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note and correct the following errors:

In the second paragraph, replace March 29, 1979 with March 28, 1979,

In the second sentence of the fourth paragraph, replace March 1979
with March 1980.

In Section 2. Purging, replace the second senten * with the following:
"The smaller of the two systems was desiuned as a backup system to

the hydrogen recombiner system to reduce the nydrogen concentrations

to prevent possible gas explosions."

In Section 6.2.5.3.3. Environmental Impac:, final sentsnce, replace
ible.

"
viable with visib

In Section 6.8. Qnsite Long-Term Storage of Kr
first sentence, delete the final four words "o

In Table 6.8-1, under the Advantages column, first item, the expression
"low peak" should read "low leak",

Final paragraph on this page, delete the last sentence.
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ot the stress
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PREFACE

This Final Environmental Assessment revises the draft Environmental Assessment issued for public comment in
March 1980. Revisions to the draft Assessment have been made n respon.c to comments received and to additional
reviews and analyses condurted by the NRC staff

The Nuclear Reqgulatory Commission has not yet made a decision on the disposition of the krypton-85 gas in the
reactor ouilding atmosphere at TMI Unit 2. The views and recommendations expressed hers are those of the
Commission staff.

This report was prepared by the staff of the Three Mile Island Program Office, Office of Nuclear Reactor
Regulation, with the assistance of additional staff members from within NRC.

Or. Bernard J. Srvder, Program Director
Three Mile Island Program Office

U.S. Nuclear Regulatory Commission
wWashington, DC 20555
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1.0 Summary 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 29, 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 performed
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 tie building and
fresh air pulled in,

The Metropolitan Edison Company (the licensee) on November 13, 1979, asked the NRC staff for permissiun to

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

1979, 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 receiyv.- approximately 800 comments on the draft Environmenta)
Assessment. Of these, approximately 195 responses generally supported the purging of the reactor building,
appreximately 500 opposed it, and the remaining responses were either recommended alternatives for removing

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

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

===The potential physical health impact on the public of ssing any of the proposed strategies for getting
rid of the krypton-85 is negligible.

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

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

===Overall, no significant environments] impac. would result from use of any of the alternatives discussed
in this Assessment.

The Problem

As will be developed in the following discussion, decontamination of the reactor building atmosphere at this
time is ¢ 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



addition, it is believed that the prompt initiation of decontamination will be beneficial trom 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 re. or building atmosphere,
being an action independent of any subsequent cleanup activities K does not fareclose, nor predetermine, the
consileration or selection of any alternative to such subsequent measure.

faking the foregoing into cu-sideration, the staff believes that it { 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, new in preparation

The March 28, 1979 accident in 'hree Mile Island Unit 2 heavily damaged the uranium fuel in the core of the
reactor. Many radicactive substances that normally remain <rapped in the fue! rods we-e released when tie
fuel rods were themselves broken. Some of the radicactivity in the form of gases, leaked out of the reactor
system, along with a 'arge amount of water. Some of the gases escaped to the environment and some of the
water reached other parts of the plant before being captured. A grea' deal of water and a substantial amount
af radfoactive 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, the-e 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 incressing chance of
essential equipment wearing out or malfunctioning., [f the core were accicentally to begin to undergo a chain
reaction once more, it could cause releases of more radivactivity within the reactor building. Therefore,
removal of the damaged fue! for safe storage is the paramount objective of the cleanup of TMI-2

Shartly a ter the accident, the radioa*’ ve gsies xenan and fodine accounted for most of the radioactivity in
the reacts* tuilding atmosphere. But ve.ause these gases decayed to nonradioactive forms rapidly, they now
account for only about one millionth of the radioactivity in the building air. Nearly all of the doactivity
now in that air comes from the relatively longer-lived krypto~. Traces of a radivactive form of hydrogen,
called tritium, are in the buiiding atmosphere at levels 10,000 tices lower 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” raaiation 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 *he 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-3%
remc.cd, there would still be radiation from tie damaged reactor core, from radioactive material deposited on
surface, and from the more than seven feet of contamir ted water in the basement of the building. But, the
radiation dose rate for workers would = cut from about 2.1 rem per ngur to 1.6 rem per hour at the 305-foot
level in the bu'lding, and from about 1.3 to 0.3 at the 147-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
Duilding has kept its jressure at slightly below outside air pressure. Whatever smail air leakage there has
been has come in from the outside, rather than to the outside. However, the cooling system fans, designed to
run cowtinuously for only a few hours, have been running for more than a year, and they may fail over a period
af time. If they do, & rise in pressure inside the reactor building would lead to small puffs of uncontrolled
'sakage of the building atmosphere to the outside. This would not pose a he lth hazard to the pub ic but

weuld be of major concern and could contribute to asxiety among residents in the area. Controlled and monitored
removal of the building atmosphers before the cooling fans fail would avert that possibility.

.



The Proposed Sciution

In performing its Environmental Assessment of Metrepolitan Edison's proposal to purge the reactor building
atmosphere, the NRC staff has not only evaluated that plan but also has evaluated several alternatives,
including the following:

1. No action.

o Purging (Slow or Fast, Lower or Higher Release oints).

5 Selective Absorption Precess.

4. Charcoal Adsorption, Including a Refrigerated Adsorber System.

5 Gas Compression and storage.

6 Cryogenic Processing (Liguifying the Gas and Storing for Later Disposal).
L A Combination of Purging «.d the Other Alternatives.

L. No Action

Leaving the contaminated air in the reactor building indefinitely would leave one important phace of the
cleanup process undone. It would also carry other risks. First, it would be physically more difficulc, if
not impractical, for workers to do any significant cleanup work in the building because of the heavy protective
clothing ana air-supply equipment they wouid be required to wear. Under these conditions, workers may be
limited to only 15-30 “inutes in the building before air supplies must be replaced. Nose considerations would
also 1imit the "stay time" of workers in the building. Second, to the extent that it would irterfere 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 :afe condition. Third, the buiiding 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.

2. Purging

The TMI-2 reactor building has two separate systems that can be usea to move air from the inside of the building
to the outside by way of riltering and monitoring equipment leading to a ventilation stack that reaches 160 feet
in the air. The smaller of the two s stems was designed to keep hydrogen gas concentrations in the building

at low levels during normal plant operations so as to prevent possible gas explosions. This hydrogen contro)
subsystem, when modified, would employ a fan with the :apacity to move up to 1,000 cubic feet of air per

minute. This fan wouid be started slowly and run at low rates until the kry:ton-85 concentrations in the
building had been luwered by dilution with fresh air so that larger volumes could be sent outside without
raising the concentrations of radioactivity argund the site. If this system of fans and ducts was used by
ftself, it would take about 30 days of actual purging, spread over about a 60-day period, to complete the
purgirg operation. The larger of the reactor building purge systems is the building's ventilation system. If
this larger system were used aiong wth the hydrogen control subsystem, both systems could remove the required
amount of air in about five days of actual purging, during good weather, over a l4-day period. Both the
fiydrogen 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 wou'a be revoved from the air before it is
discharged to the outside through the ventilation stack. Just before reaching th= stack, the air from Lhe
reactor building would be mixed with air from other plant buildings to provide me dilution before it is
discharged from the stack. As the air bearing the xrypton-85 is pulled out of the reactor bu'lding, fresh air
from the outside would enter the building through an open valve.

The staff also examined the possibility of extending tha 160-foot high <*_.a o 400 feet with piping supported
by scatfolding or guy wires, The staff believes that under the bac. of weather conaitions elevating the stack
could reduce the maximum possible exposures closest to the site .o as little as 1/6th the dose predicted to
occur for the 160-foot stack The staff has estimated that derigning, construction, and leak testing the
added stack section would delay cleanup of TMI-2 by about four to five months.

The staff next considered construction of a new 1000-foot stack to provide agditional allitude for releasing
the reactor building air. The staff astimated that it would take 4t least 1l months to design, build, and

test such a stack to adequate safety criteria. They also felt that while the higher stack would reduce the
public's radiation exposure, the projected exposure was aiready so low as to pose no radiological health
hazards and that the minimum of an 1l-month delay to build a siack of 1000 feet could not be justified.

Finally, the stafy evaluated two proposals submitted by the Union of Concerned Scientists to Governor Thoraburge
(Ref. 3). The firit proposal was that the rea.tor building air be heated tc give it more buoyancy upon its
release from the s:ack for more effective rise and dispersal.

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

The second proposal was that a 2000-foot tube of reinforced fabric, held aloft by a tethered balloon, he used
45 a stack for discharge of the reactor building air. Because the method is unique and untried, the staff
said there was some uncertainty as to how long it would take to implement, bu. the staff thought it could
work. The staff thought it would take 7 to 10 months to design, build, and test such 3 system. However, the
staff feit that the psychological impact of a balloon clearly visible over the site may offsct any advantage
which might be gained by a reducticn aof the dose to any individual.

3. Selective Abscrption

The selective soserption process would withdraw all the air in the reactc® building, separate from it essentially
¢ ) the krypton, and return the decontaminated air to the reactor building. The contaminated air would pass
through a column in which liquid Freon would absorb the krypton while allowing the other gases to pass through
unchanged. Jnce 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 OQak Ridge, Tennessee, has been developing a se'sctive 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 Caryide officials are optimistic that a larger version of this pilot plant (scaled ur at
least 10 time:) can work at Three Mile Island. Estimated times for completing this larger version var . 0k
Ridge personne! estimate that a system could be put in service at TMI in 10 months. "o consiruct the system
in this period would require a 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 site ar: is Sased on other questionable assumptions.

In the best judgment of NRC construction experts, the sho:cest possible time to design, procure, construct and
test a suitable selective absorbtion system is 16 months. This time period is considered by the staff to be
an undesirabie delay in getting the cleanup of the reactor building initiated. It is relevart to note that
the Oak Ridge Naticnal Laboratary, the organizaton most knowledgable about the selective absorption system,
has recommended agairst using that system and favors controlled purging to dispose of the krypton gas.

4. Charcoal Adsorption

Charcoal adsorption is : process by which the contaminated air from the reactor building would be piped into
large tanks containing charcoa . 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 +,000 tons and the second 12,000 tons. Ouring normal operation,
no releases of radioactivity would be expected. Since noble gases do not react chemically with charcoal, but
just stick to its surface, iong-term surveillance would be required during storage. The krypton-bearing
charcoal would have to be stored (and watched over) for up to 100 years to allow the radioactivity to cecay to
insignificant levels,

The staff's major concern was the environmental impact of long-term onsite storace, 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 «nich 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 diamete~ 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 riudioactivity tham 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 ga. would have to be mainta,ned under pressure in storage in

many pressurized containers for approximately 10U years, and the krypton could leak at some time during storage.
The staff nas concluded that this alternative is impractical.

6. Cryogenic Processing

Cryogenic processing is the condensation of krypton-85 from the incoming air oy bringing it into direct contact
with 'iguid nitrogen (=320°F). The liquified krypton-85 is collected, restored to a gas foerm, and stored to
allow decay. An alternative to storing would be to transport the cuntainers of the separated krypton (whether
from the cryogenic or seiective absorption systems) to a burial ground or to a remote area and release the
krypton gas to the environment.

The NRC has looked at several ‘ryogenic systems available from commercial nuclear power plants. None of these
systems has been operated successfully. Although these new systems could be purchased, a new building would
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be required to l:use the system and contain any possible leakage The cryogenic cystem would be coonnected to
the piping of the existing hydrogen control system. The air from the reactor bullding would L2 passed through
the fiiters and charcoal adsorber °f the hydrogen control system nd then piped to the cryogenic processing
system in the adjacent building. At least 20 months are estimated to be required 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 Natiomai Laboratory

Turing the approximateiy 2-%-month period required to process the reactor builidng atmosphere, about 60 curies
of krypton=-85 would be released to the environment with the purified efflyent fros the system. Also, some
leakage from the system is anticipated, but the stai’ believes this can be minimized by judicious monitoring

and a rapid system shutdown (f trouble develops HMowever, based on limited experience with these systems,
operation ana maintenance are likely to result in a relatively high occupational dose. Oesigns havi been
proposed to store the radioactive krypton on the site while it decays. This will require surveillance for 100
years and represents a continuing risk o workers at the site, as well as a potential source of anxiety to the
public. Alternatively, vurial or release of the contaminated krypton at a remote site could be accomplished.
Mowever, the NRC staff believes that release in a remote area probably would not be acceptable to l'ocal officials
and resiuents.

7. Combined Processes

The staff evzluated combinations of various aiternatives, using one of the krypton extraction and recovery
systems, such as charcoal adsorption, gas compression, crycgenic, or selective absorption for mest of the
krypton, and purging the rest to the environment. One of the krypton recov:ry systems would trap about 95% of
the krypton (54 000 curfes) and the other ‘X (3,000 curies) could be released to the environment. The size of
the processing system or the size of the storage *acility for the -inal matertal holding the krypton would be
only about 25% to X of what would be needed if there were no purging used at all. 0f all the combinations
considered by the staff, 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 proces:ing and final purging. The staff still considers this an unacceptable delay in the
overal . decoilaminatisn of the reactor building atmosphere

Onsite Long-Term ,torage of Krypton- §

With the exception uf direct controlled purging of the reactor duilding to the ou da, all the proposed
processes leave the radioactive krypton to be stored onsite, in some form. for ab. .t a century. [f 1 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 leaking container to a new one. The staff belioves 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 racizactivity tu decay away.

Iransportation and Offsite Cisposa’

Alternatively, the krypton gas would be appropriately packaged and transported to a waste burial facility for
burial or taken to a remote location, such as a desert, and released to the environment. The NRC staff estimates
that the impact of nandling, packaging, traniportation and burial or remote releace of the Kr-25 would be §-24
person-rem (total body).
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Public Heaith and Environmental Effects

Physical Effects

The NRC staff has determined that there are negligible pnysical public hes1th risks associatecd with the use of
anv of the alternatives (excepting the “no action” alterrative). For the venting alternative in particular,
in independent analyses, the Nationa! Council o' Radiation Protection and Measurements, the U.S. Environmental
Protection Agency, the U.S Jepartment of Healtr Education, and Weifare, 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 alternatives, has been
made by the NRC staff. The total potential cancer deaths for both the 50-mile population surrounding TM!-2

and plant workers is estimated to range from a minimum of 0.0003 (purge option) to a maximum of 0.034 (cryogenic
option). Almost 411 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 50 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., about 5 chances in 100 billion.

The total risk of some type of genetic abnormality, resulting from the decontamination alternatives, to the
public within 50 miles and plant workers has also been estimated. This genetic risk has been estimated to
range from a minimum of 0.0005 effects (purge option) to a maximum 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, 0.066 effects. The maximum genetic risk to any offsite member of the public “rom the
various options would be 5 chances in 220 million (0.000000005), compared to the current expectation of all
kinds of rormally occuring genetic effects of one mill on 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 1bout 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 among
the 50-mile population of 2.2 million people. This compared 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 “omparisons are provided in Tables 7.2 and 7.3.

Psychological Stress

The various alternatives for decontamination of ths TM[-2 reactor bu’'ding atmosphere ire expected by the NRC
staf” to have di“ferent psychological 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 effectc of the TMI accident.
Previous research suggests that an event like the accident at TMI-2 produces two types of stress: short and
continuing. Short-term effects or thrse directly related to the occur-ence nf the incident are 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 1979. Their findings suggest that stress changes

with time, and that long-term mental health implications may be less than previously thought.
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Based on consultations with psycnologists, the staff has concluded that the purging aiternative, which can be
implemented proaptly, has less poiential for creating long-term psychologica! stress than those alternatives
which take longer to complete. Furthermore, since a promot decision on, and completion of, purging will be
the first sajor step toward eventual cleanup of %ne reactor building and decontamination ¢ the site, it is
anticipated that a majority of the public will perceive this actiun as leading to elimination of future risks
from TMI-2. The NRC staff, based on advice received from its consulting psychelogists, believes that this
public perception will! reduce the stress and anxiety of tie public.

Radiological Environmental Mon ring Program

The radiologica) environmentz]l « ritoring around the TMI site and nearby communities during decontaminaticn of
the reactor building atmosphere would be performed by (1) the U.S5. Environmental Protection Agency, (2) the
Commonwea'*'. . Pennsylvania, (3) the U.5. Department of Energy, (4) the “uclear 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 Is'and.

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

In addition o their own direct monituring, the Department of Energy and Commonwealth of Pennsylivania are
sponsoring a Community Radiation Menitoring Program that involve people from 12 communities in an approximate
S5-mile circ e around TMI.

About 50 individuals have compieted training classes conducted by the Nuclear Engineering Uepartment of Pennsyl-
vania State University. The classes invoive: classroom ‘nstructions, laboratory training, and actual radiation
nonitoring in the field. The teams wi'l use EPA gamma-rate recording devices, whith are currently in place
around TMI, and which, will be suppiemented by gamma/beta sensitive devices being furnished by DC” through EGG
{daho, Inc.

The training sessions were designed to provide a working know:edge of radiation, i'. offects, and detection
techiiques, and included hands-on experience with monitoring equipmeat in the field. C(Citizens will be expected
to demonstrate minimal competence in radiation monitoring before actual monitoring efforts begin. Following
the completion of tisining, team representatives in each of 12 selected areas have been gathering and reperting
data from the gamma and gamma/beta-sensitive instruments on a routine basis.

Response to Comments

The draft "Enviromnmental Assessment for Decontamination of the Three Mile [s]>~+ Unit 2 Reactor Building
Atmosprere” (NUREG-0662) and two subsegquent addenda were issued for public comments late in March 1980. The
public comment period ended May 16. Approximately 800 responses have been received, each of which fell into
one of three categories: (1) those sunporting the purging alterrative recommended 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 othter than those discussed in the Environmental Assessment or
who otherwise commented on the assessment (approx 'mately 105 responses) Section 9 of this report provides
the NRC staff's response to these comments.

Copies of correspondence received are available for inspection and copying for a fee at the NRC Public Document
Room at 1717 ¥ Street, NW, Washington, D.C. 10555, and at the NRC Local Public Document Rooms, State Library



1-9
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. Al] substantive

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

Public Information Activities

[t an effort to better inform the public in the area around Three Mile Island about the contents of tne 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 availatle free of
charge by writing to the Division of Technical !nformation and Document Control, U.S. Nuclear Regulatory
Commission, Washington, D.C. 20555,

Most of the meetings held were plannad by the NRC although some were organized by other interested groups, at
which NRC officials were invited participants. Members of the U.5. Environmental Protection Agency and the
Pennsyivania 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 TMI 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 meetinygs, NRC officials expressed their wiliingness 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

Envircnmental Impacts of Alternatives for Removing the Krypton-85 from the Reactor-Building Atmosphere

Total Offsite Duse to Maximum Exposed Individual®*

Method Normal Processing Accidents
Reactor Building Beta skin dose - Beta skin dose - 25 mrem
STow Purge 11 mrem Total boly gamma dose - 0.3 mrem
Total body gamma dose -
0.2 mream
Reactor Building Same as above Same as above
Fast Purge
Elevated (400 ft ) Approximately 1/8 (0.13) Same as above
Purge uw! Slow Purge above
Elevated (1Ci0 ft.) Approximately 1/230 (0.004) Sume as above
Purge ef Slow Purge above
Hot Plume (250 ft.) Approximately 1/30 (0.003) Same as above
Purge of Slow Purge above
Balloon/Tube (2000 ft. ) Approximately 1/300 (0.003) Same as above
Purge of Slow Purge above
Selective Absorption Less than Cryogenic Ab:orption Process
Process System Processing System Beta skin dose - b mrem

Total body gamma dose - 0.1 mrem

Gas Stor
Beta skin dose - 1700 mrem

Total body gamma dose - 20 mrem

Chatcoal Adsorption tess than Cryogenic Ambient Charcoal System
Systems Processing System Beta skin dose - 4] @ om
Total body gamma dose - 0.5 mrem
Refrigerated Charcoal System
Beta skin dose - 124 mrem
Total body gamma dose - 1.5 mrem

Gccupational Exposures

1.2 person-rem

Same as above

Same as above

Same as above

Same 4s above

Same as above

115-220 person-rem

47 person-rem

oi-1



lable 1.1 (Continued)

Total Offsite Duse to Maximum Exposed Individual*

Method Norma i Processing Acc ‘dents Occupational Exposures
Gas Compression Less than Cryogenic Beta skin dose - 410 mrem 41 person-rem
System Processing System Total body gamma dose - 5 mrem
Crycgenic Processing Beta skin dose - Beta skin do.w - 1700 mrem 157-255 person-rem
System 0.01 mrem Tota! body g mma dose - 20 mrem

Total Body Gaama dose -
less than 0.000Z2 mrem

Combination Process/ Approximately ./95 (0.01) Beta skin dose - 1700 mrem 115-255 person-rem
Purge of Slow Purge above Total body gamma dose - 0 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 vadioactive materis]l within the

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

1i={

*The colTective 50-mile offsite population doses resulting frem the purging alternatives are estimated to
be 0 76 and 63 person-rem for total-body and skin doses respectively Although elevating the release
point would reduce these population dose estimstes, the reduction would probably be no greater than 10%.




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 *o a proposal submitted by Metropolitan Edison Company (the licensee)

for purging the reactor building atmosphere through the building's existing hydrogen control s bsystem
(Ref. 1). 7hi‘s Assessment does not address decontamination of )eactor building equipment, inte ‘or walls
and surfaces, and treitment and disposition of water in the reactor building sump or in the reacto ' coolant

system. These issues will be addressed in a Programmatic Environmenta) Impact Statement to be issv.g by the
NRC staff later in 1980.



3.0 Introduction

As a result of the March 28, 1979 accident at the TM] Lait 2 facility, significant quantities of radioactive
fission products and particulates were released into the enclosed reactor building atmosphere because of sub-
stantial 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 uCi/ec, yielding a total inventory of approximately 57,000 curies. Reactor building atmcsphere sampling
and analysis arc tiscussed 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-couiing equipment is maintaining the building at a slightly 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 pise no threat to pub'ic health and safety, the damaged fue! must be removed fr:a the
reactor vessel and building, placed in containers if necessary, and safely stored. The radiation levels in
the reactor building are currently such that occupancy is severeiy restricted. '2ss restricted access to the
reactor building is required to facilitate the gathering of data needed for planning the building decontamina-
tion program, and for the subsequent work required to accomplish decontamination and other cleanup operations.
Less restricted occupancy will require that the building atme<phere be decontaminated to protect workers from
exposure to the beta and gamma radiation associated with the Kr 35 in the reactor duilding atmosphere.

On November 13, 1979, the licensee submitted a reguest to the NRC staff for authorization to decontaminate the
reactor building atmosphers 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
aformation in the form of 33 questions on December 18, 1979 (%ef. 5). The licensee responded to the staff's
request on January 4, 1980 (k:f. 6). Pursuant to the requirements set foith in the Commission policy statement
of November 21, 1979 (Ref. 7) and the February 11, 1980 Order by the Director of tne Office of Nuclear Reactor
Regulation (Ref. B), the NRC staff prepared a draft Environmentai 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 ciscussion of the need to decontaminate the reactor building atmosphere and
alternatives to controlled purging to the environment. The original comment period for NUREG-0662 -as scheduled
to end April 17, 1980, but was extended by the Commissizn, at the reque:<® of the Governor of Pennsylvania, to
May 16, 1980. This Final Environmental Assessment (N AEG-0662) is based on information and public comments
received since publicezion 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.
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4.0 Reactcr Building Airborne Activity

3.1 Gas zampling 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 geses (including <r-85), particulate matter, and
radiorodine activity. Air samples are taken from two points in the reactor building. The samples are
transmitted through two lines running “~om the dome to the «actor-building air-sampie gaseous manitor

Redundant inlet and discharge valves are provided “or the system to preveit a single-active failure of any
valve from impairing the function of the system. Samples are analyzed with a gas chremategraph to determine
hydrogen content ana isotopic composition is determined with a gamma spectrum anaiyzer. The Kr-85 gas activity
in the reactor bu’iding atmosphere is setermined Dy gamma spectroscopy techniques. Isotopic identification is
made on the basis of the discrete energy levels at which gamma rays are absorbed in a germarmium-lithium (Geli)
detector. Particulate activity is determined in the reactor huildi<g atmosphere by rumping building air
through a filter. Particu'ate activity is recoved froa the air by filters, which a~e then analyzed using
gamma spectroscopy. To determine the concentrations of the dirferent types .f iodine in the atmosphere, a
sample of the reactor building air is pumped through a series of filters. Separetion of the different forms
of todine is accomplished based on the relative affinity of each iodine species for a specific filter medium.
fach filter is then analyzed using gamma spectroscopy.

In addition to the routine sampling for noble gases, particulates, and fodire, samples are obtained for t-itium,
and gross beta analyses. The results of the samoling program are prasented in the following section, “Source

Term Derivat.on."

4.2 Source Term Derivation

Sample results to date indicate that the dominant isotope within the reactor teilding atmosphere 1s Kr=£3,
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 uCi/cc. This smaller standard deviation indicates improved sampling accuracy. Other
noble gases (e.g., Xe-13lm, Xe-133m, Xe-133, Xe-135) nave decayed to below minimum detectabie activity (MDA)
tevels of 1 x 10™° uCi/ec.

Raaioactive decay has reduced iodine leveis in the reactor building to below MDA levels of 1 x 10-9 uCi/ce.
Particulate levels, primarily those of cesium=137, are less whan 1 x xo" pCi/cc. Reactor building air zamples
have been specifically analyzed for strontium-89/9G. Those analyses, plus the resuits of gross beta analyses,
Tiow that a‘rborne strontium=89/90 levels are small, that is, in the order of 1 x 10'10 uCi/ce. The airborne
concentration levels of all the above isotopcs sre measured to be below the maximum permissible concercration
(MPC) leve's listed in Table 1 of Appendix B to 10 CFR 20 (Ref. 9). Additionally, it shoul!d be noted that all
of the decontamination aiternatives (listed ‘n Section 6) include systems (e.g., MEPA, and charcoal filters)
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which, 1 utilized, would further reduce the already smail airborne conventration of these isotopes. The
removal efficiency (99.97% or better) of these filters would reduce any release of particulate radiation to
regligible quantities.

Afrborne tritium cancentrations in the reactor builiding are measured to be approximately 8.4 x 10 ? uei/ee.
This value is consistent with the caiculated estimates of airboine tritium concentration which 's based on
reactor building relative humidity and on tritium measured in the reactor buil:ing sump water. This
corcentration is 10 times lower than the maximum permissible airborne concentration limit for tritium listed
in Table | of Appenaix 8 te 10 CFR 20 (Ref. 9).




5.0 Need for Deconawination of the Reactor Building Atmosphere

5.1 Summary

The reactor building atmosphere needs to be decontaminated in a timely manner primarily to permit the less
restricted access to the reactor building necessary to gather information, to maintain equipment, and tu proceed
toward total decontamination of the Unit 2 facility. At present, the Kr-85 dispersed inside the reactor building
atmosphere 1imits operations which could be conducted inside the building to preiiminary contamination data
gathering. Following decontamination of the reactor building atmosphere, larger scale activitier, such as detailed
radiation mapping, preliminary decontamination, and shielding placement, will be possible since lowered radiation
exposure levels will reduce the need for personnel protective gear.

T . eventual remsval of fuel from the rractor vessel (or defue:ing) is an important milestone in the overall
cleanup effort which cannot proceed until atmospheric decontamination is completed. Defueling will eliminate the
small, but finite, putential for inadvertent care recriticality, which could occur, for example, from accidental
voron dilution of the reactor coolant. In addition, derueling will £!‘minate the major source of radioactive
material in the reactor building. Decontamination of Kr-85 in the atmosphere would also provide the less
restricted access to the reactor building neede* to “epair or replace core nuclear instrumentation. to maintain
the reactor building air cooling system, and to support processing of the reactor building sump water.

Although difficult to quantify, present conditions inside the reactcr building pose risks to the physical and
psycholugical health of residents in the Harrisburg-Middletown area. Public health 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 required step in achieving this goal.

5.2 Discussion

The TMI-2 reactor is presently being maintaired safely shut dwn, with damaged fuel in the reactur vessel. The
extent of fuel damage and the present core configuration are (aknown. '+ is important that the rzactor continue
to be maintained subcritical and that the Camaged fuel inside the reactor be r:woved from the reactor vessel and
placed in a safe configuration to eliminate any potential for core recriticality.

As the minimum negative impact, cure recriticality would result in the production of additional radicactive
material which would require decontamination. Core recriticality could 1lso lead to further degradation of the
reactor coclant system and the possibility of unconcrolled release of radicactivity t) the environment.

The licensee is presently relying on boron injected into the reactor coolant system to maintain th& core sub-
oritical. Normally, this function is accomplished by inserting control rods into the core. During the accident,
however, it is believed that some of the control rod material meited and may have drained out of the core. At
present, «0st instrumentation provided for monitoring reactor neutron flux, and therefore providing feedback on
boron effectiveness, is inogerable. Only one nuclear instrument channel is operating. If this instrument fails,
direct measurement of neutron flux in the reactor core would not be prssible. It would then be necessary to infer
the status >f the core by periodic sampling and analysic of boron concentration in the -eactor coolant. Although
the staff considers th: potential for core recriticality to be of low probability, it will be a number of years
before defueling is anticipated. In the interests of public and worker health and safety, the staff believes that
removing the fuel in a timely fashion will eliminate the potential risk, no matter how small, associated with the
core in its present condition. Since decontamination of the reactor building atmosphere is the necessary next
step in the path leacing to core defucling, it should be undertaken in 3 safe and expeditious manner. Purging the
reactor building can achieve both of those goals.



While activities leading to core defueling are being undertaken, it will be necessary to continue direct core
monitoring. To allow the remaining core mon:toring instrumentation to deterioriate would pose aaditional risks to
the public and to workers because of the potential for core recriticality to result in the generation of mere
radioactive fission products at Three Mile Island. Should this existing instrumentation fail it will be necessary
to decontaminate the reactor building atmosphere to achieve the access necessary to repair or replace trhem.

/% present, radiation levels in the reactor building at the 305- and 347-foot elevations would result in tota'
body dose rates of approximately 2.3 rem/hour and 1.3 rem/hour, respectively. [f a reactor building untry is made
prior to decontamination of the atmosphere, heary protective clothing and equ:yment will be required. The neces-
sary gear, including self-contai~<d respiratory equipment, radiation detectors, communications equipment, per-
sonne! dosimeters, and protective clothing would weigh approximately 85 pounds and would hamper the movesent
necessary for woriers to perform decontamination or maintenance-related tasks inside the building. Heavy pro-
tective clothing would be expected o shield workers from essentially all of the direct beta radiation from the
krypton cloud (150 rem/hour Lo unshielded skin), although some diffusion of the krypton through the suit would
probably occur. This clothing, however, would not protact workers from gamma radiation or from high-energy
peta-emitting radionuc!ides which are believed to contaminate surfaces inside the building.

Decontamination of the reactor building atmosphere would reduce the total body dose rate by 30% on the 305-foot
elevation and by 75% on the 347-foot elevation (the sperating floor) to 1.6 rem/hour and 0.3 rua/hour, respec~
tively. The dose-rate values shown below provide an example of expected dose rates accruing to an individual in
self-contained breathing apparatus and protective clothing.

Dose Rate (Rem/Hour)

Radiation -
Elevation 305 Feet Before Decontamination After Decontamination
Gamma (total body) 2.3 1.6
Beta (skin) 0.3 J. 8

Radiation
Elevation 347 Feet Before Decontamination After Decontamination
Gamma (total body) 1.3 9.3
Beta (skin) 1.2 1.2

It should be noted that Kr-85 beta skin dose (approximately 150 rem/hour) is not a factor in this example due to
the presence of protective clothing before decontamination and eliminavion of Kr-85 beta radiation after decon-
tamination. Decontamination of the reactor building atwosphere, then, is necessary to reduce worker risk from
gamma tota)-body exposures from Kr-85 and to eliminate and the risk and nefficiency of working in burdensome pro-
tective clothing (including risks involving tearing the protective suit and worker injuries due to falling).



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 ti.e reactor building
at a slight negative pressure (approximately -0.7 psig) with respect to the outside atmosphere. This pressure
differential prevents leakage cof the reactor building atmosphere to the environment. Other factors that affect
the pressure differential between the reactor building atmosphere i%d the outside atmosphere include: (1) pressure
differentials caused by wind currents over and around the building, (2) changes in barcmetric pressure, (3) chinges
in external air tempe-atures, and (4) the solar heat load on the building. The building air- cocling fans (four
operating, one standby) were gualified for three to four hours of continuous operation in a 100% relative humidity
environment, Four fans have been operating nearly continuously since the March 28, 1979 accident in a high-
numidity environment. It is not known ‘f the standby fan is operable. The operating fa:; can reasonably be
expected to fail 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 te 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 measured leakage rate of the
reactor building during its most recent leak-rate test (conducted in ea’ly January 1¢°'8) was 0.09%% py weight per
13y at 56 psig. Based on the relationship between observed leak rate and differential pressure, the staff calcu-
{ates that uncontrolled 'eakage of Kr-35 from the reactor building would sot exceed five curies per day. The
corresponding beta skin dose to the person receiving maximum exposure from this leakage would be dependent on
'ocal 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® «nd uncontrollec leakage from the reactor building
~ould invoive small amounts of Xr-85, the staff does not consider such leakage likely to threaten the health and
safeiy of the public. However, based on pas:i public response to relatively small lTeaxs of gaseous effluents to
the environment, (e.g., leakage from the makeup and purification system resulting in a gaseous 4iscrarge 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 staff's view, a controlled purge, which is publicly announced,
fully monitored, and conducted during favorable meteorological conditions, is preferable to uncontrc!led leakage.

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

Altheugh 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),
iccess to the reactor buiiding will be necessary to affectively suppor® processing this water. Should NRC approve
a system for processing the sump water, the licensee will 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 builcing 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 pelieves expeditious decontaminaton of the reactor ouilding atmosphere is necessary to
reduce long-term psychological stress in the TMI area by shortening the time necessary to complete the entire
cleanup project.



6.0 Decontaminition Alternatives
6.1 No Action

. The NRC staff has considered the possibiilty that no action be taken to decor*aminate the TMI-Z reactor building
atmosphere. This alternative would necessitate retai~ing the radioactive gas within the rea tor 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 decontaminating the reacter building
atmospnere. The potential risks associated with taking no action are discussed in detail in Section 5.0. These
risks include possible core recriticality and corresponding production of additional radioactive materials. The
NRC staff believes that minimizing these risks depends on access of workers to the reactor builsfing 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 health risks for all alternatives have

been determined to te negligible.

Reactor Buiflding Purge Systems

6.2
6.2.1 Introduction

A number of purge methods could be used to decontaminate the reactor building atmosphere. The staff has
evaluated four purge methods which could be implemented utilizing existing plant systems and structures and two
other purge methods whicn would require either new or modified plant systems and structures. Those methods
include: (1) a slow purge using the existing hydrogen control subsystem with releases 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 from the 160-foot plant vent stack; (3) an elevated purge using the existing hydrogen
control subsystem and reacter 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

N report submitted to the Governor of Pennsylvania (Ref. 3). The two methods proposei are release of a heated
plume from a 250-foot refractory lined stac. an. 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 originally installed for use as a backup system to the hydrogen recombiners.
The system is being modified to allow variable flow rates up to a maximum of 1000 cfm. Actual purge rates
during a purge would be dependent on meteorological conditions and reactor building concentrations of Kr-85.
The hydragen contro! subsystem would withdraw the reactor building atmosphers through a filter system, monitor
the effluent radiocactivity levels, and discharge the effluent through the 160-foot plant vent stack to ths
environment.
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These releases would be made based on existing mrteorological congditions such that release rates of radioactive
materfals would be controlled to ensure that the requirements of 10 CFR Part 27, the design objectives of 10 CFR
Part 50, Appendix | (Ref. 11) and the applicable requirements of 40 CFR Part 190.10 ‘Ref. 12) are .ot exceeded.

6.2.2.1 System Desrription and Operation

The proposed purge of the Unit 2 reactor building atmosphere to the environment would use the hydrogen control
subsystem of the reactor building ventilation system. Radioactive gases purged from the reactor building would
be diluted witi. the exhaust air from the aux liary and fuel building ventilation systems -nd released through
the Unit 2 vent stack, which is 160 feet above grade level The major components of this system include: an
txhaust far, isolation valves, filiration 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 wouig be supplied through the reactor building pressurization valve.

The slow rate purge alternative recommended by the NRC staf: would be carried out within several limiting
conditions. Most importantly, purging would be controlled to limit the cumulative maximum individual offsite
dose resuiting from the p.~ge to less than “he annual dose design objectives (5 mrem tetal body, 15 mrem skin)
of Appendix I tu 10 CFR Part 50 {Ref. 11). Doses would bte tracked during actual purging by using real-time
meteorological data to calculate hourly dose rates in affected sectors surrounding the plant. (The region
around /MI is divided into 16 directional sectors; wind directional changes during purging will result in
differing dose rates for individual sectors.)

Cumulative dose, based on these calcuiated dese rates in each affected sector, would be updated hourly throughout
the pur e process. No hypothetical person in any sector would be permitted to receive a dose in excess of the
Appendis [ dose design objective. For example, if the ca'culated cumulative dose to a hypothetical person,

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

In addition to Appendix I constraints, the slow purge procedure woul: be limited by the existing Three Mile
Island effluent release technical specifications for noble gases (sef. 13). These specifications consist of an
instantaneous release rate limit and a quarterly average release rate limit. Although these specifications have
dose limitations as the!~ bases, they have been implemented as noble gas release rate limits. Release rate

ale, determines conformance or non-conformance with the technical specifications. /s ap, 'ved to the slow purge
rate alternative, the techrical specifications effectively apply only to Kr-85 since it is the remaining noble
gas in the reactor building.

One Kr-85 release rate technical specification requires that the instantaneous rate not exceed 45,000 uCi/sec.
This instantaneous 1imit 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 unrestricted areas (3 x 10-7 uCi/cc) as listed in 10 CFR
20, Appendix 8, Table 2, Column 1 (Re* 9). This specification provides for short-*erm cperational flexibility.
Any extended release at this relatively high rate would quickly become limiting to operation because thne
cumulative Appendix [ dose restriction also limits the conduct of the purge alternative (Ref. 11)

A quarterly averaged release rate technical spec:fication limit of 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 quarterly averaged release rate limit
15 based on not exceeding, in one quarter, four times the annual Appendix | dose design objective. Again this

¥3ee the GTossary for a definition of X/Q.
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specification provides for re'atively short periods of operational flexibility because relatively high release
rates (and hence dose rates * be averaged in a quarter with relatively low release rates. Cumulative
Appendix | dose, however, 'not be exceeded.

The dose rate during a purge period is dependent on ©he product of three variables; the Kr-85 release rate,

meteorclogical disn - factor (X/Q) and the Kr-85 dose conversion factor. Only the Kr-85 dose conversion
rem-m3
factor is a rixed vorue, %T:TZE" W ile meteoroiogy (X/Q, sec/m*' cannot be controlled during a purge, release

rata (Ci/sec) can be adjusted to limit the resulting dose rate. During periods of less favorable meteorology,
therefore, release rates can be selectively reduced to maintain desired dose rate levels. Detailed ]icensee
procedures for maintaining ccceptable purge dose rates during varying notnolog€C4‘ conditions by adjusting
release rates, havs Leen reviewed and approved by the NRC staff. In acdition, memiers of the NRC onsite staff
will monitor the licensee's actions during the entire Furge.

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

The incremental dose (mrem) for each purge period is obtained from the product of the dose rate (mrem/sec) and
time duration (sec) of tne period. The total dose due to the entire purge of 57 000 Ci of Kr-85 is obtained by
summing the individual incremental doses from each purge period. The staff estimates that over a 60-day period
it would require approximately 30 days of actua) purging to reach the MPL l.vel of 1 x 1U-% uCi/ce in the reactor
buiiding.

During purge operations with the hydrogen control subsystem, makeup air would be suoplied to the reactor building
through the reactur building pressurization valve. This ensures that air would flow into the reactor building
and a small negative pressure relative to the auxiliary building would be maintained with the hydrogen control
subsystem exhaust fan. The reactor "uilding pressurization valve is interlocked with the exhaust fan to shut
when the fan stops Nevertheless there is the potential for backflow of contaminated reactor building air
through the reactor building pres ~:ization valve to the 328-foot level of the suxiliary building if the resctor
building pressure is not maintained slightly negative with respect to the auxiliary building. General area
radiation monitors in the auxiliary building would detect the radicactivity to signal for isolacion of the
reactor building by stopping the purge.

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

Table £.2-1 provides a list of the major components used in the hydrogen control subsystem. The subsystem
exhaust far is interlocked to stop automatically and val.es 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) replaciig the hydrogen contro] subsystem exhaust fan with a fan capable of producing
a maximue flow of 1000 cfm, (2) recommissioning the auxiliary building and fuel-handling building filter trains,
(3) calibrating ang reactivating the stack monitor, (4) securing the suppliementary filter train by turning off
the supp ‘mentar, 4ns and closing the isolation door from the stack inlet plenum to the filters, and (5) uncap-
ping the plant vent stack.



Table 6.2-1 Hydrogen Contro)l Suosystem

Effects of Loss

System Operator Operator Auto-Action Interlocks
Fan AW-£-34 Electrical Re, ced flow Stop fan High activity
t . system on HPR-229*
Pressure Sens- Electrical Fail as is None None
ing Line
Isolation
Valves A-VS &
AH-VE
RB Pressuri- Air operated vaive fail Closes on when fan AM-£-34
zation closed loss of stops, valve
Vaive AH-V7 power shuts
RB Hydrogen Electrical Fail as is None None
Control moLor-opera-
Valve AN-VZS ted local
control
RB Hydrogen Air operated Fail closed Opens when fan None
Control Dis- starts
charge
Valve AH-V36
Reactor Bidg. Air operated Fall closad None None
Mydrogen Con-
trol I[sola-
tion vValve
AH-V52
AH-V-3A, B Air operated Fail closed Fail closed None
R8 Isolation on high loss of power
Valves radiation,

NHorTtor mounted in the exhaust duct downstream of the exhaust fan.



6.2.2.2 Occupational Exposure

The design criteria for the existing hydrogen contro) subsystem is consistent with the “as low as reasonably
achievable" guidance of 10 CFR Part 20 and Regulatory Guide 8.7 (Ref. 14). Control during a purging interval
would be exercised remoteiy from the Unii 2 control room. However, an auxiliary operator would “e required to
be in the auxiliary building during system cperation. This operator would have communication ties with the
control! room and be stationed in a low-radiation area.

The aose to operators during processing will be approximately 0.8 person-rem. Changing the two HEPA filters
will 1750 contribute to occupational expciure. These filters have a surface dose rate of approximately 0.17
R/hr and filter changeout will require approximately one-half hc.r per filter. It is expected that the filters
will be <hanged only once at the end of the purge operation, resulting in approximately 0.4 serson-ram. There-
fore, the total exposure for processing and filter chanceout would be approximateiy 1.2 person-rem.

5.2.2.3 Environmental Impact

Slow Purge - Using the Hydrogen Control Subsystem With Release from the Unmodified 160-foot Plant Vant Stack.

Based on the release of 57,000 ci, and the annual average dispersion factor of 6.7 x 10-% cec/m3, 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 houndary for 70% of the relezse period.

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

The dose received by the population residing in the 50-mile radius around the reactor due to the release of the
37,000 i of Kr-85 was evaluated. The methods used for this calculation are described in Reguiatory Guide 1.1:%
(Ref. 15) A standard grid was employed which segmented the population into 160 eiements. This grid contains
16 sectors (N clockwise through NNW) each centered on the appropriate girection. 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-
logical dispersion parameters which were used were¢ the same as those that were used for the Fisal Supplement to
the Final Environmental Statement for Three Mile Island Nuclear Station, Unit 2, (NUREG-0112), issued December
1976 (Ref. 18).

The meteorological dispersion parameters represent annual average conditions and were developed on the basis of
historical da*a cellected at the site. The 1980 population was taken from NUREG-0558 (Population Uose and
Health Impact of the Accident at the Three Mile [siang Nuclear Station) (Ref. 17).

The 50-m7ie population dose calculated by this method is 0.76 person-rem total body d.e 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 Xr-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 pctn-ay 4s that for the normal purge system.



The worst-case accident wou'd be an inadvertent initiation of the purge :ystem at maximus: flow of 1000 cfm with

a Kr-85 concentration in the resctor building atmosphere of 1 «li/cc. In our analysis we assumed that 20 minutes
were required for the operator Lo detect the leak and isolate the system. The 30 minutes used in this analysis
is extremely conservative and was used only for calculational purposes. During actual operation a high radiation
alarm monitor would automatically stop the hydrogen con’rol subsystem purge fan and valve closure would auto-
matically isolate the reactor bu:lding.

In a 30-minute period, a total of 850 curies would pe released. For conservatism, the meteorological dispersion
parameter (X/Q) used for this accident scenario was 6.8 x 10-% sec/m® which is 100 times higher than the annual
average value. Using Regulatory Guica 1.109 (Ref. 15), ths staff calculates that the total body gamma dose to
an ingividual at the site boundary would be 0.3 mrem and that the beta skin dose would be 25 mrem. The total
body dose represents only a small fraction of the 10 CFR Part 100 limit (Ref. 18) of 25 rem. (Skin dose limits
are not inciuded in 10 CFR Part 100.)

6.2.3 Fast Purge

The reactor building purge system is an existing system originally installed for purging the reactor building
atmosphere. Use of the reactor building purge system in co~ lunction with the ' drogen control subsystem
represents a variation in the purging alternatives for decontaminating the Unit 2 rear tor building atmosphere.
A scenario for this purge is described in Subsection 6.2.3.1 This variation in the purging alternative would
function only under meteoroiog cal conditions favorable for atmospheric dispersion. [n addition, the purge
could not be conducted in accordance with the c«isting instantaneous and guarter!y average release rate limits
of the existing radiological effluent technical speci’ications. The fast purge would be conducted in accordance
with the weighted annual average reguirements of 10 CFR Part 20 (Ref. 19), the design objectives of 10 CFR
Part 50, Appendix I (Ref. 11), and the applicable requirements of 40 CFR Part 157 .10 (Ref. 12). Additionally,
the fast purge would be conducted to conservatively limit the maximum beta skin dose rate to 3 mrem/hr, since
technical specification limits which normally «ccomplish this would have to be waived, as discussed abcve.

The reactor building purge systes is capable of purging the building at flow rates of 5,000-50,000 cfm. Actuai
purge rates authorized during any time interval would be dependent on meteorological conditions and reactor
building concentrations. Like the hydrogen control subsystem, this system would remove the reactor building
Atmosphere tnrough a fiiter system and discharge it through the 160-foot plant vent stack to the environment.
The advantage of using the reactor building purge system in conjunction with the hydrogen control subsystem is
that, given the required favorable meteorology, it could decontaminate the reactor building atmosphere in five
days of actual purging over a total elapsed time as short as approximat¢'y 14 days Accordingly, the calendar
time frame associated with heightened psychological stress during the conduct of the purge would be minimized.

6.2.3.1 System Description and Qperation

The tast purge alternative would use the hydrogen control subsystem descri ed in Section 6.2.1 in conjunction
with the reactor building purge system. The reactor building purge system consists of two air-moving units,
each of which has a flow rate that can be varied from 5,000 to 25,000 cfm. These units can be operated
separately or simultaneously. During operation of the system, radioactive gases purged from the reactor
building would be diluted with exhaust air from the auxiliary and fuel handling building ventilation systems and
released via the Unit 2 plant vent stack, which is 160 feet above grade level. This purge system is operated
from the Unit 2 control room. However, because of modifications to the system to allow for flow control, an
auxiliary operator would be stationed in the auxiliary building to control the ourge flow rate. The auxiliary
operator woul!d have communication ties with the control room and would be stat..ned in a low-radiation are:z



Figure 6.2-2 prov . des a flow diagram of the reactor building purge system. The major components of this system
include two air supply fans and filter units, two isolation valves in each purge air supply duct, twe air exhaust
fans and fiiter units, and two isolation valves in each purge a‘~ exhaust duct. The exhzust 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
Specification limit (45,000 uCi/sec) for Krypton-85 (Kr-85) releases through the 160 foot plant vent stack
{(Ref. 9). These Technical Specification limits are based on conservative annual average meteorological con-
ditions, where X/Q = 6.7 x 10-® sec/m® However,K by controlling the purge rates to take advantige of more
favorable meteorological conditions, higher purge rates can be achieved while still not exceeding the require-
ments of 10 CFR Part 20 (Ref. 19), the design objectives of 10 CFR Part 50, Appendix I (Ref. 11) and the
applicable recuirements of 40 CFR Part 190.10 (Ref. 12).

when favorable metenrological conditions exist, the hydrogen control subsystem would be operated at its maximum
flow rate of 1000 cfm until the Kr-85 concentration im the reactor building is reduced to 0.22 uCi/cc. It would
require approrimately S0 hours to reduce the current reactor buiiding 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 and 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 scenario is
Jependent upon achieving favorable meteorology and is especially sensitive to the seasonal variations that can
occur (see discussion in Section 6.2.3.3)

6.2.3.2 Urcupational Exposure

The occupational exposure anticipated from the fast purge scenario 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 ihe slow purge as discussed in
Section 6.2.2.3.

For the fast purge during the sprinj season (March-May) there is a fair likelihood of being able to
expeditiousiy release and maintain sufficiently low doses to the public in accordance with the criteria
discussed in Section §.2.3.1 We estimate that favorable meteorology during these months mavs permit the fast
purge option to be accompliished within a 2-calendar wevk period. However, for the fast purge during ihe summer
and fall months (June-October), we estimate, based on historical data which show a small probability of
favorable meteorclogical conditions, that this alternative would require approximately two calendar months to
complete. Thus, given the June thru October meteorological conditions, the calendar time frame necessary for
both the fast purge and slow purge are essentially equivalent. As the period of favorable meteurology (i e.,
March-May) is nearly over, the staff considers the fast purge to be a lesc 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 lost during the summer months when tota! elapsed time required for both fast and slow purge alter-
natives are sssentially the same.



(2) Reactor building purging should not be de uyod past the summer and fall montns to allcs for better winter
meteorological conditions for those reasons elaborated in Section 5.0.

6.2 3.4 Accident Analysis

The accident analysis described in Section 5.2.2.4 would apply to this alternative.

6.2.4 Elevaied Release Points
6.2.4.1 Introduction

Stacks are normally designed to assure that effluent exit velocities wiil give maximum rise to releases and
aliminate the wake-cavity effects of adjacent structures. Factors affecting meteorological dispersion of stack
effluents include the height anc position of nearby structures ano the layout of local terrain. The existing
plant vent stack is 160 feet above grade, with an exit diameter of 9 feet. [n order to evaluate the dose
reduction offered by increasing stack height, the sta®f has evaluated the alternatives of raising the eaisiing
stack to 400 feet or construction of a new 1000-foct stack.

5.2.4.2 Extending Stack Height to 400 Feet
6.2.4.2.1 Description

A temporary sheet matal extension with tﬁo 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 to support the extension with the aid of guy wires. The existing stack could also be elevated to

400 feet by the addition of 10-fout sections of the carbon-stee] 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 enginsering design, procurement, 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.

65.2.4.2.2 Occupational Exposure

Occupational exposures described in Sectior 6.2.2.2 would apply to this alternative.
6.2.4.2.3 Environmental Impact

An increase in stack height to 400 ft would eliminate the effect of the reactor building wake cavity however,
the stack would remain within the wake cavity of the site cocling towers. In addition, 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 )= the plant stack height (up to 400 ft) would reduce the alreacy negligible (see Section
7.1) dose to the maximum exposed individua! by a factor of approximately eight below the doses estimated for the
fast or . 'ow purge.

5.2.8.2.4 Acsident Analysis

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



6.2.4.3 Constructing 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 311 onsite structures. The
technology for constructing a stack this height is well established.

A stack 1000 feet high would require, at a minimum, a 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
appraximately six months. Additional design, engineering, construction, and testing time required 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 a4 new 1000-foot stack.

65.2.4.3.1 Occupational Exposure

Cccupational exposures described in Section 6.2.2.2 would apply to this alternative.

5.2.4.3.2 Envirormertal Impact

A stack release at 1000 feet would physically piace 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.

5.2.4.3.3 Accident Analysis

The accident snalysis described in Sectfon 6.2.2.4 would apply to this a'ternative.

5.2.5 Staff Evaluation of Union of Concerned Sciertist Elevated Release Proposals
6.2.5.1 Introduction

In response to a request 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 ‘ts draft Environmental Assessment (NUREG-0662). In their report (o
the Governor {Ref. 3), the UCS reported that based on “current evidence of effects of whole body radiation on
human populations, ...no health efrects 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 potentia! psychological
stress UC> believes purging might induce. As a result, the UCS proposed two alternative means of purging the
reactor buiiding which they believe will minimize potential psychological stress. The first method proposes
purging by heating the effluent with an incinerator prior to releasing it through a 250-flot refractory )lined
stack. The second method proposes an elevated release at 1000-2000 feet through a relatively 1ight-weight tube
neid aloft by a tethered ballon.

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

ine staff nas evaluated the Union of Concerned Scientists (USC) proposal to construct an incinerator (and stack)
to heat the effluent purged from the reactor building. Under ideal conditions, an incinerator of this type
shouid be located as close as possible to the auxiliary building to minimize “he engineering and construction
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effort necessary to interface with the reactor building purge system. UCS "rough estimates” place the construc~
tion time for an incinerator facility at from seven to nine months. This time estimate does not incluge time
requirements for design, engineering, procurement of material, and pre-operational testing. The stafi estimates
for these required efforts would add at least two months to the overal)l construction effort, resulting in a
minimum schedule of nine months for system availability

6.2.5.4.2 QOccupational Exposure

Occupational exposures described in Section 6.2.2.2 would apply to this alternative.

65.2.5.2.3 Environmenta! Impact

Staff evaluations show that dose reductiont can be achieved if heat is added in sufficient quantities to allow
the effiuents to raise above the wake cavity of the cooling towers. The release af a heated plume from a 250~
foot stack would result in reducing offsite doses to the maximally exposed individual by a factor of appro-
ximately 30 below the doses estimated for the fast or low purge.

6.2.5.2.4 Accident Analysis

The impact of an accident involving this alternative would result in a total-body do<e whicn is approxiaately
five times greater than the slow purge accident dose discussed in Section 6.7 2.4. These doses would stiil
represent a smail fraction of 10 CFR Part 100 accident-dose !imits (Ref. 18).

$.2.5.1 The Tethered 8alloon/Tube Release at 2000 Feet
6.2.5.3.1 Description

The staff has evaluated the UCS proposal to purge the reactor building atmosphere through a reinforced fabric
tube held aloft at 2000 feet above Three Mile Isiand by a tethered balloon (Also see Section 9.2.5). As stated
Dy the UCS, this technique is unique and untried and would require further study to determine its feasibility.
In addition, the UCS stated that they did not know if suitable space was available on Three Mile [sland to
implement this alternative,

In general, the staff finds the UCS proposal, while not without problems, technically workat:ie and probably
capable of being implemented within a year from the time the decision is aade to use it.

The major problem with the UCS proposal 15 that, at present, there is no existing area on Three Mile Island
which is suitable for launching the tethered balloon and its attached 2000-foot fabric tube. The UCS has stated
that their proposal would require unobstructed ground and air space approximately 2000 feet long by 200 feet
wide. The staff has examined Three Mile Island for potential sites of sufficient size to implement the UCS
proposal.

The islana is approximatel; 11,000 feet in length by ! 00 feet in width. The northern one-third of the isiand
is occupied by Three Mile Island Nuclear Station Units | and 2. The southern part of the island contains some
open area, a fairly large wooded area, and a shallow basin area that is prone to flooding. The area with the
most open space fs south of the Unit 2 cooling towers and includer an existing parking lot. The staff estimates
the ooen space to be approximately 200 feet or more wide and 1500 feet long. Some trees in the wooded area of
the i1sland would have to be removed to enlarge the area.
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This potential site is a considerable distance from the auniliary 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 normal traffic (e.g.,
salid raowaste 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 would 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 proposal. 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. Testing is recommended. The staff concurs with this observation. Thus, a test of the integrity
of the reinforced 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
ichedule required to accomplish these actions and demonstrate system operability is longer than the timetable
estimatad to the UCS for system availiability.

The UCS stated that a timetable for a tetherad balloon system was "somewhat difficult to estimate" but projected
4 scheduie of four to seven months. This schedule is based on the availabil'ty of a suitable location on Three
Mile Islana “or systen implementation and successful completion of feasibiiity tests. Based on L4e remote
Tocation 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 t. 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 acceptable
for the reasons discussed in Section 5.0.

6.2.5.3.2 Qccupational Exposure

Provided adeguate controls are established to isolate or bury the required interconnecting piping, the occupa-
tional exposures cescribed ‘n Section 6.2.2.2 would apply to this alternative.

5.2.5.3.3 Eavironmenta! Impact

An elevated release at 2000 feet would physically place radioactive effluents above the effects of the cooling
tower wake cavity and nearby 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
“taff would have to assess the psychological impact of this highly viable alternative on nearby residents

5.2.5.3.4 Accident Analysis

The accident analysis described in Seztion 6.2.5.2.4 would apply to this alternative.

5.2.6 Summary

The staff has evaluated six alternative methods for purging the contaminated reactor building atmosphere to the
environment. Those methods include (1) a slow purge using the exi§t1ng hydrogen control subsystem with releases
from the unmodified 160-foot plant vent stack, (2) a fast purge using the existing hydrogen control subsystem
and reactor buiiding purge system with releases from the 160-foot plant vent stack, (3) a° elevated purge using
the existing hyarogen 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



from a new 1000-foot. stack, (5) a hot plume reieace using the reactor building purge system and a new incinerator
and 250~foot stark (a UCS proposal), and (6) an elevated purge using the reactor building pure system and a
reinforced fabric tube held aloft at 2000 feet by a tethered balloon (a UCS proposal).

Ail six purge alternatives are similar in some respects. All the propused alternatives would result in appro-
ximately the same occupationai exposure and the consequences of a postulated accidental release are also roughly
equivalent. Al the alternatives are capsu e of being implemented in accordance with the requirements of 10 CFR
Fart 20 (Rev. 19), the dose design ob ‘ectives of 10 CFR Part 50, Appendix 1, (Ref 15), and the anplicable require-
ments of 40 CFR 190.10 (Ref. 12). No health effects would be anticipated from implementing any of the six purge
alternatives (see Section 7 1)

Howaver, lhere are significant differences among these alternatives. The siow purge and fast purge could
essentially be implemented immeiiately (except for meteorological constraints for the fast purge). The remaining
four alternatives would require modifications to plant systems and structures resulting 'n estimated schedules
for system availability ranging from a minimum of four to five months (stack modified to 400 teet) to as long as
11 months (a new 1000-foot stack). Anotner potantial difference associated with the various purge alternatives
is ihe potential psychological fmpact that each might have. In fact, the UT: proposed their variations of the
purge alternative not because of concern over health effects (.1one are anticipated), but as a means of reducing
potential psvchological stress. Because of inherent and uncertain delays, the NRC staff does not believe that
the UCS proposais would succeed in alleviating psychological strass. On the cont-ary, the tetherea balloon
Zouid even augment stress, depending on publi.c perception. A tethered balloon would be wasily visible to the
nearby residents =nd would be an attraction of sorts that may create as much stress as it is 'ntended to
alleviate.

The NRC staff supports the slow purge alternative as Lhe best means of decontaminating the reactor building
atmosphere, thereby expediting the contirued cleanup of the plant in a safe manner In the staff's opinion, the
best means of alleviating psy-hological stress in the vicinity around the plant is to complete the overall
recovery effort safely and quickly,

6.3 Selective Absorption System
6.3.1 Introduction

The selective absorption svstem evaluated by the NKC staff would operate by withdrawing gases from the reactor
building, separating essentially all the krypton from the gases, and returning the gases to the reactor building.
Kryptia is separated from other gases in a combination shsorption stripping column which operates at greater
than atmospheric pressure and uses a liquia 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 transportec to and released at some remote site.

6.3.2 Systen Descriotion and Operation

A fluorocarbon absorption process for removing noble gas fission products (kryuton and xenon), carbon-14, and
other radioactive contam:iants from gaseous waste, has been under development since 1967 Ly Urion Carbide at Oak
Ridge National Laboratory (ORNL). Following their initia) work to obtain solvent chemistry information and to
develop the process system, ORNL personne) constructed a small pilot plant. This pilot plant utilizes a single
absorption celumn process with a maximum gas flow rate of 15 0 scfm and has been in operation since 1978,

Actual removal efficiencies greater than 99 9% for krypton have been obta’ned. However, these efficiencies were
obtained for influent concentrations of noble gases substantially higher than those existing i1n the reactor
buiiding. Based on the results of the developmental and pilot plant test programs, ORNL personnel are optimistic
that their absorption process could be used at Three Mile Island (TMI).
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The existing pilot plant, however, is not believed, by either the NRC 3:uff or ORNL personnel, to be a practical
system for decontaminating the TMI reactor building atmosphere. This small-scale latoratory system was not
designed to be portable and is not readily adaptable for use at TMI. Approximately 50% of the hardware, including
refrigeration and reversing heat exchanger systums, which would be needed at TMI, are not presently {ncorporated
in the ORNL mcde). Most icportantly, however, the existing pilot plant is unaccaptable for use in decontaminating
the atmosphere in the reactor building because of this system's very small f)ow capacity. At 15 scfm it would
require rearly three years of continuous processing (i.e., no downtime for repairs and maintenance) to decontami-
nate the atmosphere to the maxmimum permissible Kr-85 concentration (1 x 10-% uCi’‘cm®) for workers as required

by 10 CFR 20 (Ref. 19).

A larger selective absorption system, with the rapability to process approximately 150-200 scfm, has also been
evaluated by the NRC staff. Although a selective snsorption system of this size has never Leen constructed, it
would be expected to effectively remove more than 99% of kryptor 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 pressurized containers for long=term (100 years) stora 2. 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, if operated continuously for about two months, would reduce the amount of Kr-85 in the
reactor buillding atmosphere to less than 0.1% 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 require approximately
three months of continvous processing.

The absorption system is based on the property of a fliorocarbon, namely dichlorodifluoromethane, or Freon 12,
to selectively apsorb noble gases. The process has been integrated into a single combination column with sup-
porting equipment, as shown in Figure 6.3-1. Contaminated gases are withdrawn from the reactor building, dehu-
migified, filtered, compressed to approximately 125 psig, and cooled to near -30°F. The gas would then be fed
'nto the absorption section of the combination column and contacted countercurrently with the downflowing liquid
freon solvert. The solvent containing the dissolved Kr-85 would subsequently flow into the intermediate and
final stripper sections of the column. The repoiler at the bottom of the column would operate at 104°F and

125 psig. The solvent from which the Kr-85 has been removed would be cooled to -30°F before it would be pumped
back to the top of the cclumn. Trace gquantities of water and iodine may be removed trom this .oivent stream by
a molecular sieve and/or silvér mpregnated zeolite prior to recycling. The decontaminated gas would then leave
the top of the column. Decontam .ated gases may contain 5 to 10% Freon 12, znd would, therefore, be passed
through a turooexpander and a wolecular sieve bed (a filter) to recover solvent. The decontaminated gas would
then be recycled into the reactor building until the Kr-85 concentration reached allowable limits.

The concentrated krypton waste gas would be compressed and olaced in high pressure cyiinders for storage. The
cumulative waste gas collected from processing the contents of <he reactor tuilding could be stored at 2000 psig
‘n a few standard gas cylinders. The internal volume of one standard gas cylinder is 1.54 feet®. The krypton
activity in a cylinder will necessitate radiation shielding (approximateiy one inch of lead) and same cooling.
Alternatively, the krypt-n 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 1n a remote location are discussed in Section 6.9.

Members of the NRC staff with extensive nuclear construction experience estimate that it would require at least
16 months* to make a scaled up selective absorption . “ar , capable of processing 150-°00 scfm, into operation

FORNL personnel have estimated that a m v imum of 13 months would be required on a "best effort" schedule for making
a 150~scfm system operational at TMI. This estimate includes no contingencies and several simplifying assumptions
(Ref. 23). A more optimistic schedule of 6 months has also been estimated by a Congressional! staff aide (See
Section 9.0).




at TMI. This estimate is based on such considerations as personne! mobilization and organization (including
«hgineers and construction workers), system design, component procurement, system fabrication, site coordinatian
(including construction of a building to house the system), and system testing prior to operation. As a "best
effort" estimate, this schedule assumes that competitive bidding for eg ‘nment would not be used and that the
design criterfa (Ref. 22) for the system would be the minimum required for radwaste systems built at nuclear
power facilities. These criteria establish the minimum acceptable requirements for quality assurance, seismic
design, component quality classification, and preoperational testing. This estimate, although recognizing that
some necessary equipment may be available "off the shelf” assumes, based on experience, thal procurement of
other equinment will take approximately 3-4 months. It should be noted that even where equipment is availadble
it will be necessary to determine where it is located, whether it is functionai, what maintenance will be neces-
sary prior to operation, and whether it is compatible with the system design (i.e., can components de connecisd
based on capacity and available cennections).

6.3.3 Occupational Exposure

The occupational radiation exposure at the Oak Ridge pilot plant has been negligible. It is anticipated that

the exposure would increase slightly with a larger system. The feature that sets personnel exposure during
system operation and maintenance is the volume of krypton contained within the process at any one time. Shielding
would be provided for components having z high-radiation field. Ffor major maintenance activities, wxrypton can

be completely removed from the absorber system to further reduce exposure. We estimate that an occupational
exposure of about 25-50 person-rem would result from operation of this system including filter removal. If a
decision were made tc itore the krypton onsite, the storage system would be designed for remote operation;
however, it would be unrealistic to assume that the storage system would not require some maintenance and surveil-
lance during the approximately 100 years while the Kr~85 decays. This would result in an additions. estimated
occupational exposure of 90-170 person-rems. As discussed in Section 6.9, the occupational exposure resulting
from a decision to transfer the gas for offsite disposal (i.e., handling and packaging of the gas for transport)
would result in an occupational exposure of 8-24 person-rems.

6.3.4 Environmental Impact

Selecti:#» absorption has zero release as a goal. Krypton is removed from “he reactor building and stored in
pressurized containers with only minimal release to the environment. although some leakage is expected. In
addition, a few cubic centimeters would be released each time gas cylinders are changed. Subsequent long-term
storage of the pressurized containers on sita will not affect the envircnment directly; however due to possible
corrosion ¢f the storage containers with time the potential for accidental release would remain while the Kr-85
is stored on site (see Section 6.8)

6.3.5 Accident Analysis

For the purpose of analyzing potential accidents, the absorption process system and pressurized storage containers
will be roviewed separately.

(1) Absorption Process

The maximum curie centent in the absorber system (12-inch column) at any one time would not exceed 200
Curtes. Process components will be housed in a confinement structure. Automatically activated isolation
vaives would be used to separate the absorber from the reactor building and the gas storage system whenever
a malfunction is detected. Assuming an accident which resu:ts in a release of the entire process inventory
of krypton (200 Curies) to the confinement structure and subsequently to the environment over a 2-hour
period, the resulting total-body gamma dose at the site boundary would be 0.1 mrem and a beta skin dose of
6 mrem assuming a X/Q of 6.8 x 10-* sec/m*.
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(2) Gas Storage

Tr+ process product, concentrated krygton gas, could be stored onsite in pressurized containers. Numerous
container configurations can be designed. For a bounding calculation, the staff has asummed that ail
57,000 Curfes of krwpton are stored in one container. If that container ruptured, a release of the krypton
to the confinement structure and subsequent releases to the snvironment cver a two-hour period would resuit
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/m’. This calculated total body dose is a small fraction of the limits st forth in
10 CFR Part 100 (Ref. 15). There are nu skin dose limits in 1G CFR Part 100.

Summary

The selective absorption process has beer studied and has had extensive development on a small scale. Large-
scale operation has nc’ been proven, but all signs indicate thut the absorption system would perform satisfacto~
rily to remove krypton 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 require more than three years to process the building atmosphere to the maximum
permissible concentration of Kr-85. The NRC staff's "best effort" estimates 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 arise 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.
Worst case accident scenarios uo not result ir *hreats to public health and safety.

6.4 Charcoal Adsorption 5Systems
65.4.1 introduction

The foilowing agiscussion presents the NRC staff evaluation of a nonregenerative charcoal adsorber system. This
system is similar to those used in bofling water reactor (BWR) off-gas treatment systems which are routinely

used to retain nobie gaes for decay prior to their release toc 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 occutresces minor releases can be expected. Since noble gases do ot react chemically with charcoal,
long=term surveillance would be required.

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

Section 9.5 16

5.4.2 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 the purge system. The radiocactive airborne activity
from the reactor building atmosphere wil: contain moisture. If the charcoal in the adsorber system is exposed

to humidity in excess of 3%, the charcoal would lose its capacity to adsorb krypton. The major fraction of the
meisture would be removed as the airborne activity passed through the cooler condenser. Additional moisture
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removal could be accomplished by passing the gas through a dessicant dryer. [n the event of an operational

upset, where excessive moisture or other gases would pas¢ through the moisture-removal equipment, a guar’ bed or
tank cou’d be used to protect the main charcoa! bed. The usual guard-bed volume is 2 to 3 ft*. The main charcoal
beds would consist of tanks containing charccal, which would be arranged in 45 rows of 10 tanks per row. Storage
tanks rather than piping would be used to facilitate initial loading of the charcoal. [f GLreakthrough occurred
in a bed, the bed would be fsolated and used to store the Kr-85. Based on staff calculations, approximately
34,000 tons of charzoal would be required to absorb the krypton in the Unit 2 reactor building atmosphere. Tre
ta s would require manholes on the top for focading of the charcoal Each tank would have isolation valves
manually opersted to isolate tre tank and remove it from service. Figure 6 4-1 provides a flow diagram of the
ampierni cnarcial adsorber system.

Based on shop-fabricating capabilities and on shipping considerations, the maximum tank size would be 12 feet in
diameter and 50 feet in length. The system would require 450 tanks. Mousing the tank, would ‘equire a building
700 feet long, 170 feet wide, and 50 feet high. Figure 6.4-2 provides the conceptual layout f r the building to
hous= the charcoal system.

Refrigerated Adsorber System. The transfer of radioactive airborne activity from the reactor building to the
refrigerated charcoal adsorber system follows the same path as that for the ambient system. The refrigerated
system offers the benefit of increasing the adsorption coefficient by a factor of from 2.5 to 3 compared with
the ambient system. The increased adsorption coefficient reduces the volume of charcoal required by the same
factor. Thersfore, a rerrigerated charcoal adsorber system would require approximately 12,000 to:s of charcoal.

However, the advantage gained by reduced charcoal volume is offset by increased system complexity. A malfunction
of the refrigeration equipment could cause system shutdown for maintenance. A vault wouid have to be constructed
and maintained at 0°F with a mechanical refrigeration unit to cool the charcoal a7+ to house the tanks. The
system design must be capable of withstanding loss of ceoling and corresponding pressure buildup  The staff
astimates that it would take from 2 to 4 years to design the system, procure needed materials, fabricate the
system and building to house it, and to perform preoperational tests.

6.4.1 Occupational Exposure

[he design critaria for hoth the ambient and refrigerated charcoal adsorption systems would include features to
maintain occupational exposure "as low as reasonably achievable." Since the charcoal adsorption systems are
designed for full noble gas ~etention on charcoal beds, the onsite total body dose has been caiculated to be
approximately 47 person-rems. This total body dose is based on anticipated maintenance and surveillance during
processing and storage.

5.4.4 Ervironmentai Impact

A properly operating charcoal! adsorber system would fully treat and store the Kr-85 in the reactor building
atmosphere. 'herefore, the radiological impact of a normally operating charcoal adsorber system wouls have no
offsite dose effect.

5.4.5 Accident Analysis

Ambient Charcoal System. This system would require 450 tanks of charcoal. The radicactive content of each
sucessive tank would decrease as ihe concentration of Kr-85 in the reactor building decreases. The tank with
the highest activity would contain 1430 curies. Assuming that the charcoal isolation valve for this tank fails
and the entire 1430 curie inventory escapes, the staff estimates that the doses at the site boundary to the
maximum exposed inuividual would be 41 mrem beta skin dose and 0.5 mrem total body gamma dose.
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kefrigerated Adsorper 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 4300 Curies. [t the same accident assumptions are used for this evaluation
45 were used above, Lne resulting doses would be i _reased by a factor of 3. Therefore, a beta skin dose of 124
mrem and a total hody dose gamma of 1.5 mrem could be expected.

Suﬂlm

It is possible to remove the Kr-85 from the reactor building with either room-temperature or refrigerated charcoal
adsoroer systems, The primary advantages or the room-temperature charcoal adsorper system are simplicity of
operation and the capacity to accommodate extremely radicactive gas mixtures. However, the major disadvantage

for a room-temperature charcoa! adsorber system is the large volume of charcoal it requires. A refrigerated
Charcoal adsorber system would reduce the volume of charcoal required. However, to gain a reduction in charcoal
volume, an increase in equ’ ment complexity would result. Since the primary form of radicactivity in the reactor-
building atmosphere is Kr-85, a nohle gas fission product that does not ordinarily react chemicaliy, the charcoal
idsoroer woula functisn as a physical adsorber to retain the K-~-%6 Loaded charcoal beds would then have to
remain in storage ipproximately 100 years to permi T active decay of Kr-85 to insignificant levels. The NRC
Starf has estimated that a charcoal systes sould .. sperational in 2-4 years. This lead time is unacceptable
for those reasans discussed in Section 5.0.

5.5 Gas Compression System
£.5.1 Introduction

The gas compression system involves drawing off the reactor building atmosphere intc suitable pressurized storage
containers so that the entire inventory of Kr=85  remains in pressurized storage for approximately 100 years to
permit radioactive decay to insignificant 'eveis. This system would reduce “he Kr-85 concentration in the
reactor buliding by feed-ana-bleed operstion to the maximum permissible concentration of 1 x 10-% uCi/cc. To
accomplisn this, approximately 23 million cubic feet (11.5 reactor-building volumes) would hswe to be processed
by the system,

T'e staff has received a number of letters from the public suggesting alternatives to the onsite purging of the
Kr-85 gas. Included were suggestions for compression and storage of Kr-85 and offsite shipment with subsequent
release at a remote site. Transportation and c**site disposal of Kr-85 are discussed in Section 5.9. Addi-
tionally, comments on gas compression alternatives are addressed in Section 9.0.

6.3.2 System Description and Operation

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

To reduce activity in the reactor building to maximum permissible concentrations, a total of 11.5 reactor
building volumes (23 million cubic fee:) would be transferred to storage. The compressed gas train would include
gas dryers, i charcoal adsorber, a HEPA filter, three gas compressors, storage containers, and associated piping
and valves. Figure 6.51 provides a flow diagram of the system. The compressed gas would rem..n 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 aiternative to extended onsite storage would bé to package the gas for



offs'te disposal. This alternative is discussea in Section §.9. At the other end of the spectrum is a large-
volume, low-pressure storage system. For example, if a container the size of the existing reactor building were
constructed, the gas could be stored at 170 psig.

The General Public Utilities Corporation (GPU) contracted with MPR Associates to investigate ..e most practical
means for storing the compressed gas (Ref. 21). MPR recommended » low-pressure storage system in which the gas
would be stored at 340 piig in 36-inch outside-diameter standard-wall pipes. One million cubic feet of storage
volume would be required, which would be eguivalent 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 activity) to minimize shielding
requirements. The high-activity piping section would include 20% of the piping and would contain 90% of the
Kr-85. 7he high-activity section would be segregated into five units to limit Kr-85 releases in the event of
leakage and to optimize inherent shielding. Low-activity pipe units would be placed to the outside of the
storage area to act as a shield for the highest activity unit: in the center. The building to house the high-
actisity 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 requi ed. The low-activity
pipe section would contain S0% of the total pining and 10% of the Kr-85. The building for housing the low"
activity piping would be 220 feet long, 160 feet wide. and 60 feet high. It would require no shielding.

6.5.3 Occupational Exposure

No significant amount of radiation exposure should be incurred by plant personnel duriag operation of the gas
compression system. All system components are relatively simple and should require minimal maintenance during

gas processing. Shouid 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 uuring
operation and maintenance.

Periodic maintenance of the long-term storage system is a potential source of cccupational exposure. Although 3
system can be designed for maintenance-free operation, it would be unrealistic to assume that some mainten:nce
wouid not he necessary during the approximtaly 100 years of storage required. The staff estimates that surveil-
lance and maintenance during long-term storage would result in an occupational exposure of approximate’ 42
person=rems.

65.5.4 énvironmental Impact

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

Although subsequent sng-term storage in pressurized containers onsite will not affect the environment directly,
the potential for accidental releases wili 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 reiease of

compressed gas from the storage system. The radiological consequences of a failure in the feed train were not

analyzed since it was assumed that the feeu 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

‘werefore, represent the most severe occurrences with respect to their potential exposure potential at the site
undary. Analyses were performed on accidental releases from several storage configurations.
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Assuming the compressed gas storage system is segregated into four units, postulated unit failure with a subsequent
releass of 14,250 Curies to the environment in a two-hour period would result in a site boundary total-body

gamma dose of 5 0 mrem and a beta skin dose of 410 mrem assuming a conservative X/2 of 6.8 x 1074 sec/m3. The
total body gamma dose is a small fraction of the limit set forth in 10CFR Part 100 (Ref. 15); 10CFR ~art 100

does not include a 1imit for beta skin exposure.

Summary

The gas compression system offers several advantages. The gas compression system is essentially a "zero release”
system which could be operated to decontaminate the reactor-building atmosphere with insignificant environmental
‘apact. The occupational exposure resulting from operation and long-term surveillance of the system is estimated
to be 41 person-~sms. The major disadvantages of the gas compression system is the extensive time required to
build and inst2]] tne system (25 to 35 months). The NRC staff considers this time period unacceptable for the
ressons discussed in Sectien 5.0.

6.6 Cryogenic Processing System
€.6.1 Introduction

A potential means «f decontaminating the contaminated reactor-building atmosphere is through the use of a cryogenic
processing system. The operating principle of the crysgenic processing system is the condensation of Kr-85 from
the incoming air by direct contact with liquid nitrogen (boiling point, -195.8°C). The liquefied Kr-85 would de
allowed to concentrate and would then be vaporized and transferred to an onsite storage facility for subsequent
disposition. U:e of the liquefaction or cryogenic processes has been recommended by various members of the

public.

The NRC staff has evaluated the availability of an existing cryogenic processing system (CPS) at 2 commercial
boiling water nuclear power plant to decontaminate the reactor-building atmosphere. The cryogenic system has
never been placed into operation and is being offered for sale by its current owner because of anticipated high
sperating costs and the degree of continued maintenance that the unit would require. Although the system is
available for purchase and use by the licensee, the erection of a new building would be required to house the
system because of the need to confine anticipated leakage from the CPS. The building would he approximately 110
feet long by 72 feet wide and would vary in height from 20 feet to 35 feet.

6.6.2 System Description and Operation

If installed, the cryogenic system would connect with the reactor building through the existing hydrogen-control
system. Jhe contaminated air from the reactor building would be transported to the cryogenic processing system
in the adjacent building after passinz tnrough the HEPA filters and charcoal adsorber of the hydrogen control
system.

The cryogenic processing system consists of three processing trains. The major components of each train are the
prefilter, catalytic recombiner, aftercooler, and cryogenic treatment subsystem. The three processing trains

are supported by a hydrogen storage system, a liquid-nitrogen storage system, and a noble-gas storage system. A
#low diagram of the cryogenic processing system is shown in Figure 6.6-1. The cryogenic pracessing system can
process air from the reactor building at a flow raie of approximately 225 scfm. After passing through the HEPA
filters and charcoal adsorbers of the hydrogen control system for removal of trace guantities of airborne radio-
active particulates, the air from the reactor building would be heated in the CPS preheater prior to injection

into the CPS catalytic recombiner for oxygen removal and corresponding volume reduction of the recombiner effluent.
The effluent gas from the recumbiner wculd then be cooled in a downstream aftercooler and directed to the cryngenic
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treatme t subsystem (CTS). The major components of the CTS consist of two feed compressors, a gas preheater, a
trace .combiner, an aftercooler, a separator, three prepurifiers, a cooldown heat exchanger, a removal column,
a condenser heat exchanger, a phase separator, a decay column, a hydrocarbon conversion unit, and an ambient
heater. (A flow diagram of the cryogenic treatment subsystems is shown in Figure 5.6~2.)

The effluent gas from the CPS aftercnoler would enter the suction side of the CTS feed compressors. The feed
compressors would transport the gas through the preheater, trace recombiner and 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 o’ 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 Xr-85 and stable krypton, xenon, and argon) would be removed by condensation from counterflowing
liquia nitrogen tu collect in a pool at the bottom of the removal column. At periodic intervals, the condensed
methane and noble gas pool would be vaporized and removed from the cclumn via the CPS product compressor and
compressed into storage vessels for onsite storage at ambient temperatures. See Section 6.8 for a discussion of
« ‘ite storage. The licensee estimates that it would take from 20 to 30 months to put the system into opzration.
From consultations with construction engineers at Yak Ridge National Laboratories and in the nuclear industry,
the staff estimates that it would take a minimum of 20 menths to get any CPS operational.

65.6.3 Occupational Exposure

6? all the alternative systems considered for the decontamination of the reactor building atmosphere, the CPS is
the most complex in that it consists of more and varied components than the other systems and is expected to
require a greater degree of maintenance during operation. In addition, ihe system operates at positive pressure
(85 psig) so leaks must be considered as an anticipated operational occurrence. If leakage from the system
sccurred downstream of the CTS removal column, that leakage would contain highly concentrated Kr-85 (that is, at
least three orders of magnitude higher than in preceding portions of the system). Therefore, the exposure to
workers operat’ag 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 raquired
surveillance activities during long-term onsite storage of the Kr-85, would be approximately 570 person-rems.

Most (apprerimately 90%) of this estimated exposure would occur because of surveillance activities (inservice
inspectisn 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 frequency and dose rates that could be encountered
during surveillance activities nor with licensee estimates that exposure to worke:s 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
licansee has estimated. The licensee agrees that extra steps could be taken during design, engineering, and
conctruction stages to reduce worker exposura; however, they state that such changes would significantly extend
the 20- to 30-month period estimated for implementation of the CPS. The NRC staff pelieves that if ALARA concepts
are implemented in the initial engineering and design efforts for the facility, the schedule would not be signifi~
cantly extended.

6.6.4 Environmenta!l [mpact

The CPS, designed for a removal efficiency of 99.9% is not, therefore, a "zero-release” system. During the
estimated 2-1/2 months that would be required to process the reactor-building atmospshere, approximatelv 60
curies of Kr-85 would be discharged in the purified gas effiuent from the system. In addition to this, an
unspecified amount of Kr-85 would be discharged to the environment due to anticipated leakage from the system.
The staff believes that the CPS can be designed to minimize the environmental impact of uncontroiled leakage by
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jud.cious monitoring and rapid system isolation upon indication of an upset condition. In any event, the staff
estimates that the environmental impact during normal operation of the CPS would be insignificant (i.e., less
than 0.01 millrems beta skin tiose and 0.0002 millirems total-body gamma dose, assuming a X/Q of 5 x 1075 sec/m*)

8.6.5 Accident Analysis

The CPS was analyzed for the hypothetical worst-case failure of the Kr-85 storage system. This failure assumes
the rupture of all gas storage vessels and a corresponding breach 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 annual average meteorological conditions, the calculated
total-body gamma radiation 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 x 10-* sec/m?. This calculated totai-body dose is a

small fraction of the limits set for¢a in 10CFR Part 100 (Ref. 15). There are no skin dose limits in 10 CFR
Part 100

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

The CPS discussed in the préceding section was :hosen as a typical cryogenic sys®.oa that is currentiv available
This syste= is designed by Linde Division of the Union Carbide Corporation. Another currently available CPS,
w~hich operates by essentially the same principle, is designed by Air Products and Chemicals, Inc. This system
als0 uses the basic two-step process, which consists of nhydrogen and oxygen recombination, and then removal and
concentration of the radioactive gas by cryogenic distillation.

‘et another CPS was described &%, the MITRE Corporation. This system proposal, while using the same cryogenic
techniques, would include a closed recycle to the reactor building. The proposal states that the system would
also employ several cther unique features including a nermal krypton makeup feed, and 3 process combination of
air separation plant, krypton distillation column, and molecular sieve filter bed to remove the Kr-85. The
aroposed project schedule totals 11 months, which would allow nine months for procurement, fabrication moaifica-
tions, and installation, an¢ two months for the startup, debugging, system optimization, anuy removal of the
Kr-85 However, the schedule does not consider the need for a new building to house the system. The NRC staff,
based on the discussion in Sectfon 6.6.2, believes this schedule to be an unrealistically short estimate.

Summary

The cryogenic system evaluated here is essentially the same as the other currently available CPL. A difference
noted is the addition of a hydrogen supply to the recombiner in the Linde system to further avoid oxygen accumula-
tion. The MITRE system, which includes an air-separation technique and a recycle to the reactor building, would

require additional fabrication, and more importantly, may require proof-t -ting before finalization of a system
design

The primary advantage of each CPS proposed is that the offsite environmental impacts either from operation of the
system or from worst case accident scenarios are insignificant. Selection of any CPS as the best alternative is

not without its disadvantages, however. First, design, construction, housing, and testing the CPS would result
in significant delays in the TMI cleanup effort. From NRC staff consuliabions with construction engineers at
Dak Ridge National Laboratory and in the nuclear industry, we estimate that it would take a minimum of 20 months
to get any CPS operational. Second, based on prior experience, operation and maintenance of each CPS would be
likely to produce a relatively high occupational exposure. Finally, the onsite storage of concentrated
quantities of Xr=85 generated by each aiternative would require long-term periodic surveillance and would
accordingly represent a continuing risk to workers on the site, as well as to the public.
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5.7 Combination Process and Purge Systems
5.7.1 Introduction

The <taff nz. evaluated the feasibility of combining a krypton-recovery system (charcoal adsorption, gas
compression, cryogenic processing, or sele tive absorption) with one of the building-purge alternatives

hydrogen contial or reactor-building purge system). This combination method would be performed in two steps.
Tirst, 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 to the
environment through either the hydrogen control or reactor-building purge system (the secondary system).

The chief advantage of this alternative is the shortened time period, relative to the alternatives discussed in
Sections 6.3-6.6, which wou'd be required to implement it. This advantage results from smaller scale processing
system requirements. [f a 95% Kr-85 removal efficiency is desired with the primary system, approximately six
nillion cubic feet of contaminated air will have to be processed before purging could proceed. In order to
srocess this volume within approximately two months /comparable to slow purge time) the primary system would
require a flow capacity of 75-100 scfm. This, primary system used in combination with purging would reguire
“luw Or storage capacity (if gas compression is chosen as the primary system) approximately 25-33% of the
capacity requirement for full-scale krypton-recovery systems described within this assessment.

Thwe 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 absarp-
tion system (SAS). The staff estimates that the minimum times for a full-scale CPS or 5AS to be operational are
20 months and 16 months, respectively. The charcoal-adsorption system and gas-compression systems would requ’ re
3 minimum lead time of 24 months for full-scale system availability and would represent a major construction
affort. Even scaled-down, charcoal adsorption (e.g., 3000 tons of refrigerated charcoal) or gas compression

(e.g., 7 miles of 35-inch 0D 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 would consist of one 75-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
r main essentially as designed for the full-scale system (see Sectiun 6.4.2). The staff estimates, based on the
mstruction of a small building for a CPS with one processing train, that the lead time for the CPS might be
sduced, as compared to ful) scale, by as much as 4 months. Thus it would still tare approximately 16 months to
ake a small-s-ale CPS operational and an additional two months to process the first six million cubic feet of
contaminated air. At least another month would be required for purging, assuming summer/fall 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 103 uCi/cc).

The full-scale SAS described in Section 6.3 would require the capadbility of processing several hundred 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,
:'4 trap, and molecular sfeve) and a lower flow capacity absorption column, The requirements for the noble gas
storage system would remain unchanged but the overall building requirements would be smaller than needed for toe
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 still 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-b.ilding purging.
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These estimates for anticipated lead times for scaled-down cyrogenic processing and solvent absorption systems
are based on the simplest designs and assume )ittle or no redundancy (for increased relfability) in system com-
sonents. These estimates also assume minimum standards in regulatory requirements (Ref. 22) for ouilding and
system quality and tefsmic 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.

65.7.3 OQccupational Exposure

The occupational exposure. 3. could result from implementation of this alternative range from 115-255 person-rem
(depending on the selection of either thne SAS or CPS as the primary system) and are discussed in Sections 6.3.3
and 6.6, 3.

-

5.7.4 Environmental Impact
'he environmental dose impact associated with this alternative (assuming 5% of the reactor-building atmospheric
{nventory of Kr-85 is purged) would be approximately 1/95 (0 1) of the impact associated with the siow purge

alternative discussed in Section 6.2 Ihis would present negligible pubiic nealth risk (See Section 7.1.)

5.7 5 Accident Aralysis

The sccident analyses descridbed in Sections 6.3.5 and 6.6.5 would apply tc this alternative. The resulting

total-body and beta skin cose to the maximum exposed individual are estimatea to be 20 and 1700 mrem,
respectively

usesry

The 5taff’'s svaluation shows that the "combined” alternative method can reduce the lead time for system avail-
apility by as much as 25%. Neverthe'ess, the minimum time frame to make this method cperational is cne year

andJ, for the reasons outiined in Section 5.0, represents an unacceptable delay in the decontamination of the
reactor-bui’'ding atmosphere.

6.8 Onsite Long-Term Storage of Krypton-85

41! alternatives proposed for removing the Kr-85 gas, other than by reactor-bu’lding purge or disposal offsite
(see Section 6.9), require provisions for a long-term storage facility on site (for approximately 100 years to
allow fo~ radioactive decay) or off-site disposal. See Section 6.9 for a detailed discussion of the trans-
portation and offsite disposal of radioactive gases.

The existing technology for storing K~85 fs limited. Table 6.8~1 provides an assessment of different storage
techniques.

Although shallow land burial is a common disposal method at the commercial low-level waste faci'ities, the NRC
stat? i« ospposed to burial of any radicactive waste at Three Mile Island because of the potential for subsequent
re asse to the environment. Thus onsite gas storage in an engineered facility remains as the only practical
Altarnative evan though this type of storage has not been perfected. For exawple, container corrosiz~ is a
major problem that can be caused by cllected gas impuritiss such as oxygen or nitrogen oxide, and water. Also,
rubidium, the decay product of Xr-85, may combine with oxygen to form szo. The long-term corrosfon effects of
Ab,0 in orecsurized storage containers of Kr-85 are not known, Thus further study and staff evaluation wouid be
necessary 1f a Kr-85 disposal method were chosen that required long-term storage.



lable 6.8-1.

Comparison cf ¥X=yoton-85 Containment Techniques™*

Technique

Development status Advantages

Disadvantages

Low-pressure Lanks

High-pressure cylinders

Adsorption on charcoal

Encapsulation
(include solid
matrix enlrapment
e.g., clathrates)

Engineered storage
facility

feasibility studies performed;
no field tests

Low pressures with low peak
probability

Low-storage volumes, long
technical background

Used for shipment at 1CPP;
no long-term tests

keduces vapor pressures
of containers

Development data completed,
short-term operation

Reduc:s vapor pressures of
containers; provides
process technically difficuit

Laboratory studies only
partly completed
primary containment

Protection from environment,
earthquakes, and gas leaks;
secondary containment and
recovery of leaked gases

Cost and feasibility studies
continuing; no field

experic. .+

Very large storage volume, ozcne
removal required, radiolytic
product corrosion unknown

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

Large storage volume; fire
ane explosion hazard

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

(A% |

Delay in TMI cleanup

¥Adapted from | R. Pinchbacks, "Materials Screening Test for the Krypton-85 Storage Development

January 19, 1979.

Program, "EG and G, CR EY-7G-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 Procsss 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 radiocactive decay. Bazad on
the half-1ife of 10.7 years for Kr-85, it would tare approximately 10C vears 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 nas considerea several alternatives of disposing of the Kr-85 at an offsite location. The alternatives
include transport to a commercial low level waste burfal ground (for purfal) and transport to a remote location

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

6.7.2 Environment3l Impact

There are .'ree commercial low-level waste burial grounds currently in operation, located in Barnwell, South
Carolina; Beatty, Nevada; and Richiand, Washington. However, the State of South Carolina has imposed a ban on
shipments of waste from TMI Unit 2, leaving only the two Western sites as potential receipients of gas-filled
containers of Kr~-85 from Thl. Each site has different criteria for acceptance and burial of radioactive 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
nust also be buried individually and located at least 10 feet from naigboring containers. Given the site
restrictions for burial of radoactive gases at Richland, the invantory of Kr-£5 from TM! would require approx-
imately an acre and a half of burial space.

The site in Beatty, Nevada {s Iicensed to accept gas cortainers that are pressurized up to one atmosphers
(absolute) and )imited to 1000 curies or less. Gas containers containing from 10v to 1000 curies must be
surrounded by at least 6 inches of concrete on all sides.

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

Given the buria] site limitations for container pressure and curie content, and the required use of DOT and NRC
approved shipping contatners, the number of required containers for transporting 57,000 Ci of Kr-85 1s
potentially high. Under ideal conditions, a mini~um of 57 and 570 containers wouid be required for acceptance
at Beatty and Richland, respectively.

The environmenta! impact resulting from the burial of 57,000 C{ of Kr-85 would essentially be the population
exposure incurred by the workers whc would be required to package the gas at TMI, handle the gas shipping
containers, transport the gas to a low level waste burfal site and handle the gas containers at the burial site.
The packaging and transportation of the Kr-85 gas would be conducted fn accordance with appropriate 00T and WRC
regulations. The estimated exposure result.ng from these operations would range from 8 to 24 person-rens. The
corresponding population exposure t¢ members of the general public fs negligible by comparisun because of limited
contact of the waste containers to the geners' public during transportation. In addition, tha staff assumed

that the population dose due to subsequent release (from corrosion of the containers in the ground) cT the total
inventory of Kr=85 gas is also negligible. The assumption {s based on the minimal environmenta'l dose impact of

a release of 57,000 curies of k=85 (see Sectidn 6.2) and low population density in the vicinity of the burial
site.



The alternative to of”aite buria) is transportation to a remote location for controlled release to the environ-
ment. This alternative presupposes that a suitable facility would be constructed to effect a controlled release

at the remote site. This alternative also assumes that there will be a negligib s population dose to the public
following release for the reasons elaborated above. Because the same basic operations /1.e., packaging, handling
at TMI, transgostation to a remote location, and handling &t the remote site) and limitatfons (i.e., DOT and NRC
geé~kaging and transportation regulations) on this altarnative apply to the operations for the burfal aiternat’.s,
the expectea population dose is the same, namely, 8 to 24 person-rem. Although burial or release of the racioactivi
krypton of a remote site could be accomp)ished, the NRC staff believes this probably would not be acceptable to
local officials and residents.

6.9.2 summary

The environmental dose impacts resulting from the operations associated with transportation and offsite disposal
would be in addition to the exposures incurred during the decontamination (1.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-85
is negligible, the NRC staff does not recommend this course of action for the fol'using 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 accomplished
quickiy with negligible public health consequences (see Section 7.0).
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7 Health Effects
7.1 Physical

.1 Summary and Conclusfons

The NRC staff has determined that there would be negligible physical public health risks associated with the
use of any alternative evaluated fn “nis assessment, except the “no action” alternative. For the staff's
proposed purging alternative in particular, this determina: fon has been supported by others, including the
U.s. Environmental Protection Agency, the U.S. Department of Health, Education, and Welfare and two groups of
independent scientists reporting to the Governor of Pennsylvania. The Unfon of Concerned Scientists reported
that, based on "current evidence of effects of whoie body radiation on human populations, nc heaith effects
would be anticipated as a result of the 'ground release’' ventirg" (Ref 3). The National Council on Radfation
Protection and Measurements (NCRP) in their report to the Governor, noted that “exposures likely to be received
as a result of venting are no valid bases for concern with respect to health effects” (Ref. 23). In the NRC
staff's judgment, there is, then, nu physical pubiic health basis for eliminating the purge alternative.
Additionally ft should be noted that, based on the relatively greater radiosensitivity of humans, there would
be no adverse impact on plants or animals follewing purging.

7...2 Discussion

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

day tate-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 mode! is in good agresment with
estimates provided by other groups. The National Council on Radiation Protection and Measurements provides a
consensus of the risks of Kr-85 exposure in Krypton-85 in the Atmosphere--Accumuliation, Biological Significance,
ana “ontrol Technology (hereafter NCRP Report 44) (Ref. 24). Much of the basic ‘nformation about Kr-85 in

this section fs deri.ed from NCRP Report 44,

Krypton=85 1s a radioactive {sotope produced by the fission of several heavy fsotopes, such as uranfum=235,
sranfum=238, and plutonfum=239. Mosi of the Kr=85 in the TMi-2 reactor buildinj resulted from the fission of
Jranium=235 prior to tie accident. Krypton is one element in the series of ncble gases that include, in order
of increasing atomic mass, helium, neon, argen, krypton, xenon, and radon. These gases are colorless, tasteless,
and do not undergo chemical reactions with other molecules fn living tissue. Krypton-85 has a 10. 7-year
radiological half-1ife and emits beta particles by two different decays. Beta emission is not followed by
emission of a gamma ray for 99.6X of this decay process.

Paople s*s continucusly exposed to Kr-85 which fs normally contained in the worid's atmosphere. In the past
«rypton has been released into the atmosphere during nuclear weapons tests. In addition, krypton has and
continues to be released to the atmosphere from nuclear fus! reprocessing plants throughout the world. As a
~asult of these releases, background levels of krypton throughout the earth's atmosphere are readily detectable
«ith suitab'e instruments. In the TMI area, for example, the U.S. Environmental Protection Agency has measured
nermal background concentraticns to be about 30 pCi/m3. This concentration results in annual Kr-85 background
wkin and total-body doses of about 0.00004 and 0.0000005 mrem respectively to all members of the public. This
compares %o an average annus! total-body background dose (from sources other than mecical) of about 100 mrem

in the U.S. Medical and denta) exposures normally scccunt for ancther 100 mrem per year to individuals in

this country

Krypton=85 nas low blood soludility and high 1ipid (fat) solubilfty, but diffuses rap’ " ; in tissues to reach
concentrations proportional to those in the surrounding air, a condition referred to as an equilibrium concen-
tration. NCRP estimates that the equilibrium concentration of Kr=85 in body tissues (pCi/g) relative to the




7-2
surrounding air (pC!/cm®) is as follows: (1) separable fatty tissue, such as breasts, thighs,K waistlines ano
around some budy organs-41% of the concentration in afr, (2) skeleton=13% of the concentration in air, (3)
soft tissues (such as organs, muscles, brain, etc.), +8.3% of the concentration in afr. Consicering the dose
from beta particles and gamma rays (plus their resulting radiations, such as bremstraniung*) 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 fs 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 repcrt of the Committee on the Biological Effects of lonizing Radfation (National Academy of
Science) provides » tentative estimate of risk of radiogenic skin cancer (Ref. 25). That model would indicate
that the risk of inducing a fatal 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 geneti: risk for
both sexes. This will be discussed in mare detail later in this section.

The NRC health effects mode! was developed in 1975 for the Reactor “afety Study by a li-member advisory group,
(three of whose members were also members of the 1972 National Academy of Sciences Committee on the Biclogical
Effects of Ionizing Radiatisa (BEIR) (Ref. 26). The advisory group included six physicians, one veterinarian,
and six life scientists. Two members were from the university of Pittsburgh School of Public Health.

The NRC healtn &ffects mode! {s shown in Figure 7.1 in graphic form. This modei, 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 period s variable, and is assumed to be dependent only on the
specific type of cancer.*” Following the latent period there will a perfod in which cancers will be cbserved
(plateau).

Using the total-body dose estimates for tne alternatives shown in Table 1.1 and the NRC cancer mortality risk
estimate of 135 deaths per million person-rem, the potential cancer deaths were calculated. 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 mortality risk
ameng the general population within 50 miles resulting from the purge option would be about 0.0001.

The maximum potential lifetime-individual risk of cancer mortality would accrue to a fetus that received the
maximum estimated dose of 0.2 mrem. Using 300 deaths per million person-rems from Table 7.1, the excess
cancer-mortality risk for this scenario woulc be six chances in 100,000.000 (0.00000006) compared to a current
normal 1ifetime expactancy of one chance in five (0.2) from all types of cancers. Risks for all other age
groups would be even lower than this extremeiy small value.

Using the total body dose estimates for the options shown in Table 1.1, and the NRC genetic effect risk estimate
of 260 cases per million person-rem the potential genetic effects per generation were calculated. The total

A type of K-ray,
**Animal studies indicate that the latent period generally increases with decreasing dose.

SAREPA, in an April 11, 1980 letter to NRC, (Ref. 28) independently estimated 0.00022 ana 0.057, respectively
These values represent close agreement with NRC estimates.
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potential for genetic effects in plant workers and the 50-mile population surrounding TMI-2 is estimated to
~ange from a minimum of 0.0005 (purge option) to a maximum of 0.066 (cryogenic option). Almost all the risk
«0uld be borne by future descendants of workers at the plant (purge = 0.00C3, cryogenic = 0.066). The maximum
genetir risk to futu~e descendants of any offsite member of the public would be five chances in 100,000,000
(0.00000005) compared to the current expectatiun of a normally occurring genetic effect at a rate bDetween one
and five chances in 100 (.01 to .0S).

Recent cancer statistics indicate that more than 14 persons per 10,000 persons «i11 contract skin cancer each
year (calculated from Ref 29). Thus, the typical risk of occurrence per lifetime is about 0.11%. Most of
these cancers occur on the face, neck, arms, and hands due to exg“iure to the ultraviolet (UV) rays from the
sun.

“ince most skin cancers are not fatal, most are unreported in cancer registries. Estimates indicate more than
300,000 new cases of skin cancer occurred in the U.S. (population of 220 million) in 1979 (Ref. 29). However,
ot those cases reported, there were 5,900 deaths. Of those that died, 4,300 (out of 13,600 cases) were from
nelancwas,* and 1,600 (out of more than 300,000) were from other types of skin cancer. Therefore, the mortality
rates were about 30% for melanomas and less than 0.5% for non-melanomas. The cverall lifetime mortality risk

ot al)l types of skin cancer is currently less than 2 chances per 1,000 persons (that is, about 1.5% of the

total risk of cancer mortality).

The 13979 draft BEIR report indicates on the order of one case of skin cancer will develop per year per million
person-rem of low LET radiation (such as emitted by Kr-85) (Ref. 25). Although ro studies have indicated a
sefinite increase in melanomas as a result of radiation exposure, it was assumed for this assessment that the

ifetime risk of mortality (not incidence) from radiogenic skin cancers fs the same as for naturally occurring
<pontaneous skin cancers. That assumption implies tnat the lifetime mortality risk is on the order of one
death per million person=-rem (skin).

dased on this assumption, the 1/ "etime cancer mortality risk from 2 total body dose is at least 135 times
greater than a comparable skin dose. ™ The beta dose to the inposed skin from Kr-85 is about 80 times greater
than the tota! body gamma dose for unprotected members of the public. This implies that the cancer mortality
risk from Kr-85 skin doses to the public would be on the order of 60% of the cancer mortality risk from the
Kr-35 tota! body dose.

“herefore a skin dose of 11 mrem to an individual (purge option) would be predicted to cause less than 7@
(about 0. 000006) additional skin cance~ mortality among the S0-mi & population of 2.2 million people. This
compares with 4,000 expected dea*hs from skin cancer from other causes (primarily sunlight), and over 400,000
total expected cancer deaths in the area regardless of whether the Kr-85 is released or not.

Using the estimates of average life-shortening in Table 7.1, and the dose estimates in Taple 1.1, it is possible
to estimate the average loss-of-1ife expectancy associated with latent cancer mortality. The maximum )ife-
shortening wouid result from irradiation of a fetus in the mother's womb. Using 7.2 days per rem, the maximum
4ose of 0.2 mrem would result in a statistically average risk of 2.1 minutes. Risks to all other age groups
would be even less

*Melanomas are a rare but dangerous skin cancer.




Table 7.1 Summary of Age Specific Cancer Mortality Risk Estimators and
Associated Life-Shortening

Potential Cancer Mortality Average Life-Shortening

Age Group per 10% Person-Rem* per Person-Rem*
Totals Hours Total Days
In-Utero 150 Leukemias 300 37 7.2
150 A1l others
0-0.99 years 50 Leukemias 93 25 1.5
43 Al others
1-10 years S50 Leukemias 150 24 1.5
55 A1l others
11-20 years 25 Leukemias 196 10 2.0
i71 AY] others 12
2070 years 23 Leukemias 131 5 0.63
108 All cthers 10
All ages 28 Leukemias 135 1C 1.2
107 A11 athers 18

*For a population composed only of that age group.

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

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

Type of Activity Equivalent Mortality Risk* Causes of Deaths

Cigarette Smoking Inhaling of few puffs lung cancer and
cardiovascular
d’seases

Orinking A few sips of wine cirrhosis of the
Tiver

Automobile driving three miles accidental death

Commercial flying i4 miles accidental death

Canoeing 20 seconds drowning

Being a man aged 60 one minute all causes of

death at age 60

¥37v Edward Pochin, “The Acceptance of Risk," (Ref. 30).

The staff has compared the dose con-e:sion factors for the noble gases released during the TMI-2 accident with
that for Kr-85. It can be show. that 1. would require "he release of approximately 500 million Curies of

Kr-85 under the same exposure conditions that existed during the accident to result in population doses comparable
to those received from the 10 mii'“on curies of xenon and krypton radioisotopes actuallv released during the
accident. Stated another way, the release of 57,000 Curies of Kr-85 under accident axposure 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-83) released during the
accident were determined to present lfttle risk to the public by the Kemeney Commissior (Ref. 31), Rogovin
Report (Ref. 3Z), and NRC staff (Ref. 17)
Comparison with Other Radiological Risks
A summary of other common competing risks of mortality comparable to the maximum total-body dose (purge option)

is shown in Table 7.3.

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

Type of Exposure

Commercial Subsonic
jet travel

Commercial supersonic
jet travel

Equivalent Radiological Risk
29 minute flight at 30,000 ft.

18 minute flight at 60,000 ft

Sou~ce of Do

cosmic rays
(Ref. 33)

cosmic rays
(Ref. 33)

Living in Denver, Colorace one day cosmic ray and

{as opposed to Midaletown) terrestrial radia-
tion (Ref. 34)

Moving to a location about one year cosmic rays

20' higher in elevation (Ref. 34)
than Migdletown

(same type of home)

Sleeping with
another person

about eignt montns
at eipht nours/day

naturally occurring K-40
gamma rays (Re®. 35)

Living at the site
toundary of a coal-
fired plant

natural radicactivity
emitted by coal
combustion (Ref. 36)

about two weeks

‘ncreased leve's
of Rn-222*

Living n a tight,
energy-efficient house

about one nignt

Assumes (a) one extra 0,001 uCi of Rn=222 per m of room air (a.tual measurements have shown up to
0.03 uCi of Rn=222/m3)* ang 50% equilibrium for radon progeny, (b) 2 x 4-% lung-cancer deaths per
working=~level month (WLM), and (b) being at home 100 hours per week (or approximately 15 hours per
dé-). Therefore,

(2 x 20-% lung cancer Jeaths) _ (0.005 WL @ 50 percent equil) _ (100 hrs/wk)**

( WM =1 001 Yy * 30 Frs7wk; .
(12 months) _ 30 deaths

( yr ) - miliion people

or: 3 chances in 100,000
compare with (0,0002 rem) x (1.35 x 10-* cancer deaths/(rem)
= 3 chances fn 100,000,000
f.e., about 1,000 times greater risk for in energy ef‘’‘cient house
~ (365 days) _ (24 nhrs) . 8.8 nhrs (a good night's sleep)
( ) ¥ (day)
¥HalTowel, et al., invited paper, 1979 Meeting of the American Nuclear Society, San Francisco, CA.

*=Carrection for differences in exposure periods at home compared with uranium miners.
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Hased on the cancer statistics just discussed, about 11 out of every 100 persons will develop a skin cancer
uring their lifeiimes (Ref. 24). It is a.sumed that most of the current rick is due to exposure of the skin
1o ultreviolet rays from the sun.  Since tha current risk of skin melanomas among lack persons is only about
8% that of white 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 conservat .& v assumed
“hat the difference is due only to UV irradiation, then about 80% of all skin cancers in the U." would be due
Lo exposure to the sun (' e., about 9 cases per hundred persons).

Comparing these figures with the 1979 draft BEIR estimate of about one case per year per milli~n person-res
(Ref. 25) indicates that background radiation accounts for less than 1% of th: expected skin cancers.* This
's further evidence that the skin is relatively insensitive to fonizing radiation.

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, office 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 weekerds, childhood and retirement years) in the sun. The
average risk of UV induced skin cancer is tharefore:

0.09 skin cancers
(1 hrs/day) (385 days/yr)(75 yrs/person)* O 1-1 x 10-® skin cancers/hour of sun.

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 (Ref. 25).**

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

“Expecte ©  0.11 x 2.2 x 10" = 24 million cases of skir cancer. From 0.1 rem/yr of background radiation:

~75 years, 0.1 rem " 1 x 10® skin/cancers/yr.
(717;{1;;-) (*-;;;;—) (2.2 x 10% persons) (~50 years at risk) ( e )

8 x 10% x 100%
2!15

= 8 x 10% skin cancers or, < 0.4% of total expected

** 1 x 10-% skin cancers/yr per person-rem (50 years at risk) = 45 hours
‘.1 % 10-%¥5kin cnncors7ﬁsur o; %) ‘ person-rem




7.2 Piychoiogical Stress
7.2.1 Conclusion

The staff concludes that the psychological stress resulting from atmospheric purging will be less severe than
from any of the other decontamination alternatives. Purging the reactor building is the guickest of the
decontamination alternatives and will, therefore, result in stress of shorter duration relative to the other
alternatives. Such altarnativas would use considerably more complex equipment and processes and would thereby
prolonc une uncertainties and associated stress over the possibility of accidental releases. In addition,
removing Kr=85 from the reactor buflding may be perceived as a crucial first step in progress toward overall
decontamination of TMI-2 and elimination of the potential for future disruption from that unit.

The staff acknowledges that the purging recommendation may be unpopular to a seguent of the local population
and perceived as further evigence of NRC insensitivity to their apprehensions Nonetheless, the staff believes
that, given the absence of radiclogical . ‘sk from the purging option, in the long run, prompt decontamination
of the reactor building atmosphere will substantially alleviate psychological stress due to a concern over
unplanned radiological releases from the facility and doubts about the ability and decisiveness of the NRC to
take affirmative measures.

7.2.2 Qiscussion

A number ¢f studies reported psychological distress as widespread in the population around Three Mile [sland
2% the time of the accident (Refs. 31, 37-39). Moreover, some level of psychological distress continues to be
associated with various ssues surrounding the current and future status of the facility (Refs. 38, 39). In
particular, anxiety is high among some members of the population at the prospect of krypton-85 releases to the
environmer’ from the Unit 2 reactor buflding (Ref. 31). Recognizing this fact, the staff has explored the
possible different levels and characteristics of psychological strass associated with each of the decontami-
nation alternatives. In reaching conclusions on the relative psychological impacts among the alternatives,
the staff considereu saveral sources, including studies of psychological stress and psychological sequedea (of
after effect) »f ifsasters. Of particular relevance were studies, by experts on psychological stress (Refs. 31,
37-41), that specifically addressed conditions in the Three Mile Island area and an evaluation of public
comme~ts. The Human Design Group, assisted the staff's evaluation. The Human Design Group's principal members
are :ffiliated with the Department of Medical Psychology, Uniformed Service University of the Health Services.
Based on consultations with psychologists the staff concludes that the purging alternative has less potential
for creating long-term psychological stress than those alternatives which take longer to implement.

Psycnhological stress is a complex set of mental, behavioral and physiological prenomena, a response pattern
resulting from a person's appraisal of an event or situation that threatens some kind of danger, harm, or

loss. These patterns include increased physical and psychological arousal, and a search for alternatives to
cope with or reduce danger or loss. [f a perceived threat is not controlled or reduced, a person affected may
suffer psychological as well as physical strain and their consequences. Stress may be induced by a wide
variety of situations or events. The level of stress is generally associated with a person's perrept.on of

the severity of loss or harm. While most persons have the capacity to recover quite well from acute strass -
caused by a specific event, a small percuntage of a population may experience lasting physical and/or emotional
effects from the same event. Such chronic stress, however, is usually related to events which cause stress

for long periods. Wwhile chronic consequenses of short-term events that cause stress arz still an open gquestic:,
the long and short-term symptoms are similar: amotional tension, cognitive impairment, and somatic complaints.

The conclusions on the nsvchological stress associated with atmospheric decontamination of the TMI-2 reactor
puilding are, in part, based on three valuable studies that have recefved wide distributfon. They are
Dohrenwenda': technical report (Ref. 37) for the Kemeny Commission, Houts' study (Ref. 38) for the Pennsylvania
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Deparime. t of Health, and Flv~1's preliminary report (Ref. 39) on the TMI telephone survey of residents around
TML for the NRC. Each of these studies attempts to answer in part the question, "What are the mental health
consequences of the accident?* Fach examined different indicators of psychologfcal stress, some of which are
reports by individuels on their physics! 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 |inked 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
after 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 reoreseit a new
source of stress that continues beyond the accident. The Kemeny Commission suggests that stress was induced
and exacerbated by a lack of confidence in tho urrently in charge of TMI operations. These stresses are
seen to be acute. [n addition, the Commissio roposes that anv increase in the incidence of long-tern
mental or physical heaith probiems caused by tne accident will pe insignificant. The effects of stresses in
the post-accident period are uncertain; however, several researchers (Refs. 40, 41) foresee no long-term
stress-related health problems.

As a result of the above review, the staff suggests that current distrust of 2 thority in a percentage “f the
population will be an ‘mportant factor in the community's evaluation of any decontamination plan (Refs. 3 ~39).
Such distrust can heighten a person's or a community's perception of potential danger and their feelings . !
lack of control, as was found in several studies (Refs. 38, 39). These feelings mev cause some TMI resid "ts
to resist any agency-sponsored action. The level and duration of stress is determined in part by how lonj the
source of the stress is present and by how people perceive their ability to cope with it. Perceived feelings
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 :tress related to distrust of authority, there is the issue of duration of stress aid related
stressors. Some stress will exist in the TMI area #s long as decontamination is delayed and agencies are seen
by some to lack credibility and are perceived as insensitive to the area's welfare. Acute stress for many
residents could pe elevated by the purging, but should diminish thereafter. Thus, three sources of stress
seem pertinent to TMI-2 decontamination: (1) the duration of reactor building atmosphere decontamination
operations; (Z) the immediate fears purging arouses; and (3) distrust of authorities responsible for
decontamination activities.



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 bfn‘ldlnq atmosphere would be performed by (1) the U.5. Environmental Protection Agency (EPA), (2) The
Lommonwealth of Pennsylvania, (3) the U.S. Department of Energy, (8) the Nuclear Regulatory Commission, and (%)
Metropolitan Edison Company {the licensee). Each program is summarized in the following subparagraphs; a more
complete description is given in the EPA report, "Long-Term Environmentai Radiation Surveillance Plan for Thrie
Mile Island," March 17, 1980.

4.2 U. 5. Environmental Protection Agency (EPA) Ragiological Monitoring Program

£PA has been designated by the Executive Office of the President as the lesd Federal Agercy for conducting a com-
prehensive long-term environmental radiation surveillance program as a follow up to the accident at TMI-2  EPA

nas recently incorporated a separate section in their surveillance pian detailing the monitoring program Lo be
implemented should the NRC staff proposal to purge the reactor building atmosphere be approved. EPA opcrates a
setwork 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.
fach station includes an air sampler, a gamma rate recorder, and three TLDs. A list of sampling locations is shown
in Table 8.1. These stations constitute EPA's baseiine, 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.
Al) samples are analyzed by gamma spectroscopy at tPA's Harrisburg Laboratory using a Ge(Li) detector with a lower
limit of detection for cesium-137 or ifodine-131 of approximately 25 pCi (0.15 pCi/m3 for a 48-hour sample).

Each monitoring station is equipped 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 EPA'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 islands located 0.5 miles to 1.5 miles west of the reactor site (Shelley. Hill,
Henry, Kohr and Beech I[slands,. These dosimeters are read quarterly.

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

The EPA's base long-term pregram 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 wil. be implemented.



A Mobile Monitoring - survey meter and fon-chamber

A minimum of three mobile radiation monite~ing personne! equipped with survey instruments and one low range
pressurized fon-chamber will be positioned in the predicted downwind trajectory during purging. Monitoring
personnel will be drawn from other Federal agencies as well as from the EPA in order to provide 24 hour
coverage. [n addition tc making radiation measurements throughout the day, personnel will be prepared to
collect compressed air samples based on those measurements.

8. Krypton=85 Sampling

Four compressed air sampling units wiil be positioned at fixed locations for the collection of weekly samples
The units will be placed at Middletown, the Observation Center, Bainbridge and Goldsbore in order to provide
representative coverage with emphasis in the predominant wind directions. Sampling will be conducted for one
to two weeks prior to purging to provide background data for the TMI area. Samples routinely collected in
Nevada will provide an indication of worldwide ambient Kr-85 levels for comparative purposes. In addition
three compressed air sampling units will be deployed with the mobile monitors. A minimum of one sample will
be collected each day (at the predicted oifsite location of maximum plume concentration) Additional samples
wil] be collected when necessary, based upon survey meter and jon-chamber data. A1l samples will be analyzed
at the EPA laboratory facilities in Harrisburg

C. Tritium Monitoring

One molecular sieve sampler will be operated at the Observation Center for collection of atmospheric moisture
for tritium analysis. Analyses will be performed at the EPA laboratory facility in Harrisburg.

0. Routine Air Monitoring Network

[n order to verify that no radionuclides other than Kr-85 are reieased to the environment during purging,
samples from the established network of eighteen operating stations will continue to be collected. Samples
in the downwind sector will be collected every day, rather than the three times ner week under normal condi-
tions. In addition at least one sample from “control” stations in each quadrant not in the downwind trajec-
tory will be collected and ~3lyzed on a daily obasis.

EPA renorts al) resuits of their monitoring measurements from their baseline program three times each week to the
public and news media. If Krypton purging is approved, EPA will make daily reports to the public and news media

starting approximately two weeks before intiation of purging, and continuing until purging is completed.

3.3 C(Commonwea th of Pennsylvania Radiolsgical Monitoring Program

The Department of Environmental Resources of the Commonwealth of Pennsylvania operates three continuous air samp-
ling stations; one at the Evangelical Press Building in Harrisburg, one at the TMI Observation Building, and one
in Goldsboro near the boat dock. Each air sampling station consists of a particulate filter followed by a charcoal
cartridge. The filters and cartridges are changed weekly; the particulate air samples are gamma scanned and beta
counted for reactor-related radionuclides. The particulate air samples are composited quarterly and analyzed for
$r=89 ana S5r-90. The charcoal samples are gamma scanned for reactor-related radionuclides. They do not, however,
have the capability to sample or analyze for Kr-8S,



8.4 U.5 Department of Energy
8. 4.1 Community Monitoring Program

The Department of Energy and Commonwealth of Pennsiyvania are sponsoring a Community Radiation Monitoring Program.
This program has as its purpase to: (a) provide independant verification of radiation levels in the TM]l area by
trained local community people, 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 tne following
12 communities within approximately five miles around TMI.

East Manchester Twp.
Londonberry Twp.
York Haven

Lower Swatara Twp.
Conoy Twp.
Goldsbore
Fairview Twp.
Royalton

west Donegal Twp.
Midd]etown
Newberry Twp.
Elizabethtown

Approximately 50 individuals participated in training classes conducted by members of the Nuclear Engineering
Department of the Pennsylvania State University. Approximately 15 training sessions were conducted involving
classroom instructions, laboratory training, and actual radiation monitoring in the field. The teams utilized EPA
gamma rate recording devices which are currently in place around TMI and will be supplemented by gamma/beta sensi-
tive devices which are being furnished by DOE through EGAE Idaho, Inc. This training was structured to cover the
following areas:

¥ Classroom instruction

» Introduction to radioactivity

hi Interaction of radiation with matter

# Methods of radiation detection

Radiation counting variables

i Radiation protection units

Health physics procedures

Radiation interaction with biolegical systems
Administrative procedures for Community Radiation Monitoring
Program

4 TMI-2 accident and cleanup

Meteoroiogical conditions

2. Laboratory instruction

-~ G. M. (Geiger Mueller) counting experiments

Radiation counting statistics

- Monitoring equipment familiarization



~

Argon-41 and Krypton=-85 monitoring
Supervised area monitoring with actual procedures 27
equipment

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

The training sessions providea basic information on radfation, its effects, detectior techniques, and f~cluded
hands-on experience with monitoring equipment in the field. Citizens were expected to demonstrate competence in
both the theore*ical and practical aspects of the course before actual monitoring efforts begin. 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
developed to consolicate the information being obtained into a centrai point of contact in the Commonwealtn of
Panns)yvania for aissemination to the press, local officials, and other interested parties on a routine basis.
Maintenance and calibration procedures were also deveioped and are in place prior 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 ~eported daily to the public.

8.4.2 0DOE - Atmospheric Release Advisory Capacity

The Department of Energy will make available 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. These predictions will use atmo-
spheric dispersion models which have been verified during many years of field experience 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.

8.5 U.S. Nuclear Regulatory Commission Radiological Monitoring Program

The Nuclear Regulatory Commission (NRC) would operate one air sampling station located in the middle of the
reactor complex. The air samples would be changed weekly and analyzed by gamma spectrometry. The NRC would piace
two sets of TLDs at 59 locations as shown in Table 8.2. Both sets would be read on a monthly basis; however,
flexibility exists to read one set at more frequent interval!s should conditions warrant.

8.6 Licensee's Radiological Environmental Monitoring Program

The licensee normally utilizes 72 radiological environmental monitoring locations to monitor plant releases with
two thermo!uminescent dosimeters (TLDs) at each location. In acdition to these required TLDs, four aaditional
TLOs will be placed in each of these locations during controlled purge. two for periodic readouts (frequency
depends upon purge duration ang the influence of plume) and the remaining two for 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 TLDs will be placed in seiected 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 plume touchdown area during the controlled purge. The air samp'er will be placed
and operated such th.t a grab sample will be obtained 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 d'sseminated to field sampling teams.
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Table 8.1
Three Mile Islana

EPA Long-Term Surveillance Stations
Air Samplers, Gamma Rate Recorders, TLOS

STATION AL DISTANCE (Miles) ASSOCIATED TOWN
3 325 .5 Meade Heights, PA - Harrisburg

4 380
3 040

100
il 130
i3 150
e 145
16 180
1 180
29 208
21 250
a3 265
31 *0
4 308
35 068
6 095
37 02%
38 17%

*campling stations locatea ‘n indicated town.

International Airport

0 *Middletown, PA - Elwoods' Sunoco Staticn

.6 Royaltown, PA - Londonderry Township
Building

.0 Newville, PA - Brooks Farm (Ear! Ninsley
Res dence)

.9 Falmouth, PA - Charles Brooks Residence

.0 Falmouth, PA - Dick Libhard Residence

3 *gainbridge, PA - Ba:ibridge Fire Company

0 *Manchester, PA - Manchester Fire Dept.

.0 *York Haven, PA - York Haven Fire Statiog

.5 woodside, PA - lane Resner Residence

0 *Newberrytown, PA - Exxon Kwick Service
Station

9 Goldsboro, PA - Muellar Resigent

$ *Goldsboro, PA - Dusty Miller Resicence

o F Plainfield, PA - Polites Residence

g | Royaltown, PA - George Hershberger Residence

A TMI Observation Center

=7 fiorth Gate, TMI

.8 South Gate. TMI

Other sampling stations ar2 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, Geyers Church Road off 4él.
as* 0.8 mi

On telephone pole at i{ntersection of Hillsdale and next road on left
from 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.
353 2.6 md

On telephone pole on Rt. 230 directly acroes from Shady L: .z Motel.
15° 3.05 mi

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

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

On sign pole on Middletown Road st intersection to Rt. 322 E.
Signpole says 322 West. 0* 7.0 mt

On telephone pole on Hoe Road, just N. of intersection of Union Deposit
Road. 2nd pole on left. 0* 9.0 mi

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

Envirommental Station (Met 2d) at Wes: Fairviev, rear to Annex Building
Fairview Fire Department, adjacent to tracks.
305°* 15 o

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

On telephcne 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 mt

On telephone pole directly i~ front of church at i{ntersection of Rt. 262
E and Rt. 392 W (Valley Road and Yocumtown Road).
308° 2.6 ad

On “No Parking Any Time"” sigr within 18' of wmter at old boat ramp at
Goldshoro. 264° 1.25 =i

On constant monitor inside chain link fence to Monitoring Station,
Coldsboro on Rt. 262. By stream.
352° 1.3 md

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 mi

On telephone pole orn Pines Road at intersection of 974 Red Mill Road.
near Newberry. 264° 2.9 ui.

On telephone pole at intersection of Rt. 382 and Rt. (77 NW corner
Lewisburg. 259 7.3 mi.

On telephone pole on Rt. 392 (Pathshill Road) just beyond Ridge Road on
S. side. Beyond sharp bend. 266° 5.9 =1
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Table 8.2 (Continued)

On telephone pole at intersection of 382 E and 295. Diagonally across
from Texaco station, York Haven Road and Reeders Hill fd. Pleasant
Grove. 203. 2.5 mi

On telephone pole at tutersection of Rt. 181 and 382. Across street
from York Heven Uffice. In front of Catholic church, York Haven.
168* 3,15 mt

On telephone pole 3t intersection of Meeting House Road and N. Ceorge
Street (Rt. 181 S), Manchester. 175° 5.1 mt

On telephone pole on Rt. 238 at intersection to Rt. I81 5. By old brick
and cement block building, Emigsville.
180° 9.0 mi

On telephone pole at intersection of Lewisberry Road and Butter Road.
By ssall frame house near Anderson town.
210° 8.1 at

On telephone pole at intersection of Butter Road and Bull Road
215° 10,1 mi

York substation, sampling enclo~ure.
180* 12 mi

On telephone pole at intersec:lon of 441 N and Vinogary Ferry Road
across entrance to Cargill Truck entrance.

On pole at intersection of 441 N and 241 N. ™le next to fruit stand.
141° 4.6 mi

On chain link fence on right side by Collins Substation sign at
intersection of 44] and Falmouth Koad.

160° 2,25 al
. On telephone pole at intersection of 441 N and Turnpike Road.
162° 1.85 mi
On telephone pole across from Red Hill Farm fruit stand 441 N, | mile
fom 3 Mile Island. 150° 1 mf
On telephone pole at Hiilsdale Road and Turnpike Road.
110° 2.7 mi
On telephone pole at Turnpike Road and Bossler Road.
1o1°* 3.7 mi
On telephone pole at intersection of W Hight Street and Mosorie Road,
Elizaoethtown. 90° 7.0 md
Meadow Lane, lst house on south side of street.
86° 0.6 mi
Rte 44l 03* 1.8 mi
Under ™I high tension lines 44" lel mi
Rte. 230 64* 3.8 ad
Rte. 41} 130° 0s5 mi
Beech Igland 203° 0.7 mt
Newberry Township 227° 1.8 =t
Shelly Island 289* C.) mi



Table 8,2 (Continued)

WNW - Town of Plainfleld j01° l.J ot
NW - Hill lsland s’ o2 md
NW = Highspire 326 S md
NNW - Kohr lsland 332° 0.5 =t

NRC - TLD STHOOL LOCATIONS
Nla NORTHUMBERLAND SCFIOL
2.6 md N

N1b MANSBERGER SCHOOL
2.7 ai NNW

Nle FEASER SCHOOL
Jm N

Nid CAPITOL CAMPUS, PENN STATE U.
3.5 at W

Nle "RANDVIEW SCHOOL
3.5 mi NNW

N1¢ MIDDLETOWN HIGH SCHOOL
4 mi NNW

NE-3a TOWNSHIP SCHOOL
3.6 o NE

W=3s  NEWBERRY SCHOOL
bod mt W

S-la  YORK HAVEN-NEWBURG SCHOOL
EPRI SO )

3E-4a BAINBRIDGE SCHOOL
5.0 at SE
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9.0 Response to Comments

3.1 Introduction

“he draft "Environmental Assessment for Decontamination of the Three Mile [slana Unit 2 Reactor Building Atmosphere”
(NUREG=0662) ana two subsequent addenda were issued for public comment. The public comment period for these three
jocuments ended May 16, 1980. At the close of the comment period approximately 800 responses had been received.
“omments on the Environmental Assessment were received from various Federal, 5State, and loca! agencies ang offi-
“ials: from nongovernmental organizations, and from private individuals. All substantive comments received appear
‘n Jolume 2 of tnis Assessment. The comments received fell into one of three categories: (1) those supporting
*he purging alternative recommended by the NRC staff (approximately 195 respunses), (2) those opposed %o tre
ourging alternative (approximately 500 responses), and (3) those who recommended decontamination alternatives
yther than those discussed in the Environmental Assessment or who otherwise commented on the assessment (aproxi=
mately 105 responses). The third category also inciuded all other commenis on the five altarnatives evaluatec in
*he Environmental Assessment, as well as suggestions for additional methods for deconisminating the TMI-2 reactor=
butlding atmosphere. Several of the responses included specific editorial comments. Where appropriate, these
:omments nave been resolved by revision of appropriate sections of this final Environmental Assessment.

P2 Comments Supporting the Recommended Purging Alternative

"he NRC szaf® received approximately 195 responses supporting the purging alternative recommended in the tnviren-
nental Assensment,

9.2.1 President's Council on Environmental 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 Programmatic Envi-
onmenta! [mpact Statement goes not violate 40 CFR § 1506.1 (1979) (Limitations on actions during NEPA process) of
the Counct'l's regulations implementing tise National Environmental Policy Act.

« 2.2 The U.S5 Env ronmental Prutection Agency (EPA). EPA stated that the must acceptable method for decontami-
nating the TMI-2 reactor buiiding atmosphere is a controlled purge to the environment in as short a time as possi-
nle, when meteorological conditions most favor dispersion. EPA based its recommendation of this method on the
«ery low environmental and public nealth impact that would result from the controlled release of the Kr-85 and
shated that this method would eliminate the large occupational radiation exposure which could occur from use of
the other decontamination alternatives. EPA also s*ated that their assessments of the offsite doses for the
purging a ternative were in general agreement with those calculated by the NRC staff and that the estimated health
~isk of releasing thr2 £r-85 was 0.0001 excess deaths to the 1,750,000 population within 80 kilometers (50 miles)
of Three Mile I[sland.

3.2.3 U_5. Department of Health,K Education and welfare (HEW).

The HEW Zureau of kadiological Health commented that after re iewing the drart Environmental Assessment ana ‘ts
two 3adenda. it is their conclusion that the purging of the XR-85 in the TMI-2 reactor building to the atmosphere
under controiled release is the prudent and proper course of action which provides minimal, if not zero, health
impact. They “urther noted that although members of tne public in the vicinity of TMI may call for alternatives



that do not release the KR-85 to tha environment, the occupational workers are also members of the pubiic and the
health impact (1f 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 occupational). The NRC staff has included these recommended dose estimates in
this Final Environmental Assessment.

9.2.4 Tha U.S. ritment of

DOE 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 yurge was indeed the preferred methed for
decontamination since it would result in less publi: radisticn 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
WRC approval, offered the resources of DOF to assist in monftoring off-site conditions during the purging process
to he'p guarantee that conditions remain within acceptable limits. (See Section 8.0). Their support for the
purging alternative was reiterated by a DOE representative on Ao=il 25, 1980 during a Commission briefing on
Selective Absorption Process as an Alternative in Dealing wit “ton in TMI-2 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 assescment
of the potential effects of the removal of krypton gas from .he 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
probability of occurrence of the worst case scenarios, This would permit a more complete evaluation of the
potentiz] for adverse health and safety impacts.

A more precise estimate of the time necessary to impleme < “he various alternatives should t¢ provided
because of the importance of this factor in the overall ge. :ion-making process. Estimates should be
based on realistic projections of an accelerated construction/testing program for each alternative.

The 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 detafled descri tion of the monitoring program for the proposed action would be helpful. Advanced
monftoring to calibrate and verify analytical methods for predicting the incremental dose at the site
boundary should be discussed. The ability to prompily and accurately determine off-site concentrations
also stould be discussed in more detail.

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

The nature and extent of the controversy surrounding the preposed 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 wirst case scenarios for the
various postulated accidents was considered by the NRC staff. Since the health effects resulting from worst case
accident vcenarios for any of the alternatives are negligible, the probabilities of occurrence are irrelevant.
Although these probabilities have not been guantit.ad, they are considered low. A: 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. Tabl2 1.2 contains the results of these reviews and the
current best estimate of the ‘mplementstion times.
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The potential hazards associated with long-term storage of Kr-85 and the NRC staff's reason for recommending
against long-term storage of Kr-85 are discussed in Section 6.8.

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

In its preparation of this final Environmenta! Assessment, the NRC staff has again evaluated, as recommended, the
nature and extent of the controversy surrounding its ~ecommendation to decontaminate the TMI-2 reactor building
atmosphere by purging to the environment as presented in draft NUREG-0662. An evaluation of the public comments
and respocses to this proposal is contained in Section 9.0 of this final Environmental Assessment while Section 7.2
contains & discussion of the psychologica)l aspects of the proposal.

9.2.5 Advisory Commiiise on Reactor Safeguards.

In a joint meating between the NRC “ommissioners and the Advisory Committee on Reactor Safeguar » (ACRS) on April
11, 1980, several members of the ACRS recommended that the reactor puilding atmosphere shoula be decontaminated
soon by controlled purging to the environment. Their reasons for this recommendation were that a controlled purge
wouid permit less restricted access to the reactor building for equipment and instrument maintenance and repair
which may be required in the near future, and that the health effects of a controlied purge would D& very small,

9.2.6 Governor of Pennsylvania.

The Governor's comments were contained in a letter submitted to Chairman Ahearne after tie Governor received an
independent assessment of the proposed decontamination effort from the Union of Concerned Scientists (UCS). The
Governor had requested this independent assessment and had been granted an extension of the public comment period
to permit the completion of this independent assessment. 1n his letter to Chairman Ahearne, the Governor stated:

This is to notify you of my views, on behalf of the Commonwealth of Pennsylvania, regarding the proposal
now before you to remove radioactive krypton 85 from the Three Mle Island Unit 2 containment Huilding
by the process of venting it into the atmosphere.

I have sought and received assessments from the broadest -ange of knowledgeable sources available
regarding potential health effects of that proposal. These sources have included:

*Members of vour own staff, and especisily Mr. Harold Denton, your adirector of nuclear reactor
regulation.

*The Union of Concerned Scientists (UCS), the nation's foremost critic, I believe, of existing
nuclear power safety lev=ls.

*The National Council on Padiation Protection and Measurements (NCRP), an organization of dis-
tinguished scientists and paysicians which has been instrumental in setiing radiation health
staendards in this country for nearly 20 years.

*Representatives of the electric utility and nuclear industries.

*The U.5. Department of Health, Education, and Welfare.

*The Governor's Commission on Three Mile Island.

*The Pennsylvania Departments of Health and Public welfare, the latter of which has jurisdict’ in
the area of mental health in our state.

*The Pennsylvania Department of Environmental Resources (DER), including 1ts Bureau of Ragiation
Protection.

The assessments of these various groups and institutions are being forwarded to you under separate
cover, and | respectfully request that you enter them into your official record on this matter.
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There s, | have found & broad=based Consensus among these sources that the venting proposal now
befors you would have, {n the words of the Concerned Scientists, ‘no direct radiation=induced healtn
ef7octs Jn the residents of this area.' Similarly, the WCRP concludes: 'the exposures liraly to be
received as & result of venting are not & va'id basis for concern with respect to health efects.’

There s a4 consensus on the accuracy of the radfation dose rate calculations made Dy your staff, in
conjunction with the utility, and there {s & consensus that those dose rates are "{nsignificant.”

1 should point out that the Union of Concerned Scientists feels that the psychological stress alreagy
experiencad by many residents of this area since March 28, 1379 should serfously de considered in any
decisfon you make with regard to the cleanup operatfon on Three Mile Island, and 1 agree with that.

As you know, I previously fnstructed attorneys for the Commonwealth to {ntroduce streis as a legitimate
factor for you to consider in other cacisions growing cut of this incident.

I am advised and 1 believe, hewaver, that the guestion of stress, as related to the venting plan, s
directly 1inked to the question of fts safety, and that the consensus finding that the plan poses nc
radiation threat to public health should, in itself, substantially reduce any st-ess that might have
accompanied it.

UCS 11s0 recommends that you consider two alternative venting plans described in its report, and that
you reconsider two non-venting plans previously rejected by your staff. I am sure you will give

due consfderstion to those recommendations. [ do urge that any new assessments be completed as promptly
as possible. 1 am advised and believe that the sconer this matter is resolved, the sooner any stress
related to it will be dissipatec.

I recognize that part of the delay already experienced has been due to my effort to be sssured of the
safety of venting. I now have that assurance, and I fee) that a safe cleanup plan should be imple~
mented as quickly ss possible.

Should you proceed with the venting proposal advanced by your staff, be assuced that [ am prepared to
suppe -t that decision. To minimize stress, [ am prepared to commit all of the resources at my disposal
to assure the residents of the area, as | am now persuaded, that this plan fs, indeed, a safe one. ...

1n his letter, the Governcr noted that the UCS -ad recommended consideration of two alternative purging plans as
«e1] as consiceration of the Cryogenic Processing System and the Selective Absorption Process System (Ref. 3). In
preparing this final t-wironmental Assessment, the NRC staff has evaluated the two alternative purging plans
suggested by the UCS and has also reconsidered use of the Cryogenic Processing System and the Selective Absorption
“rocess System,

The first of UCS' proposed plans would use a tethered balloon to support a 2000-foot-high reinforces fabric stack,
a discussion of which is given fn Section 6.2.5. This technigue is unique and untried, as stated by ucs.

In general, the staff finds the UCS proposti technically workable and probably capable of being implemented within
3 year from the time the decision to use it was made. However, the staff has examined Three Mile Island for
Jnobstructed ground and afr space to launch a tethered ballon. Adequate unobstructed land recommended for t"2
ballon launch is not readily available on the island without substantial modification to the site.

The second proposal of UCS was that the reactor building atmesphere be heated in an {ncinerator anc dischargec
through a 250-foot-high stack. The é-aff evaluated this proposal in Section 6.2.5. Reconsideration of the
Cryogenic Processing and Selective Absorption Process Systems are contained in Sections 6.6 and 6.7, respectively
Having evaluated t:#se proposals, the staff continues to believe that the Xr-85 should be purged to the environment
through the hydrogen control system.

Finally, the staff and the Commonwealth of Pennsylvania would have to ascertain the psychological impact on the
nearby residents regarcing the Kr-35 purging technigues proposed by the IiCS. This difficult task was reccgnized
py UCS as a valid concern in its report tc the Governor.

As enclosures to a subsequent letter, the Governor of Pennsylvania provided copfes of the various reports and
sssessments he had referred to in his previous letters and stated that the joint press release which he had devel~
oped with the UCS contained a clarification regarding the first recommendation on page 57 of the UCS report. The
subject UCS recommendation stated:




C5 recommends against any procedure that would result in citizens in the area around TM[ being

je|‘berately exposed to raciation from the plant at levels comparable to those expected from the

Met td/NRC venting proposal.
"t joint press release then clarified this recommendation by stating: “The guestion of stress, is related tec the
enting plan,” Thornburgh saia, "is directly linked to the question of its safety, and the consensu: finding that
‘ne plan poses no radiation threat to public health should, in itself K substantially reduce any stress that might
nave accompanied it.”

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

In 1i4nt of our review of the aiternative risks, this Commission urges the NRC to make a prompt
decision co?scrning the ed venting of the ' it 2 contc‘g!!uh bullding atmosphere. Avoidance
of this decision by t aii 5, unncc§§§g§1c. This Commission would not oppose an NRC decision to
vent the x:!gton ?gslrprovidqq that dose 'evels projected in the env ron!!ntiT'iﬂDcct assessment

are jcceptable. his position 1s based on a careful review of the best evidence available at this

in enclosed memorandum to the Governor from the Pennsylvania Department of Environmental Resources stated ‘rat
they had concluded that controlled purging using the hydrogen control system, as recommended by the NRC starf, was
*he preferred alternative for removing the krypton from the reactor building atmcichere

in enclosed letter to the Governor from the Pennsylvania Department of Health recommended that 0 an effort to
ninimize stiess, both present and accumulative, purging of the krypton from the reactor building be accompiished
as soon as possibie and in as brief a time perifod as possible.

“n enclosed letter *o the Governor from the Pennsylvania Department of Public welfare stated that making a decision

N purging and proceeding in a responsible fashion could in the long run minimize stress and reduce the pote~tial
for anxiety and depression amiig the population that lives near TMI.

9 2.6 State of Maryland.

"he State of Maryland responded with two sets of comments. Their first response addressed the staff's recommenda~
*ian in the basic Environmental Assessment (NUREG-0662), while their second response addressed Addenda 1 and 2 of
NUREG-066Z. In their first response (March 31, 1980), the State of Maryland agreed with the NRC staff recommenda-
tion that purging the reactor duilding atmosphere to the environment is the best available option. They did,
nowsver, recommend that real-time environmental and meteorological monitoring be used for dose-rate monitoring and
reduction during purging operations to ensure that the offsite doses are estimated accurately and minimized. They
als0 stated this was the proper time to make a decision regarding the decontamination of the reactor building
Atmosphere and that this action snould be considered apart from the Programatic Environmental [mpact Statement
peing prepared by NRC on alil TMI-2 decontamination activities. They note that no benefit would be se~ved by a

de ay ana that, instead, delaying the decision would result in "a substantial loss.” In their second response
(April 22, 1980), thay stated that the fast purge described in Addendum 2 of NURFG-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 meteorological data to minimize the highest offsite dose.

2 2.7 Memper of the Pennsylvania House of Representatives.

One member of the Pennsylvania House of Representatives submitted as a comment a letter he hao sent to all elected
fficials in his legislative district requesting that they join hii in his call to come together and furnish the
'eadership necessary to accomp’'ish a safe and expeditious cleanup at TMI. He also submitted several responses he
had received in support of AY call. Another member submitted a letter in which he stated: ‘“Vent it!"
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9.2.8 Commissfoners of Cumberland County, Pennsylvania.

The Commissioners of Cumberland County, Pennsylvania, submitted a resolution supporting the recommended purging
alternative. Their resolution stated that it is in the pudblic interest to provide for the health and welfare of
the pecple of Cumberland County by cleaning up TMI as scon as possible and that “the Government” should exert the
necessary leadership to accomplish this action,

9.2.9 Migdletown Borowugr Council, Middletown, Pennsylvanis.
The Middletown Borough Counci! passed a resoluticn in support of purging the kiypton-85 gas into the atmosphere

This resolution stated: “this counctl supports the ventirg (of krypton-85 gas in the atmosphere) as recomme:ced
by the NRC staff ang calls for implementation as quickly as possible.”

9.2.10 Borough of Royalton, Pennsylvania.
The Borough of Royalton, Pennsylvania submitted a resolution supporiing the recommended purging alternative and

the cleaning up of TMI as soon as possible. This resolution stated that their support was based on determinations
by the NRC and EPA staffs that it is safe and proper to purge the Kr-85.

3.2.11 Nationa) Counci) on Radiation Protection and Measurements (iCRP).

The NCRP, in addition to the UCS, was specificaily requested by the Governor of Pennsylvania to review the proposed
purging operation. The NCRP submitted a response in which they stated:

At the request of Governor Thornburgh cf Pennsylvania, the National Council on Radiation Protection and
Measurements (NCRP) has examined scientific material relating to the health effects of krypton-85, updated
its Report wo. 44 on krypto -85 published in 1975, and estimated the doses to the public and the risks
7osociated with them for the amounts of krypton-85 expected to be released as a result of the proposed
venting at the Three Mile Island nuclesr power plant. The findings are that the maximum doses 1ikely to
be received by any person are very smail.

Superficial beta radfaticn to the skin is the primary potential health concern; however, = the total
population within 50 miles 70 cases of skin cancer would be expected from the ..ies likely to be receivec.
The risk to the naximally exposed individual member of the population at the plant boundary is estimated
to be sguivalent to the risk of skin cancer resulting fros axposure to a 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 radiatfon is about 100 timas less than that from the superficial
radiation and the risk of inducing cancer is corraspondingiy smaller.

The NCRP concludes that the exposures likely to be received as a result of venting are not a valid basi
for concerr with respect to health ¢ffects.

9.2.12 Natura! Resources Defen

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

Provided that the amount of radioactive materials to be vented are what they are reported to be (for
example in NUREG-0662), and provided that the venting procedures are aporopriately conducted, then tne
public health risks (somatic and genetic consequences) associated with venting the TMI-2 containment are
not significant, that is, sufficisnt to warrant exclusion of this option.

9.2.13 Qther Comments Supporting Controlled Purging.

In addition to the comments from these government agencies, officials, and scientific organizations, comments
supporting the recommended purging alternative were also received from approximately 30 nongovernmental organiza-
tions. These included the Pennsylvania Chamber of Commerce, Lebanon Valley Chamber of Commerce, Greater
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Harrisburg Area Chamber of Commerce, Yorx Area Chamber of Commerce, Hanover Area Chamber of (ommerce, Lancaster
Association of Commerce & Industry, Manufacturers' Association of York, Pennsylvania, Greater and Central
pennsylvania Building and Construction Trades Council, Harrisburg-Hershey Area Tourist Promotion Agency,
Harrisburj Hospita), American Association of Meat Processors, and various businesses in the TML 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 reguired cleanup activities

9.2.14 Science lications, Inc. (SA

At the request of the Commission, the NRC Office of Policy Evaluation (a Commission staff office), contracted with
SAl to perform an independent teckniial evaluation of the purging alternative and Selective Absorption Process
(Ref. 43). SAI's conclusions and recummendations 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 s the best alternative
because it can be carried out in the least time with the fewest newsworthy incidents

From the points of view of schedule and tost, controlled purging is the best alternative because 1t 15
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

9.1 Comments Opposing the Recommended Purging Alternative

Approximately 500 responses npposing the purging alternative recomeonded by the NRC staff were received Includen
in these comments was a resolution by the County Commissioners of Dauphin County, Pennsylvania, opposing the
release of the krypton-85. The reasons stated for their opposition were

(a) t7e health of humans, animals and plants nearby cannct be fully guaranteed, (b) the full nealth
implicetions of low level radiztion exposure are not known, (c) health studies on human thyroids and
various ailments afflicting animal )ife have not been compieted 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 Metropo!itan Edison Company, (e) experience of the last thirty years from radiation
exposure to indigenous populations near nuclear sites indicates clear health risk and resultant increased
nealth protlems from varying exposure levels to radioactive particles, (f) radiation and exposure measure-
ment siandards 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
accurazy and vaiidity therefore 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 Un'on of Concerned Scientists.

The Newbury Township Board 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 radicactive material into the atmosphere, be employed without
delay.

A member of the House of Representatives of the Commonwealth of Pennsylvania submitted a ~esponse in which he
requested that the reccmmended purging operatins be delayed at least until an independent assessment could be
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performed. The Unien of Concerned Scientists was suggested as a possible organization tc perform such an
assessment.

“he "#1 Legal Fund submitted a response in which they stated their cppusition to the recommended purging
operation. They summarized their cpposition into the following three concerns:

: There is no emergency at hand. Data may be collected and containment facility equipment may be inspected and
m intained without removal of the krypton-85 gas. There is adeguat time to implement an aiternative system
for krypton-85 removal! from the containment building atmosphere.

venting of krypton-85 gas into the air which surrcunds TMI-2 carries definite genetic and carcinogenic risks
to the people of nearby communities. For a population which has already endured severe psychological stress,
the proposed venting will only exacerbate this state o stress,

L)

[

The proposed venting cannot be controlled due to meteorologic uncertainty. The monitoring as described by
the NRC is incapable of providing sufficient information for the protecticn of people in communities
surrounding TMI-¢,

They also urged that data iollection be initiated, that the contaisment building equipment be inspected and
naintenance begun at TMI-2, but that the krypton-85 gas be retained until an u. “rnative system has been insta'lea
far 'ts safe ang efficient removal.

The TMI Lega' Fund response also stated that (1) the draft Environment Assessment did not adequately evaluate the
sotential health effects of the purging operation, (2) an independent assessment of the purging operation should
ve obtainea, (3) the segmentation of the reactor building atmosphere decontamination effort from the Programmatic
Environmenta! Impact Statesent was an illegal action, (4) the monitoring program and criteria were insufficieat,
ind (5) the krypton being approximately five times denser than air will therefore settle into Jow-lying areas such
15 salleys and basements in the absence of adeguate convection,

.0 adgition to the above-noted comments, additional comments opposing the recommended purging alternative were
received from approximately 10 nongovernment organizations (including the Office of the Provost, Capital Campus,
tne Pennsylvania State University; the National Audubon Society, Taxpayers Association of Lackawanna County;
deathcote valley Alliance; Air and Water Pollution Patrol; Lenigh-Pocono Committee of Concern; and various
cusinesses in the TMI area); and from approximately 485 private individuals. Their reasons for opposing the
recommended purging operation included the following: (1) that the public be exposed to no additional radicactive
effluents from TMI  (2) that one or more of the other aiternatives for decontamination evaluated in the draft
Srvironmental Assessment pe used to eliminate or minimize the reiease of Kr-85 to the environment, (3) that there
‘s no perceived or recognized need for s decontamination (several persons suggested that the facility pe
entomped in its present condition), (4) that any purging operation be delayed at least until student: are released
from the schools fo~ summer vacation, (5) that any purging cperation should be accompanied b. a more extensive
nonitoring program, &nd (6) that an independent assessment of the recommended purging operation be first performed
oy & cit’zen-dominated group.

3.4 NRC staff Respons

to Comments Opposing the Recommenced Purging Alternative

4 getailed discussion of the nealth effects associated with the various alternatives for decontaminating the
reactor puilding atmospnere has been incorporated into Section 7.0 of this document. The NRC staff has determinea
that the potential for adverse radiological! nealth effects to the public due to utilization of any of the
decontamination alternatives is negligible and that the public nealth ind safety will not be adversely affected by



the purging operation. Therefore, since the recommended purging operation can be accomplished without significant
risk to the health and safsty of the public, ana since the purging operation can be implemented immediately as
recammended in Section 5.0, the NRC staff recommends that use of the purging alternative be authorized soon,
rather than waiting for instailation 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 kruwledgable 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 asvaluated 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 4 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 de :ontamination alternatives, the NRC staff no longer
recommends this variation in the purging alternativ . The extended comment period has also delayed the purging
speration until at least the beginning of the school summer vacation period, a delay reguested by several com-
mentators. However, for the reascns described in Section 5.0, the NRC staff now recommends that the purging
slternative evaluated in Section 6.2 be accomplished without further delay.

Although several commentators did not recognize or acknowledge the reed for decontaminating the reactor building,
the NRC staff believes that it is imperative that this action be taken. The staff‘s reasons for 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 that 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 contzinment sump and elsewhere. The p'unt cannot be sealed and walked
away from. This would constitu’# a negligent disposal means for a very large quantity of radiocactivity.
Important quantities of these tuxic 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 reactor 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 krypton and also safeguards the physical
and 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 of the krypton of up to a year and a half
would not pose an undue risk to the health and safety of the public. Such a delay would of course nostione any
substantive progress in the overall cleanup program and as stated ‘n Section 5.0, the NRC staff believes that the
cleanup program should progress in a timely manner.

The radiological monitoring programs for the TMI site and surrounding area consist of several programs described

in Section 8.0. In the opinion of the NRC staff, these programs with EPA having the lead for federal agencies, as
gesignated by the Executive Office of the President) will provide an adequate monitoring of the recommended purge
operation. The on-going monitoring programs will be supplemented by the DOE program described in Section 8.0 if

the purging alternative is approved. A cadre of about 50 local residents have been trained to participate ‘n the
DOE monitoring program. EPA will supplement its existing fixed monitoring stations with mobile units positioned

in areas of expected maximum dose. Reports of measurements will be made daily by EPA to the public and media.



Control of the purging operation will be accomp!ished through frequent (at least nourly) monitoring of the
existing metecrological conditiors and reactor duilding effluent flow rate. The DOF meteoroliogica) forecasting
and aonitoring capabflities will utilize this information in conjunction with radiciogical menitoring program
results and will be communicated to the control room to ass.re that the cumulative doses to the public in any
sector will not exceed those in Section 7.0 of this assessment.

The NRC staff dicagrees with allegations that separating the reactor building atmosphere decontamination effort
from the Programmatic Environmental Impact Statement was i1legal. This is supported by CEQ's comments, noted in
Section 9.2.1. The basis for the staff position is the Commission's Navemper 21, 1979 Statement of Policy and
Notice of Intent to Prepare a Programmatic Environmental Impact Statemenc, which clearly “eserved ine option to
authorize such an action when it stated:

The development of a programmatic impact statement will not preclude prompt Commission action when
needed. The Commission does recognize, however, that as with its Epicor-1l approval action, any action
taken in the absence of an overall impact statement will lead to arguments that there has been an
inadequate environmenta)l analysis, even where the Commission's action itself is supported by an environ-
mental assessment. As in settling upon the scope of the programmatic impact statement, CEQ can lend
assistance here. For example should the Commission before completing its programmatic statement decide
that it is in the best interest of the pubiic health and safety to decontaminate the high level waste
water now in the containment building, or to purge that building of its radicactive gases, the Commission
will consider CEQ's advice as to the Commission's NEPA responsibilities. Moreover, as stated in the
Commission's May 25 statement, any action of this kind will not be taken until it has undergone an
environmental review, and furthermore with opportunity for public comment provided.

Although krypton gas is approximately five times denser than air, it will not settle into low=lying areas or
Dasements as suggested by several commentators. The physical properties of gases (as expressed in the physice|
'aws that describe the dispersion of gases) prevent the settlement of low concentrations of denser gases into
‘ow=lying areas. The krypton concentration in the reactor building atmosphere is at approximately the same
concentration as naturally occurring krypton in the earth's atmosphere. The naturally occurring krypton is
unifarmly distributed throughout the earth's atmosphere as is the krynton in the reactor building's atmosphere; in
neither case has the krypton settled into low=lying areas.

3.5 Other Comments on the Recommended Purging Alternative

9.5.1 Introduction

The NRC staff receivea approximately 105 responses providing either specific comments on the five alternative
methods evaluated in NUREG-0662 for decontaminating the reactor building atmosphere or suggestions for additional
methods for ac:omplishing the required decontamination.

9.5.2 Member of Congress

A Memoer of Congress from Pennsylvania submittec 3 comment opposing the purging operation . .l recommending that
the Selective Absorption Process be used. This recommendation was based upon the Congressman's belief that the
Selective Abcorption Process could be placed into operation in six months and that except for the purging
alternative, 1t would be the least expensive alternative to implement. The cix=month implementation time was
Dased on a review performed, at his request, by a member of the staff of the U.S. House of Fepresentatives
Committee on Science and Technology. The Congressman also requested Oak Ridge National Laboratory (ORNL) to
reassess their time estimate for when a Selective Absorption Process system of adequate capacity could be placed
into operation at TMI. ORNL subsequently reported that with "best efforts” being exerted by all concerned
parties, such a system could be operational at 'MI in 13 months. The TML Program Office alss requested an
assessment of the proposed schedules for fabrication and ‘nstallation of such a system Dy the Reactor Construction
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and Engineering Support Branch of the NRC's Office of Inspection and Enforcement. The Reactor Construction and
Engineering Support Branch concludec that the sia-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 nated in Section 7.1, the

recommended purging operation will have no significant effer. 1 fish or wildlife resources or on their malitats.

5 5.4 MITRE Corporation

The MITRE Corporation submitted a comment proposing to use a cryogenic air separation plant 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 International Business Machines Corporation (IBM)

A technical report copyrighted in 1979 by IBM was submitted as a comment. This repert, "Encapsulation of
Radioactive 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 System described in Section 6.6. As noted in
that section, construction and operation of such a system would require a minimum 20 month delay which for the
-easons discussed in Secticy 5.0 of this document are considered unacceptable. Therefore, no further actisns have
been taken on this comment.

3.5.6 Pennsy'vania State University

The Pennsyivania State University submitted a comment suggesting the use of an oxygen liquefaction unit. This
unit weuld concentrate more than 99% of the krypton in the )liquid oxygen product. The ligquid oxygen would then be
passed through 3 bed of adsorbent material such as silica gel where the krypton would be selectively adsorbed.

The separation of the krypion from the oxygen could be done either onsite or offsite. Such an oxygen ligquefaction
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. (SAI)

A comment in the form of a proposal to remove the krypton from the TMI-2 reactor building atmosphe~s was received
from SAl. The proposed method woiid use a selective adsorption process. In their proposal, SAl estimates 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.

4.5 8 Environmental Policy Center

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

A comment from the ECNP ~ecommended that rather than implementing the purging alternative, the krypton be removed
from the reactor building atmosphers by one of the other alternatives (charcoal adsorpifon, gas compression,
cryogenic processing, or selective absorption) and then transfecred to some unpopulated place for ralease under
~ontro) led conditions. Because of the negligible adverse radiological health effects of the proposed purging
speration, and because of the delays (16 months or ionger) associated with the tmplementation of any of the other
secontaminition alternatives which do not purge, the NRC staff continues to recommend that the purging alternative
be selected as the method for decontaminaticn of the reactor buflding atmosphere.

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

The NRC staff has reviewed these suggested alternatives and considers both of them unacceptab e for the following
~easons. As noted in Section 6.2, to reduce the radioactivity in the TMI-2 reactor building atmosphere to maximum
sermissible concentrations would require the transfer of about 23 million cubic feet of air. This transfer would,
in turn, pressurize the TMI-1 reactor buflding to 170 psig, a pressure significantly in excess of 1ts design
oressure of 60 psig. Therefore, transfer of the gas fs not a viable alternative.

in preparing Addendum 2 to NUREG-0662, the NRC staff evaluated variations in the purging alternative in an attempt
to minimize tne durstion of the recommended pu.-je operation. In this evaluation, the staff determined that it
«ould not be advisable to purge the reuctor building /s rapidly as physically possible since such a purge would
most probably result in beta skin doses in wr .t~ areas in excess of the design objectives of 10 CFR

Sart 50, Appendix I (Ref, 15).

3.5.10 Pennsylvania Outch Visitors Bureau (POVB)

The POVB suggested that all future news releases relating to releases of radfoactivity contain an explanation (in
‘ayperson's terms) of physiological and environmental impacts. The NRC TMI Program Office has issued an easy-to-
ungerstand report that answers questions most frequently asked atout the proposed purge of krypton from the reacter
suilding. This report states in layman's terms the potential health impacts likely to occur when the krypton is
sleased. 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

snd Document Control, U.S. Nuclear Regulatory Commission, Washington, D.C. 20556. In addition, Section 1.0 was
writtan to provide a fairly comy’ete discussion of the entire final assessmeni report for the layperson.

Sectian 7.0 of the final assessment alsc describes the health effects of the various alternatives for
gecontaminating the reactor buiiding atmosphere.

3.5.11 Hershey Entertainment & Resort Company (HERCO)

HERCO requested that the purging operation be scheduled (lonsistent with safety) either prior to or just after the
seak June - August tourism season. For the reasons described in Section 5.0, the NRC staff recommends “hat the
purging operation be perfermed soon. The information in Section 7.0 is provided to alleviate public concerns
sbout the healts effects of the purging operation, which have been determined to be negligible.



1.5.12 OQak Ridge National Laboratsry (ORNL)

ORNL suggested a possible mechanism for alleviating some of the public concern regarding the proposed purge
operation. Their suggestion was to encourage and fund local radiation monitoring efforts for the duraticn of the
planned release. They further suggested that the Commonwealth of Pennsylvar i should be requested to assist or
ouersee tins effort. The DOE monitoring program described in Section 8.0 will function essentially as suggested
Ly URNL. Approximately S0 local residents have been trained to participate in monituring the recommended purge
operation,

9.5.13 Councilman and Director Depar* * of Public Safety City of Lebanon, Pennsylvania

Tha Councilman 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 eniiy a greater degree of public confidence than that now experienced by the NRC.

The Governor's request for participation by the Union of Concerned Scie~tists may be a step in this direction.”
Such a delay was granted :nd the UCS submitted their rema=t 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 advanced by the NRC staff. He further stated: "To minimize stress, I also am prepared to
commit all of the resources at my disposal to assure the residents of the area, as | am now persuadea, that this
plan is, indeed, a safe one."

3.5.14 West Shore School District

“he West Shore Schoo!l District requested that approval of the purging operati_ = be postponed until after the
schools in the TMI area have closed for the summer. They further stated that most of ‘nese schools will close for
the summer during the week of June 9. The decision to extend the subliis comment period on NUREG-0662 to May 16
1980 effectively granted this request.

35.5.15 Regional Planning Counci)

The Regional Planning Council far the Baltimore, Maryland area commented that while in previous statements i1t has
~yppoited the position that there shou'd not be a release of radioactive material from the cleanup process before
the preparation of an Environmenta) 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 comp'eted. They si¢n commented that
the Environmental / <essme.t fails to mention a deadline for release of the gas. They recommended that the purge
speration be delayed unti) the Union of Concerned Scientists study requested by the Governor of Pennsylvania was
completed. Since the !CS study haz now been completed, the NRC staff recommends, for the reasons stated in
Section 5.0, that the purging operation be performed soon and prior to completion of the Programsatic Environ-
mental Impact Statement

They also requested thut Maryland health officia s be notified in advance ¢. the purge operation so that monitoring
stations can be estab’ished by Maryland officials. The NRC staff intends to provide at least a ten-day advance

notice to all pertinunt officials, to the press, and to the public for the controlled purging operation.

9.5.16 ‘Agditicial Comments from Individuals

In addi*ion to the above-noted comments, approximately 90 additional responses were rece'.od from individuals who
provide. specific comments on the alternative methods evaluated in NUREG-0662 or suggestions for additional methods
for accomplishing the required decontamination. The adaitional comments or suggesti~ s were broad



ranging. Thev included suggestions (1) to purge the reactor building atmosphere into balloons and release the
contents at high elevations, (2) to evacuata the residents fn the TMI area during the purging operation, and

(3) to modify the charcoal adsorption process to minimize the quantity of charcoal required. Some persons urged
that NRC staff members and officials be present {n the TMI area guring the purging cperations, expressed concern
sbout possible releases of other radioactive materials, questiors differences fn the quantities of Kr-85 reported
by the !icensee (44,000 curfes) and by the NAC staff (57,000 curies) and worried that additional guantities of
fission products are continuing to be generated. One person recommended that the cleanup operation be performed
by the Nava) Reactors Branch of DOE. Severa) other persons suggested that any necessary maintenance and repairs
within the reactor building could be performed by workers aressed in protective clothing without prior removal of
the Kr-85.

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

A large number of balloons would be required and they would have to be of immense volume Decause krypton=85 is a
neaviar-than-air gas which would require the addition of helium gas or 1ift capapiiity 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 National Oceanic and Atmosp..=ric Aaministration experience with nigh-altitude weather balloons, the
chance of no balloon burst is in the range between 75 to 85%, 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), woulo increase thé ceerall probability of a premature balloon burst. Solutions would
then need to be devised for retrie. * and disposal of the contaminated ballcons. Finally, use of balloons fsr
transporting radioactive gas may furths = aggrevate the psychologica) stress of some resicents in the TMI area due
to the obvious visibility they would provide. In summary, since the radiclogical health effects associated with
the recommended purging operation are negiigible, and since the probable disadvantages outweigh the advantages of
using balloons in transporting and remotely releasing ihe 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 radiologica) hazards associated with the release of the Xr-85.
However, 43 discussed in Section 7.G, the adverse radiclogical health effects of the reccmmended purging operation
«111 be negligible and, therefore, evacuation of the local residents s neither required nor recommended.

The sugge” ted variation in the charcoal adsorption process recommends that three containers of charcoal to be
used. 'n tii'e variation, the reactor building atmosphere would be filtered, arfed, refrigerated, and passed over
refrig rated charcea' until krypton breakthrough o ..r ‘ed in the [rst container. The krypton in this first
contal yer would then pe desorbed by admitting h- sted a  “umfdif d air. The desorbed krypton would be

trans erred to & second refrigerated contaim. f charcc for r ‘age. The adsorption and descrption in the
first container would the: de repeated for several cyc'<- Al* ugh the charcoal loses its ability to adsord
krypton with ‘ncreasing humidity, this ability is only acr_ased in magnitude, it is not eliminated. Significant
holdup fs stil! obtained at high humidity, and desorption would not be easy. Therefore, transfer of krypten, as
the proposa) suggests, cannot be expected as easily as stated. Since this concept is the basis for the entire
proposal, the rest of the proposal simply does not follow and fts further consideration 1s not recommended.

Several suggestions were made that NRC staff members and officials be present in the TMI area during the purging
operations. The reasons for these suggestions ‘ncluded that thei: presence would be & demonstration of confidence
in statements by the NRC :taff that the radiological health effects are negligible. Members of the NRC professional
staff would be at, and in the vicinity of, TMI during purging operations to oversee these operations.
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Concerns were expressed regarding tie possible relyases o¢f radioactive materials other than Kr-85 from the reactor
building, especially radicactive isotopes of cesium and strontium. As noted in Section 4 0, the cecacertrations of
airborne radioactive particulate matter in the reactor building atmosphere is low and the pi-qe exhaust filter
system will romove essentially all of the particulate matter in the exhaust stream, therat, ensuring that there
«i11 be no significant dose effects associated with the releases of other radioactive material

Conzerns were also expressed that additional quantities of fission products are continuing to be generated or
released to the reactor building atmosphere and that this activity may be released during the purge. These
concerns were based upon the variations botween source terms used by the licensee in his submittal of November 13,
1979 (Ref. 1) and those used by the NRC in NUREG-0662 (March 1980). As noted in Section 4 2, these variations
were 10t due to the generation of additional fission products or their release to the reactor building atmosphere
but weve due to improved techaiques in sampling and analyzing the samp les.

A suggestion was made that by Presidential Executive Order, complete responsibility for the cleanup program at TMI
be assigned to the Naval Reactor Branch c¢f DOE and that the cleanup decisions should be removed from public
debate. The statea bases for these suggestions were that the cleanup action needs to progress immediately and
that the TMI-2 plant was not designed to hcuse large amounts of gaseous krypton, radioactive water, or damagsd
nuclear fuel for long periods of time. Although the TMI-2 facility was nct specifically designed to accommodate
all o' the conditions encountered during and following the accident. it is ~ow and is expected to continue to
isolate the radioactive wastes from the environment provided necessary actions are taken on a timely basis. (See
Section 5.0). The licensee, with appropriate support from the NRC, EPA and DOE professional staff, has sufficient
expertise to perform the necessary cleanup operations. Therefore, there is no present need to assign the cleanup
operation to another organization. Moreover, the U.S. Congress has enacted legislation making the NRC responsible
for licensing activities pertain::j to civilian nuclear power reactors and NRC regulations allow for public
participation in the licensing prou iss.

Several comments were made to the effect that any necessary maintenance and repairs within the reactor building
could be performed by workers dressed in protective clothing prior to removal of the Kr-85. However, as noted in
Section 5.0, only preliminary measurement and planning activities can be performed in the reactor building prior
to the removal of the Kr-85. Therefore, the Kv-85 must be reizoved to permit any maintenanc: or repair activities
within the reactor building.
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10.0 Public Information Activities

In an effsrt to better inform the public in the area around Three Mile Island about the contents of the draft
fnvironmental Assessment (NUREG-0662, and Addenda 1 and 2), “RC has conducted 38 informational meetings and
sctivities. The staff also issued 27 easy-to-understand report that answers frequently asked questions about
~emoving the krypton from the reactor buiiding. Copies of the report, "Answers to Questions about Riusaving
<rypton from the Three Mile Isiand Unit 2 Reactor Building" (NUREG-U673), are available free of charge by writing
o the Division of Technical Information and Document Control, U.S. Nuclear Regulatory Commission, Washington,
2.C. 20855.

Most of the meetings held were planned by the NRC, although some were organized by other interested groups, at
Jnich NRC officials were invited participants. Memters of the U.S. Environmental Protection Agency and the

‘annsy lvania Department of Environmental Resources (DER) were usually invited participants 2t these meetings. EPA
sfficials outlined their agency's program and responsibilities for environmental monit:ring in the vicinity of the
™1 site, while state DER personne! explained the community monitoring program and other state functions related
*o the clean-up of TMI Unit 2. At these meetings, NRC officials expressed their willingness to meet with other
jroups of pecole who had an interest in receiving additional information on the Environmental Assessment or clean-
i operations at uUnit 2,

“wis effart of communicating with the public fell into tnree broad categories:
15 public meetings and meetings with interestea citizens groups,
16 meetings with elected officials, and

7 press conferences and appcarances on public information radic and television shows.

10.1 Public Meetings and Meetings with Interested Groups

On March 19, 1980, MRC 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:

Champers of Commerce

Civic Service Organizations
Medical Associations
School Board Officials
Religious Leaders

Teacher Organizations
Three Mile [sland Alert

Meetings with the Capital Forward Group and Three Mile island Alert were attended by Chairman Ahearne and Commis-
sioner Hendrie, respectively. in addition to NRC st:’f participation.
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10.2 Briefings for Elected Officfals

In addition to meeting with Governor Thornburgh, Harold Denton, Director of the Office of Nuclear Reactor
Regulation, and other members of the NRC staff met with varfous city officials from major metropoiitan 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 aiso conducted in different
geographic locations for elected officials from the Boroughs and Townships which surround Three Mile Island.

10.3 Press Conferences and Television and Radio Appearances

Harold D nton held severa)l press conferences in central Pennsylvania, one of which was held jointly with Governor
Thorniurgh to discuss the Environmental Assessment. John T. Collins, Deputy Program Director, TMI Program Office,
appeared on several television and radio talk programs where listeners or pane! members asked questions concerning
the Environmental Assessment. These appearances by Mr. Cnllins were in addition to his numerous other televisicn
and radio interviews concerning a wide range of topics relating to activities at the TMI site.
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12. Glossary

Absorbed dose - The energy imparted to matter by fonizing radiatien.

Anticipated Operational Occurrence - Miscellaneous conditions or actions such as equipment failure, operalor 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 radicactive elements in the upper atmosphere, the ground, building mate-
rials, and the human body. In the Harrisburg area the background radiation level is about 125 mrem per year

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

CFM - Cubic feet per minute
Control rod - A rod cintaining 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 material). In a reactor like that at TMI,
the region containing fuel-bearing rods.

Critical - Term used to describe the capability of sustaining a chain reaction at a conttant level

Cryogenic Processing - Low-temperatue separation processes whereby material. that are normally gases are isolated
and recovered from other gases by liquifying them at low temperatures.

Cubic Centimeter (cc) = Unit for measuring volume. Approximately 947 cubic centimeters is equal to one U.5. quart.

Curie (Ci) - The special unit of radioactivity. Activity is defined as the number of nuclear transformations occur=
ring in a given quantity of material 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 shutdown to prevent the core from over-
heating. See Radioactive decay.

Nose - Denotes the quantity of radiation or enerqy absorbed. For special purposes it must be appropriately quali-
fied. [f ungualified, it refers to absorbed dose. See Absorbed dose.

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

Gamma rays - Short-wave length electromagnetic radiaiion of nuclear origin em:tted from the nucleus of an atom. A
form of fonizing ~aaiation.
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Half-1ife - The time required for half of a given adicactive substance to decay.

HEPA - Wigh-efficiency particulate filter

I
|
|

lonization - The process by which a neutral atom ov molecule acjuires a ~usitive or a negative charge.

lonizing Radfation - Any form of radiation that displaces electrons from atcms or molecules. The resulting atom
or molecule fs an ion. lons become electrically charged as a result of this process.

Arypton-85 - An inert noble gas (it does not interact chemicaliy with other chemical elements or compounds) with a
! naif-life of 10.7 years.

] LET = Linear energy transfer. A measure of the capacity of biological material to absord ionizing radiation.
MDA - Minimum Delectable Activity Minimum level of radicactivity detectable with monitoring instruments.
Meteorological dispersion faczor (X/Q) - A frctar (seconds/m®) which accounts for «te-specific meteorological

data in relating the concentration (Ci/m®) of radioactive materials, at a given location, to a releate ..te
(Ci/sec) of radioactive material at another location.

Microcurie (mCi) = Unit *or measuring radicactivity. One microcurie is one-millionth of a curie (1/1,000,000).
See curie.

“illicurie (mCi) = Unit for measuring radioactivity. One millicurie is one-thousandth (1/1,000) of a curie.

Millirem (mrem) - One one-thousandth (1/1000) of a rem; see rem.

MPC - Maximum Permic ible Concentration of radicactive exposure, as specified in Title 10 Code of Federal Regu-
i lations, Part 20, Tab:« 8.

Noble gases - Inert gases that do not readily react chemically wit other elements. These gases include helium,
nean, xrypton, xenon, and radon.

Nuclear Regulatory Commicsion (NRC) - U.S. agency responsible for the licensing, regulation, and inspection of
commercial, test, and research nuclear reactors, as well as nuclear materials.

Order of Magnitude - Within a factor of 10.

:

J

1 Person-rems = The sum of the individual doses received by each member of a certain group or population. [t is

? calculated by multiplying the average iose per perzon by the number of persons. Consequently, the collective dose
is sxpressed in person=rems. For example, a thousand people each expossd to one mrem would have a collective dose
of 1 person-rem.

I
l PSIG - Pounds per square inch gauge. A measure of the difference in pressure above or below normal atmospheric
i pressure.

|

rad -~ The basic unit of absorped dose of fonizing radis:ion A dose of one rad means the absorption of 100 ergs
of radiation energy per gram of absorbing material.



#4aiation - Energy in the form of rays (iight, heat, X-ray, radio waves) sent out through space from atoms and
molecules as they undergo internsl change.

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

;

!

| -

F Radioactivity ~ The spontanecus decay of an unstable atom. ODuring the decay process, jonizing radiation is

t usually given off.

r -

E Reactor {nuclear) - A devire in which a fission chain reaction can oe initiated maintained, and controlled.

i deactor building - The structure housing the nuclear reactor. Also called containment building or reactor
containment building.
%eactor vessel « The stee! vessel containing the reactor core, also called pressure vessel.

t

I Rem - A standard unit of radiation dose. Frequently radfation dose is measured in millirems for low='evel

' radiation; 1,000 millirems equa! one rem.

[

F SCFM - Standard Cubir Feet Per Minute. “Standard" refers to standard condit’ons of pressure and temgerature.

.
selective Absorbtion Process - A separation process whereby a liguid is used to selectively absorb (separate) a

i selected material (gas) from a source gas stream (air).
source Term - Jefines an amount of radicactive material
TLD (tharmoluminascent dosimeter) - A solid-state device used to measure nuclear radiation doses. See Dosimeter.
Tritium - A radioactive isotope of hydrogen.
#ake-Cavity Effect - The region of turbu'ince immediately to the rear of a solid body, like a building, that is
formed when wind currents flow over ang around the object.

| 170 - See Meteorological Dispersien Factor.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

May 30, 1980 WASHINGTON, D. C. 20686 SECY-80-132D

For: The Commissioners

From: Harold R. Denton, Director N
Office of Nuclear Reactor Regulation . -~ [

Thru: - Executive Director for Operations “t /=

Subject: TMI-2 CONTAINMENT BUILDING PURGE

Purpose: To provide additional informa%ion regarding questions on
the staff's proposed purging of the TMI-2 Containment
Building atmosphere. (See SECY-80-132C)

Discussion: The attached submits supplemental information on the slow

purge alternative.

Coordination: The action was concurred in by the Office of the Executive

Legal Director.

Harold R. Denton, Director
Office of Nuclear Reactor Regulation

Enclosure:
Supplemental Slow Purge Information
(SECY-80-132C)

ce:
Commissioners

Commission Staff Offices
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SECY
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Supplemental Slow Purge Informatiun

The slow rate purge alternative recommendea 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 Appendix I to 10 CFR 50 dose design
objective (5 mrem whole body, 15 mrem skin). Dose would be tracked during
actual purging by using real time meterological data to calculate hourly dose
rate in affected sector/sectors surrounding the plant. (The region around TMI
is divided into 16 directional sectors; wind directional changes during purging
will result in differing dose rates for individual sectors.)

Cumulative dose, based on these calculated dose rates in each impacted 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 I
dose design objective. For example, if the calculated cumulative dose to a
hypothetical person, based on actual Kr-85 release rates and real time meteor-
ology, reached the annual Appendix I whole body (5 mrem) or beta skin (15 mrem)
dose objective in the North sector, purging would be discontinued whenever
existing wind conditions could result in any incremental increase in dose to
the North sector.

In addition to Appendix I constraints, the slow purge procedure would be
lTimited by the existing Three Mile Island effluent release technical specifi-
cations for Kr-85. Although these specifications have dose limitations as
t'ir bases, they have been implemented as Kr-85 release rate limits. In
contrast to the Appendix I limit, dose rates and cumulative dose are no
monitored to shuw conformance with release rate technical specifications.
Release rate (Kr-85) alone determines conformance or non-conformance with the
technical specifications.

One Kr-85 release rate technical specification requires that instantaneous
rates not exceed 45,000 pyCi/sec. This instantaneous 1imit is derived from the
annual averace x/Q (6.7 x 10-® sec/m®) for the TMI site and the maximum per=
missible concentration (MPC) for Kr-85 in unrestricted areas as listed in

10 CFR 20. This specification provides for short-term operaticnal flexibility
(in normal operating plants and the purge). Any extended release at this
relatively high rate would quickly become 1imiting to operation because the
cumulative Appendix I dose restriction also limits the conduct of the purge
alternative.

A quarterly averaged release rate technical specification limit of 7200 uCi/sec,
based on a more restrictive x/Q value (4.2 x 10-5 sec/m3), would also be
applicable to a slow purge. This quarterly averaged release rate limit is
based on not exceeding, in ore quarter, four times the annual Appendix I dose
design objective. Again this 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 I dose, however, cannot be exceeded.



Dose and dose rate during a Kr-85 purge are dependent on three variables; the
Kr-85 release rate, meteorological dispersion and the Kr-85 dose convegsion

: . . mrem=in
factor. Only the Kr-85 dose conversion factor is a fixed value.E;:;;E-.
While meteorology (x/Q sec/m®) cannot be controlled during a purge, release
rate (Ci/sec) can be adjusted to limit the resulting dose. Ouring periods
of iess favorable meteorology, therefore, release rates can be seiectiveiy
reduced to maintain desired ~“~se rate levels. Licensee procedures for main-
taining acceptable purge dose rates during varying meterological conditions,
by varying release rates, have been reviewed and approved by the NRC staff.

It should be noted that the first paragraph (pp. 4-5) of the original discus-
sion of the slow purge alternative in SECY-80-132C is somewhat misleading. In
this paragraph the NRC staff was attempting to set out (for comparison to fast
purging) the probability of having favorable meteorology under which the slow
purge could be conducted. This discussion assmed a fixed release rat= (which
is not necessarily the case) in an attempt to provide correlation between the
probabilities of having favorable meteorology for slow and fast purge alterna-
tives during different times of the year. This discussion is misleading,
however, because there is no meteorological threshold for slow purging.
Release rates can be adjusted to near, 0.0 Ci/sec to effect acceptable dose
rates during poor meteorological conditions.




