal cancers, resulting from purging and the other 3lternatives, has been
made by the NRC staff. The total potential cancer deaths for bath the 50-mile population surrounding TMI-2

and plant workers is estimated tc range from a minimum of 0.0003 (purge option) to a maximum of 0.038 (cryogenic
option). Almost all of this small risk would be borne by workers exposed at the plant (purge = 0.0002,
cryogenic = 0.034). The total fatal cancer risk among all people within S0 miles of TMI from purging would be
about 0.0001. This corresponds to an average risk of 0.000000000045 to each of 2,200,000 individuals living
within 50 miles of the plant, i.e., abou* 5 chances in 100 billion.

The total risk of some type of genetic abnormality, resuiting from the decontamination alternatives, to the
public within 50 miles and plant workers has alsoc been estimated. This genetic risk has been estimated to
range from a minimum of 0.0005 effects (purge option) to a marimum of 0.066 effects (cryogenic option).
Again, almost all the risk would be borne by workers (and their descendants) at the plant (purge, 0.0003
effects, cryogenic 0.0656 effects. The maximum genetic risk to any offsite member of the public from the
various options would be 5 chances in 100 million (0.000000005), compared to the current expectation of all
kinds of notmally occuring genetic effects ot one million to five million in 100 million (0.01 to 0.05).

Finally, the NRC staff has estimated risks associated with development of skin cancer. As a result of purging,
a skin dose of 11 mrem (see Table 1.1) to the maximum exposed individual, is estimated to result in a risk of
death of about one chance in a billion (0.000000001). A population skin dose of 63 person-rem (purge option)
would be estimated to cause considerably less than one (about 0.000006) additional skin cancer deaths imong
the 50-mile population of 2.2 mil’ion people. This comparvd with about 4,000 deaths from skin cancer (from
other causes, primarily sunlight), which would normally be expected in the 50-mile population (assuming 75
years life expectancy) around TMI. Other risk comparisons are provided in Tables 7.2 and 7.3.

Psychological Stress

The various alternatives for decontamination of the TMi-2 reactor building atmosphere are expected by the NRC
staff to have different psychologica! impacts.

The NRC staff, with the assistance of consulting psychologists from the Human Design Group, has compared these
to what already has been found by some studies of the psychological stress effects of the TMI accident.
Previous research suggests that an event lise the accident at TMI-2 produces two types of stress: short and
continuing. Short-term effects or those directly related to the occurrence of the incident ara reported to be
intense but short-lived. Some researchers have reported that while stress-related indicators were high shortly
after the accident, they had dissipated by mid-summer of 1973. Their findings suggest that stress changes
with time, and that long-ters mental health implications may be less than previously thought.
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Based on consultations with psychologists, the staff has concluded that the purging alternative, which can be
implemented promptly, has less potential for creating long-term psychological stress than those alternatives
which take longer toc complete. Furthersore, since a prompt decision on, and completion of, purging will be
the first major step toward eventual cleanup of the reactor building and decontamination of the site, it is
anticipated that a majority of the public will perceiv. this action as leading to elimination of future risks
from TMI-2. The NRC staff based on advice received from its consulting psychologists, believes that this
public perception will reduce the stress and anxiety of the public.

Radiological Environmental Monitoring Program

The radiological environmental monitoring around the TMI site and nearby communities during decontamination of
the reactor building atmosphere would be performed by (1) the U.S. Environmental Protection Agency, (2) the
Commonwealth of Pennsylvania, (3) the U.S. Department of Energy, (4) the Nuclear Regulatory Commission, and
(5) Metropolitan Edison Company (the licensee),

The EPA is the lead agency for the Federal government in monitoring the area surrounding Three Mile Island.

EPA operates a network of eighteen air monitoring stations ranging from one-half to seven miles from TMI. EPA
will also use a number of mobile radiation monitoring vehicles positioned in the predicted downwind trajectory
during purging. EPA will issue daily reports of their measurements to the public during the purging of krypton.

In addition to their own direct monitoring, the Department of Fnergy and Commonwealth of Pennsylvania are
sponsoring a Community Radiation Monitoring Program that involve people from 12 communities in an approximate
S-mile circle around TMI.

About 50 individuals have completed training classes conducted by the Nuclear Engineering Department of Pennsyl-
vania State University. The classes involved classroom instructions, laboratory training, and actual radiation
monitoring in the field. The teams will use EPA gamma-rate recording devices, which are currentiy in place
around TMI, and which will be supplemented by gamma/beta sensitive devices being furnished by DOE through EGEG
Idaho, Inc.

The training sessions were designed to provide a working knowledge of radiation, its effects, and detection
techniques, and included hands-on experience with monitoring equipment in the field. Citizens will be expected
to demonstrate minimal competence in radiation monitoring before actual monitoring efforts begin. Following
the completion of training, team representatives in each of 12 selected areas have been gathering and reporting
data from the gamma and gamma/beta-sensitive instruments on a routine basis.

Response to Comments

The draft "Environmental Assessment for Tecontamination of the Three Mile Island Unit 2 Reactor Building
Atmosphere” (NUREG-0662) and two sub  uent addenda were issued for public comments late in March 1980. The
public comment period en.el May 16. Approximately 800 responses have been received, each of which fell into
one of three categories: (1) those supporting the purging alternative recommendec by the NRC staff (approxi-
mately 195 responses), (2) those opposed to the purging alternative (approximately 500 responses), and (3)
those who recommend decontamination alternatives other than those discussed in the Environmental Assessment or
who otherwise commented on the assessment (approximately 105 responses), Section % of this report provides
the NRC staff's response to these comments

Copies of correspondence received aie available for inspection and copying for a fee at the NRC Public Document
Room at 1717 H Street, NW, Washington, D.C. 10555, and at the NRC Local Public Document Rooms, State Library
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of Pennsylvania, Government Publications Section, Education Building, Commonwealth and Walnut Street, Harrisburg,
PA 17126, and York College of Pennsylvania, Country Club Road, York Pennsylvania 17405. A1l substantive

comments received will be published in Volume 2 of this final assessment.

Public Information Activities

{n an effort to better inform the public in the area around Three Mile Island about the contents of the draft
Environmental Assessment (NUREG-0662, and Addenda 1 and 2), NRC has conducted a series of 38 informational
meetings and activities. The staff also issued an easy-to-understand report that answers frequently asked
questions about removing the krypton from the reactor building. Copies of the report, "Answers to Questions
about Removing Krypton from the Three Mile Island Unit 2 Reactor Building" (NUREG-0673), are available free of
charg> by writing to the Division of Technical Information and Document Control, U.S. Nuclear Regulatory
Commi-sion, Washington, D.C. 20555.

Most of the meetings held were planned by the NRC, although some were organized by other interested groups, at
which NRC officials were invited participants. Members of the U.S. Environmental Protection Agency and the
Pennsylvania Depariment of Environmental Resources (DER) were usually invited participants at these seetings.
EPA officials outlined their agency's program and responsibilities for environmental monitoring in the vicinity
of the TMI site, while State DER personne] explained the community monitoring program and other state functions
related to the clean-up of TMI Unit 2. At these meetings, NRC cfficials expressed their willingness to meet
with other groups of people who had an interest in receiving additional information on the Environmental
Assessment or clean-up operations at Unit 2.



Table 1.1

Environmental Impacts of Alternatives for Removing the Kr )ton-85 from the Reactor-Building Atmosphere

Reacter Building
Slow Purge

Reactor Building
Fast Purge

tlevated (400 ft )
Purge

Elevated (1000 ft.)
Purge

Hot Plume (250 ft ,
Purge

Balloon/Tube (2000 ft. )
Purge

Seleccive Absorption
Process System

Charcoal Adsorption
Systems

Total Offsite Dose to Maximum Exposed Individual®

Normal Processing

Beta skin dose -

11 mrem

Total body gamma dose -
0.2 mrem

Same as above

Approximately 1/8 (0.13)
of Slow Purge above

Approximately 1/230 (0.004)
of Slow Purge above

Approximately 1730 (0.003)
of Slow Purge above

Approximately 1/300 (0.003)
of Slow Purge above

Less than Cryogenic
Processing System

Less than Cryogenic
Processing System

Accidents

Beta sk'n dose - 25 mrem
Total bc 'y gamma dose - 0.3 mrem

Same as above
Same as above
Same as above
Same as above
Same as above

Absorption Process
Beta skin dose - & mrem
Total body gamma dose - 0.1 mrem

Gas Stor
Beta skin 5050 = 1700 mrem

Total body gamma dose - 20 mrem

Ambient Charcoal System

Beta skin dose - 41 mrem

Total body gamma dose - 0.5 mrem
Rﬂri%nud Charcoal System
feta skin dose - 124 mrem

Total body gamma dose - 1.5 mrem

Occupational Exposures

1.2 person-rem

Same as above

Same as above

Same as above

Same as above

oL-1

Same as abcve

115-220 person-rem

47 person-rem



Table 1.1 (Continued)

Total Offsite Dose to Maximum Exposed Individual*

Method Normal Processing Accidents Occupational Exposures
Gas Comoression Less than Cryogenic Beta skin dose - 410 mrem 41 person-rem
System Processing System Total body gamma dose - 5 mrem
Cryogenic Processing Beta skin dose - Beta skin dose - 1700 mrem 157-255 person-rem
System 0.01 mrem Total body gamma dose - 20 mrem

Total Body Gamma dose -
less than 0.0002 mrem

Cembination Process/ Approximately 1/95 (0.01) Beta skin dose - 1700 mrem 115-255 person-rem
Purge of Slow Purge above Total body gamma dose - 20 mrem
No Action Beta skin dose - 0.01 mrem (The potential offsite and occupational
Total body gamma dose - dose from the extremely large inventory
less than 0.0002 mrem of radioactive material within the

reactor building cannot be reliably
estimated for long periods of
containment, but is potentially
high and could exceed other
alternatives considered. )

=1

*The colTec: "= 50-mile offsite population doses resulting from the purging alternat’'ves are estimated to
be 0.76 and .3 person-rem for total-body and skin doses respectively. Although elevating the release
point would reduce these population dose estimates, the reduction would probably be no greater than 10%.
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2.0 Proposed Action

The action proposed is to purge from the reactor building at Three Mile Island, Unit 2, the krypton-85
released from the damaged fuel as a result of the accident on March 28, 1979. This NRC staff Final
Environmental Assessment responds to a proposal submitted by Metropolitan Edison Company (the licensee)

for purging the reactor building atmosphere through the building's existing hydrogen control subsystem

(Ref. 1). This Assessment does not address decontamination of reactor building equipment, interior walls
and surfaces, and treatment and disposition of water in the reactor building sump or in the reactor coolant
system. These issues will be addressed in a Programmatic Environmental Impact Statement to be issued by the
NRC staff later in 1980.
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3.0 Introduction

As a result of the March 28, 1979 accident at the TMI Unit 2 facility, significant quantities of radicactive
fission products and particulates were released into the enclosed reactor building atmosphere beca.se of sub-
stantia) fuel failure in the reactor core. At the present time, the dominant radionuclide remaining in the
reactor building atmosphere is krypton-85 (Kr-85), which has a 10.7-year half-life. Based on periodic sampling
of the reactor building atmosphere since the accident, the concentration of the Kr-85 in the building is about
1.0 pCi/cc, yielding a total inventory of approximately 57,000 curies. Reactor building atmosphere sampling
and analysis are discussed in detail in Section 4.0.

At the present time the reactor is safely shut down, and is being maintained that way with the damaged fuel in
the reactor vessel. Reactor building air-cooling equipment is maintaining the building at a slightiy negative
pressure (approximately -0.7 psig) with respect to the outside atmosphere. This pressure differential ensures
essentially no leakage of the reactor building atmosphere to the environment. However, before the facility
can be considered to pose no threat to public health and safety, the damaged fuel must be removed from the
reactor vessel and building, placed in containers if necessary, and safely stcred. The radiation levels in
the reactor building are currently such that occupancy is severely restricted. Less restricted access to the
reactor building is required Lo facilitate the gathering of data needed for planning the building decontamina-
tion program, and for the subseguent work required to accomplish decontamination and other cleanup operations.
Less restricted occupancy will require that the buildirg atmosphere ve decontaminated to protect workers from
exposure to the beta and gamma radiation associated with the Kr-85 in the reactor building atmosphere.

On November 13, 1979, the licensee submitted a request to the NRC staff for authorization to decontaminate the
reactor building atmosphere by controlled purging (feed and bleed) through the reactor building hydrogen

control subsystem (Ref. 1). In a letter to the licensee on December 18, 1979, the staff withheld approval of
the request to purge the building and stated that the NRC would prepare an Environmental Assessment on the
subject in early 1980 (Ref. 4). The staff reviewed the licensee's submittal, including the discussion of
various alternatives to reactor building purging. As a result of that review, the staff requested additional
information in the form of 33 questions on December 18, 1979 (Ref. 5). The licensee responded to the staff's
request on January 4, 1980 (Ref. 6). ~Pursuant to the requirements set forth in the Commission policy statement
of November 21, 1979 (Ref. 7) and the February 11, 1980 Order by the Director of the Office of Nuclear Reactor
Regulation (Ref. 8), the NRC staff prepared a draft Environmental Assessment (NUREG-0662) in March 1980 (Ref. 2).
That assessment included the staff's evaluation of licensee modifications to the reactor building hydrogen
control subsystem, as well as a discussion of the need to decontaminate the reactor building a .osphere and
alternatives to controlled purging to the environment. The original comment period for NUREG 0662 was scheduled
to end April 17, 1980, but was extended by the Commission, at the request of the Governor of Pennsylvania, to
May 16, 1980. This Final Environmental Assessment (NUREG-0662) is based on information and public comments
received since publication of the draft Assessment and includes an update of the NRC staff's evaluation of
reactor building decontamination alternatives, and an evaluation of potential physical and psychological

health effects associated with reactor building purging.



|

I

|

4.0 Reactor Building Airborne Activity

4.1 Gas Sampling and Analysis

Three types of reactor building air samples are periodically collected to determine the nature of airborne
contaminants in the building. Samples are taken for noble gases (including Kr-85), particulate matter, and
radioiodine activity. Air samples are taken from two points in the reactor building. The samples are
transmitted through two lines running from the dome to the reactor-building air-sample gaseous monitor.

Redundant inlet and discharge valves are provided for the system to prevent a single-active failure of any
valve from impairing the function of the system. Samples are analyzed with a gas chromatograph to determine
hydrogen content and isotopic composition is determined with a gamma spectrum analyzer. The Kr-85 gas activity
in the reactor building atmosphere is determined by gamma spectroscopy techniques. Isotopic identification is
made on the basis of the discrete energy levels at which gamma rays are absorbed in a germanium-lithium (Geli)
detector. Particulate activity is determined in the reactor building atmosphere by pumping building air
through a filter. Particulate activity is removed from the air by filters, which are then analyzed using
gamma spectroscopy. To determine the concentrations of the different types of iodine in the atmosphere, a
sample of the reactor building air is pumped through a series of filters. Separation of the different forms
of iodine is accomplished based on the relative affinity of each iodine species for a specific filter medium.
Each filter is then analyzed using gamma spectroscopy.

In addition to the routine sampling for noble gases, particulates, and iodine, samples are obtained for tritium,
and gross beta analyses. The results of the sampling program are presented in the following section, "Source

Term Derivation."

4.2 Source Term Derivation

Samplie results to date indicate that the dominant isotope within the reactor building atmosphere is Kr-85.
Radioactive decay has reduced other radioactive isotopes of xenon and krypton to negligible quantities,
Reactor building gas sample data from May to December 1979 indicate the source term for Kr-85 is 0.78 uCi/cc,
with a standard deviation of +0.23 uCi/cc. Since late 1979, reactor building gas-sampling techniques were
improved to eliminate small sample line leaks and to allow for direct counting of the samples. With these
improved sampling techniques, the source term for Kr-85 is measured to be 1,04 uCi/cc, with a smaller standard
deviation of + 0.03 pCi/cc. This smaller standard deviation indicates improved sampling accuracy. Other
noble gases (e.g., Xe-131m, Xe-133m, Xe-133, Xe-135) have decayed to below minimum detectable activity (MDA)
levels of 1 x 10-6 uCi/ce.

Radioactive decay has reduced iodine levels in the reactor building to below MDA levels of 1 x 10°9

uCi/cc.
Particulate levels, primarily those of cesium=137, are less than 1 x 10-9 uCi/cc. Reactor building air samples
have been specifically analyzed for strontium~89/90. Those analyses, plus the resulis of gross beta analyses,

show that airborne strontium-89/90 levels are smali, that is, in the order of 1 x lO‘lo uCi/cc The airborne

concentration levels of all the above isotopes are measured to be below the maximum permissible concentration
(MPC) levels listed in Table 1 of Appendix B to 10 CFR 20 (Ref. 9). Additionally, it should be noted that all
of the decontamination alternatives (listed in Section 6) include systems (e.g., HEPA, and charcoal filters)
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which, if ¢tilized, would further reduce the already small airborne concentration of these isotopes. The
removal efficiency (99.97% or better) of these filters would reduce any release of particulate radiation to
negligible gquantities.

Airborne tritium concentrations in the reactor building are measured to be approximatel: 8. 4 x 10 ° uCi/cc.
This value is consistent with the calculated estimates of airborne tritium concentration which .is based on
veactor building relative humidity and on tritium measured in the reactor building sump water. This

concentration is 10 times lower than the maximum permissible airborne concentration limit for tritius listed
in Table 1 of Appendix B to 10 CFR 20 (Ref. 9).
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5.0 Need for Decontamination of the Reactor Building Atmosphere

$.1 Summary

The reactor building atmosphere needs to De decontaminated in a timely manner primarily to permit the less
restricted access to the reactor building necessary to gather information, to maintain equipment, and to proceed
toward tota) decontamination of the Unit 2 facility. At present, the Kr-85 dispersed inside the reactor building
atmosphere limits operations which could be conducted inside the building to preliminary contamination data
gathering. Following decontamination of the reactor building atmosphere, larger scale activities, such as detailed
radiation mapping, preiiminary decontamination, and shielding .iacement, will be possib'e since lowered radiation
exposure levels will reduce the need for personne! protective gear.

The eventua)l removal of fuel from the reactor vessel (or defueling) is an important milestone in the overall
cleanup effurt which cannot proceed until atmospheric decontamination is completed. Defueling will eliminate the
smali, but finite, potential for inadvertent core recriticality, wHich could occur, for example, from accicental
boron dilution of the reactor coolant. In addition, defueling will eliminate the major source of radicactive
material in the reactor building. Decontamination of Kr-85 in the atmosphere would also provide the less
restricted access to the reactor building needed to repair or replace core nuclear instrumentation, to maintain
the reactor building air cooling system, and to support procer:ing of the reactur building sump water.

Although difficult to guantify, present conditions inside the reactor building pose risks to the physical and
psychological health of residents in the Harrisburg-Middletown area. Public healt! risks, including psychological
stress, will continue to be a concern throughout the cleanup process. In the NRC staff's opinion, elimination of
these risks require a safe and expeditious completion of all cleanup activities at the site. Decontamination of
the reactor building atmosphere is the next reguirecC step in achieving this goal.

5.2 Discussion

The TMI-2 reactor is presently being maintained safely shut down, with damaged fuel in the reactor vessel. The
extent of fue! damage and the present core configuration are unknown. it is important that the reactor continue
to be maintained subcritical and that the damaged fuel inside the reactor be removed from the reactor vesss:! and
placed in a safe configuration tc eliminate any potential for core recriticality.

As the minimum negative impact, core recriticality would result in the production of aaditional radioactive
material which would require decontamination. Core recriticality could also lead to further degradation of the
reactor coolant system and the possibility of uncontrolled release of radicactivity to the environment.

The licensee is presently relying on boron injected into the reactor coolant system to maintain the ccre sub-
critical. Normally, this function is accomplished by inserting contro! rods intc the core. During the accident,
however, it is believed that some of the control rod materia) melted and may have drained out of the core. At
presert, most instrumentation provided for monitoring reactor neutron flux, and therefore providing feedback on
boren effectiveness, is inoperable. Only one nuclear instrument channel is operating. [f this instrument fails,
direct measurement of neutron flux in the reactor core would not be pessitle. It would then be necessary to infer
the status of the core Dy periodic sampling and anmalysis of boron concentration in the reactor coolant. Although
the staff considers the potential for core recriticality to be of low probabiiity, it will be a number of years
before defueling is anticipated. Ia the interests of public and worker health and safety, the staff believes that
removing the fue! in a timely fashion will eliminate the potential risk, no matter how smali, associated with the
core in its present condition Since decontamination of the reactor building atmosphere is the necessary next
step in the path leading to core defueling, it should be undertaken in a safe and expeditious manner. Purging the
reactor builging can achieve both of those goals






The reactor building atmosphere, which is at 100% relative humidity, is currently being maintained at approxi-
mately 75°F by the reactor building air-cooling system. This cooling action is maintaining the reactor building
at a slight negative pressure (approximately -0.7 psig) with respect to the outside atmosphere. This pressure
differential prevents leakage of the reactor building atmosphere to the environment. Other factors that affect
the pressure differential between the reactor building atmosphere and the outside atmosphere include: (1) pressure
differentials caused by wind currents over and around the building, (2) changes in barometric pressure, (3) changes
in external air temperatures, and (4) the solar heat load on the building. The building air- cooling fans (four
operating, one standby) were gqualified for three to four hours of continuous operation in a 100% relative humidity
environment. Four fans have been operating nearly contindously since the March 28, 1979 accident in a high-
humidity environment. It is not known if the standby fan is operable. The operating fans can reasonably be
expected to fai) sequentially over a period of time. Their sequential failure would result in a decrease of heat
removal capability from the reactor building atmosphere and could ultimately cause the atmospheric pressure in the
reactor building to increase and become positive relative to the outside atmosphere. The NRC staff has calculated
that for worst-case conditions (i.e., all fans fail), this pressure could rise to as high as four psig. The
reactor building has a design leakage rate of 0.2% by weight per day at 60 psig. The measur ed leakage rate of the
reactor building during its most recent leak-rate test (conducted in early January 1978) was 0.095% by weight per
day at 56 psig. Based on the relationship between observed leak rate and differential pressure, the staff calcu-
lates that uncontrolled leakage of Kr-85 from the reactor building would not exceed five curies per day. The
corresponding beta skin dose to the person receiving maximum exposure from this leakage would be dependent on
local meteorology (i.e., the dispersion factor or X/Q) which typically varies from 1 x 10-* to 1 x 10-7 sec/m?
Thus, the one-day dose could vary from approximately 0.02 millirems to 0.00002 millirems. In view of the fact
that the annual average X/Q is approximately 6.7 x 10-% sec/m* and uncontrolled leakage from the reactor building
would involve small amounts of Kr-85, the staff does not consider such leakage likely to threaten the health and
safety of the public. However, based on past public response to relatively small leaks of gaseous effluents to
the environment, (e.g., leakage from the makeup and purification system resulting in a gaseous discharge of 0.3 Ci
of Kr-85 on February 11, 1980), the staff believes that future uncontrolled leaks could generate significant
psychological stress in the community. In the &taff's view, a controlled purge, which is publicly announced,
fully monitored, and conducted during favorable meteorological conditions, is preferable to uncontrolled leakage.

The reactor building cooling system will also perform a vital function following decentamination of the reactor
building atmosphere. This system will be needed to maintain a reasonable working environment inside the building
and allow expeditious building decontamination and defueling activities. Decontamination of the reactor building
atmosphere would allow for cooling system maintenance and avoid recovery effort delays that might accompany cool=
ing system failures.

Although a discussion of systems and alternatives for processing the reactor building sump water is not appro-
priate for this document (the forthcoming Programmatic Environmental Impact Statement is the appropriate document ),
access to the reactor building will be necessary to effectively suppor* processing this water. Should NRC approve
a system for processing the sump water, the licensee »ill require less restricted access to the reactor building
to support processing with area washdowns. Area washdowns will assist in the removal of the crud and filterable
material that would otherwise adhere to the walls and surfaces in the basement of the building as water levels
decline. The primary reason for these washdowns is to protect workers from direct or airborne (from drying out)
sources of radiation from the walls. Area washdowns will not be possible unless the reactor building atmosphere

is decontaminated.

Lastly, the NRC staff believes expeditious decontaminaton of the reactor building atmosphere is necessary to
reduce long-term psychological stress in the TMI area by shortening the time necessary to complete the entire
cleanup project
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6.0 %ggmimﬁm Alternatives
6.1 tion

The NRC staff has considered the possibiilty that no action be taken to decontaminate the TMI-2 reactor building
atmosphere. This alternative would necessitate retaining the radioactive gas within the reactor building. This
option has been rejected, however, as totally inappropriate for several reasons.

First, taking no action would subject the public to potential health and safety risks which exceed those of any
other alternative, considered within this Environmental Assessment, for drcontaminating the reactor building
atmosphere. The potential risis associated with taking no action are discussed in detail in Section 5.0. These
risks include possible core recriticality and corresponding production of additional radicactive materials. The
NRC staff believes that minimizing these risks depends on access of workers to the reactor building to permit
continuation of activities leading to eventual defueling. This access, in turn, depends on the decontamination
of the reactor building atmosphere.

An indepth discussion of both public health and occupational risks resulting from the employment of other deconta~
mination alternatives is presented in the following subsections. Public he2lth risks for all alternatives have
been determined to be negligible.

6.2 Reactor Building Purge Systems
6.2.1 Introduction

A number of purge methods could be used to decontaminate the reactor building atmosphere. The stafr has
evaluated four purge methods which could be implemented utilizing existing plant systems and structures and two
other purge methods which would require either new or modified plant system. and structures. Those methods
include: (1) a slow purge using the existing hydrogen control subsystem with rels .ses from the unmodified
160-foot plant vent stack;, (2) a fast purge using the existing hydrogen control subsystem and reactor building
purge system with releases ‘rom the 160-foot plant vent stack; (3) an elevated purge using the existing hydrogen
control subsystem and reactor building purge system with releases from the plant vent stack elevated to 400
feet; and (4) an elevated purge using the existing reactor building purge system with releases from a new
1000-foot stack.

In addition, the staff has evaluated two methods of purging proposed by the Union of Concerned Scientists in a
report submitted to the Governor of Pennsylvania (Ref. 3). The two methods proposed are release of a heated
plume from a 250-foot refractory lined stack and an elevated release at 1000 to 2000 feet through a relatively
light-weight tube held aloft by a tethered balloon

6.2.2 Slow Purge

The hydrogen control subsystem was ginally installed for use as a backup system to the hydrogen recombiners.
The system is being modified to ¢ ow variable flow rates up to a maximum of 1000 cfm. Actual purge rates
during a purge would be dependent on meteorolegical conditions and reactor building concentrations of Kr-85.
The hydrogen control subsystem would withdraw the reactor building atmosphere through a filter system, monitor
the effluent radicactivity levels, and discharge the effluent through the 160-foot plant vent stack to the
environment.
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These releases would be made based on existing meteorological conditions such that release rates of radiocactive
materials would be controlled to ensure that the requirements of 10 CFR Part 20, the design objectives of 10 CFR
part 50, Appendix I (Ref. 11) and the applicable requirements of 40 CFR Part 190.10 (Ref. 12) are not exceeded.

6.2.2.1 System Description and Operation

The proposed purge of the Unft 2 reactor building atmosphere to the environment would use the hydrogen control
subsy em of the reactor building ventilation system. Radicactive gases purged from the reactor building would
be dil _ed with the exhaust air from the auxiliary and fuel building ventilation systems and released through
the Unit 2 vent stack, which is 160 feet above grade level The major components of this system inciude: an
exhaust fan, isolation valves, filtration system, and a radiation monitoring system. The filtration system
consists of a prefilter, a HEPA filter, an activated charcoal filter, and a downstream HEPA filter. Replacement
air to the reactor building would be supplied through the reactor building pressurization valve.

The slow rate purge alternative recommended by the NRC staff would be carried out within several limiting
conditions. Most importantly, purging would be controlled to limit the cumulative maximum individual offsite
dose resulting from the purge to less than the annual dose design objectives (5 mrem total body, 15 mrem skin)
of Appendix 1 to 10 CFR Part 50 (Ref. 11). Doses would be tracked during actual purging by using real-time
meteorological data to calculate hourly dose rates in affected sectors surrounding the plant. (The region
around TMI is divided into 16 directional sectors; w'nd directional! changes during purging will result in
differing dose rates for individue! sectors. )

Cumulative dose, based on these calculated dose rates in each affected sector, would be updated hourly throughout
the purge process. No hypothetical person in any sector would be permitted to receive a dose in excess of the
Appendix | dose design of jective. For example, if the calculated cumulative dose to a hypothetical person,

based on actual Kr-85 release rates and real-time meteorology, reached the annual Appendix 1 total body (5 mrem)
or beta skin (15 mrem) dose objective in the North sector, purging would be discontinued when existing wind
conditions could result in any incremental increase in dose to the North sector

In addition to Appendix 1 constraints, the slow purge procedure would be iimited by the existing Three Mile
Island effluent release technical specifications for noble gases (Ref. 13). These specifications consist of an
instantaneous release rate limit and a quarterly average release rate limit. Although these specifications have
dose limitations as their bases, they have been implemented as noble gas release rate limits. Release rate
alone determines conformance or non-conformance with the technical specifications. As spplied to the slow purge
rate alternative, the technical specifications effectively apply only to Kr-85 since it is the remaining noble
gas in the reactor building.

One Kr-BS release rate technical specification requires that the instantaneous rate not exceed 45,000 uCi/sec.
This instantaneous limit is derived from the annual average X/Q* (6.7 x 10-% sec/m®) for the TMI site and the
maximum permissible concentration (MPC) for Kr-85 in unrestri.cted areas (3 x 10-7 uCi/cc) as listed in 10 CFR
20, Appendix B, Table 2, Column 1 (Ref. 9). This specification provides for short-term operational flexibility.
Any extended release at this relatively high rate would quickly become limiting to operation because the
cumulative Appendix | dose restriction also limits the conduct of the purge alternative (Ref. 11)

A quarterly averaged release rate technical specification limit ef 7200 uCi/sec, based on a more restrictive X/Q
value (4.2 x 10-® sec/m*), would also be applicable to a slow purge. This guarterly averaged release rate limit
is based on not exceeding, in one quarter, four times the annual Appendix | dose design objective. Again this

fSee the Glossary for a definition of X/Q.
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specification provides for relatively short periods of operational flexibility because relatively high release
rates (and hence dose rates) can be averaged in a quarter with relatively low release rates. Cumulative
Appendix | dose, however, cannot be exceeded.

The dose rate during a purge period is dependent on the product of three variables; the Kr-85 release rate,
meteorological dispersion factor (X/Q) and the Kr-85 dose conversion factor. Only the Kr-85 dose conversion
factor is a fixed value, g:':—;—:—" while meteorology (X/Q, sec/m*) cannot be controlled during a purge, release
rate (Ci/sec) can be adjusted to limit the resulting dose rate. During periods of less favorable meteorclogy,
therefore, release rates can be selectively reduced to maintain desired dose rate levels, Detailed licensee
procedures for maintaining acceptable purge dose rates during varying meteclogical conditions by adjusting
release rates, have been reviewed and approved by the NRC staff. In addition, members of the NRC onsite staff

will monitor the licensee's actions during the entire purge.

At the onset of the slow purge scenario, purge rates would be expected to be in the range of 50 to 75 cfm. As
the Kr-85 concentration in the reactor building decreases, the purge rate would be increased to a maximum of
approximately 1000 cfm. The purge rate during any period would be dependent on the aforementioned limiting
conditions.

The incrementa)l dose (mrem) for each purge pericd is obtained from the product of the dose rate (mrem/sec) and
time duration (sec) of the period. The total dose due to the entire purge of 57,000 Ci of Kr-85 is obtained by
summing the individual incremental doses irom each purge period The staff estimates that over a 60-day period
it would require approximately 30 days of actual purging to reach the MPC level of 1 x 10-% uCi/cc in the reactor
building.

During purge operations with the hydrogen contro) subsystem, makeup air would be supplied to the reactor building
through the reactor building pressurization valve. This ensures that air would flow into the reactor building
and a smali negative pressure relative to the auxiliary building would be maintained with the hydrogen control
subsystem exhaust fan. The reactor building pressurization valve is interiocked with the exhaust fan to shut
when the fan stops. Nevertheless, there is the potential for backfiow of contaminated reactor building air
through the reactor building pressurization valve to the 328-foot Tevel of the auxiliary building if the reactor
building pressure is not maintained slightly negative with respect to the auxiliary building. General area
radiation monitors in the auxiliary building would detect the radioactivity to signal for isolation of the
reactor building by stopping the purge.

flow rate, temperature, and radiation level of hydrogen contro) subsystem flow would be monitored during purging
operations. System flow rate, temperature, and radiation level are measured at the hydrogen control subsystem
fan discharge puint. General area radiation levels around ths filter housing on the 328-foot level of the
auxiliary building weuld be monitored by a local radiation monitor. General area radiation monitors have local
and remote readouts in the Unit 2 control room.

Taple 6 2-1 provides a list of the major components used in the hydrogen control subsystem. The subsystem
exhaust fan is interlocked to stop automatically and valves close automatically to isolate the system if high
activity is detected in the effluent.

Figure 6.2-1 provides a flow diagram of the hydrogen control subsystem. Modifications to the hydrogen control
subsystem would include (1) replacing the hydrogen control subsystem exhaust fan with a fan capable of producing
a maximum flow of 1000 cfm, (2) recommissioning the auxiliary building and fuel-handling building filter trains,
(3) calibrating and reactivating the stack monitor, (4) securing the supplementary filter train by turning off
the supplementary fans and closing the isolation door from the stack inlet plenum to the filters, and (5) uncap-
ping the plant vent stack.
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Table 6.2-1 Hydrogen Contro)l Subsystem

Effects of Loss

System Operator of Operator Auto-Action Interlocks
Fan AH-E-34 Electrical Reduced flow Stop fan High activity
thru system on HPR-229*
Pressure Sens- Electrical Fail as is None None
ing Line
Isolation
Vaives A-V5 &
AH-VE
RB Pressuri- Air operated Valve rtai) Closes on when fan AN-E-34
zation closed loss of stops, valve
Valve AW-V7 power shuts
RB Hydrogen Electrical Fail as is None None
Controi motor-opera-
Valve AM-V25 ted local
control
RB Hyd: ogen Air operated Fail closed Opens when fan None
Control Dis- starts
charge
Valve AH-V36
Reactor Bldg. Air operated Fall closed None None
Hydrogen Con~
trol Isola-
tion Vaive
AH-V52
AH-V-3A, B Air operated Fail closed Fail closed None

RB Isolation
Valves

on high
radiation,

"Monitor mounted in the exhaust duct downstream of the exhaust fan.

loss of power



6.2.2.2 Occupational Exposure

The design criteria for the existing hydrogen contro) subsystem is consistent with th: "as low as reasonably
achievable" guidance of 10 CFR Part 20 and Regulatory Guide 8.8 (Ref. 14). Control during a purging interval
would be exercised remotely from the Unit 2 control room. However, an auxiiiary operator would be required to
be in the auxiliary building during system operation. This operator would have communication ties with the
control room and be stationed in a low-radiation area.

The dose to operators during processing will be approximately 0.8 person-rem. Changing the two HEPA filters
will also contribute to occupational exposure. These tilters have a surface dose rate of approximately 0.17
R/hr and filter changeout will require approximately one-half huu: per filter. It is expected that the filters
will be changed only once at the end of the purge operation, resulting in approximately 0.4 person-rem. There-
fore, the total exposure for processing and filter changeout would be approximately 1.2 person-rem.

6.2.2.3 Environmental Impact
Slow Purge - Using the Hydrogen Control Subsystem With Release from the Unmodified 160-foot Plant Vent Stack.

Based on the release of 57,000 ci, and the annual average dispersion factor of 6.7 x 10-® sec/m®, the beta skin
dose is estimated to be 11 mrem and the gamma total body dose is estimated to be 0.2 mrem. These numbers represent
the maximum dose that could occur to an individual present at the site boundary for 70% of the release period.

In the staff's evaluation, an annual average X/Q is used to calculate offsite concentration and dose. The
annual average X/Q is used because predictions of actual meteorological conditions for a particular time are
impossible. However, the probabilities are high for having hourly atmospheric diffusion conditions during anv
season that would provide a considerably less conservative X/Q than the annual average X/Q used by the staff in
their evaluation.

The dose received by the population residing in the 50-mile radius around the reactor due to the release of the
57,000 Ci of Kr-85 was evaluated. The methods used for this calculation are described in Regulatory Guide 1.109
(Ref. 15). A standard grid was employed which segmented the population into 160 elements. This grid contains
16 sectors (N clockwise through NNW) each centered on the appropriate direction. Each sector is divided into
segments at standard distances of 2000 ft (.37 mi), 1, 2, 3, 4, 5, 10, 20, 30, 40, and 50 miles. The meteoro-
'ogical dispersion parameters which were used were the same as those that were used for the Final Supplement to
the Final Environmental Statement for Three Mile Island Nuclear Station, Unit 2, (NUREG-0112), issued December
1976 (Ref. 16).

The meteorological dispersion parameters represent annual average conditions and were developed on the basis of
historical data collected at the site. The 1980 population was taken from NUREG-0558 (Population Dose and

Health Impact of the Accident at the Three Mile Island Nuclear Station) (Ref. 17).

The S50-mile population dose calculated by this methcd is 0.76 person-rem total body due to the gamma component
of krypton decay and 63 person-rem skin due to the beta component of the krypton decay.

6.2 2.4 Accident Analysis

The components for the purge system are located in the Unit 2 auxiliary building. A major rupture in the purge
system would allow Kr-85 to be released to the auxiliary building. Any Kr-85 released to this building would be
exhausted through the auxiliary building ventilation system to the plant stack. This path would be the same
release pathway as that for the normal purge system.
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Figure 6.2-2 provides a flow diagram of the reactor building purge system. Ine major components of this system
include two air supply fans and filter units, two isolation valves in each purge air supply duct, two air exhaust
tans and filter units, and two isolation valves in each purge air exhaust duct. The exhaust filter units consist
of a prefilter, a HEPA filter bank and a second HEPA filter bank.

The slow purge method evaluated in Section 6.2.2 was based upon not exceeding the existing Appendix B Technical
Specitication Vim‘t (45,000 uCi/sec) for Krypton=85 (Kr-85) releases through the 160 foot plant vent stack
(Ref. 9). These schnical Specification limits are based on conservative annual average meteorological con-
ditions, where X/ = 6.7 x 10-% sec/m®. However, by controlling the purge rates to take advantage of more
favorable meteoro ogical conditions, higher purge rates can be achieved while still not exceeding the require-
ments of 10 CFR Part 20 (Ret. 19), the design objectives of 10 CFR Part 50, Appendix 1 (Ref. 11) and the
applicable requirements of 40 CFR Part 190 10 (Ref. 12).

- when favorable meteorological conditions exist, the hydrogen control subsystem would be operated at its maximum

' flow rate of 1000 cfm until the Kr-85 concentration in the reactor building i< reduced to 0.22 uCi/cc. It would

require approximately 50 hours to reduce the current reactor building Kr-85 concentration of 1.0 uCi/cc to

0.22 uCi/cc. When the reactor building Kr=85 concentration is reduced to 0.22 uCi/cc, the hydrogen control

subsystem would be secured ana the the reactor building purge system started with an approximate flow rate of

5000 cfm. The reactor building purge system would operate at 5000 cfm for approximately 70 hours to reduce the

building concentration of Kr-85 to MPC (1 x 10-% uCi/cc). Thus, the total actual purge time using both systems

would be approximately 120 hours. The calendar time frame necessary to complete the fast purge scerario is

. dependent upon achieving favorable meteorology and is especially sensitive to the seasonal variations that can
occur (see discussion in Section 6.2.3.3).

l 6.2.3.2 Occupational Exposure

The occupational exposure anticipated from the fast purge sronario is approximately the same as for the slow
purge scenario as discussed in Section 6.2.2.2.

6.2.3.3 Environmental Impact

The fast purge environmental impact would be approximately the same as for the slow purge as discussed in
Section 6.2.2.3

For the fast purge during the spring season (March-May) there is a fair likelihood of being able to
expeditiously release and maintain sufficiently low doses to the public in accordance with the criteria
discussed in Section 6.2 3.1. We estimate that favorable meteorology during these months may permit the fast
purge option to be accomplished within a Z-calendar week period. However, fo- the fast purge during the summer
and fall months (June-Octoher), we estimate, based on historical data which show a small probability of
tavorable meteorological conditions, that this alternative would require approximately two calendar months to
complete. Thus, given the June thru October meteornlogical conditions, the calendar time frame necessary for
both the fast purge and slow purge are essentially equivalent. As the period of favorable meteorology (i.e.,
March-May) is nearly over, the staff considers the fast purge to be a less desirable alternative for the

following reasons:

(1) The advantage of the fast purge, namely a lessening of potential psychological stress for area residents,
would be Jost during the summer months when total elapsed time required for both fast and slow purge alter-

natives are essentially the same.




(2) Reactor building purging should not be delayed past the sumser and fall months to allow for bDetter winter
meteorological conditions for those reasons elaborated in Section 5.0

65.2.3.4 Accident Analysis
The accident analysis described in Section 6.2.2 4 would apply to this alternative

5.2 4 Elevated Reiease Points
6.2.4.1 Introduction

Stacks are normally designed to assure that effluent exit velocities will give saximum rise to releases and
eliminate the wake-cavity effects of adjacent structures. Factors affecting meteorological dispersion of stack
effluents include the height and position of neardby structures and the layout of local terrain. The existing
plant vent stack is 160 feet above grade, with an exit diameter of 9 feet. In order to evaluate the dose
reduction offeres by increasing stack height, the staff has evaluated the alternatives of rafsing the existing
stack to 400 feet or construction of a new 1000-foot stack.

6.2.84.2 Extending Stack Meight to 400 Feet
6.2.4.2.1 Description

A temporary sheet metal extension with the same diameter as the existing stack, could be used to elevate the
existing plant stack to 400 feet above grade. The extension would be surrounded with scaffolding, which would
be used 1o support the extension with the aid of guy wires. The existing stack could also be elevated to

400 feet by the addition of 10-foot sections of the carbon-steel pipes. These sections would have the same
diameter as the existing stack.

Assuming that procurement of the necessary materials for extending the stack can be readily accomplished, the
staff estimates that the engineering design, procuresent, construction, and leak testing of either variation
would require a minimum of four to five months, This estimate does not consider the potential interferences of
existing and new structures (e.g., processed water storage tanks) which may result in further schedule delays

6.2.4.2.2 Occupational Exposure

Occupational exposures described in Section 6.2.2.2 wouia apply to this alternative

6.2.4.2.3 Environmenta! Impact

An increase in stack height to 400 ft would eliminate the effect of the reactor building wake cavily however,
the stack would resain within the wake cavity of the site cooling towers. [n adgition, the plant location in a
river valley surrounded by higher elevation terrain diminish the effects of an elevated release point of

400 feet. An increase in the plant stuck height (up to 400 ft) would reduce the already negligible {see Section
7.1) dose to the maximue exposed individua! by a factor of approximately eight below the doses estimated for the
fast or slow purge

£.2.424 Accident Analysis

The accident analysis described in Section 6.2.2.4 would appiy to this alternative




6.2.4.3 Corstructing a 1000-Foot Stack

The staff has evaluated the dose reduction benefit resulting from the construction of a 1000-foot stack.

A 1000-foot stack would assure that releases are unhindered from the effects of all onsite structures. The
technology for constructing a stack this height is well established.

A stack 1000 feet high would require, at a minimum, 3 60-foot diameter base. Construction of a foundation this
size would require not less than three months and construction of the remainder of the stack would require
approximitely six months. Additional design, engineering, construction, and testing time reguired to connect

the stack with the existing purge system and ensure proper operation would add two to three months to the instal-
lation schedule. Therefore, the staff estimates that a minimum of 11 months would be required to construct and
make functional a new 1000-foot stack.

6.2.4.3.1 Occupational Exposure
Occupational exposures described in Section 6.2.2.2 would apply to this alternative

$£.2.4.3.2 Environmental Impact

A stack release at 1000 feet would physicaily place radioactive effluents above the effects of the cooling tower
wake cavity and nearby terrain and would result in reducing offsite doses to the maximally exposed individual by
a factor of approximately 230 below the doses estimated for the fast or slow purge.

6.2.4.3.3 Accident Analysis

The accident analysis described in Section 6.2.2.4 would apply to this alternative

6.2.5 Staff Evaluation of Union of Concerned Scientist Elevated Release Proposals
£.2.5 1 Introduction

In response to 3 reguest by the Governor of Pennsylvania, the Union of Concerned Scientists (UCS) evaluated the
health and safety consequences of the disposition of the reactor building atmosphere including the purging
alternative recommended by the NRC staff in its draft Environmental Assessment (NUREG-0662). In their report to
the Governor (Ref. 3), the UCS reported that based on "current evidence of effects of whoie body radiation on
human populations, .. no health effects would be anticipated as a result of the 'ground release’ venting."
However, the UCS did not recommend purging, as proposed by the staff because of the potential psychological
stress UCS believes purging might induce, As a result, the UCS proposed two alternative means of purging the
reactor building which they believe will minimize potential psychological stress. The first method proposes
purging by heating the effluent with an incircrator prior to releasing it through a 250-foot refractory lined
stack. The :econd method proposes an elevated release at 1000-2000 feet through a relatively Jight-weight tube
held aloft by a tethered ballon.

6.2.5.2 Hot Plume Release Through a 250-Foot Stack
6.2.5.2.1 Description

The staff has evaluated the Union of Concerned Scientists (USC) proposal to construct an incinerator {(and stack)
to heat the effluent p.rged from the reactor building. Under ideal conditions, an incinerator of this type
should be located as close as possible to the suxiliary building te minimize the engineering and constructicn
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effort necessary to interface with the reactor building purge system. UCS “rough estimates" place the comstruce
tion time for an incinerator facility at from seven to nine sonths. This time estimate does not include time
reguirements for design, engineering, procuresent of material, and pre-cperationa) testing. The staff estimates
for these required efforts would add at Jeast two months to the overall construction effort, resulting in a
minisus schedule of nine months for systes availability.

§.2.5.2.2 Cccupational Exposure :

Occupational exposures described in Section 6.2,.2.2 would apply to this alternative.

6.2.5.2.3 Environmental lmpact

Staff evaluations show that dose reductions can be achieved if heat is added in sufficient guantities 1o allow
the effluents to raise above the wake Cavity of the cooling towers, The jelease of 2 heated plume from a 2%0-
foot stack would result in reducing offsite doses to the saximally exposed individual Dy a facter of appro-

ximately 30 below the doses estimated for the fast or low purge. i

5.2.5.2.4 Accidgent Analysis

The impact of an accigent involving this aiternative would result im a total-body Gose which is approxisately
five tises greater thar the slow purge accident dose discussed in Section 6.2.2.4 These doses would still
represent 3 small fraction of 10 (SR Part 100 accident-dose !'imits (Ref. 1B)

§ 253 The Tethered Balloon/Tude Release at 2000 Feet
§.2.523 1 Description

The staff has evaluated the UCS proposal to purge the reactor building atmosphere through a reinforced fabric
tube held aloft at 2000 feet abowe Three Mile Island by 3 tethered Balloon (Also see Section $.2.%5) As states
By the ULS, this technigue is urique and untried ang would reguire further study to detersine its feasibility.
in aadition, the UCS stated that they did not know if suitable space was available on Three Mile Island to

inp lement this alternative

in general, the staff finds the U(S proposal, while not witnout problems, technically workable ang probadly
capable of being impiesented within a year from the time the decision is sade %o use it

The major problem with the UCS proposal is that, at present, there is no esisting area on Three Mile lsland
which is suitadble for Taunching the tethered dalloon and fts attached 2000-foot fabric tube. The S has stated
that their proposal would require unobstructed ground and air space appronimately 2006 feet iong by 200 feet
wige. The staff has examined Three Mile Izland for potential sites of sufficient size to isplement the UCS
proposal

e

The island is approxisately 11,000 feet in length by 1,700 feet in widih. The nerthern cne-third of the island
is occupied by Thres WMile Island Nuclear Station Units 1 and 2. The southern pa~t of the island contains some
apen area, a tairly large wooded area, and a2 shellow Dasin avea that is prone to flooding. The area with the
®Ost 0pen spece 75 south of the Umit 2 cocling towers and includes an existing parking lot. The staff estimates
the open space t¢ be approximately 200 feel or more wide and 1500 feet long. Some trees in the woooed area of
the isiand would have to be removed %o enlarge the area.
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This potential site is a considerable dictance from the suxiliary building and the reactor building purge system
with which it would have to interface. The large distance would magnify the engineering and construction effort
involved, and would ultimately impact the schedule for system availability. A detailed design and layout of the
interconnecting piping between the auxiliary building and the launch site would have to be performed.

The piping would have to be buried (at least in some locations) in order not to restrict norma) traffic (e.g.,
solid radwaste shipments, concrete truck deliveries, etc.) about the site. The piping would require leak testing
following welding to ensure that no gas bypass pathways exist. The need for booster pumps wou'd have to be
determined in a detailed engineering evaluation. The staff has also consulted with the Department of Energy's
(DOE) Ames Laboratory concerning the feasibility of the UCS balloon propesal. In their judgment, the first 500
to 1000 feet of elevation crucial in determining what effect wind shear and air turbulence will have on fabric
tube behavior. Te:tting is recommended. The staff concurs with this observation, Thus, a test of the integrity
of the reinfu ced fabric tube (1-foot diameter) under different wind shear and air turbulence conditions would
be required. The staff envisions these tasks as a major design effort. The staff has determined that the
schedule required to accomplish these actions and demonstrate system operability is longer than the timetable
estimated to the UCS for system availability.

The UCS stated that a timetable for a tethered balloon system was “somewhat difficult to estimate” but prajected
a schedule of four to seven months. This schedule is based on the availability of a suitable location on Three
Mile Island for system implementation and successful completion of feasibility tests. Based on the remote
location of suitable land area from the auxiliary building, the staff believes that the UCS has underestimated
the engineering and construction effort required to maje this technique workable. The staff estimates that this
effort would require from 7 to 10 months to make the tethered balloon system operable. The staff does not
believe that postponing decontamination of the reactor building atmosphere for this period of time is acceptatble
for the reasons discussed in Section 5.0.

6.2.5.3.2 Occupational Exposure

Provided adequate controls are established to isclate or bur. the required interconnectirj piping, the occupa-
tional exposures described in Section £ 2.2.2 would apply to this alternative.

6.2.5.3.3 Environmental Impact

An elevated release at 2000 feet would physically place radicactive effluents above the effects of the coeling
tower wake cavity and nearty terrain and would result in reducing offsite doses to the maximum exposed
individual by a factor of approximately 300 below the doses estimated for the fast or slow purge. However, the
staff would have te assess the psychological impact of this highly visible aiternative on nearbv residents.

6.2.5.3.4 Accident Analysis

The accident analysis described in Section 6.2.5.2.4 would apply to this alternative

6.2.6 Smrl

The staff has evaiuzted six alternative methods for purging the contaminated reactor building atmosphere to the
environment. Those methods include (1) a slow purge using the existing hydrogen control subsystem with releases
from the unmodified 1€0-foot plant vent stack, (2) a fast purge using the existing hydrogen cortrol subsystem
and reactor building purge system with releases from the 160-foot plant vent stack, (3) an elevated purge using
the existing hydrogen control subsystem and reactor building purge system with releases from the plant vent
stack elevated to 400 feet, (4) an elevated purge using the reactor building purge system with releases
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from 3 new 1000-foot. stack, (5) a not plume release using the reactor building purge systes and a new incinerator
and 250-foot stack (a UCS proposal), and (6) an elevated purge using the reactor building purge systes and a
reinforced fabric tuve held aloft at 2000 feet by a tethered balloon {(a UCS proposal).

All six purge alternatives are similar in some respects. A1l the proposed alternatives would result in appro-
ximately the same sccupational exposure anad the consequences of a postulated accidental release are also roughly
egquivaient. Al the alternatives are capable of being implemented in accordance with the requiresents of 10 CFR
Part 20 (Ref. 19), the Aose design objectives nf 10 CFR Part 50, Appendix [, (Ref 15), and the applicable reguire-
ments of 40 CFR 190 10 (Ref. 12). WMo health effects would De anticipated from fmplementing any of the six purge
alternatives (see Sestion 7.1).

However, there are significant differences among these alternatives. The slow purge and fast purge could
essentially be implemented immediately (except for meteorological constraints for the fast purge). The resaining
four alternatives would require msogdifications tu plant systems and structures resulting in estimated schedules
for system gvailability ranging from a sinimum of four to five months (stack modified to 400 feet) to as long as
il months (a3 new 1000-foot stack), Another potential difference assoctated with the various purge a'tzrnatives w
is the potential psychological impact that each mignt have. 1o fact, the UCS proposed their .ariations of the
purge alternative not because of concern over heallh effects (none are anticipated). but as a seans of reducing
potential psychological stress. Because of inherent and uncertain delays, the NRC staff does not believe that
the UCS proposals would succeed in alleviating psychological stress. On the contrary, the tethered balloen
could even augment stress, depending o public perception. A tethered bailoon would be easily wisible to the
nearby residents and wou'd be an attraction of sorts that may Create as such stress as it is intended to
allaviate

The NRC staff supports the slow purge alternative as the best means of decontaminating the reactor building
atmosphere , thereby expediting the continued cleanup of the plant in a safe manner. In the staff's opinion, . =
best means of alleviating psychologica! st-ess in the vicinity around the plant is to compiete the overall
recovery effort safely and guicikly

5.3 Selective Absorption Systes

6 3.1 Introduction

The selective absorption system evaluated by tne NRC staff would operate by withdrawing gases from the reactor
building, separating essentially al) the krypton from the gases, and returning the gases to the reactor building.
Krypton is separated from other gases in a combination absorption stripping column which operates at greater
than atmospheric pressure and uses a liguid fluorocarbon as a solvent. The separated and concentrated krypton
may then be stored onsite or transported offsite for disposal. Alternatively, krypton gas in containers could
be transported to ang released at some remote site

6.3.2 Systes Description and Operation

A fluprocarbon absgrption process for removing noble gas fission products (krypton and xenon), carbon-14, and
other radicactive contaminants from gaseous waste. has been under deveiopment since 1967 by Union Carbide at Oak
Rigge National Laboratory (ORNL). Following their initial work to obtain solvent chemistry information and to
develop the process system, ORNL personnel construc J & smail pilot plant. This pilot plant utilizes a single
absorption colums process with a saximus gas flow rate of 15.0 scfm and has been in operation since 1578.

Actual removal efficiencies greater than 95 9% for krypton have been obtained. However, these efficiencies were
obtained for influent concentrations of noble gases substantially higher *“ r those existing in the reactor
building. Based on the results of the developmenta! and pilet plant test r ograes, ORNL personnel are optimistic

that their absorption process could be used at Tnree wile Island (TMI)
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The existing pilot plant, however, is not believed, by either the NRC staff or ORNL personnel, to be a practical
system for decontaminating the TMI reactor building atmosphere. This small-scale laboratory system was not
designed to be portable and is not readily adaptable for use at TMl. Approximately 50% of the hardware, including
refrigeration and reversing heat exchanger systems, which would be needed at TMI, are not presently incorporated
in the ORNL model. Most importantly, however, the existing pilot plant is unacceptable for use in decontaminating
the atmosphere in the reactor building because of this system's very small flow capacity. At 15 scfm it would
require nearly three years of continuous processing (i.e , no downtime for repairs and maintenance) to decontami-
nate the atmosphere to the maxmimum permissible Kr-85 con.entration (1 x 10-® uCi/ce?) for workers as required

by 10 CFR 20 (Ref. 19).

A larger selective absorption system, with the capability to process approximately 150-200 scfm, has also been
evaluated by the NRC staff. Although a selective absorption system of this size has never been constructed, it
would be expected to effectively remoye more than 99% of krypton from the process stream. After passing through
the column, the gas stream would flow back to the reactor building. Krypton would be removed from the column in
a separate flow stream and transferred to pressurizea containers for long-term (100 years) storage. The krypton
removal may be accomplished by either a bleed-and-feed process or by continuous operation. A system designed to
process 150-200 scfm, i operated continuously for about two months, would reduce the amount of Kr-85 in the
reactor building atmosphere to less than 0. 1X of its current inventory. We estimate that processing about
23,000,000 ft* of gas (11.5 reactor-building volumes) would be required to reduce the krypton level in the
reactor-building gases to the maximum permissible concentration of Kr-85 This would reguire approximately
three months of continuous processing.

The absorption system is based on the property of a flucrocarbon, namely dichlorodifluoromethane, or Freon 12,
to selectively absorb noble gases. The process has been integrated intc a single combination column with sup-
porting equipment, as shown in fFigure 6 3-1. Contaminated gases are withdrawn from the reactor building, dehu~
midified, filtered, compressed to approximately 125 psig, and cooled to near -30°F. The gas would then be fed
into the absorptiaon section of the combination column and contacted countercurrently with the downflowing Tiquid
freon solvent. The solvent containing the dissolved Kr-85 would subsequently flow into the intermediate and
final stripper sections of the column. The reboiler at the bottom of the column would operate at 104°F and

125 psig. The solvent from which the Kr-8% has been removed would be cooled to -30%F before it would be pumped
back to the top of the column. Trace guantities of water and iodine may be removed from this solvent stream by
a molecular sieve and/or silver-impregnated zeolite prior to recycling. The decontaminated gas would then leave
the top of the column. Decontaminated gases may contain 5 to 10% Freon 12, and would, therefore, be passed
through a turboexpander and a molecuiar sieve ted (a filter) to recover solvent. Tne decontaminated gas would
then be recycled inte the reactor building until the Kr=8B5 concentration reach:d allowable limitsg

The concentrated kryplon waste gas would be compressed and placed in high pressure cylinders for storage. The
cumulative waste gas collected from processing the contents of the reactor building could be stered at 2000 psig
in a few stangard gas cy!inders. The internal volume of one standard gas cylinder is 1.54 feet®. The krypten
activity in a cylinder will necessitate radiation shielding {approximately one inch of lead) and some cooling.
Alternatively, the krypton gas could be stored at lower pressure (and with lower risk of leakage) in a larger
number of these cylinders. Onsite storage is discussed in Section 6.8 and transportation and, burial or release
of krypton in a remote .ocation are discussed in Section & 9

Members of the NRC staff with extensive nuclear constructinn experience estimate that it would require at least
16 months® to make a scaled up selective absorption system, capable of processing 150-200 scfm, into operation

EORNL personnel have estimated that a minimum of 13 months would be reguired on a "best effort” schedule for making
a 150~scfm syslem operational at TM™] This estimate includes no contingencies and several simplifying assumptions
{Ref. 23). A more optimistic schedule 6t 6 months has alsc been estimated by a Congressional staff aide {See
Section 9.0)
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(2) Gas Storage

The process product, concentrated krypton gas, could be stored onsite in pressurizec containers. Numerous
container configurations can be designed. For 2 bounding calculation the staff has asummed that all
57,000 Curies of krypton are stored in one container. [f that container ruptured, a release of the krypton
to the confinement structure and subsequent releases to the environment over 3 two-hour period would result
in a total-body gamma dose at the site boundary of 20 mrem and a beta skin dose of 1700 mrem, assuming a
X/Q of 6.8 x 10“ sec/-:. This calculated total body dose is a small fraction of the )limits set forth in

10 CFR Part 100 (Ref. 15). There are nu skin dose limits in 10 CFR Part 100

Summary

The selective absorption process has been studied and has had extensive development on a small scale. Large-
scale operation has not been proven, but all signs indicate that the absorption system would perform satisfacto-
rily to remove krypion from the TMI reactor building atmosphere. The existing pilot plant at ORNL is not portable
and does not incorporate all of the components which would be needed at TMI. The pilot plant, because of its
small flow capacity, would raguire more than three years to process the building atmosphere to the maximum
permissible concentration of Kr-85 The NRC staff's "best effort” estimated time required to construct a scaled-up
(150-200 scfm) absorption system at TMI is at least 16 months, but a longer time may be needed, depending on the
number and complexity of problems that could ar’se during the design, procurement, construction, testing, or
operation phases of such a project. Based on prior operating experience, the occupational exposure due to
processing should be very low. Doses to the public would be neglibible since only minimal leakage of Kr-85 from
the system itself is expected. The estimated occupational exposure resulting from extended onsite storage is
90-170 person-rem  (See Section 6.8.) See Section 6.9 for a discussion of transportation and offsite disposal.
wWorst case accident scenarios do not result in threats to public heaith and safety.

6 4 Charcoal Adsorption Systems
6.4.] Introduct ion

The following discussion presents the NRC staff evaluation of a nonregenerative charcoal adsorber system This
system is similar to those used in boiling water reactor (BWR) off-gas treatment systems which are routinely
used to retain noble gases for decay prior to their release to the environment. The staff evaluated both the
ambient temperature and refrigerated charcoal adsorber systems. Both systems would require extremely large
volumes of charcoal; the ambient system would require 34 000 tons and the refrigerated system 12,000 tons. Both
charcoal systems when operating normally would have no releases associated with them; however, during anticipated
operational occurrences minor releases can be expected. Since noble gases do not reart chemically with charcoal,
Tong-term survei''ance would be required.

A regenerative charcoal! adsorber system was proposed in a public comment. The NRC staff has determined that
this proposal is not feasibie and it is not recommended. A discussion of this proposal is contained in

Section 9.5 16

6.42 System Description and Operation

Ambient Charcoal System. The transfer of radicactive airborne activity from the reactor building to the ambient

charcoal system would follow the same flow-path described for *h~ purge system. The radicactive airborne activity
from the reactor builaing atmosphere will contain moisture. [f the charcoal in the adsorber system is exposed

to humidity in excess of 3%, the charcoa! would lose its capacity to adsorb krypton. The major fraction of the
moisture would be removed as the airborne activity passed through the cooler condenser. Additional moisture
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DECONTAMINATED
VENT GAS

CONTAMINATEL
FEED GAS

VOLATILE SOLUBLE
COMPONENTS Kr, Xe, CO,

2000 LEGEND

FC ~FLOWCONTROLLER
TC ~TEMPERATURE CONTROLLER
LC ~LEVEL CONTROLLER
APC -~ DIFFERENTIAL PRESSURE
L CONTROLLER
PC ~PRESSURE CONTROLLER
CC - COMPOSITI™Y CONTROLLER
R - REFRIGERA/ION SUPPLY

Figure 6.3-1 Schematic of the Combination Column
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SEISMIC CLASS Y

Figure 6.4 2 Conceptual Layout - Charcoal Storage Arrangement
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Refrigerated Adsorber System. This system would require 150 tanks of charcoal. The radioactivity in each
succeeding tank would decrease as the activity in the reactor building decreased. The tank with the highest
activity would contain approximately 430C Curies. If the same accident assumptions are used for this evaluation
as were used above, the resulting doses would be increased by a factor of 3. Therefore, a beta skin dose of 124
mrem and a total body dose gamma of 1.5 mrem could be expected.

Susmary

It is possible to remove the Kr-85 from tre reactor building with either room-temperature or refrigerated charcoal
adsorber systems. The primary advantages of the room-temperature charcoal adsorber system are simplicity of
operation and the capacity to accommodate extremely radioactive gas mixtures However, the major disadvantage
for a room-temperature charcoal adsorber system is the large volume of charcoal it requires. A refrigerated
charcoy: adsorber system would reduce the volume of charcoal required. ‘lowever. to gain a reduction in charcoal
volume, an increase in equipment complexity would result. Since the primary fors of radicactivity in the reactor
building atmosphere is Kr-85, a noble gas fission product that does not ordinarily react chemically, the charcoal
adsorber would function as a physical adsorber to retain the Kr-85 Loaded charcoal beds would then have to
remain in storage approximately 100 years to permit radicactive decay of Kr-85 to insignificant levels. The NRC
staff has estimated thal a charcoal systes could be made operational in 2-4 years. This lead time is unacceptable
for those reasons discussed in Sectfon 5.0.

6.5 Gas Compression System
5.5 1 Introduction

The gas compression system involves drawing off the reactor building atmosphere into suitable pressurized storage
containers so that the entire inventory of Kr-85, remains in pressurized storage for approximately 100 years to
permit radicactive decay to insignificant levels. This system would reduce the Kr-85 concentration in the
reactor building by feed-and-bieed operation to the saximum permissible concentration of 1 x 10-% pCifec. To
accomplish this, approximately 23 million cubic feet (11.5 reactor-building volumes) would have *o be processed
by the system.

The staff has received a number of letters from the pubiic suggesting alternatives to the onsite purging of the
Kr-8. gas. Included were suggestions for compression and storage of Kr-85 and offsite shipment with subsequent
release at a remote site. Iransportation and offsite disposal of Kr-8% are discussed in Section 6.9. Addi-
tionally, comments on gas compression alternatives are addressed in Section 9.0

6.32 System Description » .4 Cperation

The gaseous contents of the reactor building would be transferred to pressurized gas containers for long-term
storage. The containers can be designed in various pressure/volume combinations to accommodate the reactor-

building gases

To reduce activity in the reactor building te maximum permissible concentrations, a total of 11.5 reactor
building volumes (23 million cubic feet) would be transferred to storage The compressed gas train would include
gas dryers, a charcoal adsorber, a HEPA filter, three gas compressors, storage containers, and associated piping
and valves. Figure 6. 5-1 provides a flow diagram of the system. The compressed gas would remain stored on the
site for approximately 100 years to allow the Kr-85 to decay to insignificant levels. The minimum volume for
the storage system would result if the gas were stored at the highest possible pressure The practical upper
pressure limit for gas storage is 2500 psig. At this pressure, 80,000 standard gas bottles (1 54 cubic feet)
would be needed to store the gas. An alternative to extended onsite storage would be to package the gas for
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offsite disposal. This alternative is discussed in Section 6.9. At the other end of the spectrum is a large-
i volume, low-pressure storage system. For example, if a container the size of the existing reactor building were
constructed, the gas could be ctored at 170 psig.

The General Public Utilities Corporation (GPU) contracted with MPR Associates to investigate the most practical
means for storing the compressed gas (Ref. 21). MPR recommended a low-prescure storage system in which the gas
would be stored at 340 psig in 36-inch outside-diameter standard-wall pipes. One million cubic feet of storage
volume would be required, which would be equivalent to 150,000 linear feet, or 28 miles of pipe. The proposed
pipe storage complex is divided into two major sections (high activity and low asctivity) to minimize shielding
requirements. The high-activity piping section would include 20% of the piping and would contain 90% of the
Kr-d5.  The high-activity section would be segregated into five units to limit Kr-B5 releases in the event of
leakage and to optimize inherent shielding. Low-acti ity pipe units would be placed to the outside of the
storage area to act as a shield for the highest activity units in the center. The building to house the high-
activity piping, the filters, dryers, and gas compressors, would be 260 feet long, 90 feet wide, and 30 feet
high. Six inches of concrete shielding around the high-activity piping would be reguired. The low-activity
pipe section would con’ain BOX of the total piping and 10% of the Kr-85. The building for housing the low-
activity piping would e 220 feet long, 160 feet wide, a..d 60 feet high. 1t would require no shielding.

No significant amount of radiation exposure should be incurred by plant personnel during operation of the gas

compression system. Ajl system components are relatively simple and should require minimal maintenance during

gas processing. Should maintenance be required, most components could be isolated and purged to decrease radiation

exposure during repairs. The staff estimates an occupational exposure of approximately six person-rems during

operation and maintenance. '

1
’ 6.53 Occupational Exnosure
I
I
r

Periodic maintenance of the long-term storage system is a potentia) source of occupational exposure. Although a
system can be designed for maintenrance-free operation, it would be unrealistic to assume that some maintenance
would not be necessary during the approximtely 100 years of storage required, The staff estimates that surveil-
lance and maintenance during long-term storage would result in an occupational exposure of approximately 42
person-rems.

6.5 4 Environmental Impact

Krypton-85 can be removed from the reactor building and stored in pressurized containers with minimal release to
' the environment. The resulting doses to the public due to the anticipated minor releases would be insignificant.

Although subsaquent Tong-term storage in pressurized containers cnsite will nut affect the environment directly,
= the potential for accidental releases will remain for over 100 years as the stored Kr-85 decays

6.5.5  Accident Analysis

The gas compression process was analyzed for its radiological consequences following an accidental release of
compressed gas from the storage system, The radiclogical consequences of a3 failure in the feed train were not
analyzed since it was assumed that the feed process would be isolated well before the accidental release
approached a magnitude which would equal a release following a storage-system failure. The accidents analyzed
therefore, represent the most severe accurrences with respect to their potential exposure potential at the site
boundary. Analyses were performed on accidental releases from several storage configurations.

L.—=‘j- R i i il i — R R RN S— L R —— L S ————————
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Assuming the .ampressed gas storage systes is segregated into four units, postulated unit failure with a subsequent
release of 14 250 Curies to the environment in & two-hour period would resuit in a site boundary total-body

gamma dose of 5.0 mrem and 3 beta skin dose of 410 wrem assuming a conservative X/ of 6 8 x 10°* sec/a®. The
total body gamma dose is a small fraction of the limit set forth in 10CFR Part 100 (Ref 15); 10CFR Part 100

does not include a 1imit for Deta skin exposure.

Sumeary

The gas compression system offers several advantages The gas compression system is essentially a "zerc release”
system which could be operated to decontaminate the reactor-building atmosphere with insignificant environsental
impact. The occupationa) exposure resulting from cperation and long~term surveillance of the system is estimated
to be 4] person-rems The major disadvantages of the gas compression system is the extensive time regquired to
build and instal) the systes (2% to 35 months). The NRC staff considers this time period unacceptable for the
reasons discussed 'y Section 5.0

6.6 Cryogenic Processing Systes
6.6.1 introduction

A potential seans of decontaminating the contaminated reactor-tuilding atmosphere 15 through the use of a cryogenic
processing system. The operating principle of the cryogenic processing systes is the condensation of Kr-85 froe
the incoming air by direct contact with liquid nitregen (doiling point, -195.8°C). The Tiguefied Kr-85 would de
allowed to concentrate and would then De waporized and transferred to an onsite storage facility for subsequent
gisposition. Use of the )iguefaction or cryogenic processes has Deer recommended Dy various members of the

public

The NRC staff has evaluated the availabiifty of an existing crycgenic processing system (CPS) at a commercial
boiling water nuclear power plant to decontaminate the reactor-building atmosphere. The cryogenic systea has
never been placed into operation and is being offered for sale By its current owner because of anticipated high
pperating costs and the degree of continued saintenance that the unit would require. Afthough the systee is
available for purchase and use by the Ticensee, the erection of a new byilding would be required to house the
systes because of the need to confine anticipateg leakage from the CPS. The buiiding would be approximately 110
feet long by 77 feet wide and would vary in height from 20 feet to 35 feet

662 Systee Description and Cperation

It instal ed, the cryogenic system wiuld connect with the reactor builoing through the existing hydrogen-control
system. The contaminated air froe the reactor building would De transperted to the cryogenic processing systes
in the adjacent buflding after passing through the HEPA filters and charcoal adsorber of the hydrogen control
systes

The cryogenic processing systes Consists of three processing trains. The major cosponents of each train are the
prefilter, tataiytic -scombiner, aftercocler, and Cryogenic treatment subsystem. The three processing trains
are supported by 8 hydrogen starage systee, 3 liguid-nitrogen storage system, and a noble-gas storage sysies -
¢low diagram of the cryogenic processing system is shown in Figure 6.6-1. The crycgeric processing system can
process alr from the reactor building at 3 flow rate of approvisately 225 scfe.  After passing through the HEPA
filters and charcoal adsorders of the hydrogen cootroi system for removal of trace guantities of airdorne ragic-
active particulates, the air from the reactor bullding would be heated in the CPS preheater prior to injection

into the PS5 catalytic recombiner for oxygen removal ang corresponding volume reduction of the recombiner effliuent.
The effluent gas from the recombiner would then he cooled 'n 3 downstream aftercooler ang directed to the cryogenic
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treatment subsystem (C1S). The rajor components of the (TS consist of two feea compressors, a gas preheater, a
trace recombiner, an aftercooler, a separator, three prepurifiers, a cooldown heat exchanger, a removal colusn,
a condenser heat exchanger, a phase separator, 3 decay column, a hydrocarbon conversion unit, and an ambient
neater. (A flow diagram of the cryogenic treatment subsystems is shown in Figure 6.6~2.)

The effluent gas from the CPS aftercooler would enter the suction side of the C1S feed compressors The feed
compressors would transport the gas through the preheater, trace recombiner ang aftercooler for gas heating,
removal of trace quantities of oxygen, and gas cooling, respectively Moisture would be removed from the cooled
gas in a downstream separator The gas would then enter the prepurifier for removal of carbon dioxide and any
remaining moisture. The purified gas would then enter the cooldown heat exchanger to reduce the gas temperature
to approximately -29°F. The chilled gas would enter the removal column where the methane and noble gases
{essentially Kr=85 and stable krypton, xenon, and argon) would be removed by condensation from counterflowing
1iquid nitrogen to collect in a pool at the bottom of the removal column, At periodic intervals, the condensed
methare and noble gas pool would be vaporized and remcved from the column via the CPS product compressor and
compressed into storage vessels for onsite storage at amdbient temperatures. See Section 6.8 for & discussion of
onsite storage. The )icensee estimates that it would take from 20 to 30 months to put the system into operation.
From consultations with construction engineers at Cak Ridge National Laboratories and in the nuclear industry,
the +taft estimates that it would take a minimum of 20 months tc get any {PS operationai

6.6.3 Qccupational Expasure

Of all the alternative systems considered for the decontamination of the reachor building atmosphere, the CPS is
the most complex in that it consists of more and varied componants than the other systems and is expected to
require a greater degree of maintenance during operation, In adgition, the system operates at positive pressure
(E5 psig) so leaks must be considered as an anticipated operational occurrence. [f leakage from the system
sccurred downstream of the CTS remova) column, that leakage would contain highly concentrated Kr-85 (that is, at
least three crders of magnitude higher than in preceding portions of the system). Therefore, the exposure to
workers operating and maintaining the CPS is anticipated to be greater than that of any of the other treatment
alternatives. The licensee estimates the exposure to workers due to processing, maintenance, and reouired
suryeillance activities during long-term ocnsite storage of the Kr-85, wouid be approximately 570 person-reas.

Most (approximately 90%) of this estimated exposure would occur because of surveillance activities (inservice
inspection of components, maintenance, and sampling) associated with the long-term storage of Kr-85. The staff,
however, does not agree with the licensee’'s estimates of the freguency and dose rates thit could be encountered
during surveillance activities nor with licensee estimates that exposure to workers would be in the range of 137
to 255 person-rems. The staff's lower estimate is based on the emphasis that would be placed on maintaining
inplant exposure ALARA and on the assumption that workers would spend less time in high-dose-rate areas than the
licensee has ectimated. The licensee agrees that extra steps could be taken during design, engineering, and
construction stages to reduce worker exposure; however, they state that such changes would significantly extend
the 20- to 30-month perio estimated for implementation of the CPS. The NRC staff believes that if ALARA concepts
are implemented in the imi.ial engineering and design efforts for the facility, the schedule would not be signifi-
cantly extended

6.6.4 Environmental Impact

The CPS, designed for a removal efficiency of 99.9% is not, therefore, a vzero-release” system. [During the
estimated 2-172 months that would be required to process the reactor-building atmospshere, approxisately 60
curies of Kr-85 weuld be discharged in the purified gas effluent from the system. In addition to this, an
unspecified amount of Kr-85 would be discharged *9 the environment due to anticipated leakage from the system.
The staf? believes that the CPS can be designec » minimize the environmental impact of uncontrolled leakage by
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judicious monitoring and rapid system isolation upon indication of an upset condition. In any event, the staff
estimates that the environmental impact during norma) operation ¢f the CPS wculd be insignificant (i.e., less
than 0.01 millirems beta skin dose and 0.0002 mi)lirems total-body gamma dose, assuming a X/Q of 5 x 10°° sec/m?).

6.6.5 Acci lysis

The CPS was analyzed for the hypothetical worst-case failure of the Kr-8% storage system. This failure assumes
the rupture of all gas storage vessels and a corresponding breac of the secondary storage containment structure.
Under these circumstances, the entire Kr-85 inventory of approximately 57,000 curies is assumed to be released
to the environment over a two-hour period. Based on anrual average meteorclogical conditions, the calculated
total-body gamma radfation exposure to a person at the site boundary would be 20 millirems, with a corresponding
beta skin dose of 1700 millirems, assuming a X/Q of 6.8 » 10-* sec/®*. This calculated total-body dose is a

saali fraction of the limits set forth in 10CFR Part 100 (Ref. 15). There are no skin dose limits in 10 CFR
Part 100,

6.6.6 Air Products and Chemicals, Inc., and MITRE Corp. Systems

The CPS discussed in the preceding section was chosen as a typical cryogenic system that is currently available
This system is designed by Linde Division of the Unien Carbide Corporation. Another currently available (PS,
which operates by essentially the same principle, is designed by Air Products and Chemicals, Inc. This systes
alsc uses the basic two-step process, which consists of hydrogen and oxygen recombination, ana then removal and
concentration of the radioactive gas by cryogenic distillation,

Yet another CPS was described by the MITRE Corporation. This system proposal, while using the same Cryogenic
techniques, would include a closed recycle Lo the reactor building. The proposal states that the systes would
also employ several other unique features including a normal krypton mekeup feed, and a process combination of
air separation plant, krypton distillation coluen, and molecular sieve filter bed to remove the Kr-85 The
proposed project schedule totals 11 months, which would allow nine months for procurement, fabrication modifica-
tions, and installation, and two months for the startup, debugging, system optimization, ang removal of the
Kr-85. However, the schedule does not consider the need for 3 new building to house the system. The NRC staff,
based on the giscussion in Section 6.6.2, believes this schedule to be an unrealistically short estimate.

Summary

The cryegenic system evaluated here is essentially the same as the other currently available CPS. A gifference
noted is the addition of & hydrogen supply to the recombiner in the Linde system to further avoid oxygen accusula-
tion. The MITRE sysiews, which includes an air-separation technigue and a recycle to the reactor building, wouleg
require additional fabrication, and more importantly, may require proof-testing before finalization of a system
design.

The primary advantage of each (PS proposed is that the offsite etyironmental impacts either from operation of the
system or from worst case accident scenarios are insignificant. Selection of any (PS as the best alternative is
not without its disadvantages, however. First, gdesign, construction, housing, and testing the CPS would result
in significant delays in the TMI cleanup effert. From NRC staff consultations wilh construction engineers at
Oak Ridge Mational Laboratory and in the nuclear industry, we estimate that it would take a minimum of 20 months
to get any CPS cperational. Second, based on prior experience, operation and maintenance of each (FS would De
likelv to produce a relatively high occupational exposure Finally, the onsite storage of concentrated
quantities of Kr-85 generated by each alternative would require long-term pericdic surveillance and would
accordingly represent a continuing risk to workers on the site, as well as to the public
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6.7 Combination Process and Purge Systems
6.7.1 Introduction

The staff has evaluated the feasibility of combining a krypton-recovery system (charcoal adsorption, gas
compression, cryogenic processing, or selective absarption) with one of the building-purge alternatives
(hydrogen control or reactor-building purge system). This combination method would be performed in two steps
First, a krypton-recovery system (the primary system) would process and contain approximately 95% of the krypton
from the reactor building. Then the remaining krypton (approximately 3,000 curies) would be purged Lo the
environment through either the hydrogen control or reactor-building purge system (the secondary system)

The chief advantage of this aiternative is the shortened time period, relative to the alternatives discussed in
Sections 6.3-6.6, which would be required to implement it. This advantage results from smalier scale processing
system requirements. If a 95% Kr-85 removal efficiency is desired with the primary system, approximateiy six
million cubic feet of contaminated air will have to be processed before purging could proceed In arder to
process this volume within approximately two months {comparabie to slow purge time) the primary system would
require a flow capacity of 75-100 scfm. This, primacy system used in combination with purging would require
flow or storage capacity gl].qas compression is chosen as the primary system) approximately 25-33% of the
capacity requirement for full-scale krypton-reccvery systems described within this assessment.

The staff has estimated a schedule for making a combination alternative operational. The two primary systems
that could be operational in the least time are the cryogenic processing system (CPS) and the selective absorp-
tion system (SAS). The staff estimates that the minimum times for a full-scale CPS or SAS to be aperational! are
20 months and 16 months, respectively. The charcoal-adsorption system and gas-compression systems would require
a minimum lead time of 24 months for full-scale system availability and would represent a major construction
effort. Even scaled-down, charcoal adsorption {e.g., 3000 tons of refrigerated charcoal) or gas compression
(e.g., 7 miles of 35-inch OD pipe storage) systems represent relatively impractical alternatives compared to the
CPS and SAS.

6.7.2 System Description

In the NRC staff's estimation, a scaled-down CPS weuld consist of one 7%-scfm processing train (as opposed to
three trains in the full-scale system). The remainder of the CPS, including the noble gas storage system, would
remain essentially as designed for the fuil-scale system (see Section §.4.2) The staff estimates, based on the
construction of a small building for a CPS with one processing train, that the lead time for the CPS might be
reduced, as compared to full scale, by as much as 4 months. Thus it would stil] take approximately 16 months to
make a small-scale CPS operational and an additiona)l two months to process the first six million cubic feet of
contaminated air. At least another month would be required for purging, assuming summer/fal) meteorological
conditions (see Section 6.2), to reduce the reactor building concentration of Kr-85 to below maximum permissible

concentrations of Kr-85 (that is, less than 1 x 10-% uCi/cc).

The full-scale SAS described in Section 6.3 would require the capability of processing several “undred standard
cubic feet per minute of reactor-building air, whereas, the scaled-down SAS would be required to process from 75
to 100 scfm. Thus, the scaled-down system could consist of a single train and feed components (dryer, compressor,
cold trap, and molecular sieve) and a lower flow capacity absorption column The requirements for the noble gas
storage system wuuld remain unchanged but the overall building requirements would be smaller than needed for the
full-scale system. The staff estimates that the lead time for the small-scale SAS might be reduced by as much

as four months. Thus it would stil] take a minimum of 12 months to get a small-scale SAS operational, followed
by several months of system operation and at least one month for subsequent reactor-building purging.




These estimates for anticipated lead times for scaled-down cyrogenic processing and solvent absorption systems
are based on the simplest designs and assume little or no redundancy (for increased reliability) in system com~
ponents  These estimates also assume minimum standards in regulatory requirements (Ref. 22) for building and
system quality and seismic classification. Thus the schedules for a combination method do not reflect allowances
for regulatory requirements which may be recommended as the result of a detailed staff review of a licensee
proposal for such a method.

6.7.3 Occupational Exposure

The occupational exposures that could result from implementation of this alternative range from 115-255 person-rem
(depending on the selection of either the SAS or CPS as the primary system) and are discussed in Sections 6.3.3
and 6.6.3.

65.7.4 Environmental Impact

The environmental dose impact associated with this alternative (assuming 5% of the reactor-building atmospheric
inventory of Kr-85 is purged) would be approximately 1/95 (0.01) of the impact associated with the slow purge
alternative discussed in Section 6.2. This would present negligible public health risk (See Section 7.1.)

6.7.5 Accident Analysis

The accident analyses described in Sections 6.3.5 and 6.6.5 would apply to this alternative. The resulting
total-body and beta skin dose to the maximum exposed individual are estimated to be 20 ang 1700 mrem,
respectively.

Summary

The staff's evaluation shows that the “combined” alternative methca can reduce the lead time for system avail-
ability by as much as 25%. Nevertheless, the minimum time frame to make this method operational is one year
and, for the reasons outiined in Section 5.0, represents an unacceptable delay in the decontaminaticn of the
reactor-building atmosphere

6.8 Onsite Long-Term Storage of Krypton-85

All alternatives proposed for removing the Kr-85 gas, other than by reactor-building purge or disposal offsite
(see Section 6.9), require provisions for a Tong-term storage facility on site (for approximately 100 years to
allow for radioactive decay). see Section 6.9 for a detailed discussion of the trans-
portation and offsite disposal of radicactive gases

The existing technology for storing Kr-85 is limited Table 6.8-1 provides an 3ssessment of different storage
technigues

Although shailow land burial is a common disposal method at the commercial Tow-level waste facilities, the NRC
staff is opposed to bur of any radioactive waste at Three Mile Island because of the potential for subseguent
release to the eavironment. Thus onsite gas storage in an engineered facility remains as the only practical
alternative, even though this type of storage has not been perfected. For example, container corrosion is a
major problem that can be caused by collected gas impurities such as oxygen or nitrogen oxide, and water. Also,

ribidiue, the decay product of Kr-85, may cosbine with oxygen to form %20. The long-term corrosion effects of

llbzﬂ in pressurized storage containers of Kr-85 are not known, Thus further study and staff evaluation would be
necessary if a Kr-85 disposal method were chosen that required long-term storage
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Low=pressure tanks
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no field tests

High-pressure cylinders Used for shipment at (PP,
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short-term operation
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Low pressures with low peak
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Reduces vapor pressures
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process technically difficult
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for the Krypton-85 Storage Development
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Very large storage volume; ozone
removal required; radiolytic
product corrosion unknown

Long-term corrosion unknown; high
pressures increase probability
of massive release, secondary
containment required

Large storage volume, fire
and explosion hazard

Effects of radiation, temperature,
and corrosion need extensive study,

LTy

Delay n Ml cleanup

Program, "EG and G, CR EY-Th-c-07-1570,
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6.9 Transportation and Offsite Disposal
6.9.1 Discussion

The implementation of the Cryogenic Processing System alternative, Selective Absorption Process System alter-
native, or Gas Compression System alternative (using high pressure standard gas cylinders) would result in
contained inventories (57,000 Ci) of Kr-85 which would be stored onsite to permit radioactive decav. Based on
the half-life of 10.7 years for Kr-85, it would take approximately 100 years for the krypton to decay to
insignificant levels. An alternative approach to extended storage of the gas at TMI would be to transfer the
gas to DOT and NRC approved containers for transportation and offsite disposal.

The staff has considered several alternatives of disposing of the Kr-85 at an offsite location. The alternatives
include transport to a commercial low level waste burial ground (for burial) and transport to a remote location

(e.g., a desert) for release to the environment.

6.7.2 Environmental Impact

There are three commercial low-level waste burial grounds currently in operation, located in Barnwell, South
Carolina; Beatty, Nevada; and Richland, Washington. However, the State of South Carolina has imposed a ban on
shipments of waste from THl Unit 2, leaving only the two Western sites as potential receipients of gas-filled
containers of Kr-85 from TMI. Each site has different criteria for acceptance and burial of radicactive gases
in Federally approved containers. The Richland, Washington site is licensed to accept pressurized containers
(up to 1.5 atmospheres absolute) of gases containing not more than 100 curies per container. The containers
must also be buried individually and located at least 10 feet from neigboring containers. Given the site
restrictions for burial of radoactive gases at Richland, the inventory of Kr-85 from TMl would require approx-
imately an acre and a half of burial space.

The site in Beatty, Nevada is licensed to accept gas containers that are pressurized up to one atmosphere
(absolute) and limited to 1000 curies or less. Gas containers containing from 100 to 1000 curies must be
surrcunded by at least 6 inches of concrete on all sides.

It should be noted that transportation of radicactive gases for disposal in commercial shallow land burial sites
has not been a common practice in the U.S

Given the burial site limitations for container pressure and curie content, and the required use of DOT and NRC
approved shipping containers, the number of required containers for transporting 57,000 Ci of Kr-8% ig
potentially high. Under ideal conditions, a minimum of 57 and 570 containers would be required for acceptance
at Beatty and Richland, respectively.

The environmental impact resulting from the burial of 57,000 Ci of Kr-85 would essentially be the population
exposure incurred by the workers who would be required to package the gas at TMI, handle the gas shipping
containers, transport the gas to a low level waste burial site and handle the gas containers at the burial site
The packaging and transportation of the Kr-85 gas would be conducted in accordance with appropriate DOT and NRC
requiatfons The stimated exposure resulting from these operations would range from 8 ta 24 person-rems The
corresponding population exposure to members of the general public is negligible by comparison because of limited
contact of the waste containers to the general public during transportation. In addition, the staff assumed
that the population dose due to subsequent release (from corrosion of the containers in the ground) of the total
inventory af Kr-85 gas is also negiigible. The assumption is based on the minimal environmental dose impact of
a release of 57,000 curies of Kr-85 (see Section 6.2) and low popu'ation density in the vicinity f the burial
site
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The alternative to offsite burial is transpertation to a remote location for controlled release to the environ-
ment. This alternative presupposes that a suitable facility would be constructed to «ftect a controlled release

at the remote site. This alternative alsc assumes that there will be 3 negligible population dose to the public
following release for the reasons elaborated above. Because the same basic operations {7 e , packaging, handiing
at TMI, transportation to a remote location, and nandling at the remote site) and limitations (i.e., DOT and NRC
packaging and transportation regulations) on ti  alternative apply to the operations for the burial alternative,
the expected population dose is the same, namely, 8 to 24 person-rem. Although burial or release of the radioactive
krypton of a remote site could be accomplished, the NRC staff believes this probab’y would not be acceptable to
local officials and residents.

6.9.2 Summary

The envirocnmental dose impacts resulting from the operations associated with transportation and otfsite disposal
would be *n addition to the exposures incurred during the decontamination (i.e., during process operation) of
the reactor building atmosphere but would not include the exposure incurred for the surveillance required during

extended storage.

Although the environmental dose impact resulting from transportation and offsite disposal of the packaged Kr-ES5
is degligible, the NRC staff does not recommend this course of action tor the following reasons. This course
would presuppose the selection of a reactor building atmosphere decontamination alternative which would result
in a delay of the entire TMI cleanup effort. Purging, as a method of decontamination, could be accomp 1 1shed
quickly with negligible public health consequences (see Section 7.0)




8 Health Effects
7.1 Physical
7.1.1 Summary and Conclusions

The NRC staff has determined that there would be negligible physical public health risks associated with the
use of any alternative evaluated in this assessment, except the "no action" alternative. For the staff's
proposed purging alternative in particular, this determination has been supported by others, including the
U.5. Environmental Protection Agency, the U.5. Department of Health, Education, and Welfare and two groups of
independent scientists reporting to the Governor of Pennsylvania. The Union of Concerned Scientists reported
that, based on "current evidence of effects of whole body radiation on human populations, ...no health ef’. *s
would be anticipated as a result of the 'ground release' venting" (Ref. 3). The National Council on Radiat’un
Protection and Measurements (NCRP) in their report to the Governor, noted that "exposures likely to be received
as a resuit of venting are no valid bases for concern with respect 1) health effects" (Ref. 23). In the N«C
staff's judgment, there is, then, no physical pubiic health basis for eliminating the purge alternative.
Additionally it should be noted that, based on the relatively greater radiosensitivity of humans, there would
be no adverse impact on plants or animals following purging.

7.1.2 Discussien

The NRC dose model for Kr-85 and other noble gases released at the time of the accident is based on present

day state-of-the-art dosimetric models. Noble gases have no significant food pathway involvement or modes of
exposure other than from immersion in a cloud of the gas. The NRC Kr-85 dose model is in good a-.eemeni with
estimates provided by other groups. The National Council or Radiation Protection and Measureme its provides a
consensus of the risks of Kr-85 exposure in Krypton-85 in the Atmosphere--Accumulation, Biologicas >i,nificance,
and Control Technology (hereafter NCRP Report 44) (Ref. 24). Much of the basic information about Kr-85 in

this section is derived from NCRP Report 44.

Krypton-85 is a radiocactive isotope produced by the fission of several heavy isotopes, suzh as uranium-235,
vranium-238, and plutonium-239. Most of the Kr-85 in the TMI-2 reactor building resulted from the fission of
uranium-235 prior to the accident. Krypton is one element in the series of noble gases that include, in order
of increasing atomic mass, helium, neon, argon, krypton, xenon, and radon. These gases are colorless, tasteless,
and do not undergo chemical reactions with other molecules in living tissue. Krypton-85 has a 10.7-year
radiological half-life ana emits beta particles by two different decays. Beta emission is not followed by
emission of a gamma ray for 99.6% of this decay process.

People are cont nuously exposed to Kr-85 which is normally contained in the world's atmosphere. In the past
krypton has been released into the atmosphere during nuclear weapons tests In addition, krypton has and
continues to be released to the atmosphere from nuclear fuel reprocessing plants throughout the world. As a
result of these releases, background levels of krypton throughout the earth's atmosphere are readily detectable
with suitable irstruments In the TM] .ea, for example, the U.S. Environmental Protection Agency has measured
normal background concentrations to be about 30 pCi/m®. This concentration results in annual Kr-8% background
skin and total-body doses of about (0. 00004 and 0.0000005 mrem respectively to all members of the public. This
compares to an average annual total-body background dose (from sources other than medical) of about 100 mrem

in the U S. Medical and dental exposures normally sccount for another 100 mrem per year to individuals in

this country

Krypton-85 has low blood solubility and high 1ipid (fat) solubility, but diffuses rapidly in tissue to reach
concentrations proportional to those in the surrounding 3ir, a condition referred to as an equilibrium concen-

tration. NCRP estimates that the equilibrium concentration of Kr-8% in body tissues (pCi/qg) relative to the



surrounding air (pCi/ca®) is as follows: (1) separable fatty tis:ue, such as breasts, thighs, waistliines and 1
around some body organs-41% of the concentration in air, (2) skeleton-13% of the concentration in air, (3)

soft tissues (¢ *h as organs, muscles, brain, etc.), -8.3% of tne concentration in air. Considering the dose

from beta p3 les and gamma rays (plus their resulting radiations, such as bremstrahlung®) both from around

and inside a person, the skin is the organ that receives the highest numerical dose. followed by lung and bone

tissue. However, as noted in NCRP Report 44, the skin is one of the least susceptible tissues to radiogenic

cancer. Furthermore, while any cancer is potentially fatal, most skin cancers lend themselves to successful

treatment.

The 1979 draft repori of the Committee on the Biological Effects of [onizing Radiation (National Academy of :
Science) provides a tentative estimate of risk of radiogenic skin cancer (Ref. 25). That mode! would indicate |
that the risk of inducing a fata) radiogenic skin cancer is less than 1% of the risk of death from other

cancers resulting from total-body irradiation (per unit of dose). As a result, the NRC staff concludes that

the total-body dose is critical for determination of cancer mortality risk for estimating genetic risk for

poth sexes. This will be discussed in more detail later in this section.

The NRC heaith effects mode! was developed in 1975 for the Reactor Safety Study by a 13-member advisory group,
(three of whose members were also members of the 1972 National Academy of Sciences Committee on the Biological
Etfects of lonizing Radiation (BEIR) (Ref. 26). The advisory group inciuded six physicians, one veterinarian,
and six life scientists. Two members were from the University of Pittsburgh School of Public Health.

The NRC health effects mode] is shown in Figure 7.1 in graphic form. This mode!, which uses observed estimates
from the 1972 NAS/BEIR Report (Ref. 27), assumes that, following a radiation dose, there is a latent period
during which no cancers occur. The latent peric is variable, and is assumed to be dependent only on the
specific type of cancer.** Following the latent period there will a period in which cancers will be observed
(plateau).

Using the total-body dose estimates for the alternatives shown in Table 1.1 and the NRC cancer mortality risk

estimate af 135 deaths per million person-rem, the potential cancer deaths were calcuiated. The total potential

cancer mortality to both the 50-mile population surrounding TMI-2 and to plant workers is estimated to range

from a minimum of 0. 0003 (purge option) to a maximum of 0.034 (cryogenic option).*** Almost all of that risk ‘
would be borne by workers exposed at the plant (purge = 0.0002, cryogenic = 0.034). The cancer martality risk

among the general population within 50 miles resulting from the purge option would beavout . 281 |

The maximum potential lifetime-individual risk of cancer mortality would accrue to a fetu: that received the
maximum estimated dose of 0.2 mrem. Using 300 deaths per million person-rems from Table 7.., the excess
cancer-mortality risk for thi, scenario would be six chances in 100,000,000 (0.00000006) compered to a current
normal litetime expectancy of one chance in five (0.2) from all types 7 cancers. Risks for ali other age
groups wovld be even lower than this extremely small value.

Using the total body dose estimates for the options shown in Table 1.1. and the NRC genetic =ffect rist estimate
of 260 cases per million person-rem the potential yenetic effects per generation were calculated. The tctal

*A type of X-ray

**aAnimal studies indicate that the latent period generally increases with decreasing dose.

*R%EPA  in an April 11, 1380 letter to NRC, (Ref. 28) independent'y estimated 0.00022 and 0.057, respectively.
These values represent close agreement with NRC estimates.
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potential for genetic effects in plant workers and the S0-mile papulation surrounding TMI-2 is estimated to
range from a minisue of 0.0005 (purge option) to a maxisum of 0.086 (crycgenic option). Almost all the risk
would be borne by future descendants of workers at the plant (purge = 0.0003, cryogenic = 0.066). The saximsus
genetic risk ta future descendants of any offsite sember of the public would be five chances in 100,000,000
{0.00G00005) compared to the current expectation af a normally occurring genetic effect at a rate between one
and five chances in 100 (.01 to .05).

Recent cancer statistics indicate that sore than 14 persons per 10,000 persons will contract skin cancer each
year (calculated from Ref. 29). Thus, the typica: risk of occurrence per lifetime is adbout 11X%. Meost of
these cancers occur on the face, neck, arms, and hands du? to exposure to the uitraviclet (UV) rays from the

sun

Since most sk 'n cancers are not fatal, m st are unreported in cancer registries. Estimates indicate more than
300,000 new cas's of skin cancer occurred in the U.S. (popuiation of 220 million) in 1979 (Ref. 29). tHowever,
of those cases reported, there were 5 900 deaths. Of those that died, 4,300 (out of 13.600 cases) were fros
®seianomas ,® and 1,600 (out of scre than 300,000) were from other types of skin camcer. Therefore, the sorlality
rates were about 30% for melanomas and less than 0 5% for non-selanomas. The overall lifetime mortality risk

of all types of skin cancer is currently less than [ chances per 1 000 persons (that is, about 1.5% of the
total risk of cancer mertality)

The 1979 Jdrrst BEIR report indicates on the order of one case of skin cancer will develop per year per million
person-rem of jow LET radiation {such as emitted by Kr-85) (Ref. 25) Although no stud es have 'ndicated a
definits “~Crease ‘n melanceas as a resylt of radiation exposure, 1t was assumed for this assessment that the
Tifetitv, rise . s tality (not incidence) froe radiogenic skin cancers is the same as for naturally occurring
spontanecus skin ( ‘acers That assumption implies that the lifetime sortality risk is on the order of ane
death per million person-res (skin).

Baced on this assumption, the |ifetime cancer mortality risk from a total bedy dose is at least 135 times
greater than a cosparable skin dose ** The beta dose to the exposed skin from Kr-85 is adbout BD times greater
1han the total Sody gamma dose Tor unprotected members of the public. This ifsplies that the cancer sortality
rish from Kr-85 =+ !n doses to the publi¢ would be on the crder of 60% of the cancer mortality risk from the
Kr-85 (tal body o e

Therefore a skin dose ¢f 11 srem to an individua’' {purge option) would be predicted to cause less than one
(about 0.000006) additional skin cancer mortality asong the SO-mile population of 2.2 million people. This
compares with 4 00D expected deaths from skin cancer from other causes (primarily sunlight}, and over 400,000
total expected cancer deaths in the area regardiess of whether the Kr+-85 is released or not

-

Ising the estimates of average life-shortening in Tabie 7.1, and the dose estimates in Table 1.1, it is possitle

to estimate the average loss-of-1ife expectancy associated with Tatent cencer sortality The maximum 11%e-

shortening would resuit from irradiation of a fetus in the scther’'s womt Jsing 7.2 days per rem, lhe saxisum
3 1

dose ¢f 0.2 mres would resull in & statlistically average risk of 7.1 sinutes Risks to all other age groups

woulad be sven |ess

Felanosas are & rare but dangercu: skin cancer

**135 cancer deaths/i0° person-res (total body) .
I cancer deaths/ 0" persan-rem (skin) - ©
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Table 7.1 Summary of Age Specific Cancer Mortility Risk Estimators and
Associated Life-Shortening

Potential Cancer Mortality Average Life-Shortening
Age Group per 10% Person-Rem* per Person-Rem*

Totals Hours Tota! Days

In-Uteru 150 Leukemias 300 87 7.2
150 A1l others
0-0.99 years 50 Leukemias 93 25 1.5
43 Al others
1-10 years 50 Leukemias 150 24 1.5
55 A1l others
11-20 years 25 Leukemias 196 10 2.0
171 A1) others 12
20-70 years 23 Leukemias 131 5 0.63
108 All others 10
All ages 28 Leukemias 135 10 12
107 A1l others 18

*for a population composed only of that age group.

A summary of other common competing risks of mortality comparable tc the maximum total-body dose (purge option)
is shown in Table 7.2.

Table 7.2. Summary of Lifetime Risks
o7 Mortality Numerically Equivalent to 0.2 mrem

Type of Activity Equivalent Mortality Risk* Causes of Deaths

Cigarette Smoking Inhaling of few puffs lung cancer and
cardiovascular
diseases

Drinking A few sips of wine cirrhosis of the
liver

Automobile driving three miles accidental death

Commercial flying 14 miles accidental death

Canceing 20 seconds drowning

Being a man aged 60 one minute all causes of

death at age 60

%5ir Edward Pochin, “The Acceptance of Risk,” (Ref. 30)

The staff has compared the arse conversion factors for the noble gases released during the TMI-2 accident with
that for Kr=85 [t can be shown that it would require the release of approximately 500 millicn Curies of

Kr=85 under the same exposure conditions that existed during the accident tc result in population doses comparable
to those received from the 10 million curies of xenon and krypton radioisotopes actually released during the
accident, Stated another way, the release of 57,000 Curies of Kr-85 under accident exposure conditions would
have resulted in only about 0.01% of the population dose which was estimated to have resulted from the accident.
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It should be noted that even the relatively large amounts of noble gases (including Kr-85) released during the
accident were determined to present little risk to the public by the Kemeney Commission (Ref. 31), Rogovin
Report (Ref. 32), and NRC staff (Ref. 17).

A summary of other common competing risks of mortality comparable to the maximum total-body dose (purge option)
is shown in Ta e 7.3,

Table 7.3. Summary of Latent Radiogenic Cancer Risks Comparable to 0.2 mrem

T of E sure

Commercial Subsonic
jet travel

Commercial supersanic
jet travel

Living in Denver, Colorado
(as opposed to Middletown)

Moving to a location about
20" higher in elevation
than Middletown
{same type of home)

Sleeping with
another person

Living at the site
boundary of a coal-
fired plant

Living in a tight,
errgy-efficient house

Equivalent Radiological Risk

Source of Dose

29 minute flight at 30,000 ft.

18 minute flight at 60,000 ft.

one day

one year

about eight months
at eight hours/day

about two weeks

about one night

cosmic rays
(Ref. 33)

cosmic rays
(Ref. 33)

cosmic ray and
terrestrial radia-
tion (Ref. 34)

cosmic rays
(Ref. 34)

naturally occurring K-40
gamma rays (Ref. 35)

natural radicactivity
emitted by coal
combustion (Ref. 36)

increased levels
of Rn-222*

Assumes (a) one extra 0 001 uCi of Rn-222 per m® of room air (actual measutements have shown up to
0.03 uCi of Rn-222/m¥)* and 50% equilibrium for radon progeny, (b) 2 x 4-* Jung-cancer deaths per
working-level month (WLM), and (b) being at home 100 hours per week (or approximately 15 hours per
day). Therefore,

(2 x 20-* lung cancer deaths) & (0.005 WL @ 50 percent equil) . (100 hrs/wk)**
( WiM ) T ( 0.001 puCi/m® Yy 7 (40 hrs/wk)

(12 months) _ 30 deaths
( yr ) million people

or: 3 chances in 100,000

compare with (0.0002 rem) x (1.35 x 10-* cancer deaths/(rem)

= 3 chances in 100,000,000

i.e., about 1,000 times greater risk for an energy efficient house

(365 aays) - (24 hrs) . B.B hrs (a good night's sleep)
( 1000 ) = (day)

“*Hallowel, et al., invited paper, 1979 Meeting of the American Nuclear Society, San Francisco, CA.

**Correction for differences in exposure periods at home compared with uranium miners
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Based on the cancer statistics just discussed, about 11 out of every 100 persons will develop a skin cancer
during their 'ifetimes (Ref. 24). It is assumed that most of the current risk is due to exposure of the skin
to ultraviolet rays from the sun. Since the current risk of skin melanomas among black persons is only about
18% that of hite persons, it was assumed the difference is largely due to greater protection of the germinal
layer of skin from UV by melanin pigments in the epidermis of black people. If it is conservatively assumed
that the difference is due only to UV irradiation, then about B0% of all skin cancers in the U.S. would be due
to exposure to the sun (i.e., about 9 cases per hundred persons).

Comparing these figures with the 1979 draft BEIR estimate of about one case per year per million person-rem
(Ref. 25) indicates that background radiation accounts for less than 1% of the expected skin cancers.* This
is further evidence that the skin is relatively insensitive to ionizing radiatiun.

Some people (for example, farmers, commercial fisherman) spend as much as a third of their lives exposed to
the direct rays of the sun (primarily head, neck, arms, and hands). Others (e.g., miners, v *ice workers,
etc. ) may spend less than one-tenth of each adult work day in the sun. It was assumed here that the average
person spends about 3 hours per day (including weekends, childhood and retirement years) in the sun. The
average risk of UV induced skin cancer is therefore:

0.09 skin cancers & eni .
(3 hrs/day)(365 days/yr)(75 yre/person)* ° L 1 x 10-% skin cancers/hour of s,

Using the 1979 draft BEIR estimate of 10-" cases of radiogenic skin cancer per year per person-rem yields on
estimated equivalence of 0 045 hours of exposure to sunlight and one millirem of skin dose (Ret, 25).**

Using the maximum individual skin dose estimated by NRC (11 mrem), the added average risk of skin cancer would
be equivalent to spending 30 minutes in the sun. The average individual in the population would have an added
risk of skin cancer equal to about a half-second of exposure to the sun's rays.

*Expected: 0.11 x 2.2 x 10 = 24 mil'ion cases of skin cancer. From 0.1 rem/yr of background r.aiation:

%5 01 - 1 x 10%* skin/cancers/yr
(;773%%252) { w;agfg) (2.2 x 10% persons) (350 years at risk) (== Serson-reR LTy

4
= 8 x 10 skin cancers or, g~: {g x 100% . 5 4% of tota) expected

A

(l.n 10-® skin cancers/yr per person-rem, (50 years at risk) = 45 hours
1.1 x 10-® 5kin cancers/hour of sun person-rem
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7.2 Psychological Stress
7.2.1 Conclusion

The staff concludes th:% the psy hoiogical stress resiiting from atmospheric purging will De Tess sewire than
from any of the other _.contasination alternatives. Purging the reactor duilding 7t the guickest of the
decontamination alte 3t 35 and will, therefore, resslt in stress of shorter duration relative to the other
alternatives Such .. w-i1h0s would use consicerably mcre compiex equipment and processes and wouls N redy
prolong the uncertainties and associated stress over the possibility of accidental relesses. In additicn,
removing K53 froa the reactor DLilding may Se perceived as & crucial first step in progress toward owerall
decontamina, ion of l’li~2 and elimination ¢f the potantial for future gisruption from that weit

The staff acknowledges that the purging recommendation may De urgopular to 3 segment of the Jocal population
ang percetwed as further evidence of NRC iﬁsessniséty o their aporetensions. Notetreless, the staff telieves
that, given the absence of radislogical risk from the purging opticon, in the lang run, prompt decontasinaticn
of he reactor Luilding atacsphere wil! substantially alieviate psychalogical stress due to 2 Contern over
unplannec radiological releases fros the facility and dowdts adoul the adility ang decisiveness of the ML to
take atfirmative measyTes

7.2.2 Discussion

A number of studies reported psychological cistress as widespread in the population around Three Mile Islang
at *he time of the accident (Befs. 31, 37-39). Morecver, some level of psychalegical &istress continues to De
B530C 1 Yied with various Tssues surrounding the current and future status of the Tacility (Refs 3B, 395) In
particular, anxiety s Kigh among some sesbers 0f the populatien at the prospect of Feypton-89 releases to 1w
envircoment from the Unit 7 reactor building (Ref. 31). Recogniziag this fact, the staff nas eapiored the
possidile @ifferent levels and characteristics of psychclogical stress associated with each of Lhe Cecontami-
naticn alternatives. [n reaching conciusions on the relative psychological Tapacis ameng the 2itersatives.
the staff coniidered severa! spurces, ingluding studies af psychological stress and psychelogical sequedes {of
after effect) of disasters 0Ff particelar relevance were studies, Oy experts oo psyrmological stress (Refs. 3.
37-41), that specifically addressed Conditions in the Three Mile [slanc srea and an evalualion of pusisg
comments. The Waman Desigr Group, assisted the $taff's evalualion. The Humas Tesign Crow's principal mesbers
are atfiliated with the Department of Medical Psychology, Uniformes Service Unfiersity of the Mealth Services
8ased on consultatians with psychelogists the staff coacludes 1hat the purging alter-ative Ras less potestiai
for creating lsag-ters psychalogica’ stress than those alternatives which take longer 1o imglement

Fsychoiogical stress is @ complex set oF sentsl, Sehgviors] and physiciogica’l phencomens & response patlern
resuiting from o person’s apgrafsal of as event or situation that threatens some king of Sanger. tamw, or

1053 Trese patterss inciude Increased physical and psychelegical arcusal, and 2 search for allernmatives o
cope with or reduce danger or 1oss  [f 2 perceived threa is mot controlleg or reduwced, 2 person affected aay
sufter paychelogical as o)l as physical strain and their consequences. Stress may e Induced Dy a wide
variety of situations or evesls The level of siress 13 gecerally assscisted with 3 person’s perreption of
the severily of Toss or fare  WRiTe sgst persdns Rave the C3DaCTly 10 reCover Quite we!l from acule streds
Caused Dy 3 specitic event, 3 small percentage of 3 pepulition say experience lasting physical andior emctions)
effects from the iame event. Such chronic stress, however, 15 wsually related 10 svenls ohich Cause siress
tor long periogs. While chronic censaguenses of short-lers #wents thst Cawse stress are still an apen guestion
the long and short-tawm symploms are <igilar.  emotional tension, cogritive impatrment, and somalic compiaints
The conclusions on the psychelogical stress associated with atscspheric decomtamination of the THMI-I reactor
building are, in part, based 04 theee valuable studies that hawe receivag wige distribution. They are
Gotrerwend’ s techhical report (Ref. 37) for tre Kemeny Jommissicn. Moels' study (Ref. 38) for the Peonsyluania
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Department of Health, and Fiynn's preliminary report (Ref. 3%) on the TMI telephone survey of residents around
M1l for the NRC. Fach of these studies attempts to answer in part the question, "What are the mental health
consequences of the accident?" Each examined different indicators of psvchological stress, some of which are
reports by individuals on their physical or mental well-being. These reports, nevertheless, agree that there
was an increase of psychological stress initially following the accident that had diminished by mid-summer,
1979. They felt that this drop indicated that stress linked with the accident was acute or event specific.
Houts (Ref. 38) and others (Refs. 37-39), however, find several indicators of stress that remain high even
aft. the accident. The continuing stress seems related to two issues: future decontamination plans for
TMI-2, and a distrust of those responsible for these activites. These two interrelated issues represent a new
source of stress that continues beyond the accident. The Kemeny Commission suggests that stress was {nduced
and exacerbated by a lack of confidence in those currently in charge of TMI operations. These stresses are
seen to be acute. In addition, the Cummission' propases that any increase in the incidence of long-term
mental or physical health ; "oblems caused by the accident will be insignificant. The effects of stresses in
the post-accident period are uncertain; however, several researchers (Refs. 40, 81) foresee no long-term
stress-related health probles.

As a result of the above review, the staff suggests that current distrust of acthority in a percer rage of the
population will be an important factor in the community's evaluation of any decontaminatic. . an (Refs. 37-39).
Such distrust can heighten a person's or a community's perception of potential danger and their feelings of
tack of ontrol, as was found in several studies (Refs. 38, 39). These feelings may cause some TMI resideits
to resist any agency-sponsored action. The level and duration of stress is determined in part by how lon, the
source of the stress is present and by how people perceive their ability to cope with it. Perceived fielings
of lack of control found in the TMI community are enhanced by previous conflicting and inconsistent stances
made by the major organizations involved during and after the accident (Ref. 31)

In addition to stress related to distrust of authority, there is the issue of duration of siu.=ss and related
stressors. Some stress will exist in the TMl area as long as decontamination is .« *yed and agencies are seen
by some to lack credibility and are perceived as insensitive to the area's welfare. Acute stress for many
residents Lould be elevated by the purging, but should diminish thereafter. Thus, three sources of - .ress
seem pertinent to TMI-2 decontamination: (1) the duration of reactor building atmosphere decontamination
operations; (2) the immediate fears purging arouses; and (2) distrust of authorities responsible for
decontamination activities

R ———— —— RN e e . T e WS
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8.0 Radiological Environmental Monitoring Program

8.1 Introduction

The radiological environmental monitoring around the TMI site and nearby communities during decontamination of the
reactor building atmosphere would be performed by (1) the U.S. Environmertial Protection Agency (EPA), (2) The
Commonwealth of Pennsylvania, (3) the U.S. Nepa:tment of Energy, (4) the Nuclear Regulatory Commission, and (5)
Metropolitan Edison Company (the licensee). Fa2 . program is summarized in the following subparagraphs; a more
complete description is given in the £'A report, "Long-Term Environmental Radiation Surveillance Plan for Three
Miie Island,” March 17, 1980.

8.2 U. 5. Environmental Protection Agency (EPA) Raciological Monitoring Program

EPA has been designated by the Executive Office of the President as the lead Federal Agency for conducting a com-
prehensive long-term environmental radiation curveillance program as a follow up to the accident at TMI-2. EPA
has recently incorporated a separate section in their surveillance plan detailing the monitoring program to be
implemented should the NRC staff proposal to purge the reactor huilding atmosphere be approvea. EPA operates a
network of 18 continuous air-monitoring stations at radial distances ranging from 0.5 mile to 7 miles from TMI.
Seven miles was established as the point well beyond that which EPA expects to detect any emissions from TMI-2.
Each station includes an air sampler, a gamma rate recorder, and three TLDs. A list of sampling locations is shown
in Table B.1. These stations constit&te EPA's baseline, long-term monitoring program. The air sampler units sample
at approximately 2 cfm and the samples are collected from each station and analyzed typically three times per week.
All samples are analyzed by gamma spectroscopy at EPA's Harrisburg Laboratory using a Ge(Li) detector with a lower
limit of detection for cesium-137 or iodine-131 of approximately 25 pCi (0.15 pCi/m3 for a 48-hour sample).

Each monitoring station is equippea with a gamma rate recorder for measuring and recording external exposure.
Recorder charts are read on the same schedule used for air sample collection and the charts are removed weekly for
review and storage at tPA's laboratory in Las Vegas, Nevada.

Thermoluminescent dosimeters have been placed at each monitoring station and at 0.25 mile intervals along roads
immediately parallel to the Susquehanna River near TMI out to a distance of about 2.5 miles from the reactor.
TLDs have also been placed on the istands located 0.5 miles to 1.5 miles west of the reactor site (Shelley, Hiil,
Henry, Kohr and Beech [slands). These dosimeters are read quarterly

In addition to the above, a weekly compressed gas sample is taken at the Observation Center and sent to EPA Las
Vegas for a determination of krypton and xenon,

The EPA's base long-term program discussed above will continue and will be augmented in the following manner if
purging of krypton is approved.

A monitoring program consisting of survey meter and ion chamber measurements, collection of compressed air samples
for Kr-85 analysis and intensified collection of samples from routine air monitoring stations will be implemented.
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A, Wobile Monitering < sufvey meler and fca-chasber

A mininus of three scdile radiation monitoring persanne! eguipped wilh survey instruments and dne Tow rasge
pressurized lgn-chamber will be positicned in the predicted downwing trajectary during purging. Monitoring
personsel will be drawn from other Federal agencies 25 wel! 3s from the EPA in erder to provige 24 hour
toverage. In aaditi.n t2 making radiation measurements throughoutl the Cw¥y, personne] will be prepared %o
collect compressed alr sampies Dased On 1M0se Deasuresents.

8 Erypton-8% Sampling

four compressed alr sampling units will De positioned at fiwed Jocations for the collection of weedly samples.
The units will Se places at Micdietown, the Observatisn [enter, Baisdrisge and Guidsbore in order o provide
representative coverage «ith smphasis in the predeatnant wing directtons. Sampiing will be conductes Tor one
to two weeks prior to purging to provice background data for the TMI area. Sampies routimely collected in
Nevada will provide an indication of wor Swide asbient Ar-85 levels for comparative purpeses. [n aggition
three compressed air sampling units will be gepioyed with the metile menitors. A minieum of one sample will
be cullected sach day (2t the predictsd of¥site location of maxinue plume zoncentration). Additicmal samples
will pe collected, whe Necessary, “4%ed Wwon survey meter and Tpa-chamber data. &) sampies will be anaiyzes
at the EPR laboratory facilitier in Mareisburg.

< Tritium Menite' ing

One solecular sleve samy ler will Dé operated at the Observation (emter for collection of atmaspheric meistyre
for tritium acalysis.  Analyses will be perforsed at the EPA Jsborateory facility ia Harrisburg

b Routing Air Monitoring Netword

in orger to wverify that mo radionuc’ides other than Kr-85 are released (o the ensirpmment Suring purging.
sanples from The established network of sightsen cperating stations »ill continee o Se collected. Somples

a1

in the downwtnd sector e collected every day, rather than the three tises per week under norsal congi-
tians in adaition at least one tample from "contenl™ statiers 1o each Quadrant a0t in toe downwing trajec~

tory will be colliected ane analyzed on 2 427y Dasis

EPR reports all rescits of their sonitoring seasursments from their Daseline progras three Limes each weex 1o ihe
publlic and news sedia  1f Kryton purging is aporeved, EPA will make dafly reporis 10 the puldlic and news #edia
starting approximstely twe weehs hefore intistion of purging, and continuing until purging is compietec

B.3 Commooweaith of Pemrsylvanis Radiclogics’ Monitoring Progras

The Departsent of Emvironsenta’ Sesources of the Commonwealth of Fenasylvania cperates heee continudus afr sampe
Ting staticos; one 2t the Evangelical Press Suilaing fa Marrisburg, one at the THI {eservation Beilding, ang ore
in Goldshare sear the boat fock., Each alr sampling statise comsists of & particuiate Filter fo)lowed by @ charcoal
cartridgge. The Fiiters and Jartricges are Chamged weskily; the particulate 37r samples are gamma sCanned ang ety
counted for reacto~-related radione ! ides The particuiate atr sasples are cowposited guarleriy and anslyzes for
Sr-89 ang Sr-%0. The chartoal samples are gasms scanned For reactor-related rafionuciices. They do mot, however
Aave the capability to sample or poalyle for 3%

e

. e e
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8.4 U5 Department of Energy
8.4.1 Community Monitoring Program

The Departsent of Energy and Commonwealth of Pennslyvania are sponsoring a Comsunity Radiation Monitoring Progras.
This progras has as its purpose to: (a) provide independent verification of radiation lewvels in the TMI area by
trained local community pecple, and (b) to increase public understanding of radiation and its effects. The
approach to achieve this purpose has involved the selection of individuals by local officials from the following
12 communities within approximately five miles aroung TMI.

fast Manchester Twp.
Londonberry Twp.
York Haven

Lower “watara Twp.
Concy Twp.
Goldsboro
Fairview Twp.
Royaliton

west Donegal Twp.
Midaletown
Newberry Twp.
Elizabetntown

Approximately 50 individuals participated in training classes conducted by mesbers of the Muclear Engineering
Department of the Pennsylvania S.ate University. Approximately 15 training sessions were Conducted invelving
classroom instructions, laboratory training, «¢ actual radiaticn monitoring in the field. The teams utilizes EPA
gamma rate recording devices which are curren”ly in place artund TMI and will be suppiemented by gamma/beta sensi-
tive devices which are being furnished by LOL through EGAE [dahc, Inc. This training was structured to cover the
following areas:

1. Classrogm instruction

» Introduction to radicactivity

. Interaction of ragiation with matter

- Methods of radiation getection

- Radgiation counting variables

. Racdiation protection units

- ‘ealth physics procedures

d Ragiation interaction with biclogical systems

L Administrative procedures for Community Radiation Monftoring

Program
* M1=2 accigent and cleanup
= Jeteorciogical conditions

2. Lroratory instruction

¥ & M {Geiger Mueller) counting experiments
& Radiation counting statistics

* Mo~ taring equipment familiarization
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e Argon-41 and Krypton-85 monitoring
- Supervised area monitoring with actual procedures and
equipment

At the completion of the instruction phase, a finai examination was given. This was followed by field monitoring
training of approximately one week.

The training sessions provided basic information on radiation, its effects, detection techniques, and included
hands-on experience with monitoring equipment in the field. Citizens were expected to demonstrate competence in
both the theoretical and practical aspects of the course before actual monitoring efforts beqgin. Following the
completion of training in the third week of April, team representatives in each of the 12 selected areas began
data acquisition from the gamma and gamma/beta sensitive instruments on a routine basis. Detailed procedures were
deveioped to consolidate the information being obtained into a central point of contact in the Commonwealth of
Pennslyvania for dissemination to the press, local officials, and other interested parties on a routine basis
Maintenance and calibration procedures were also developed and are in place prio' to the initiation of routine
field monitoring. The Community Monitoring Program was initiated on May 21 and the results of measurements from
this program are reported daily to the public.

8.4.2 DOE - Atmospheric Release Advisory Capacity

The Department of Energy will mak: availabie during the purging operations its Atmospheric Release Advisory
Capacity (ARAC). This ARAC system will provide independent predictions of the dispersion patterns for the krypton
release based on local meteorological data and National Weather Service reports. Tnese predictions will use atmo-
spheric dispersion models which have been verified during many years of field expe;ience and tests in Government
programs. The predicted dispersion patterns will be provided to the Environmental Protection Agency to serve as a
basis for their positioning of ground level monitoring teams. These predictions will also be provided to the
utility and the NRC, as an additional means of assuring that the purging operation is being adequately controlled.

#.5 U.S. Nuclear Regulatory Commission Radiological Monitoring Program

The Nuclear Regulavory Commissicn (NRC) would operate one air sampling statijon located in the middle of the
reactor complex. The air samtules would be changed weekly and analyzed by gamma spectrometry. The NRC would place
two sets of 1LDs at 59 locations as shown in Tabla B.2. Both sets would be read on a monthly basis; however,
flexibility exists to read on: cet at more frequent intervals should conditions warrant.

8.6 Licensee's Radio-ogical Enviionmental Monitoring Program

The licensee normally utilizes 72 radiological environmertal monitoring ',a&iions to monitor plant releases with
two thermoluminescent dosimeters (TLDs) at each locatico In addition té these required TLDs, four additional
TLDs will be placed in each of these locations during controlled purge; two for periodic readouts (frequency
depends upon purge duration and the influence of plume) and the remaining two Tor assessment of the integrated
dose over the entire purge period. In anticipation of certain sectors coming under the influence of the plume for

a greater duration of purge period, additional TiDs will be placed in selected areas

In addition to the TLD monitoring, grab air samples will be obtained by an individual(s) dispatched via two-way
communications to the projected plime touchdown area during the controlled purge The air sampler will be placed
and operated such that a grab sample will be .btained over a 15-20 minute period while immersed in the plume.
Hourly update of plume direction and touch-down area, utilizing real time monitoring and an assessment program,

will be obtained and disseminated to field sampling teams




Table 8.1
Three Mile Island
EPA Long-Term Surveillance Stations
Air Samplers, Gamma RKate Recorders, TLDS

STATION Az DISTANCE (Miles) ASSOCIATED TOWN

3 32% 3.5 Meade Heights, PA - Harrisburg
International Airport

K 360 3.0 *Middletown, PA - Elwuods' Sunoco Station

5 040 2.6 Royaltown, PA - Londonderry Township
Building

9 100 3.0 ‘Newville, PA - Brooks Farm (Ear) Ninsley
Resitence)

11 130 2.9 Falmouth, PA - Charies Brooks Residence

13 150 3.0 Falmouth, PA - Dick Libhard Residence

14 145 5.3 *Bainbridge, PA - Bainbridge Fire Company

16 180 7.0 *Manchester, PA - Manchester Fire Dept.

17 180 3.0 *York Haven, PA - York Haven Fire Station

20 205 2.5 Woodside, PA - Zane Resner Residence

21 250 4.0 *Newberrytown, PA - Exxon Kwick Service
Station

23 265 2.9 Goldsboro, PA - Muellar Resident

31 270 - *Goldsboro, PA - Dusty Miller Residence

34 305 2.7 Plainiield, PA - Polites Residence

35 068 3.8 Royaltown, PA - George Hershberger Residence

36 095 0.5 TM]1 Observation Center

37 025 0.7 North Gate, TMI

38 175 0.8 South Gate, TMI

*Sampling stations located in indicated town. Other sampling stations are located near indicated towns.

.
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Table 8.2

DESCRIPTION OF NRC TLD LOCATIONS

Hwy. 441 on Laurel Road lst telephone pole on right outside vendor TLD
box. 90° 0.45 mi

On telephone pole by George Beyer Market, Cevers Church Road off 44l.
5 0.8 mi

On telephone pole at intersection of Hillsdale and next road on left
{rom Geyers Church Road (closed road to gold church) by yellowish red
house. 19¢ 1.9 mt

On chain link fence for power substation, Middletown SE corner.
358° 2.6 mi

On telephone pole on Rt. 230 directly across from Shady Lane Motel.
3.05 mi

On telephone pole on Rt. 743 just north of Texaco station, just
north of Turnpike underpass. 55* 6.5 mi

On telephone pole on Middietown Road N of Rt. 283, directly across the
street from childrens care center.

On sign pole on Middletown Road at intersectlon to Rt. 322 E.
Signpole says 322 West. 0* 7.0 mi

On telephone pole on Hoe Road, just N. of intersection of Union Deposit
Road. 2nd pole on lef:, 0* 9.0 at

On telephone pole on Rt. 39 at intersection of Rt. 22 (Allentown Rd.)
0* 13 mt

Eovirommental Statfon (Met Ed) at West Falirview, rear to Annex Building
Fairview Fire Department, adjacent to tracks.
305° 15 mi

On telephone pole on Meadowbrook just off Bridge Street, one block on N.
side from Bridge Street. 300° 8.6 mi

On telephone pole on Old York Road. lst pole over turnpike overpass,
west side. 295° 7.4 mi

On telephone pole on Marsh Road by Culvert under RR tracks off Old York
Road. 300° 5.9 mi

On telephone pole directly in froat ot church at intersection of Rt. 262
E and Rt. 392 W (Valley Road and Yocumtown Road).
305° 2.6 mi

On "No Parking Any Time" sign within |8' of weter at old boat ramp at
Goldsboro, 264° 1.25 md

On constant monitor inside chain link fence to Monitoring Station,
Gnldsboro on Rt. 262. By stream.
252° 1.3 mi

On telephone pole approximately 25' from tracks in turn around full of
flattened beer cans. Across from 2 small trailers (green and blue) in
clearing (N end). 200° 2.1 =i

On telephone pole on Pines Road at I(ntersection of 974 Red Mill Road.
near Newberry. 264° 2.9 mi.

On telephone pole at iatersection of Rt. 382 and Rt. 177 NW corner
Lewisburg. 259° 7.3 mi.

On telephone pole on Rt. 392 (Pathshill Road) just bdeyond Ridge Road on
S. stde. Beyond sharp bend. 266° 5.9 mi
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Table 8.2 (Continued)

SW2 - On telephone pole at intersection of 382 E and 295. Diagonally across

from Texaco station, York Haven Road and Reeders Hill Rd. Pleasant
Grove. 203* 2.5 ud

$-1 - On telephone gpole at intersection of Rt. 181 and 382. Across street

from York Haven Office. In front of Catholic church, York Haven.
168° 3.15 mi

$-2 - On telephone pole at intersection of Mezting House Road and N. George

$-3 - On telephone pole on Rt. 238 at intersecticn tc Rt. 181 S.

Sw3

SWa

$~4

SES

SE4

SE3

SE2

SEl

E2

E3

e

ES

NE
ENE
SE
S5k
Sw

NN

Street (Rt. 181 §), Manchester. 175° 5.1 md

and cement bhlock butlding, Emigsville.
180° 9.1 mt

- Un telephone pole at intersection of Lewisberry Road and Butter Road.
By small frame house near Anderson town.
2i0* 8.1 mi

- On telephone pole at intersection of Butter Road and Bull Road
215° 10,1 =i

~ York substation, sampling enclosure.
180* 12 =t

- On telephone pole at intersection of 441 N and Vinogary Ferry Road
across entrance to Cargill Truck entrance.

~ On pole at intersection of 441 N and 241 N. Pole next to fruit stand.
141° 4.6 mt

~ On chain link fence on right side by Collins Substation sign at
intersection of 441 and Falmouth Road.

160* 2,25 mi
- On telephone pole at intersection of 441 N and Turnpike Road.
162° 1,85 mi
- On telephone pole across from Red Hill Farmm fruit stand 441 N, | mile
from 3 Mile Island. 150° 1 =
- On telephone pole at Hillsdale Road and Turnpike Road.
110* 2.7 mi
- On telephone pole at Turnpike Road and Bossler Road.
101° 3.7 mi
- On telephone pole at intersection of W Hight Street and Mosorie Read,
Elizabethtown. 90° 7.0 mf
- Meadow Lane, lst house on south side of street.
86° 0.4 mf
- Rte 441 03* I«8 mi
- Under ™I high tension lines 44° lel =
- Rte. 230 uh® 3.8 mt
~ Rte. 41l 130° 0.5 mt
- Beech island 203* 0.7 mf
= Sewberry Township 227° 1.8 =i
-~ Shelly Island 289° 0.3 mt

By old brick
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9.0 Response to Comments

9.1 Introduction

The draft "Environmental Assessment for Decontamination of the Three Mile Is)and Unit 2 Reactor Building Atmosphere"”
(NUREG-0662) and two subsequent addenda were issued for public comment. The public comment period for these three
documents ended May 16, 1980. At the close of the comment period approximately BOO responses had been received.
Comments on the Environmental Assessment were received from various Federal, State, and local agencies and offi-
cials; from nongovernmental organizations, and from private individuals. All substantive comments received appear
in Volume 2 of this Assessment. The comments received fell into .one of three categories: (1) those supparting
the purging alternative recommended by the NRC staff (approximately 195 responses), (2) those opposed to the
purging alternative (approximately 500 responses), and (3) those who recommended decontamination alternatives
other than those discussed in the Environmental Assessment or who otherwise commented on the assessment (approxi-
mately 105 responses). The third category also inciuded all other comments on the five alternatives evaluated in
the Environmental Assessment, as well as suggestions for additional methods for decontaminating the TMI-2 reactor-
building atmosphere. Several of the responses included specific editorial comments Where appropriate, these
comments have been resolved by revision of appropriate sections of this final Environmenta! Assessment.

9.2 Comments Supporting the Recommendec Purging Alternative 5

The NRC staff received approximately 195 responses supporting the purging alternative recommended in the Environ-
mental Assessment.

9.2 1 President's Council on Environmenta! Quality (CEQ). CEQ stated that in their view the NRC staff's proposal
to separate the decontamination of the reactor building atmosphere from the preparation of the Prograsmatic Envi-
ronmental [mpact Statement adoes not violate 40 CER § 1506.1 (1979) (Limitations on actions during NEPA process) of
the Council's regulations implementing the National Environmenta} Policy Act.

9.2.2 The U.S. tnvironmenta! Protection Agency (EPA). EPA stated that the most acceptable method for decontami-
nating the TMI-2 reactor building atmosphere is a controlled purge to the environment fn as short a time as possi-
bie, when meteoroiogical conditions most favor dispersion  EPA based its recommendation of this method on the
very low environmenta’ und public health impact that would result from the controlled release of the Kr-8%5 and
stated that this method would eliminate the large occupational radiation exposure which could occur from use of
the other decontamination alternatives. EPA also stated that their assessments of the offsite doses for the
purging alternative were in general agreement with those calculated by the NRC staff and that the estimated healtn

risk of releasing the Xr-85 was 0.000] excess deaths to the 1,750,000 population within 80 kilometers (50 miles)
of Three Mile [sland

9.2.3 U.S. Department of Mealth, Faucation and Weifare (HEW)

The HEW Bureau of Radiologica! Health cosmented that after reviewing the draft Environmental Assessment and its
twe addenda, i1 i< their conclusion that the purging of the KR-85 in the ™I-Z reactor building to the atmosphere
under controiled release is the prudent and proper Course of action which provides sinimal, if not zere. health
fmpact. They further noted that aithough members of the public 1o the vicinity of TMI may call for alternatives



that do not release the KR-85 to the environment, the occupationai workers are also members of the public and the
health impact (if any) best relates to the total population dose in person-rem (both occupational and general
public). In this regard, they stated that it would be appropriate for the NRC to provide estimates of the total
population dose (both offsite and cccupational). The NRC staff has included these recommended dose estimates in
this Fina! Environmental Assessment.

9.2.4 The U.S. Department of Energy (DOE).

DOF submitted two responses. The Assistant Secretary for Nuclear Energy stated that his staff had performed an
independent review of the matter and had concluded that a controlled purge was indeed the preferred method for
decontamination since it would result in less public radiation exposure than accrues from many other power plants,
both nuclear and fossil. This response urged the Commission to act promptly on the matter, and in the event of
NRU approval, offered the resources of DOE to assist in monitoring off-site conditions during the purging process
to help guarant:e that conditions remain within acceptable limits. (See Section 8.0). Their support for the
purging alternative was reiterated by a DOE representative on April 25, 1980 during a Commission briefing on
Selective Absorption Process as an Alternative in Dealing with Krypton in TMi- ~ Containment

The second DOE response, from the Assistant Secretary for Environment, stated that their review had identified
several areas where they felt that additional information or clarification would enable a more complete assessment
of the potential effects of the removal of krypton gas from the reactor building. The following comments on
NUREG-0662 were offered for consideration:

The accident analysis for each alternative, including the proposed action, should include estimates of the
probahility of accurrence of the worst case scenarios, This would permit & more complete evaluation of the
potential for adverse health and safety impacts.

A more precise estimate of the time necessary to implement the various alternatives shouid be provided
because of the importance of this factor in the overall decision-making process. Estimates should be
based on realistic projections «f an accelerated construction/testing program for each alternative.

Ihe potential hazards associated with the storage of Kr-85 should be quantified to the extent possible
in order to better reflect the seriousness of problems associated with the storage.

A more detailed description of t'» monitoring program for the proposed action would be helpful. Advanced
monitoring to calibrate and verity analytical methods for predicting the incremental dose at the site
boundary should be discussed. The ability to promptly and accurately determine off-site concentratinns
also should be discussed in more detail,

the description of DOE's radiological monitoring program (Section 8.0) does not represent an accurate
summary of our current efforts. An updated version of this section is enclosed for your information.

The nature and extent of the controversy surrounding the proposed venting should be presented. The

basis for the technical questions being raised by various segments of the public and scientific com-

munity along with a critical evaluation of their concerns would provide a more meaningful assessment

of the significance of the impacts of the proposal.
The recommendation to include estimates of the probability of occurrence of the worst case scenarios for the
various postulated accidents was considered by the NRC staff. Since the health effects resulting from worst case
accident scenarios for any of the alternatives are negligible, the probabilities of occurrence are irrelevant.
Although these prebabilities have not been quantified, they are considered low., As for the proposed actions to be
taken in the event of a postulated accident, the NRC staff will require that appropriate emergency and contingency
procedures be prepared and approved pursuant to the requirements of the facility Technical Specifications prior to

the implementation of any decontamination alternative

The estimated times to implement the various decontamination alternatives, including the use of accelerated

construction/testing programs, have been reviewed.
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The potential hazards associated with long-ters storage of Kr-85 and the NRC staff's reason for recomsending
against long-term storage of Kr-85 are discussed in Section 6. 8. 1

The description of the monitoring program to be used if the purging alternative s approved, has been revised and
updated to reflect the current monitoring program. Section 8.0 contains a detailed discussion of the planneq
monitoring progras, including an updated version of the DOE sponsored portion.

In its preparation of this final Environmental Assessment, the NRU staff has again evaluated, as recommended, the
nature and extent of the controversy surrounding its recommendation to decontaminate the TMI-2 reactor building
atmosphere by purging to the environment as presented in uraft NUREG-0662. An evaluation of the public comments
and responses to this proposal is contained in Section 9.0 of this fina' Environmental Assessment whiie Sectien 7.2
contains a discussion of the psychological aspects of the proposal. '

9.2 5 Advisory Committee on Reactor Safeguards.

In 3 joint meeting between the NRC Commissioners and the Advisory Comeittee on Reactor Safeguards (ACRS) on Apri) ;
11, 1980, several members of the ACRS recommended thatl the reactor building atmosphere should be decontaminated

soon by controlled purging to the environment. Their reasons for this recommendation were that a controlled purge

would permit less restricted access to the reactor buiiding for equipmsent and instrument maintenance and repair

which may be required in the near future, and that the health effects of a controlled purge would be very small

9. 2.6 Governor of Pennsylvania.

The Governcr's comments were contained in a letter submitted to Chairman Ahearne after the Governor received an

independent assessment o0f the proposed decontamination effort from the Union of Concerneu Scientists (UCS). The
Governor had requested this independent assessment and had been granted an extension of the pub!ic comment period
to permit the completion of this independent assessment. In his Jetter to Chairman Alearne, the Gowvernor stated

This fs to notify you of my views, on behalf cf the Commonwealth of Pennsylvania, regarding the proposal
now before you to remove radicactive krypton 85 from the Three Mle Isiand Unit 2 containment bullding
by the process of venting it into the atmosphere. |

1 have sought and received assessments from the broadest range of knowledgeable sources available
regarding potential health effects of that proposal. These sources have inciucea:

*Members of your own staff. and especially Mr, Harold Denton. your directer of nuclear reactor
regulation

*The Union of Concerned Scientists (UCS), the nation's foremost critic, [ believe, of existing
nuclear power safety levels

*The National Council on Radiation Protection and Measurements (NCRF), an organizaticn of dis-
tinguished scientists and physicians which has been instrumental ir setting radiation healtn
standards in this country for nearly 20 years.

*Representatives of the electric utility and nuclear industries.

*The U.S. Departwent of Health, Education, and welfare

*The Governor's Commission on Three Mile Island

2The Pennsylvania Departments of Nealth and Public welfare, the latter ¢f which has jurisdiction in i
the area of mental health in our state

*The Pennsylivania Department of fnvironmental Resocurces (DER), including its Bureau of Radiation
Protection

The assessments of these various groups and institulions are being forwarded to you undur separale
cover, and | respectfully regquest that you enter them intd your official record on this matter
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There is, | have found a broad-based consensus among these sources Lhat Lhe venling proposal now
befere you would have, in the words of the (oncerned Scientists, "no direct radiation- induced health
etfects on the residents of this ares ™ Similarly, the NCRP concludes: "the esposures Tisely to be
received a5 3 result of venting are not a valid basis for concern with respect %o health effects ”

There is a consensus on the accuracy of the radiatior dose rate calculation: msade by your staff in
conjunction with the utility and thers is a consensus that those dose rates are "ins‘gnificant

I should paint out that the Union of Concerned Scientists feels that the psychological stress alread
experienced by many residents of this area since March 28, 1979 should seriousiy be considerea 'n any
decision you make with regard to the cleanup operation on Three Mile Island, ang | agree with that

Ay you know, | previously instructed attorneys for the Cosmorwealth to introduce stress as a legitimate
factor for you to consider in other decisions growing out of this incident

! am advised and | believe, however. that the question of stress, as related to the venting plan, is
directly linked to the guestion of its safety, and that the consensus finding 1Mt the plan poses no
radiation threat te pudlic health should, in itself, substantia:ily reduce sny stress that sight have
accompanied it

UCS also recommends that you consider two alternative venting plans described in its report, and that
you recensider two non-venting plars previously rejected by your staff. | am sure you will give

due consideration tc those recommendations 1 do urge that any new assessments be completed as prompily
as possible. | am advised and believe that the sooner this matter 15 resolved, the sooner any stress
related to it will be dissipated

1 recognize that part of the delay already experienced has been due tc my efforl to be assured of the
safety of venting. [ now have that assurance, and | feel that a safe cleanup plan should be imple-
mented as quickiy as possible

Should you proceed with the venting pronosal agvanced by your staff, be assured that | am prepared lo
support that decision fo minimize stress, | a® prepared Lo commit all of the respurces at sy disposal
to assure the residentsy of the area, as | am now persuaded, that this plan is, indeed, a safe one

In nis letter, the Governor noted that the UCS had recommended consideration of two alternative purging slans as
well as consideration af the (ryogenic Processing System and the Selective Absorption Process Systes (Ref. 1) In
preparing this final Environmenia) Assessment, the NRC staff has evaluated the two altermative purging plans
suggested by the UCS and has also reconsidered use of the Cryogenic Processing Systee and the-Selective Abserplion
Precess System

The tirst of UCS' proposed plans would use & tetherea halloon Yo support a 2000-foot-high reinforced fabric stack,
3 discussion of which is given 'n Section 6.2.5 This technigue is unfque and untried, as stated by ULy

In general, the staff finds the UCS proposal techmically workabls and probably capabie of being implemented within
a year from the time the decision to use 1t was made. Wowever, *he staff has examined Three Mile [sland for
ynobstructed ground and air space to Taun:h a tethered ballon Adeguate unobstructed land recommended for the
balleon launch s not readily available on the island without substantial medification 1o the <ite

The second proposal of UCS was that the reactor huilding atmosphere be heated in an incinerator and gischarged
through a 250-foot-high stack. The stat! evaluated this proposal in Section 5. 2.5 Reconsideratien of the
Cryogenic Processing and Selective Absorption Process Systems are contained in Sections 6.6 and 6.7, respectiveiy
Having evaluated these proposals, the staff continues to belisve that the Kr-85% should be purged to the environment
through the hydrogen control systee

Finally, the stat? and the Commonwealth of Pennsylvania would have to ascertain the psychological impact on the
nearby residents regarding the Kr-B8S5 purging technigques proposed by the (S This gifficult task was recognized
by UCS as a valid concern in its report to the Governor

As enclosures to a subseguent letter, the Governor of Pennsylvania provided copies of the varicus reports and
assessments he had referred to in his prev.cus letters and statea that the joint press release which he hd devel-
oped with the UCS contained a clarification regarding the first recommendation on page 57 of the UCS report The
subject UCS recommendation stated
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UCS recommends against any procedure that would result in citizens in the area around TMI being
deliberately exposed to radiation from the plant at levels comparable to those expected from the
Met Ed/NRC venting proposal.

Dr. Henry W. Kendal)l, UCS chairman, said the organization ultimately decided to recommend against implementation
of the existing Met Ed/NRC venting plan, but he emphasized that this was primarily because of the stress problem.

The enclosed report of The Governor's Commission on Three Mile Island stated:

In H?nt of our review of the alternative risks, this Commiscion urges the NRC to make a t
decision concam'eg Wcﬁ mﬂa of the Unit 2 containment building atmosphere. _Avoidance
S sion by t C_1s_unacc e. This Commission wou' not oppose =i NRC sion to
vent the krypton gas, provided that zn Tevels projected in the /ironmenta) impact assessment
a, acc e. 15 _position is based on a careful review of L  jest evidence available at this
me. (emphasis in original)

]

Log

An enclosed memorandum to the Governor from the Pennsylvania Department of Environmental Resources stated that
they had concluded that controlled purging using the hydrogen control system, as recommended by the NRC staff, was
the preferred alternative for removing the krypton from the reactor building atmosphere.

An enclosed letter to the Governor from the Pennsylvania Department of Health recommended that in an effort to
minimize stress, both present and accumulative, purging of the krypton from the reactor building be accomplished
as soon as possible and in as brief a time period as possible.

An enclosed letter to the Governor from the Pennsylvania Department of Public Welfare stated that making a aeci-

sion on purging and proceeding in a responsibie fashion could in the long run minimize stress and reduce the
potential for anxiety and depression among the population that lives near TMI.

9.2.6 State of Maryland,

The State of Maryland responded with two sets of comments. Their first response addressed the staff's recommenda-
tion in the basic Environmental Assessment (NURFG-0662), while their second response addressed Addenda 1 ana 2 of
NUREG-0662. In their first response (March 21, 1980), the State of Maryland agreed with the NRC staff recommenda-
tion that pury 4 the reactor building atmosphere to the environment is the best available option. They did,
however, recommend that real-time environmental and meteorclogical monitoring be used for dose-rate monitoring and
reduction during purging operations to ensure that the offsite doses are estimated accurately and minimized. They
also stated this was the proper time to make a decision regarding the decontamination of the reactor building
atmosphere and that this action should be c.nsidered apart from the Programatic Environmental Impact Statement
being preparad by NRC on al) TMI-2 decontamination activities. They note that no benef 't wou'd be served ty a
delay and that, instead, delaying the decision would result in “a substantial loss.” In their second response
(April 22, 1980), they stated that the fast purge described in Addendum 2 of NUREG-0662 (a five-day purge over a
two-week period) does not offer any net psychological advantage and that this option should be rejected in favor
of a purge program which would use real-time meteorclogical data to minimize the highest offsite dose.

§9.2.7 Member cf the Pennsylvania House of Representati-es

One member of the Pennsylvania House of Representatives submitted as a comment a letter he had sent to all elected
officials in his legislative district requesting that they join him in his call to come together and furnish the
leadership necessary to accomplish a safe and expecitious cleanup at TMI. He also submitted several responses he
had received in support of his call. Another member submitted a letter in which he stated: "vent it!"
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9.2.8 Commissioners of Cumberiand County, Pennsylvania.

The Commissioners of Cumberiand County, Pennsylvania, submitted a resolution supporting the recommended purging
alternative. Their resolution stated that it is in the public interest to provide for the he2ith and welfare of
the people of Cumberiand County by cleaning up TM! as soon as possible and that “the GCovernment” should exert the
necessary leadership te accomplish this action.

9.2.9 Migdletown Borough Council, Middietown, Pennsylvania

The Middletown Borough Counci] passed 3 resolution fn support of purging the krypton-85 gas into the atassphere
This resclution stated: “this council supports the venting (of krypton-85 gas in the atmosphere) as recommended
by the NRC staff and calls for implemsentation as quickly as possible ™

9.2.10 Borough of Royaiton, Pennsylvania
The Borough of Royalton, Pennsylvania subsitted a resclution supporting the recomsended purging aiternative and
the cleaning up of ™I as soon as possible. This resclution stated that their support was based on determinations

by the NRC and EPA staffs that it is safe and proper to purge the Xr-85

5 2.11 Nationa! Council! on Radiation Protection and Measuresents (NCRP)

The NCRP, in addition to the UCS, was specifically reguested by the Gowvernor of Pennsylvania to review the proposed
purgisg operation. The NCRP submitted a response in which they stated:

At the request of Governor Thornburgh of Pennsylvania, the National Counci! on Radiation Protection and
Measurements (NCRP) has examined scientific material relating to the health effect; of krypton-85. updated
its Report No. 44 on krypton-85 published in 1975, and estimated the doses to the public and the risks
associated with them for the amounts of krypton-85 expected to be released as 3 result of the proposed
venting at the Three Mile Islang nuclear power plant. The findings are that the maximus doses likely to
Le received Dy any person are very ssall.

Superficial beta radiation to the skin is the primary potential health concern; however, in the total
population within 50 miles no cases of skin cancer would be expected from the doses likely to be received.
The risk t~ the maximally exposed individual sember of the population at the plant boundary is estimated
to be equ’ it to the risk of skin cancer resulting from exposure to & few hours of sunlight, which is
known to be the principal cause of skin cancer in the general population.

The dose expected from the penetrating radiation i about 100 tises less than that froe the superficial
radiation and the risk of inducing cancer is correspondingly smaller.

The NCRP concliudes that the exposures likely to de received as a result of venting are not a valid basis
for concern with respect to health effects

9.2.12 Natural Resources Defense Council (NRDC).

The NRDC provided a response by phone in which they supported the recossended purging operation by stating:

Provided that the ascunt of radiocactive materials to Be vented are what they are reported to be {for
example in NURE-0862), and provided that the venting procedures are appreopriately conducted, then the
public health risks (somatic and genelic consequences) associated with venting the T™I-2 containment are
not significan. , that is, sufficient to warrant exclusion of this option.

9.2.13 Other Comments Supporting Controlied Purging

In addition to the comments from these government agencies, officials, ang scientific organizat! s, comments
supporting the recomsended purging aiternative were also received from approximately 30 nongovernmental organiza-
tions. These included the Pennsylvania Chamber of Commerce, Lebancn Valley Chamber of Commerce, Greater
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Harrisburg Area Chamber of Commerce, York Area Chamber of Commerce, Hanover Area Chamber of Commerce, Lancaster
Association of Commerce & Industry, Manufactirers' Association of York, Pennsylvania, Greater and Central
Pennsylvania Building and Construction Trades Council, Harrisburg-Hershey Area Tourist Promotion Agency,
Harrisburg Hospital, American Association of Meat "rocessors, and various businesses in the TMI area, and
approximately 150 private individuals and members of the professional community. Those commenting typically
recommended that controlled purging be performed soon to permit continuation of the required cleanup activities.

9.2.14 Science Applications, Inc. (SAl).

At the request nf *he Commission, the NRC Office of Policy Evaluation (a Commission staff office), contracted with
SAl to perform an independent technical evaluation of the purging alternative and Selective Absorption Process
(Ref. 43). SAl's conclusions and recommendations were:

From the points of view of feasibility, effectiveness practicality and the health and safety there is
little to choose between the two alternatives.

From the point of view of psychological stress on nearby populations, purging is the best alternative
because it can be carried out in the least time witi the fewest newsworthy incidents.

From the points of view of schedule and cost, controlled purging is the best alternative because i. s
cheaper and can be started within days.

Therefore it is our opinion that the SAP should not be adopted as a substitute for controlled purging.

9.3 Comments Opposing the Recommended Purging Alternative

Approximately S00 responses opposing the purging alternative recommended by the NRC staff were received. Included
in these comments was a resolution by the County Commissioners of Dauphin - unty, Pennsylvania, opposing the
release of the krypton-85. The reasons stated for their opposition were

(a) the health of humans, animals and plants nearby cannot be fully guaranteed, (b) the full health
implications of low level radiation exposure are not known, (c) health studies on human thyroids and
various ailments afflicting animal life have not been completed to determine what effect, if any,
previously released low level radiation has already had on humans and animals in the TMI area, (d) other
options remain for the removal of the krypton-85 which have not been assessed independently by experts
outside the NRC or Metropolitan Edison Company, (e) experience of the last thirty years froa radiation
exposure to indigenous populations near nuclear sites indicates clear health risk and resultant increased
health problems from varying exposure levels to radioactive particles, (f) radiation and exposure measure~
ment standards currently being used by the NRC and Metropolitan Edison Company are based on experiments
and standards discredited by recently completed Heidelburg Studies and serious questions as to their
accuracy and validity therefora exists in the scientific community.

The lower Swatara Board of Commissioners, Dauphin County, Pennsylvania, passed a resolution initially stating
opposition to the purging into the atmosphere but further stating that they would accept the final recommendation
of the Union of Concerned Scientists.

The Newbury Township Beard of Supervisors, York County, Pennsylvania, also submitted a resolution which opposed
the release of krypton-85 into the atmosphere; however, no specific reasons for their opposition were provided.

The Mayor of Lebanon, Pennsylvania, submitted a statement opposing the purging alternative and urging that alter-
native cleanup methods, which would not release radioactive mater:al into the atmosphere, be employed without

delay.

A member of the Mouse of Representatives of the Commonwealth of Pennsylvania submitted a response in which he
requested that the recommended purging operation be delayed at least until an independent assessment could be
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performed. The Union of Concerned Scientists was suggested as a possible organization to perform such an
assessment.

The TMI Legal Fund submitted a response in which they stated their opposition to the recommended purging
operation. They summarized their opposition into the following three concerns:

t There is no emergency st hand. Date ®ay be collected and containment facility equipment ®may be inspected ang
maintained without removal of the kryptun-85 gas. There is adequate time to implement an alternative system
for krypton-85 removal from the containment building atlaosphere

2 Venting of krypton-85 gas into the air which surrounds TMI-2 carries Gefinite genetic and carcinogenic risks
to the people of nearby communities. Ffor a population which mnas already endured severe psychological stress,
the proposed venting will only exacerbate this state of stress.

3. The proposed venting cannot be controiled due %o metecrologic uncertainty. The menitoring as described by
the NRC is incapable of providing sufficient inforsation for the protectinn of people in communities
surrounding TMI-2.

They also urged that data collection be initiatea, that the containment building equipment be inspected and
maintenance begun at TMI-2 but that the krypton-B5 gas be reta‘ned until an alternative system has been installeg
for its safe ang efficient removal

The TMI Lega) Fund response alsc stated that (1) the draft Environment Assessment did not adequately evaluate the
potential health effects of the purging operation, (2) an fndependent assessment of the purging operation should
be obtained, (3) the segmentation ¢f the reactor builaing atmosphere decontamination effort from the Programmatic
Environmental Impact Statement was an filegal action, (4) the monitoring program and criteria were insufficient,
and (5) the krypton being approximately five times denser than air will therefore settle into ’?o\r—‘yinq areas such
as valleys and basements in the absence of adequate convection.

In addition to the above-noted comments, additional comments cpposing the recommended purging alternative were
received from approximately 10 nongovernment organizations (including the Uffice of the Provost, Capita) Campus,
the Pennsylvania State University, the National Audubon Sociely. Taxpayers Association of Lackawanna County;
Heathcote valley Alliance: Air and water Pollution Patrol: Lehigh-Focono Committee of Concern: and various
businesses in the TMI area); and froe approximately 485 private ingividuals. Their reasons for opposing the
recommended purging operation included the fol owing: (1) that the public be exposed to no additicna) radicactive
effluents from TMI, (2) that one or more of the other alternatives for decontasination evaluated in the graft
Environmental Assessment be used to eliminate or ainimize the release of Kr-8% to the environment. (3} that there
15 no perceived or recognized need for the decontamination {severa) persons suggested that the facility be
entombed in its present condition), (4) that any purging operation be delayed at Teast until students are reieased
from the schools for summer vacation, (5) that any purging operation should be accompanied by a more extensive
monitoring program, and (6) that an independent assessment of the recommended purging uperation be first performed
by a citizen-dominated group

9.4 NRC Staff Responses to Comments Oppos ing the Recommended Purging Alternative

A detailed discussion of the health effects associated with the various alternatives for decontaminating the
reactor building atmosphere has been incorporated ints Section 7 0 of this Cocument., The NRC staff has detersined
that the potential for adverse radiclogical health effects to the public due to utilizaticn of any of the
dgecontamination alternatives ¢: negligible and that the public health and safety will not be adversely affected by
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the purging operation. Therefore, since the recommended purging operation can be accomplished without significant
risk to the health and safety of the public, and since the purging operation can be immlemented mmediately as
recommended in Section 5 0, the NRC silaff recommends that use of the purging a'“.rnative be authorized soon,
rather than waiting for installation of one of the other decontamination methods.

At the request of Governor Thornburgh of Pennsylvania, the public comment period for NUREG-0662 and its two
Addenda was extended to May 16, 1980. The reason for the Governor's request was to permit sufficient time for
completion of an independent assessment of the decontamination operation by the Union of Concerned Scientists
(UCS). The Governor specifically requested the UCS to perform such an assessment so that he could receive
information from the broadest range of knowledgable sources available. In their report to the Governor, the UCS
stated:

UCS concluded that direct radiation-induced health effects from exposure to Kr-85 even from the Met
Ed/NRC proposed venting would be absent. These conclusions are similar to those reached by the NRC and
Met Ed.

In Addendum 2 to NUREG-0662, the NRC staff evaluated and recommended a variation in the purging alternative which
would permit the purge to be completed in an elapsed purging time of approximately 120 hours over a two-week
period, provided it was performed before about mid-May to take advantage of expected favorable meteorology.
However, because of the delays to permit comments on decontamination alternatives, the NRC staff no longer
recommends this variation in the purging alternative. The extended comment period has also delayed the purging
operation until at least the beginning of the school summer vacation period, a delay requested by several com-
mentators. However, for the reasons described in Section 5.0, the NRC staff now recommends that the _urging
alternative evaluated in Section 6.2 be accomplished without further delay.

Although several commentators did not recognize or acknowledge the need for decontaminating the reactor building.
the NRC staff believes that it is imperative that this action be taken. The staff’'s reasons or believing that
this action must be taken are discussed in detail in Section 5.0. This¢ staff position was also supported by the
UCS in their report to the Governor of Pennsylvania:

The Union of Concerned Scientists (UCS) Study Group believes tha: ultimate decontamination of the plant
is an absolute necessity. Decontamination must include complete removal of the damaged fuel rods and of
the contaminated water in the containment sump and elsewhore. The plant cannot be sealed and walked
away from. This would constitute a negligent disposal means for a very large juantity of radicactivity.
important quantities of these toxic materials would ultimately find their way into the environment
during the tens or hundreds of thousands of years that some of them will remain hazardous.

Accordingly, UCS has concluded that the krypton must be removed from the TMI reacter building so that an
orderly program of decontamination can be undertaken. The problem is how to do this in a manner which
protects the safety of the workers who may be exposed to the kryp on and alsc safeguards the physical
#nd mental health of members of the public who may also be exposed.

The UCS did however conclude that in their opinion a delay in removal af the krypton of up to a year and a half
would pot pose an undue risk to the health and safety of the public. Such a delay would of course postpone any
substantive progress in the overall cleanup program and as stated in Section 5.0, the NRC staff believes that the
cleanup program should progress in a timely manner

The radiological monitaring programs for the TM! gite and surrounding area consist of several programs described
in Section 8.0, In the opinfon of the NRC staff, these programs with £PA having lhe lead for federal agencies, as
designated by the Executive Office of the President) will provide an adequate monitoring of the recommended purge
operation. The on-geing monitoring programs will be supplemented by the DOE program described fn Section 8.0 if
the purging alternative is approved. A caare of about 50 Toca! residents have been trained to participate in the
DOE monitoring program.  EPA will supplement its existing fised monitoring stations with mobile units positioned
in areas of expected maximum dose. Reports of measurements will be made daily by EPA to the puulic and media.

R T ——— _— — L e e s
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Comtrol af the purging cperatics will be accomp!ished through frequent (al least hourly) scnitoring of the
existing wetecrological conditions and resctor building effivent fiow rate.  The DO wetecrological forecasting
and monitoring capabilities wil) gtilize this information in conjusction with radisiogical meaitaring program
results and will be communicated to the control room 1o assure that the cumuiative Soses to the puBiiC '/ amy
sector will Aot exceed those in Section 7.0 of thls sssessment

The NRC staff disagrees with allegations that separating the reactor Duilding atEosphers Secoatanislion effert
from the Programmatic Eovirommental lmpact Statement was 77Tegs This fs supported by TEQ's ¢ s, moted e
Sectfon 9.2.1 The Basis far the staff position is the Commission s November 21, 1379 Statesest of Poiicy ane
Notice of Intent to Prepare a Programmctic fmvircementa’ Impact Statement. which clea~ly reserved the option te
suthorize such an action wher it stated

The develcpment ¢f & programmatic impact statement will not preciyde prompt Commiss on awticn wien
needed. The Commissios does recogrize, howewer, that as with its Epiger-il approval action, amy #ctice
taken in the absency of an owerall imgact statement wiil | to arguments that there Ras Deen a0
inadequate eavirormental analysis, even where the (ommission's action itself is supportied Dy a0 emyirgn-
senta) assessment. As im settling uoon the scope of the programeatic ispact statesent, (EQ can Tend
assistance here For example should the Commissisn Defore completing its programmatic statement Secice
That 1% is in the Dest interest ¢f the public Aealth and safety iz Secontaminate the high level waste
water now ir the contaimment Duliding, or to purge thet Buiiding of its radicactive gases. the Commission
will consider CEQ's advice as to the Commission's MEPA resporsibilities. Morecwer, as staled '= lhe
Commission's May 2% statement, any action of this tind will not De taken entil 1T has undergone an
enyironmenta)l review, and furthermore with agportunity for pdlic Comment prowided
Althsugh krypise gas s approximately five times denser than air, 12 will not settie imteo low~lying areas or
SaseMenls as suQoested Sy several commentatars. The physical properties of gases (3% expressed n the prysica)
laws that sescribe the dispersion of gases) prevent the ssttlement of low roscestrations of demser gases intn
Tow=lying areas The kryplon coacentration in the reacisr bullding stmosphere is at aporosimate’y the sabe
concentration as naturaliy occurring Reypton in the earth's atmcsghere. The aaterally occureing Reypton is
yniforaly distriduted throughout the earth’'s atmosphere as is the Rryplon in Lhe fealtor tuiicing’ s atsosphere; 0

neither case has he Arypton settied iat2 lowlying areas

9 % Other Comments on the Secommended Purging Alternative

5§51 Introgduction
The NEC staft received agorosimately 109 responses proviging either specific Comments on he flve alternative
pethods evaluated fn WUREG-08E] for decontamingtling the reaclor bullding atmesshere or suggestions for a081tiong]

sethads for accomplishing the required decontaminalion

$.5.2 Memger of (ongress

A Memoer of [ongress from Peonsyleania swcsitled 3 comment op9osing the purging operaticd and recommendtng that
the Selective Adsorgtion Proces: De used TAis recOMmEncd  1on was Dased woon the loagressman 3 belisf tThst the
Selectise Absarptian Process tould be placed ity cperation ia six months and thal eacept for the purging
aiternative. it sould Do the least espensive aiternative ¢ 'mplement. The siw-monit implemestation Lime was
based o7 3 review performed. 2t His request, Oy 3 mesber of the staff of the U 5. Mouse aof feoresantatlives
Fammittee on Science and Techmology The Congressman also requestes Jax Ricge Naticmal Ladboratery {ORNL] ta
reassEss their Lime estimate Tor when a Selective Absorption Progess system of adequate Capalily tould be places
inte operation at TMI. OJENL subseguently reportad that with “test effertis” Deing exzried Dy all concerned
parties, such 4 systes could be operational at ™I ia 13 meaths The ™M Program 0ffice alsa requested a0
assessment of the proposed schedules for fadeication ang installstios of such 2 systes Dy the fsactor Comstnuction
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and Engineering Support Branch of the NRC's Office of Inspection and Enforcement. The Reactor Construction and
Engineering Support Branch concluded that the six-month schedule proposed by the staff of the Committee on Science
and Technology was unrealistic and that the 13-month ORNL schedule was optimistic. They further concluded that
their minimum schedule estimate would be 16 months with their best estimate being even longer.

9.5.3 U.S. Department of the Interior

The Department of the Interior commented that the draft report did not discuss what effects, if any, the proposed
release of krypton would have on fish and wildlife resources and their habitats. As noted in Section 7.1, the
recommended purging operation will have no significant effect on fish or wildlife resources or on their habitats,

9.5.4 MITRE Corporation

The MITRE Corporation submitted a comment proposing to use a cryogenic air separation plat for removing the
krypton from the reactor building atmosphere. This proposed method would be similar in operation to the Cryogenic
Processing System described and evaluated in Section 6.6. An evaluation of the proposal submitted by the MITRE
Corporation and the NRC staff reasons for not recommending its use are included in that section.

9.5 5 Internationa) Business Machines Corporation (IBM)

A technical report copyrighted in 1979 by IBM was submitted as a comment. This report, "Encapsulation of
Radioactiye Noble Gas Waste in Amorphous Alloy," describes a method for long-term storage of Kr-85. Use of this
storage method requires that the Kr-85 first be separated from the reactor building atmosphere by use of a
cryogenic distillation tower similar to the Cryogenic Processing Systen described in Section 6.6. As noted in
that section, construction and operation of such a system wculd require a minimum 20 month delay which for the
reasons discussed in Section 5.0 of this document are considered unacceptable. Therefore, no further actions have
been taken on this comment.

9.5.6 Pennsylvania State ln‘-ersity

The Pennsylvania State University submitted a comment suggesting the use of an oxygen liguefaction unit. This
unit would concentrate more than 99% of the krypton in the liquid oxygen product. The liguid oxygen would then be
passed through a bed of adsorbent material such as silica gel where the krypton would be selectively adsorbed.

The separation of the krypton from the oxygen could be done either onsite or offsite. Such an oxygen liquefaction
unit would be similar to the Cryognic Processing System evaluated in Section 6.6. Due to the time required for
construction and operation of such a unit (a minimum of 20 months), use of this method is not recommended.

9.5.7 Science Applications, Inc. (SAl)

A comment in the form of a proposa) to remove the krypton from the TMI-2 reactor building atmosphere was received
from SAl. The proposed method would use a selective adsorption process. In their proposal, SAl estimated that
such a system would require nine months for design, construction and checkout. Due to this delay in system
availability, the NRC staff does not recommend further consideration of this proposal.

9. 5.8 Environmental Policy Center

The Environmental Policy Center submitted a comment suggesting that rather than decontaminating the reactor
building, it and the radiocactive wastes within it should be entombed. However, since it is imperative that the
damaged fuel be removed from the reactor to prevent either its potential recriticality or eventual escape to the
environment over very long time periods, the entombent suggestion is not considered a viable alternative.
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9.5.9 Environmental Coalition on Nuclear Power (ECNP)

A comment from the ‘(NP recommended that rather than implementing the purging alternative, the krypton be removed
from the reactor building atmosphere Ly one of the other alternatives (charcoal adsorption, gas compression,
cryogenic processing, or selective absorption) and then transferred to some unpopulated place for release under
controlled conditions. Because of the negligible adverse radiological health effects of the proposed purging
operation, and becau:e of the delays (16 months or longer) associated with the implementation of any of the other
decontamination alternatives which do not purge, the NRC staff continues to recommend that the purging alternative
be selected as the me'hod for decontamination of the reactor building atmosphere.

The ECNP further stated that if their recommendation was not implemented, there were at least two other
alternatives which have not been evaluated by the NRC staff: (1) transfer the gas (the TMI-2 reactor building
atmosphere) to the TMI-. reactor building and store it there until removal could be accomplished by one of the
ather decontamination alternatives, and (2) purge the TMI-2 reactor building atmousphere to the environment
rapidly, as in a "puff release "

The NRC staff has reviewed these suggested alternatives and considers both of them unacceptable for the following
reasons. As noted in Section 6.2, to reduce the radicactivity in the TMI-2 reactor building atmosphere to maximum
permissible concentrations wouid require the transfer of about 23 million cubic feet of air. This transfer would,
in turn, pressurize the TMI-1 reuctor building to 170 psig, a pressure significantly in excess of its design
pressure of 60 psig. Therefore, transfer of the gas is not a viable alternative.

In preparing Addendum 2 to NUREG-0662, the NRC staff evaluated variations in the purging alternative ir.v an attempt
to minimize the duration of the recommended purge operation. In this evaluation, the staff determined that it
would not be advisable to purge the reactor building as rapidly as physically possible since such a purge would
most probably result in beta skin doses in unrestricted areas in excess of the design objectives of 10 CFR

Part 50, Appendix 1 (Ref. 15).

9.5 10 Pennsylvania Dutch Visitors Bureau (PDVE)

The POVB suggested that al! future news releases relating to -eleases of radicactivity contain an explanation (in
Tayperson's terms) of physioiogical and environmenta) impacts. The NRC TM] Program Office has issued an easy-to-
understand report that answers questions most freguently asked about the proposed purge of krypton from the reactor
building. This report states in layman's terms the potential health impacts likely to occur when the krypton is
released. Copies of the report, "Answers to Questions about Removing Krypton from Three Mile Island, Unit 2
Reactor Building “(NUREG-0673) are available free of charge by writing to the Division of Technical Information
and Document Centrol, U .S, Nuclear Regulatory Commission, wWashington, D.C., 20%56. In addition, Section 1.0 was
written to provide a fairly complete discussion of the entire final assessment report for the layperson.

Section 7.0 of the final assessment also describes the health effects of the various alternatives for
decontaminat ing the reactor building atmosphere

9.5 11 Hershey Entertainment & Resort Company (HERCO)

HERCO requestea that the purging operation be scheduled (consistent with safety) either prior to or just after the
peak June - August tourism season. for the reasons descrided in Section 5.0, the NRC staff recommends that the
purging cperation be performed soon. The information in Section 7.0 is provided to alleviate public concerns

about the health effects of the purging operatior, which have been determined to be negligible.
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9.5.12 QOak Ridge National Laboratory (ORNL)

ORNL suggested a possible mechanism for alleviating some of the public concern regarding the prcposed purge
operation. Their suggestion was to encourage and fund local radiation monitoring efforts for the duration of the
planned release. They further suggested that the Commonwealth of Pennsylvania should be requested to assist or
oversee this effort. The DOE monitoring program described in Section 8.0 will function essentially as suggested
by ORNL. Approximately 50 local residents have been trained to participate in monitoring the recommended purge
operation

9.5.13 Councilman and Director Department of Public Safety, City of Lebanon, l‘ennsylvania

The Counciiman and Director Department of Public Safety, City of Lebanon, Pennsylvania recommended a delay in the
purging operation and asked for "a stronger, more concerted effort to establish a factual, responsible, public
information source which may enjoy a greater degree of public confidence than that now experienced by the NRC.

The Governor's request for participation by the Union of Concerned Scientists may be a step in this direction.”
Such a delay was granted and the UCS submitted their report to the Governor of Pennsylvania on May 15, 1980. The
Governor subsequently stated that he was prepared to support the purging decision if the Commission proceeded with
the purging proposal advancod by the NRC staff. He further stated: "To minimize stress, | also am prepared to
commit all of the rescurces ai my disposal tc assure the residents of the area, as | am now persuaded, that this

plan is, indeed, a safe one. "

9.5.14 West Shore School District

ine West Shore School District requested that approval of the purging operation be postponed until after the
schools in the TMI area have closed for the summer. They further stated that most of these schools will close for
the summer during the week of June 9. The decision to extend the public comment period on NUREG-0662 to May 16,
1980 effectively granted this request.

9.5.1% Regional Planning Council

The Regional Planning Counci for the Baltimore, Maryland area « ammented that while in previous statements it has
supported the position that there should not be a release of radiocactive material from the cleanup process before
the preparation of an tnvironmental Impact Statement, it does recognize the need for timely action by the NRC when
it finds that public safety requires release of material before the EIS is completed. They also commented that
the Environmenta) Assessment fails to mention a deadline for release of the gas. They recommended that the purge
operation be delayed until the Union of Concerned Scientists study requested by the Governor of Pennsylvania was
completed. Since the UCS study has now been completed, the NRC staff recommends, for the reasons stated in
Section 5.0, that the purging operation ba performed soon and prior to completion of the Programmatic Environ-

mental Impe-t Statement.

They also requested that Maryland health officials be notified in advance of the purge operation so that monitoring
stations can be established by Maryland officials. The NRC staff intends to provide at least a ten-day advance
notice to all pertinent officials, to the press, and to the public for the controlled purging cperation.

9 5 16 Additional Comments from Individuals

In addition to the above-noted comments, approximately 90 additionel responses were received from individuals who
provided specific comments or. the alternative methods evaluated in NUREG-0662 or suggestions for additional methods
for accomplishing the required decontamination. The additional comments or suggestions were broad
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ranging. They included suggestions (1) to purge the reactor building atmosphare into balloens and release the
contents at high elevations, (2) to evacuate the residents in the TMI area during the purging operation, and

(3) to modify the charcoal .dsorption process to minimize the quantity of charcoal reguired. Some persons urged
that NRC staff members and officials be present in the TMI area during the purging operations, expressed concern
about possible releases of other radicactive materials, questicns Aifferences in the guantities of Kr-85 reported
by the licensee (44,000 curies) and by the NRC staff (57,000 curies) and worried that additiona) quantities of
fission products are continuing to be generated. One person recommended that the cleanup operation be performed
by the Naval Reactors Branch of DOE. Severa) other persons suggested that any necessary maintenance and repairs
within the reactor building could be performed by workers dressed in protective clothing without prior removal of
the Kr-85

A number of letters suggested that the krypton gas be placed in high-altitude balloons and transported for release
high in the atmosphere. Although high- altitude balloons are technically feasible as an alternative to controlled
purging, their use “ould increase the risk of an uncontrolled release that could result in higher radiation
exposures Lo the workers and the public than would occur from the alternatives discussed in this report.

A large number of balloons would be required and they would have to be of immense voluwe because krypton-85 is a
heavier-than-air gas which would require the addition of helium gas or 1ift capability to the balloons as a volume
ratio of approximately 30 times that of krypton-85 Moreover, the probability for a balloon burst is fairly high.
Based on the Nationa) Oceanic ana Atmospheric Administration experience with high-altitude weather balloons, the
chance of no balloon burst is in the range between 75 to B5%, but can drop as low as 50% during periods of gusty
winds. This probability, coupled with the large number of balloons that would be necessary (assuming krypton-85
is transported as a gas), would increase the overall probability of a premature balloon burst. Scolutions would
then need to be devised for retrieval and disposal of the contaminated balloons. Finally, use of balioons for
transporting radicactive gas may further aggrevate the psychological stress of some residents in the TM] area due
to the obvious visibility they would provide. In summary, since the radiological health effects associated with
the recommended purQing operation are negligible, and since the probable disadvantages outweigh the advantages of
using balloons in transporting and remotely releasing the Kr-85 gas, use of this concept is not recommended.

Recommendations that local residents be evacuated during any purging operation were based on the assumption that
an evacuation would protect residents from any radiolegical hazards associated with the release of the Kr-85.
However, as discussed in Section 7.0, the adverse radiological health effects of the recommended purging operation
will be negligible and, therefore, evacuation of the local residents is neither required nor recommended.

The suggested variaticn in the charcoal adsorption process recommends that three containers of charcoal to be
used. In this variation, the reactor building atmosphere would be filtered, dried, refrigerated, and passed over
refrigerated charcoa! until krypton breakthrough occurred in the first container, The krypton in this first
container would then he desorbed by adwitting heated and humidified air. The desorbed krypton would be
transferred to a second refrigerated container of charcoal for storage. The adsorption and desorption in the
first container would then be repeated for several cycles. Although the charcoal loses its ability to adsorb
krypton with increasing humidity, this ability is only decreased in magnitude, it is not eliminated, Significant
noldup ts still obtained at high humidity, and desorption would not be easy. Therefore, transfer of krypton, as
the proposal suggests, cannot be expected as easily as stated. Since this concept is the basis for the entire
proposal, the rest of the proposa) simply does not follow and its further consideration is not recommended,

Several suggestions were made that NRC <taff members and officials be present in the TMI area during the purging
operations. The reasons for these suggestions inciuded that their presence would be 3 demonstration of confidence
in statements by the NRC staff that the radiological health effects are negligible. Members of the NRC professional
staff would be at, and in the vicinity of, "™ during purging operations to oversee these cperations
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10.9 Public Information Activities

In an effort to better inform the public in the area around Three Mile Island about the contents of the draft
Environmenta)l Assessment (NUREG-0662, and Addenda 1 anc 2), NRC has conducted 38 informational meetings and
aclivities. The staff also issued an easy-to-understand report that answers frequently asked questions about
removing the krypton from the reactor building. Copies of the report, “Answers to Questions about Removing
Krypton from the Three Mile Island Unit 2 Reactor Building" (NUREG-0673), are available free of charge by writing
to the Division of Technical Information and Document Control, U.S. Nuclear Regulatory Commission, Washington,
D.C. 20555.

Most of the meetings held were planned by the NRC, although some were organized by other interested groups, at
which NRC officials were invited participants. Members of the U.S. Environmental Protection Agency and the
Pennsylvania Department of Environmental Resources (DER) were usually invited participants at these meetings. EPA
officials outlined their agency's program and responsibilities for environmental monitoring in the vicinity of the
TM] site, while state DER personnel explained the community monitoring program and other state functions related
to the clean-up of TMI Unit 2. At these meetings, NRC officials expressec .neir willingness to meet with other
groups of people who had an interest in receiving additional information on the Environmental Assessment or clean=
up operations at Unit 2.

This effort of communicating with the public fell into three broad categories:
15 public meetings and meetings with interested citizens groups,
16 meetings with elected officials, and

7 press conferences and appearances on public information radio and television shows.

10.1 Public Meetings and Meetings with Interested Groups

On March 19, 1980, NRC conducted a public meeting in Middletown to inform local citizens of the contents of the
draft Environmental Assessment. Following this initial meeting, NRC officials attended similar gatherings in
surrounding communities at the request of state and local officials.

The NRC staff also met with a wide variety of interested groups which included:

Chambers of Commerce

Civic Service Organizations
Medical Associations
Schoo! Board Officials
Religious Leaders

Teacher Organizations

Three Mile Island Alert

Meetings with the Capital Forward Group and Three Mile Isiand Alert were attended by Chairman Ahearne and Commis-~
sioner Hendrie, respectively, in addition to NRC staff participation.
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In addition to meeting with Governor Thornburgh, Harold Denton, Director of the Otfice of Nucleir Reactor
Regulation, and other members of the NRC staff met with various city officials from major metrupolitan areas
surrounding Three Mile Island. Meetings were held with the Commissioners and other officials from the four
counties closest to TMI: Dauphin, Lancaster, York, and Lebanon. Five briefings were also conducted in different
geographic 'ocations for elected officials from the Boroughs and Townships which surround Three Mile Island.

10.3 Press Conferences and Television and Radio Appearances

Harold Denton held several press conferences in central Pennsylvania, one of which was held jointly with Governor
Thornburgh to discuss the Environmental Assessment. John 1. Collins, Deputy Program Director, TMI Program Office,
appeared on several television and radio talk programs where listeners or panel members asked questienc concerning
the t.. "ronmental Assessment. These appearances by Mr. Collins were in addition to his numerous other television

-

and ré 1. interviews concerning a wide range of topics relating to activities at the ", sits,
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12. Glossary
Absorbed dose - The energy imparted tc matter by ‘onizing ragiation

Anticipated Operational Occurrence - Miscellaneous conditions or actions such as equipsent failure, operator error,
administrative error, that are expected to occur that are not of magnitude great enough to be considered an accident.

Background radiation - Radiation arising from natural radiocactive materials always present in the environment,
including solar and cosmic radiation and radioactive elements in the upper atmsospherse, the ground, building mate-
rials, and the human body. In the Harrisburg area the background radiation level is atout 125 mrem per year.

Beta parcticles - Charged particles emitted from the nucleus of a atom, with 2 mass and charge egual in magnitude
to that of the electron.

CFM - Cubic feet per minute
Contr 31 rod - A rod containing material That absorbs neutrons; used to control or halt nuclear fission in a reactor.

Core - The part of a nuclear reactor that contains the fuel (fissionable saterial). In a reactor like that at TMI,
the r gion containing fuel-bearing rods.

Critica ~ Term used to describe the capability of sustaining a chain reaction at a constant level.

Cryogeric Processing ~ Low-temperatue separation processss wheredy materials that are normally gases are isolated
and recov red from other gases by liquifying thes at low teeperatures.

Cubic Centi eter (cc) - Unit for measuring volume. Approximately 947 cubic centimeters is equal to ome U.S. quart.

Curie (Ci) - The special unit of radicactivity. Activity is defined as the number of nuclear transforsations occur~
ring in a given guantity of msaterial per unit time.

Decay heat - Heat produced by the decay of radicactive particles; in a nuclear reactor this heat, resulting from
materials left from the fission process, must be removed after reactor shutdowr teo prevent the core froe over-
heating. See Radiocactive decay.

Dose - Denotes the quantity of radiation or energy absorded. For special purposes it must be appropriately guali-
fied, 1f unqualified, it refers to absorbed dose, See Absorbed dose.

Dosimeter - Dose meter. An instrument that measures radiation dose. See TLD.

GCamma rays - Short-wave length electromagnetic radiation of nuclear origin emitted from the nucleus of an atom. A
form of ienizing radiation.
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Half-life - The tise required for half of 3 given radioactive substance . decay
HEPS - Wigh-efficiency particulate filter
jonization - The process by which & neutral atom or moiecule scquires 3 positive or 2 negative charge

lonizing Ragiation - Any form of radfation that displaces electrons from atoms or sclecules Tre resuiting aloe
or solecule is an fon. loms bDecome electrically charged as a result of this process

Erypton-85 - An inert nobie gas (it does not interact chemically with other chemical elements or Compoends) with 3
Ralf-1ife of 10.7 years

LET = Linear energy transfer. A measure of the capacity of biclogical material to absort fonizing ragiation
MDA - Wintmum Detectable Activity. Minieum Tevel of radisactivity detectatie with menitoring instruments

Meteorological a,. ~esion factor (N/Q) < A factor {seconds/m”) which accounts for site-specific setecro’ogical
data in relating the concentration (Ci/e?) of radiscactive materials, at a given location, 0 2 release rate

(Ci/sec) of ragicactive saterial at another Tocation

Wicrecurie (aCi) - Unit for measuring radicactivity, One microcurie is ome~wilitonth of 2 curie {171,000,000)
See curie

Willicurie (aCi} -~ Unit for seascring radicactivity. Une eillicurie is sne~thousansth (171,000) of & turie
Millires (mres] -~ One one-thousandth (1/1000) of a rem; see ree

WL - Marisus Persissible Concentration of radicactive expoture, as specified in Title 10 Code of Federal Regu

Tations, Part 20, Tadle &

Noble gases - Inmert gases that 40 not readily reect chesically withother elements These gaces incluce nelium,

apon, kryplon, aenon, ang ragon

Nuclear Regulatory Commission (NRC) - U. 5. agency responsible for the licensing, reguiation, ane inspection of

commercial, test,. and research nuclear reactors, as wel) as naCiear materials

Order ¢ Magnitude - Within a factor of ib

Person-rems - The sum of the individua! doses received By each member ¢f 3 certa'n grow or population It is
caleulated by sultipiying the aversge dose per Derson by the number 0F persons Consequent iy, the coilective 205e
is expressed 10 person-rems For example, 3 thousand peogle each exposed 1o one mres would have 2 collective dose
ef 1 person-res

PSIS ~ Pounds per sguare inch guge. A seasure of the difference in pressure above or Delow norma’ atscspheric

pressure

rad ~ The basic unii of absorted dose of fonizing radiation A dose of one rad means the absorption of 100 ergs

of radiation energy per gram of adbiording matertal
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Radiation ~ Energy in the form of rays (light, heat, X-ray, radio waves) sent out Lhrough space from atoms and
molecules as they undergo internal change.

Radicactive decay - The spontaneous natural process by which an unstable radioactive nucleus releases energy or
particles to become stable.

Radioactivity - The spontaneous decay of an unstable atom. During the jecay process, ionizing radiation is
usually given of*

Re” ..v (nuclear) - A device in which a fission chain reaction can be initiated, maintained, and controlled.

Reactor building - The structure housing the nuclear reactor. Also called containment building or reactor
containment building.

Reactor vessel - The steel vessel containing the reactor core; also called pressure vessel.

Rem - A standard umit or radiation dose. Frequentiy radiation dose is measured in millirems for low-level

radiation; 1,000 millirems equal one rem.
SCFM - Standard Cubic Feet Per Minute. "Standard" refers to standard conditions of pressure and temperature,

Selective Absorbtion Proce:s ~ A paration process whereby a liquid is used to selectively absorb (separate) a
selected material (gas) from a source gas stream (air).

Source Term - Defines an amount of radicactive material.

1L0 (thermoluminescent dosimeter) - A solid-state device used to measure nuclear radiation doses. See Dosimeter.

Iritium - A radioactive isotope of hydrogen.

Wake-Cavity Effect - The region of turbulance immediately to the rear of a solid body, like a buiiding, that is
formed when wind currents flow over and around the object.

X/Q - Sew Meteorological Dispersion Factor.

A - _— e e



NRC s onm 335

397 US NUCLEAR REGULATORY COMMISSION

BIBLIOGRAPHIC DATA SHEET

REPORT NUMBE R (Ass.gned by DOC)

NUREG-0662, Volume 1

4 TITLE AND SUBTITLE (Add Vowme No  if appropriate)

Final Environmental Assessment for Decontamination of the
Three Mile Island Unit 2 Reactor Building Atmosphere

Leave biank)

RECIPIENT'S ACCESSION NO

I AUTHORS!

5 DATE REPORT COMPLETED
MON TH YEAR
May 1980
9 PERFORMING ORGANIZATION NAME AND MAILING ADDRESS finciude Zip Code) DATE REPORT ISSUED
TMI Program Cffice May T
Office of Nuclear Reactor Regulation 1960
U.S. Nuclea~ Regulatory Commission o SRS M

8 ILeave biank)

12 SPONSORING ORGANIZATION NAME AND MAILING ADDRESS (Inciude 2ip Code !
10 PROJECT TASK WORK UNIT NO

Same as 9 11 CONTRACT NO

13 TYPE OF REPORT FERIOD COVERED (inciuswe dates)

Final NRC Staff Report

15 SUPPLEMENTARY NOTES 14 (Leave Diank!

16 ABSTRACT 200 words or less!

This final Environmental Assessment evaluates the environmental impacts of alternative
methods for decontaminating the reactor building atmosphere at Three Mile Island, Unit 2
and incorporates comments on de:ontamination alternatives from Federal, State, and local
officials and from private citizens and groups. The staff recommends that the reactor
building be purged over a 60-day period.

T

17 KEY WORDS AND DOCUMENT ANAL YSIS LESCRIPTORS

ITh IDENTIFIE RS OPEN ENDED TE WS

e et ot i e ot
18 AVAILABILITY STATEMENT T‘ SE NTY CLASS /THs rapace? |27 N PAGES
'L SE STY O S5 (TR gape ﬁ
Unlimited | |

NRC FORM 338 (7 77)



