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1.0

1.1

1.2

THREE MILE ISLAND UNIT 2
REACTOR BUILDING PURGE PROGRAM
SAFETY ANALYSIS AND ENVIRONMENTAL REPORT

INTRODUCTION

Need For Reactor Building Atmosphere Cleanup

The unknown Three Mile Island Unit 2 core configuration poses a
small but incalculable risk. Although much analvsis has been coz-
pleted that tends to bound the limits of uncertainty with regard to
the core configuration, this uncertainty can best be deal: with by
timely entry into the reactor building and ultimate removal of the
nuclear fuel from the reactor pressure vessel.

In order to allow entry into the reactor building withour signifi-
cantly complicating the entry program and restricting the effective-
ness of operations toward ultimate fuel removal, the reactor building
atmosphere must first be cleansed of radiocactive materials. Leaving
the airborne materials in the atmosphere while other steps toward
fuel removal proceed represents substantial risk of ultimate uncon-
trolled release of these materials to the environment and unaccept-
able increase in operations personnel exposure.

Airborne radicactivicy within the reactor building has reduced com-
siderably since the accident due to decay of the short-lived radio-
active fission products such as Xenon and lodine. The principal
remaining airborne fission product is Rrvpton—-85 which has a 10.76
year half-life. Due to this long half-life, additional delays in
cleaning up the reactor building atmosphere will not materially
reduce its radiocactive concentration.

Several alternatives have been studied for removing the approximately
45,000 Curies of Kr-85 estimated to exist in the building. There
alternates include charcoal adsorption and long term storage, gas
compression and long term storage, cryogenic processing and long term
storage, and atmospheric dispersion of Krypton-85 by controlled
purging of the reactor building atmosphere. The optimum choice from
an envirommental impact standpoint when potential accidents are con-
sidered is atmospheric dispersion through controlled purging of che
reactor building atmosphere.

Purpose of this Report

The purpose of this report is to document that atmospheric disper-
sion through controlled purging of the reactor building atmosphere
can be accomplished within all applicable safety limits and radia-
tion protection standards and that purge reprasents the optimum
solution for reactor building atmosphere cleanup, considering the
health and safety of the population around the Three Mile Island
Unit 2 plant. This report presents a description of the proposed
program for controlled purging, the safety analysis for this purge
program, the environmental impact of this proposed purge program,

and the results of studies of the less desirable alternatives for
reactor building atmosphere clean=-up.
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1.3

Organization of Report

This report is organized in the format of a combined safety analysis
and enviromaental report. Following this introduction, the assess-
ment of reactor building airborne activity is presented and then the
analysis of the purge program. The purge program analysis includes
a summary of the purge method, the design basis for the hvdrogen
control system and its modifications, the design evaluation, opera-
ting description, and accident analyvsis for the system.

The Safetv Limits for radicactive gaseous releases are discussed
including some perspective on radiation exposure, and limiting
conditions for the purge progranm.

The effects of purge operation on the environment and on operatiomal
exposure are presented, including the environmental effec:ts of a
postulated purge accident. Finally, the results of the studies on
the alternatives to controlled pufge are presented including the
envirommental effects of each alternate.

Conclusion

The studies concerning disporal of the Krypton-85 from the contain-
ment vessel result in the following conclusions:

1. There are only four potentially feasible methods for disposing
of the Krvpton: purging to the atmosphere, charcoal adsorption
and storage, storage as a coupressed gas, and crvogenic separ-
ation and storage. Of these four methods, three, charcoal
adsorption, gas storage and crvogenic separation require a
long schedule to implement, are of high complexity, but
theoretically can provide a zero or near zero offsite dose.

The purge method can be implemented very quickly, is simple,
but does yield a small finite offsite dose to the general
population.

2. The examination of radiation doses to the general population
in the event of accidents, for each alternative, shows just
the reverse of the normal dose comparison, i.e., purge has an
extremely small general population accident dose, whereas
the other three have relatively large general population ac-
cident doses. Of the alternatives studied, only purge to the
atmosphere provides a permanent solutiom to the Krypton-85
problem. The other three options require treatment and
storage in systems which have the potential for accidental
release of Krypton-85 during processing and especially during
the long storage time required.

3. The long schedule required for the storage options is con-
sidered a significant safety disadvancage. There is no
assurance that containment integrity can be maintained for
the 2-3 years necessary to implement storage. As shown in
Section 8.6.1, if the reactor building air cooling capability
{s lost, the reactor building pressure could rise to 1 to 2
psig. The uncontrolled leakage of Krypton B85, if the
equivalent of a 1/2 inch diameter hole i{s present in the
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containment boundary, could result in an off-site beta dose
in the range of 15 to 80 mrem in a single dav or 60 to 270
mrem if the leakage occurred over a 30 day period.

Krypton=85 disposal is an essential prerequisite to perform-
ing disposal work within the containment leading toward
cleanup of the containment structure. The delay in inicia-
ting such cleanup, which would be required by the storage
options, can, in itself, be a significant safety hazard and
cause large increases in radiation dose to the work force.
This increased dose would arise because of additional com-
plexitv in decontamination, but at this time cannot be
quantified.

Purge of the Krvpton-85 to the atmosphere can be performed
under well-contrclled conditions, and such purging can meet
all technical specifications and Regulatory guidance. The
estimated dose to the general population, as well as dose to
the onsite staff, is extremely low or imsignificant.

Table l-1 summarizes the radiation effects of each of the
alternatives for reactor building atmosphere clean-up.

The expected dose/expos:re shown in this table for each
alternate uses expected meteorology based on historical
data. The system upset dose/exposure analysis uses conser-
vative, 55 probable extreme meteorology as specified in
Regulatory Guides for accident analysis. The coincidence
of the postulated accident conditions and the extreme
meteorology are highly unlikely as stated in Section 7.1.

It is recommended that cleanup of the containment atmosphere pro-
ceed through purging as the safest, and most effective permanent
solution to the Krypton=-85 problem.

1334 242



PURGE
CHARCOAL
GAS COMPRESSION

CRYOGENIC

* CALCULATED IN

TABLE 1-1

Dose/Exposure Comparison For

Reactor Building Atmosphere Clean-Up Alternatives

EXPECTED DOSE/EXPOSURE

OFF-SITE OFF-SITE ON-S1TE
SK1H DOSE WHOLE WIOLE
(HREM)* BODY DOSE* BODY DOSE
BETA  GAMMA PERSON-REM PERSON-REM
5 .1 0.75 ALY
0 0 0 23,
0 0 0 58.
<1 <0.1 0 5 570.

-

SYSTEM UPSET/ACCLDENT DOSE/EXPOSURE

OFF-SITE
SKIN DOSE
(MREM) &%
HETA  CAMMA
61 0.9
104 1.4
1730 24
4090 56

OFF-S1TE
OFF-SITE WIOLE
WHOLE BODYA*  BODY DOSEw#*
DOSE_(MREM) _ PERSON-REM
0.73 0.07
1.24 0.13
20.7 2.1
49.0 5.3

ACCURDANCE WITH RG 1.109 USING THI-2 SITE MISTORICAL METEOROLOGICAL. DATA

% CALCULATED IN ACCORDANCE WITH RG 1.24 and RG 1.145 ACCIDENT X/Q VALUES FROM HISTORICAL MET. DATA

*&% CALCULATED IN ACCORDANCE WITIl RG 1.109 and 5% PROBABLE POPULATION DOSE GIVEN THAT THE ACCIDENT OCCURS
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2.0

2.1

REACTOR BUILDING AIRBORNE ACTIVITY

Three types of samples are being collected periodically from the
reactor building atmosphere to determine the nature of airborne
contaminants present. The samples are for noble gas, particulate,
and radio-iodine activity.

Method

In order to determine the activity content of the atmosphere in the
reactor building, air samples utilizing the installed HPR 227 sample
pumps and cabinet have been taken. The sample procedure allows use
of a normal sample path or an alternate sample path which coanects
penetration R-362B to the suction of the HPR 227 sample pump via
valves AH-V147 and AH-V]48. Another sample path will be available
in November through penetration R-626 (at elevation 358'), when the
inner flange of that penetration is cut to allow camera and radia-
tion monitor placement inside the reactor building.

To determine noble gas activity, a reactor building air sample is
collected in a & cc glass bulb and analyzed by gamma spectroscopy.
Isotopic identification is made on the basis of the discrece energy
levels at which gamma rays are absorbed in a GeLi detector. The
spectrum containing the various gamma peaks is then screened and
compared against a library of known peaks vs. isotope to make final
identification. The intensity of each peak at its discrete energy
level is a function of the concentration of the respective radio
nuclide. The process is commonly referred to as a "gamma scan."

To determine the particulate activity concentration in the atmos-
phere, a sample of the reactor building air is pumped through a

100 millipore filter. Particulate activity is removed from the air

by the filter and the filter is then analyzed using gamma spectroscopy
as described above.

To determine the concentrations of the different types of iodine
in the atmosphere, a sample of the reactor building air is pumped
through a series of filters as shown below. Separation of the
different forms of iodine is accomplished based on the relative
affinity of each iodine species for a specific filter media. Each
filter is then analyzed using gamma spectroscopy as described
above.

] ' iy r
Flow —w Hilliporei——;CdIz —= lodaphenol - Ag —Carbon ‘ Carbon

MRS b b s NN
Removes Removes Removes Removes Removes
Particulace Iy HOL CH3l all lodine
Iodine
5
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2.2

"~
14

Source Term Evaluation

The sampling and analysis techniques described in Section 2.1 pro=-
vide for the determination of noble gas activity, particulate ac-
tivity and iodine in the reactor building atmosphere. The results
of these samples to date are included in Table 2-1. It should be
noted that the sample results, especially for the samples taken
prior to June 21, vary widely. Whereas the earlier samples were
drawvn under less controlled conditions, the current procedure
requires extensive documentation to ensure accurate sample Cimes
are used and proper volumes are drawn. In addition, retained with
each sample result is the documented condition of the sample lineup
and reactor building ventilation system while the sample was drawn.

From Table 2-1, it can be seen that the dominant isotope inside the
reactor building at this time is Kr-85 ac~~0.78uCi/ml. Particulace
levels, primarily Cs-137, are on the order of 1 x 107%uCi/ml,

The radio iodine levels inside contaimment are rapidly dropping due
to decay. Latest results indicate lodine to be below minimum
detectable activicty (MDA) levels of 10‘9}JCifal.

In order to determine a best estimate of the airborne radiocactivity
inventory in the reactor building, the results of all gas samples
were reviewed and correlated. The results of this review

are given in Table 2-2,

When these activity levels for Kr-85, Cs-137, and lodine 13! are
evaluated against technical specification limits for allowable
instantaneous and quarterly average allowable gaseous effluent
release rates, the Kr-85 concentration is shown to contrel allowable
release rates.

Reactor Building Source Term Results

Results of reactor building air samples taken to date are shown in
Table 2-1. The best estimate of reactor building airborne radio-
isotope activity projected to Nov. 1, 1979 is shown in Table 2-2.
This estimate includes consideration of all samples taken to date
and projects reduced concentrations to Nov. 1, 1979 of the shorter
lived radio-isotopes.

Reactor Building Source Term Conclusions

The airborne activity sampling process is sufficiently defined and
recent results are sufficiently consistent that the results given
in Table 2-2 represent accurate values for airbornme activity levels
of the isotopes of concern namely noble gas Kr-85, particulate
Cs-137 and Iodine-131. The results are sufficiently valid to

serve as a basis for evaluating alternative reactor building
atmosphere clean-up options.

Also, from these activity levels, it is clear that efforts should
be taken to clean-up the reactor building atmosphere in order to
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reduce the total exposure during manned entry of the contaimment
resulting from the Kr-85 presenc.

Finally, from the low levels of particulate (Cs-137) and lodine, it
is concluded that reactor building recirculation using the reactor
building purification filtration system is not necessary to
achieve further reduction in Iodine and particulate levels. Air
discharged from the reactor building will be filtered through the
in-line particulate and charcoal filters of the hvdrogen control
system during purge.
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Nuclide

Kr=-85
Xe=13]l m
Xe-133
1=-131
Cs=134
Cs-135
Cs~-136
Cs-137

TABLE 2-2

Best Estimate of RB Airborne Activicy
November 1, 1979

Concentration

(Ci/ee)

0.78

<2 x 1073

<1
<1
<1
<1
<l

<1

X

10-3
102
10-3
1075
1073

10=3
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Total Inventory
(ci)

4.4 x 1074

<l.1l4

<5:7:x 10"1

<5.7 x 1073
<5.7 x 1071
<5.7 x 1071
¢5.7 x 1071

¢5.7 x 1071



3.0
3.1

PURGE PROGRAM ANALYSIS

Purge Program Summary

The reactor building purge program will purge the reactor building
atmosphere using the hydrogen control subsvstem of the reactor
building ventilation and purge system. The purged atmosphere con-
taining radiocactive gases will be released from the plant vent stack
(160 fr. above grade level) at times when wind and other meteorolog=
ical counditions are most favorable for atmospheric dispersion.

The hyvdrogen control subsystem is designed for use as a back=-up for
the hydrogen recombiner. The reactor building atmosphere is drawn
through a filter train by the hvdrogen control exhaust fan before
being discharged to the plant vent stack. (A modification is being
made o reroute flow from the inlet of the supplementary vent £il-
ters to the plant vent stack to obtain an elevated release). The
filter train consists of a prefilter, HEPA filter, an activated
carbon filter and another HEPA filter. The purge flow rate is con~
trolled by a throctle valve, AH-V36. (Valve AH-V36 is being modified
to provide fine motion flow control). The air may be discharged at
a rate of up to 1000 cfm., (A modification is being made to increase
the capacity from 150 cfm to 1000 cfm.) The f£low rate, temperature
and radiation level are monitored during discharge.

The replacement air to the reactor building will be supplied through
valves AH-V7 and AH-VIB such that the RB atmosphere remains a:
slightly negative or atmopheric pressure throughout the purge
process. Figure 3-1 gives a schematic of the purge system pumps,
pipes and valve coafiguration.

The maximum purge discharge flow rate will be determined using the
Technical Specification instantaneous release rate for gross gaseous
activity given by paragraph 4.2 and the latest assesszent of Kr-85
level from the revised RB alir sampling program. This release rate
i3 expected to be in the range of 50 to 100 cfm initially. As the
Kr=85 content drops within the reactor building, due to purging,
the maximum allowable purge rate will increase until the 1000 cfm
limic of system capability is reached. The actual purge rate
during any time interval will be based on actual wind conditions
such that for unfavorable meteorology, the maximum allowable
release rate will be reduced to minimize dose accumulation at
off-site locations. At the start of each purge period, wind data
will be recorded and predicted incremental dose at the boundary
will be calculated and compared against an administrative limit of
0.1 mrem/hour beta skin dose. 1f the dose rate is calculated to
exceed this liuit, the release rate will be reduced to stay within
the limit. 1f the allowable release rate drops below 20 cfm, no
release will be allowed during the period until meteorological
conditions improve.

Accumulated off-site doses will be calculated throughout the purge
process using actual meteorological and release data to assure that
10CFR50 Appendix I limits are not violated and that projections of"
future purging will not cause the limit to be exceeded.

10
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3.2

3.3

Plant vent stack monitoring will provide continuous feedback and
a complete record of actual stack releases to track total curie
activicy released and to compare actual releases with expected
releases based on reactor building activity.

In addition, reactor building activity will continue to be monitored
to determine the Kr-85 activity for establishing future purge re-
lease rates in conformance with Technical Specificatiom limits and
to confirm that MPC limits or lower have been met at the end of

the purge operation.

Svstexz Design Basis

The purge program uses the installed hydrogen control (atmospheric
purge) systes with modificactions to increase the fan capacity to
1000 cfm, to provide variable purge flow control with interlocks
for rapid isolation on equipment failure or hlgh radiorztive
levels at the fan discharge.

The atmospheric purge operation was originally designed to keep the
reactor building hydrogen concentration from reaching the lower
flammabilicy limiz following a LOCA if the hydrogen recombiner
systen is not avallable. The atmospheric purge system is designed
to 30 psig and 150° F and seismic Class I conditions. The system
meets the requirements of ANSI B3l.0 Code for Power Piping, Class 2,
and ASME Boiler and Pressure Vessel Code, Section III, Class 3.

System Design

In order to efficiently purge the reactor building of radioactive
gases, the flow capacity of this system has been increased to

1000 cfm to match the filter train capacity. Variable system flow
capability is added to control the atmospheric purge rate as a
function of activity in the reactor building and meteorological
conditions. Since the airborne activity within the reactor building
will exponentially decrease with purging, it is desirable o
increase the maximum flow rate to 1000 cfm during the later stages
of purge operation.

The reactor building atmosphere is drawn through a filter train by
the hydrogen control exhaust fan before being discharged to the
Station vent. The filter train consists of a prefilter, HEPA filter,
an activated carbon filter and another HEPA filter. In the original
design the hydrogen purge flow rate was controlled bv throttle valve
AH=V25. The valve must be partially open for fan operartion. The
fan discharge valve, AH-V36 opens with fan start. For operation
with the increased fan capacity, purge flow rate will be controlled
by remote control of valve AH-V36 in place of AH-V25 for better
control of flow rate over the full range of flow capacity. The air
@ay be discharged at a rate of up to 1000 cfm. Replacement air is
supplied through AH-V7. The flow rate, temperature, and radiation
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3:3.1

level will be monitored during discharge. The atmospheric purge
system is shown diagrammatically in Figure 3-2.

Component Description
Design performance and equipment data arz provided in Table 3-1.

Reactor Building Hvdrogen Control Exhaust Unit

The reactor building hydrogen control exhaust unit is located in
the auxiliary building at an elevation of 328'. The unit is
comprised of a bank of filters housed in a steel cabinet and an
exhaust fan connected to the housing.

The filter bank (Table 3-1) consists of the following filters
listed as they occur in the flow path:

a. Pre-Filter AH=-F-36
b. HEPA Filter AH-F-33
c. Activated Carbon Filter AH-F-34
d. HEPA Filter AH-F-35

Access doors are located on top of the housing for easy maintenance.
There is a differential pressure switch connected across the filter
bank which will initiate an alarm on high differential pressure.
Each filter is provided with a differential pressure indicator.

Reactor Building Hvdrogen Control Pre=~Filter AH=F-36

The pre-filter is a replaceable bag filter designed for rough
particle removal. 1t has a local differential pressure indicato:.

Reactor Building Hvdrogen Purge Absolute (HEPA) Filters AH-F-33 and

AH=F=15

The HEPA filters (Table 3-1) are constructed of a dry fibrous high
interception, sub-micron glass fiber which has an efficiency of
99.97% for particles larger than .3 microns. The filters conform
to ORNL-NSIC-65. The filters are mounted in a steel frame and
have alumimum separators, Each HEPA filter is fitted with a local
differential pressure indicator.

Reactor Building Hvdrogen Control Activatad Carbon Filter AH-F-34

The activated carbon filters are designed to trap and remove gaseous
contaminants (iodine) from the airstream.

The carbon filters (Table 3-1) are of activated charcoal impregnated
type, and are of water repellant and fire resistant construction,
The adsorbent material (MSA B5851) is housed in a stainless steel
flat bed type frame., The filters are tested in accordance with
ORNL-NSIC=-65.
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Each carbon filter is fitted with a differential pressure indica-
tor. A sprinkler system is built-in for each carbon filter bank.
for fire protection. Means for detecting radiation levels and
leaks are provided through a flanged rubber sock-por:t opening at
the upstream and downstream face of each filter bank for insertion
of radiation monitor probes.

Reactor Building Hvdrogen Control Exhaust Fan, AN-E-34

The Reactor Building Hydrogen Control Exhaust Fan will be replaced
by a fan manufactured by Buffalo Forge Company, Model No. 4RE,
centrifugal type, fabricated housing, direct driven, 1000 cim capa-
city at 4B inches of water static pressure at 3550 rpm. This fan
is located on the 328' level of the auxiliary building and driven
by a Westinghouse, explosion proof induction motor with air cooled
bearings rated at 15 horsepower at 3350 rom.

1f the Reactor Building Hvdrogen Control Exhaust Fan ON/OFF switch
on Panel No. 25 is in the ON position, the motor can be powered frem
3-11EB. 1If the switch is in OFF the motor can be powered from 2-21EB.

There are two red lights to indicate which cf the two sources are
lined up to power the fan motor and its associated valves (AH-V-25,
36, and 32). Panel No. 25 has two PULL-TO-LOCK=STOP=NORMAL~-START
switches for each of the two power supplies. Additionally the motor
has a local START/STOP pushbutzon. Motor run indication is available
on Panel 25 and locally. The fan will stop with a Fire Protection
Svstem signal or when its supply valve AH-V25 is fully closed. Fan
start will automatically open its discharge valve.

Reactor Building Pressure Sensing Line Penetration Isoclation Valves
AH=V5 and AH=-V6

A solenoid operated 1" stainless steel valve with a design pressure
of 100 psig and a design ctemperature of 300'F is provided on both
sides of reactor building penetration R-562 in the pressure sensing
line. AH-V5 and V6 are located on the 305' Level of the reactor

and auxiliary building. These valves close with an ES signal. Con-
trol is provided locally on Panel 25. 1Indication is available
localiy and on Panels 13, 15 and 25,

Reactor Building Pressurization Valve AH-V7

An air cylinder operated, 10" carbon steel butterfly valve with an
ANS1 Rating of 100 psig and a design temperature of J00°F is provi-
ded in a branch connection off the reactor building purge exhaust
line between reactor building penetration R-552 and the outer
isolation valve AH-V4B, on the 328' Level of the auxiliary building.
The valve is in full compliance with the "Draft ASME Code for Pumps
and Valves for Nuclear Power", Section B, Nuclear Class II Valves.
The valve fails closed with a loss of instrument air. The valve

is normally locked closed with its outlet flow path blanked. It is
locally controlled. The valve is in the air compressor discharge
path during containment leak rate testing.
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3.3.2

Reactor Building Hvdrogen Control Valve AH-V25

A motor operated 6", carbon steel, butterfly valve with ANSI
Rating of 150 psig and a design, temperature of 150°F is provided
in the hydrogen control line upstream of the hvdrogen control ex-
haust fan. The valve and fan receive their power from the same
sources. The source is determined by an ON/OFF switch on Panel No.
25. The valve must be partially open for the fan to start. The
valve is positioned locally and has local indication.

Reactor Building Hvdrogen Control Discharge Valve AH-V36

A diaphragm operated, 6'" carbon steel butterfly valve with an ANSI
rating of 150 psig and a design temperature of 150°F is provided in
the hydrogen control discharge line. The normally shut vent isola-
tion valve will open when the hydrogen control exhaust fan is
started. The valve fails closed with a loss of instrument air.
AH-V36 is on the 328' Level of the auxiliary building.

Reactor Building Mvdrogen Control Isolation Valve AH-V52

An air cylinder operated 10", carbon steel valve with ANSI rating

of 100 psig and a design temperature of 300°F is provided in the
hvdrogen control line upstream of the hydrogen control valve, AH-V1S.
The valve is in full compliance with the "Draft ASME Code for Pumps
and Valves for Nuclear Power." Section B, Nuclear Class II Valves.
This containment isolation valve is padlocked shut and is only
opened for hvdrogen exhaust fan operation. The power source is
similar to that described for AH-V25. The valve fails closed with
loss of instrument air. . AH=V52 is on the 328' Level of the
auxiliary building.

Instrument, Controls, Alarms and Protective Devices

All controls, indicators and annunciators described are located in
the Control Room on Panel 25 unless stated otherwise. All remotely
controlled RB penetration isolation valves have position indicating
lights on Containment Isolation Panel 15 in the Control Room. All
ES operated valves have indicating lights located on Engineered
Safety Features Panel |3 in the Control Room. All instrumentation,
controls, annunciators and computer inputs are included in Tables 11
and 12. Reactor building air pressure indication is provided as
part of the Building Spray (BS) Systen.

As discussed previously the power supply for the hydrogen control
exhaust fan, AH-E-34, and its associated throttle valve, AH-V25, is
determined by an ON/OFF switch on Panel 25. The throttle valve oust
be partially open (20%) for fan start. With fan start, the dis-
charge damper opens. The flow path is instrumented with filter dif-
ferential pressure alarms, radiation, flow and temperature recorders.
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3.3.3

3.4

3.5

Monitoring

The reactor building radiation monitoring system will be used to
obtain a sample of the building atmosphere for analysis of its
isotopic composition. This system takes samples from two points

in the reactor building, which are located aoproximately 10' 10"
east and west of the north-south centerline of the reactor building
dome. The samples are transmitted through two lines running from
the dome down and outside to the reactor building air sample gaseous
monitor schematically shown as monitor HP-R-227, "Radiation Detec-
tion and Sampling" on Figure 3-2. The sampling lines are Seismic I.
Redundant inlet and discharge lines are provided for the system to
prevent a single active failure of any valve from impairing the
function of the monitoring svstem.

In the nuclear sampling laboratory, the sampie will be analyzed with
a gas ch-omatograpn to determine its hydrogen content. A gamma
spectrum analyzer will be used =o determine the isotopic composition
of the sample,

During atmospheric purging, the purge exhaust flow is continuously
monitored and recorded on Panel 25, so that the exact flow to the
environment is known. To replace the atmosphere exhausted from the
building, a 10 in. pressurization valve (AH-V7), located outside the
R.B. is provided :o admit a controlled amount of outside air to the
building.

Design Evaluation

Given in Section 5 are evaluations of alilowable flow rates as a func-
tion of time to stay within Tech. Spec. limits, and the expected
off-site exposure as a result of full reactor building purging.

Also included in Sections 6 and 7 is an assessment of filter dose
buildup and effect of accidental releases of radiocactive gases

during maximum flow. The exposure analysis shows conformance to
limits in each case.

Tests and Inspections

The atmospheric purge components are not continuously operated and
therefore are accessible for out of service inspection. The perfor-
mance of the system components can be verified while the svstem is
in operation. Pressure, temperature and flow instrumentation are
provided as shown in Figure 3-2 to confirm performance of the system
and its components. Radiation monitoring instrumentation is also
provided in the system to check radiocactive levels of the exhuast
air. In addicion, means have been provided for pre-purge DOP and
freon leak tests of the filters.

The steel pipe duct work system was subjected to leak tests during
manufacture, erection and after assembly in the field. Filters and
filter housings were subjected to manufacturers performance and
production tests as well as DOP and Freon 11 tests.

15
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3.6

3.8

3.9

The charcoal filter will be subjected to a Freon 11 leakage test
at 1000 cfm, the maximum flow expected in the system.

The HEPA filters will be subjected to an Efficiency-Penetration
Test (DOP). The filter will be tested according to MIL-STD-282,
May 28, 1956. Penetration will not exceed 0.1 percent of 0.3
wmicron diameter homogeneous particles of dioctyl-phthalate (DOP).

Materials

The ductwork is primarily mild carbon steel and has a 6 ail coat
of Phenoline 368. The material for other components was given in
Section 3.3.

Operation of Hvdrogen Control Purze Svstem

Controls for this system are located on HVAC Panel 25. To start
this system it is necessary first to open reactor building isolacion
valve AH-V3A (closed on ES signal) and AH-VS52 (padlocked closed). A
Blind flange on valve AH-V7 must be removed prior to this operation.
Open cthrottle valve AH-V25 to about 309° prior to starting the
Hydrogen Control fan, AH-E-34. Upon starting the rfan the discharge
valve, AH-V36, will open. Throttle AH-V36 as desired. When zhe
reactor building pressure is slightly below atmospheric, open AH-V7
(normally locked closed) and then open AH-VIB, to replenish the
exhausted air.

The reactor building atmosphere is exhausted Zhrough isclation valve
AH-V3A, a 10" branch line containing valve AH-VS52, a 6" line contain-
ing throttle valve AH-V25, pre-filter, two absolute filters and an
activated carbon filter., The fan then discharges through valve
AH-V36 to the Station Vent.

The system is shutdown by stopping AH-E-34 and closing AH-V25,
AR-V52 and AH-V3A and AH-V36.

Accident Analysis

The worst case limiting accident is inadvertent and undetected
iniciation of the hydrogen control purge system at full capacity
with ground level release for 30 minutes during worst case meteor—
ological conditions. The off-site dose due to this accident is
analyzed in Section 7 of this report. The results show maximum
off-site exposure to an individual of 61 arem beta skin dose or
0.73 mrem whole body dose, considerably less than 10CFR100 limits
of 25000 mrem whole body dose.

Failure Modes and Consequences

All failures and their consequences are evaluated with respect to
increasing the probablility of producing an uncontrolled radicactive
release or a release at a faster rate than allowed by procedure.
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3.9.1

3:9:2

3.9.3

Loss of Instrument Air

Loss of instrument air will affect only the air operated valves and
dampers in the system. All air operated valves in this svstem fail
shut upon loss of air pressure which stops all flow in the system
and thereby prevents any release of radicactivity.

Loss of Power
Fan AH-E-34

Loss of power to this fan will reduce flow rate through the svstem
causing a reduction in the release rate.

Valves operated bv air will fail shut on loss of power to the sole-
noid operated air control valves. Motor operated valwve AE-V-25
will fail as is on loss of power. Neither of these conditioms will
cause any increase in the release rate.

Instrumentation

Flow indication will be lost on loss of power, however, this
indication does not control the process so no increase in release
rate can occur. If an increase in flow rate cccurs due o some
other cause, HPR 229 will alarm as a backup indication. Systez
operating procedures will require the operator to stop purging
upon loss of flow indication.

Filter unit differential pressure alarm capability will be lost on
loss of power. Flow indization will provide a backup indication

of filter blockage. This alarm does not cause any automatic action.
No increase in release rate will occur from loss of this instrument.

Reactor Building High Pressure or Loss of Power to AH-PS-5058 will
cause AH=-V=-3A,B to shur thereby stopping flow in the system.

Radiation Moaitor HPR 229 is being modified to cause fan shutdown upon
loss of power to HPR 229.

Valve AH-V7 is also interlocked so that when the fan stops, this
valve will close, isolating this potential path out of the reactor
building.

System Leakage

In order to ensure radiation will not be released from building
ducts during operation, a leak test of ducting downstream of the
containment isolation valves and the filter housing will be
conducted prior to system operation at 18 inches of water positive
pressure in accordance with ANSI N510, Section 6.3, 6.4, or 6.5
and shall indicate maximum leakage less than 6 cfm/1000 ft3 of
system volume before acceptance.
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3.9.4

3.9.5

Fires

The charcoal filter AH-F-34 is protected by a fire detector and an
automatic deluge system which also secures fan AH-E-34. The filter
housing drain i{s piped to floor drains which flow zo a collection
facilicy.

Duct Failure

The steel pipe ducting is designed for 2 psig positive pressure.
The filter unit housing is designed for 1l inches H,0 negative -
pressure. The system i{s protected from high pressufe transients
by a .5 psig containment pregssure interlock from pressure switch
AH-PS-5058. Maximum internal duct pressure is limited to 1.5
psig, since the maximum differential pressure will be caused bv a
.5 psig reactor building pressure coupled with a minimum external
pressure of -1.0 psig caused by an external atmospheric disturbance.
This extreme pressure condition is within the design ratings of
the duct and filter uni: and will not cause a duct failure which
would result in an uncontrolled radicactive release.

Operator Errors.

Misoperation of the valves in the system could possiblv increase
the rate of radicactive gas release above the maximum allowable
rate. However, HFR 229 would alarm and automatically stop flow in
the system Zf the allowable release rate were exceeded.

System Modification For Purge

;
i
|
-
|
3.9.6
.10
| .
!
i

In order to use the hydrogen control system to purge the reactor
building safely at rates up to 1000 cfm, the following modifica-
tions will be made:

l. Replace the existing fan, AH-E~34, with a fan capable of
at least 1000 cfm flow rate.

2. Add manual jog control to valve AH-V36.

3. Interlock AH-V7 to close on loss of power to the fan.

4. Provide interlock ro trip the fan on high activity as measured
on HPR-229, or on failure of/loss of power to HPR-229.

5. Interlock AH-V3A&B to shut on high reactor building pressure.
6. Uncap the stack.

7. Provide gamma monitor probe in the hydrogen control filter
housing to monitor filter activity buildup.

8. Increase the measurement range of HPR-229.
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Table 3-1

Hydrogen Purge to Atmosphere

Design Performance and Equipment Data

Hydrogen Control Exhaust Fan

Quantity 1

Type Centrifugal Exhauster with Direct
Drive

Flow, ¢fm 0 o 1000

Static Pressure, in ¥.G.

Fan (Motor) Speed, rpm

Fan Motor Voltage/No. of Phases/Kt

Motor H.P. .

Hvdrogen Purge Air Exhaust Filter Train

48 neg at 3550 rpm
3550
460/3/60

15

One hvdrogen purge air exhaust filter train in cabinet/housing containing
the following filters listed in sequence with respect to air flow:

(1)

(2)

Prefilter

Quantity

Tvpe

Clean Pressure drop, in W.G.

Max. Capacity, cfm

Face Velocity through Filter,

fpm (max.)
Size of Filter, inches
Seismic Classification
Absolute Filter (HEPA)
Quantity
Clean Pressure drop, in W.G.

Max. Capacity, cfm

19

1

Disposable bag filter
0.8

1000

500
24x24x36

I -

1.0
1000

1334
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(1)

(&)

Table 3-1 (Con't)

Size of Filter, inches
Seismic Classification
Carbon Filter

Quantity

_ Type

Max. Capacity, cim

Flow through cell, cim
Clean Pressure drop, in W.G.
Size of Filters, inches

2nd Absolute Filter (HEPA)
Quantity

Clean Pressure drop, in W.G.
Capacity, c¢im

Size of Filters, inches

Seismic Classification

20

24x24x11-1/2

T

3.per Bank

Flat-bed radio Iodine
Absorption activated carbon

1000
333
1.0

2x40x7-3/4

1

1.0

1000
24x24x11-1/2

1
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4.0 SAFETY LIMITS FOR RADIOACTIVE GASEOUS RELEASES

4.1 Radiation Exposure in Perspective

4.1.1 Sources of Radiation in the Environment

The average natural radiation exposure to persons living in the
United States is estimated to be about 125 mrem per vear. The
source of this exposure is from cosmic rays and from naturally
occurring radicactive elements in the earth. Radiation is received
directly from many minerals containing uranium and thorium isotopes
in the ground or in the construction materials in homes. The most
sigznificant radioisotope in food is potassium. An additional small
amount of exposure is received through radiactive gases in the air.

It is estimated that an additional exposure of 100 mrem per vear
mav be received on the average from other than natural sources such
as medical X-rays, luminous dials on watches, bomb deconations in
the atmosphere, and television.

4.1.2 The Person Rem Concept

It is appropriate to compare new exposures to population groups
relative to their exposure o natural background. One measv.e of
the extent of populacion exposure is to add all the radiation
exposures received by each individual in a population group.

This resulting quantity is referred to as person-rem. The annual
background population exposure within a 50 mile radius of the site
is computed o be about 275,000 person-rem (125 mrem times 2.2
million people). 3v comparison, the person-rem for reactor
building purging as discussed in this report is about 100,000
times less than the natural background amount.

It should be noted that the whole body gamma doses listed for each
event are most comparable to the background dose. The external body
beta dose affects only the external parts of the body (skin or
retina of the eves) which are less sensitive to radiation than the
whole body.

4.1.3 Effects of Radiation Exposure

For many years standards committees have spent considerable effort
to determine the effect of radiation on man. As a result, a set
of guidelines have been developed to define maximum levels of
radiation exposure which are acceptable for any individual to
receive every year. These recommendations are embodied in the
government regulation entitled 10CFR20 which limits whole body
exposure to less than 500 mrem per year.

Comparison of the site boundary doses from the events associated
with reactor building purge considered in this report indicates that
individual exposures are well below both the natural background
level of 125 mrem/year and the 10CFR20 limi:i of 500 mrem/vr.

23
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Environmental Technical Specificacions

Section 2.1.2 of the Environmental Technical Specifications contains
specifications for the release of gaseous effluents. These are:

2.1.2,a. The instantaneous release rate of gross gasecus activity
except for halogens and particulates with half lives
longer than eight days shall not exceed:

Qi 5 3
YPCT. £1.5 x 10 m
i sec -

where Qi is the release rate in Ci/sec for isotope i,
and ¥PC; ( Ci/m”) is the maximum parmissible concen-
tration of isotope i as defined in Appendix 8, Table II,
cclumn 1, 10CFR20.

2.1.2.b. The instantaneous release of I-131 and particulaces
with half-lives greater than eight days, released to
the environs as part of airborne effluents, shall not
exceed 0.3 uCi/sec.

2.1.2.c. The release rate of gross gaseous activity shall not

exceed:
Q1 4 3
m. 5_2.& x 10 o
1 sec

vwhen averaged over any calendar quarter.

2.1.2.4. The release rate of I-131 and particulactes with half-
lives greater than eight davs, shall not exceed 0.024
uCi/sec., vhen averaged over any calendar guarter,

The specifications above can be used to establish limiting reactor
building release rates for instantaneous and quarterly average
releases when the Kr=85 (paragraphs a. and ¢.) and the I-131
(paragraphs b. and d.) are known. Present estimates of airborne
activity for Kr=85 of 0.78 uCi/ml and <1. x 10~9 uCi/ml for I-131
make the paragraphs a. and c. most limiting based on Kr-85 activity.

Specification 2.1.2.c above assumes an average X/Q value of 4.2 x
1077 sec/m?. Historical meteorological data for the TMI site

with elevated releases give an average X/Q value of 1.8 x 10~%
sec/m3 for a margin factor of 23 built into the quarterly release
rate limit. Since the limit is applied over any quarter, the limit
for the quarter will not be any greater than one-fourth of the
annual dose objective limit. Therefore a factor of roughly one
hundred is achieved below the 10CFR20 objective of 500 mrem off-
site whole body dose when the quarterly average technical specifica-
tion limits are imposed for radiocactive gaseous effluent release
from the plant vent stack.
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In other words, while the 10CFR20 limit (to be discussed below)
states as its objective a limit of 500 mrem annual whole body dose,
the application in the Technical Specification achieves a factor of
100 reduction to 5 mrem annual whole bodv dose limit when using
the quarterly average release rate limits.

10CFR20 - Standards for Protection Against Radiation

Article 20.105, permissible levels of radiation in unrestricted
areas, paragraph (a) states: "The commission will approve the
proposed limits if the applicant demonstrates that the proposed
limics are not likely to cause any individual to receive a dose to
the whole body in any period of one calendar vear in excess of 0.5
rem."

Article 20.106, Radioactivity in effluents to unrestricted areas,
paragraph (d) states: "For the purposes of this section the con-
centration limits in Appendix B Table II of this part shall apply

at the boundary of the restricted area. The concentration of radio-
active material discharged through a stack, pipe or similar conduit
may be determined with respect to the pipe where the material

leaves the conduit. If the conduit discharges within the restricted
area, the concentration at the houndary may be determined by apply-
ing appropriate factors for dilution, dispersion or decay between
the point of discharge and the boundary."

Table II, column 1 of Appendix B gives the following limits for
the pertinent isotopes:

Kr-85 3 x 1077 uCifml
Xe=13lm 4 x 10=7 uCi/ml
Xe~133 3 x 1077 uCi/ml

These isotopic limits are used with the limiting X/Q values in the
Technical Specifications given above to determine allowable gaseous
releases at the point of effluent release from the plant for instan-
taneous and quarterly average limits. As pointed out earlier, use
of these limics with the Technical Specification X/Q values to
determine release rates will yield substantially lower actual values
of the isotopic air concentrations in the unrestricted area because
the expected X/Q values are at least an order of magnitude below

the limiting X/Q values. For this reason, the expected whole body
dose will be substantially below the 0.5 rem yearly limit imposed

by paragraph 20.105 (a).

10CFR50 Appendix I = Numerical Guides for Design Objectives and
Limiting Conditions for Operaticn to Meet the Criterion - ALARA.

Paragraph B.l states: "The calculated annual total quantity of all
radioactive material above background to be released from each
light-water-cooled nuclear power reactor to the atmosphere will not
result in an estimated annual air dose from gaseous effluents at

any locati.n near ground level which could be occupied by individuals
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4.5

in unrestricted areas in excess of 10 millirads for gamma radiation
or 20 millirads for beta radiation.”

Paragraph B.2 states: "Not withstanding the guidance of para-
graph B.l:

(a) The commission may specify, as guidance on design objectives,
a lower quantity of radioactive material above background to
be released to the atmosphere if it appears that the use of
the design objective in paragraph B.l is likely to result in
an estimated annual external dose from gaseous effluents to
any individual in an unrestricted area in excess of 5 milli-
rems to the total body; and

(b) Desizn objectives based upon a higher quantity of radicactive
material above background. to be released to the atmospnere
than the quantity specified in paragraph B.l will be deemed
to meet the equiremen:s for keeping levels of radiocactive
material in gaseous effluents as low as is reasonably achiev-
able if the applicant provides reasonable assurance that
the proposed higher quantity will not result in an estimated
annual external dose from gaseous effluents to anv individual
in unrestricted areas in excess of 5 amillirems o the total
body or 15 millirems to the skin.”

As stated above in discussing 10CFR20 limits, the margin provided
in bounding X/Q values in the Technical Specification to limit
effluent release rates will bring the 0.5 rem total body dose
limit stated in 1OCFR20 down to the 10CFR50 Appendix I level when
actual expected site meteorology is applied in calculating actual
population doses.

Nevertheless, the actual accumulated doses during purge operation
shall be calculated to demonstrate conformances to the 10CFRS50
Appendix I limits, Off-site dose calculations for the planned
parge scenario using typical meteorological data are presented in
Section 5.

Limiting Conditions for Operation of Purge Program

In datermining acceptability of the reactor building purge progranm,
based on the above requirements, the limiting conditions are as
follows:

1. Release rate for Kr-85, Cs-]137, and I-131 are determined from
Technical Specification paragraphs 2.1.2.a. and 2.1.2.b.
to establish the most limiting release rate. For the current
status of reactor building isotopic content, the Kr-85 content
is most limiting.

2. For the total quantity of Kr-B85 to be released, the quarterly
average release rate limic stated in paragraph 2.1.2.c. can
be verified not to be exceeded with the Kr-85 concentration
below 0.988 uCi/ml.
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3. Based on actual meteorology of the site at the time of re-
lease, administratively limit release rate to minimize actual
dose to the unrestricted site boundary area so that total
beta and gamma dose do not exceed limits stated in 10CFRS0
Appendix I. The limiting value is 15 millirems skin dose
due to beta activity in the Kr=B5 release.

4. Continuous monitoring of meteorology will be provided to
administratively control release as a function of actual
characteristics and to calculate the dose build-up within
allowable Appendix I limits.
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5.0 ENVIRONMENTAL EFFECTS OF PURGE OPERATION

Starting with the best estimates of reactor building airborne iso-
topic activity, the Technical Specifications are used to establish
limiting purge relense rates from the plant vent stack. Using
typical historical meteorology, the site boundary beta skin dose
and gamma dose are calculated using the NRC prescribed methods
defined in Regulatory Guide 1.109 "Calculation of Annual Doses to
Man From Routine Release of Reactor Effluents for the Purpose of
Evaluating Compliance with 10CFR Part 50 Appendix I" and Regulatory
Guide 1.11]1 "Methods for Estimating Atmospheric Transport and
Dispersion of Gaseous Effluents in Routine Relcases From Light-
Water-Cooled Reactors.”

Since at the time of purge operation, the I-131 has decayed o in-
consequencial levels, the Kr-85 contribution Te beta skin dose is
the most limiting radioactive source. The results of this analvsis
vield a peak beta skin dose of 5.0 mrems when purging is limited
during unfavorable meteorological conditions. This is compared to
the 10CFR50 Appendix I limit of 15 mrems. For the case in which
the only limit on purge operation is the instantaneous Technical
Specification limit due to Kr-85 content in the released gas, and
no limit is placed on purging during unfavorable conditions, the
peak skin dose is 10.0 mrems. In both cases, the peak gamma dose
is less than 0.10 mrems, compared to the 10CFR50 Appendix I limit
of 10 mrem.

521 Purge Compliance with Technical Specification

3.1.1 Method

The computer code TIDRLS and manual calculations are used to ensure
that the Technical Specifications for instantaneous and quarterly
average release of iodine and gaseous activity are not exceeded.
The appropriate Technical Specifications are:

a. ig%f < 1.5 x 107 m3/sec for instantaneous release of gross
b e

gaseous activity (applies for Kr-85)

b. Instantaneous release rate of I-13] and particulates (applies
for Cs-137) wicth half-life greater than eight days must be
< 0.3uci/sec

Qi
MPC;
gaseous activity (applies for Kr-85)

£2.4x 104 m3/sec for average over a quarter of gross

d. Average release over a quarter of I-131 and particulates
(applies for Cs-137) with half-life greater than eight days
must be < 0.024 «Ci/sec

Where gi is the release rate in Ci/sec for isotope i and MPC;
( Ci/m?) is the maximum permissible concentration of isotope i
as defined in Appendix B, Table II, Column 1, 10CFR20.
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Hand calculations are used to determine an initial purge rate that
would not exceed the instantaneous Technical Specifications discus-
sed above. For gases (Kr-85, Xe-133, and Xe-13lm), the allowable
purge rate is dectermined as follows:

L".. 5 3
WPCy 1.5 x 10”2 a+/sec

Qi = (MPCy) (1.5 x 105 m3/sec)

Then, purge rate , a3/sec = Q/concentration, (where concentration
is in Ci/m3). '

For I-131, and Cs=137 the allowable purge rate is dezermined as
follows:

0.3 uCi/sec x 10°°
(concentration) (l-charcoal efficiency
(vhere concentration is in Ci/23 as above).

Purge rate = 7 =3/ sec

After determining an inicial purge rate, the decrease in contain-
ment activicy inveatory resulting from the purge was calculated.

No credit is taken for decrease in inventory due to decay. When
containment activiiyv decreases sufficiently to allow approxizately
a doubling of the flow rate, a new purge rate is established. The
same process is then repeated until a maximum purge rate of 1000
cfm was obtained. The decrease in activity in the RB is calculated
as follows:

Sy
T--_;-,ln-‘;‘.z
where
T = time of purge
m = purge rate in cfm
M = volume of containment in ft3
Cy = concentration at start of purge
Co = concentration at end of purge

Once the purge scenario is determined, it was input into the TIDRLS
computer code for a detailed calculation of instantaneous and
integrated releases. The integrated purge rate can be used to
determine an average purge rate. Using average purge rate, the
quarterly average release rate can be calculated as follows:

Ci
(Average release in sec) (purge time in seconds)
(MPC) (Number of seconds in quarter)

Quarterly release rate =

1334 228
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5.1.2

Evaluation with Technical Specifications

Initial Purge Rate

Using the techniques described in Sectiom 5.1.1, the inirial purge
rate is calculated that can be accomplished without exceeding the
Technical Specification limits.
For Kr-B85, the allowable instantaneous purge rate is:
Purge Rate = Q/concentration
Q = MPC (Kr-85) x 1.5 x 105 m3/sec

From 10CFR20 Appendix B, Table II column 1,

MPC (Kr=-85) = 3 x 1077 ci/m3
Therefore,

3 a0 (Cila) w18 210 (a lshe) 5 60 (Bacinin)

Purze Rate =
0.78 (uCi/ml) x 1078 (Ci/pci) x 2.832 x 10% (ml/fcd)

= 122 CFM
The maximum allowable initial purge rate for release of Kr-85 is
22 CFM, based on an initial Kr-85 content in the reactor building
atmosphere of 0.78 uCi/ml.

For Cs=137, the allowable instantaneous purge rate is:

0.3 (ici/Sec) x 60 (Sec/Min)
1 x 1073 (uci/ml) x 2.832 x 10% (al/£c3) (1-0.9)

Purge Rate =

= 636 CFM

The maximum allowable initial purge rate for release of Cs-137 is
636 CFM, based on an initial Cs=137 particulate content in the
reactor building atmosphere of 1 x lO'%glCilml and a particulate
filter efficiency of 90%.

For 1-131, the maximum allowable purge rate is determined the same
way as for Cs-137 except that charcoal efficiency replaces parti-
culate filter efficiency. This evaluation gives a maximum allow-
able initial purge rate for I-131 of 636 x 10% CFM, based on an
initial I-131 concentration of | x lﬂ'atccilnl and a charcoal
efficiency of 90%.

From the above calculation, it can be seen that the limiting isotope
for Tech. Spec. release limits is Kr-85.
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Purge Duration

As the concentration of radioisotopes within the reacror building
is reduced while purging, the allowable purge rate can be increased
up to the maximum purge flow capacity of 1000 CFM. A cypical
scenario for purging might consist of stepwise purge levels of 100
CFM, 200 CFM, 500 CFM, 1000 CFM. The limiting concentrations for
Kr-85 to stay within instantaneous Technical Specification limits
are given in the Table 5.1.2-1.

The time to reach the limiting concentrations for each purge level
can be calculated as described in the previous section assuming
step wise increases in purge rate each time the Kr-85 content
drops below the maximum concentration for the next increased purge
rate level. The final time period at 1000 CFM purge rate is the
time required to reduce the Kr-85 content from 0.0554Ci/ml to the
1 x 1072 {:Ci/ml MPC limit for restricted access to the reactor
building per 10CFR20 Appendix 3 Table 1, Column l. The time
period at each purge rate and the initial and final Kr-85 levels
are given in Table 5.1.2-2,

The above analvsis shows that the RB can be purged in about 31

days without 2xceeding the instantaneous release Technical Specifi-
cations. The releases must also be compared to the quarterly
average Technical Specificactions.

The quarterly average Technical Specificacion for I-131 and Cs-137
can be easily met using the above scenario. The quarterly average
Technical Specification for gaseous activity can be met, so long

as the initial gaseous concentration in the RB (Kr=-85) is less than
0.988 4Ci/ml. This can be shown as follows:

Q/MPC < 2.4 x 10% m3/sec (from Tech Specs)

Where MPC = 3.0 x 10'7,UC|.I|:11 = 3,0 x 1077 Cl.!n3 for Kr-85, the
limiting isotope

Max allowable Q = (2.4 x 10% m3/sec) (3.0 x 10~7 Ci/m3
= 7.2 x 1073 Ci/sec

{Q) (Number of seconds in quarter)
RB volume in ml

But, max allowable concentration (C in MCi/ml) =

24 hr _ 60 min _ 60 sec
day & nr * min )

(2.0 x 106 £& 3)(2.832 x 10% m1/fed)

(7.2 x 1073 Ci/sec)(90 days x

Max allowable C =

c = 0.988 AEL
ul

Maximum allowable concentration to be released within quarterly
allowable Technical Specification limits can also be determined
for Cs=137 and I-131.
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allowable concentration =

For Cs-137, using

Avg. Release Rate < 0.024 LCi/Sec,
Max. allowable concentration released =

0.024 l/Ci/Sec x Total Seconds in Quarter
RB Volume in ml

Because a large fraction of particulacte Cs~137 will be captured by
the HEPA filters in the hydrogen control system, credit can be
taken for filtered removal of Cs=137 prior to release. The HEPA
filter at worst performance can be expected to be at least 90X
eificient. Thereifore

0.024 YJCi/Sec ¥ Total Seconds irn Quarter
R3 Volume in ml x (l-Filter elficiency)

o 0.024 (uCi/Sec) x 90 x 24 x 60 x 60 (Sec./Quarrer)
2.0 x 108 (£e3) x 2.832 x 10% (ml/fed) x (1-.9)

= 3.3 x 107 Uci/ml

Therefore the maximum allowable Cs=-137 concentration in the reactor
building atmosphere for full release within one quarter within cur-
rent quarterly average Technical Specification limits is 3.3 x 107
UCi/ml for a worst case filzer efficiency of 90% Cs-137 removal.

The maximum allowable I-131 concentration for full release within
quarterly Technical Specification limits is determined in the same
manner as for Cs-137 except that the HEPA filter efficiency is
replaced by charcoal efficiency for Iodine removal. Using a 90%
charcoal efficiency, the maximum allowable 1-13] concentration
within the reactor building atmosphere for full release within

one quarter conforming to quarterly average Technical Specification
limits is 3.3 x 1075 uci/ml.
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Table 5.1.2-1

Maximum Concentration of Kr-85 vs. Purge Rate

100.
200.
500.

1000.

Purge Rate (CFM)

33

Kr=85 Conec. (UCi/ml)

<0.95

0.48
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Table 5.1.2-2

Time to Reach Each Limiting Concentration

Initial Rr-85 Final Kr=-85 . Purge
Purge Rate (CFM) Content (MCi/ml) Content (uCi/ml) Duration (days)
100 €0.95 : 0.48 9.4
200 0.48 0.19 6.5
500 0.19 0.095 159
1000 0.095 1 x 1073 12.7
Total Dur_a:i.on 30.5 days
-
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5.1.3

Results of Purge Release Within Technical Specification Limits

Table 5.1.3-1 gives the summary results for maximum allowable
instantaneous purge rate within Technical Specification limits
for the three radio-isotopes most limiting on purge rate.

Using the Kr-85 concentration to establish purge flows as a func-
tion of time, a full purge of the reactor building airborne radio
isotope concentrations within MPC limits for restricted -rea
access can be achieved in 31 days following the schedule shown

in Table 5.1.2-2.

The quarterly average release rate Technical Specification limits
can be maintained so long as the concentrations of radioisotopes
within the reactor building atmosphere are less than the levels
given in Table 5.1.3-2.

The expected quarterly average release based on zurrent Kr-85
levels will be 79X of the allowable Tech. Spec. limit for full
purge of the reactor building atmosphere.
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Isotope

Kr=-85

Cs-137

I=131

Table 5.1.3-1

Estimated Limiting Purge
Concentration (uCi/ml) Rate (CFM)
0.78 122
<1 x 1073 636
<1 x 1072 636 x 10%
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Table 5.1.3-2

Quarterly Avg. Lidffiting Purge
Isotope Tech. Spec. Limit Concentration ({ICi/ml)
Kr-85 £7.2 x 10*3 Ci/sec 0.988
Cs-137+ €0.026 uCi/Sec 3.3 x 1073
1-131* €0.026 uCi/Sec 3.3 x 1073

*Assumes f{ilter efficiencies of 90X for Cs=137 and I-13] removal.
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Conclusions for Purge Release Within Tech. Spec. Limits

1. Full purge of the reactor building atmosphere below instan-
taneous Technical Specification radioisocope release rate
limits can be accomplished in 31 days with quarterly average
radioisotope release rates below 79% of the Technical
Specification limits.

2. Kr=-85 is the limiting isotope for determining purge rate. So
long as the initial Kr-85 content is below 0.988uCi/ml, the
quarterly average limits can be met.

3. The purge rates can be allowed to vary from 100 zo 1000 CFM
with 9.4 davs at 100 CFM, 6.5 davs at 200 CFM, 1.9 dav at
500 CFM and 12.7 days at the maximum purge rate of 1000 CFM,

Off-Site Dose Determination for Purge
Method

The PURTST and XDCALC computer programs were developed for use in
a parametric study to assess the effects on offsite dose of dif-
ferent purge scart times and various purge procedures. These
programs incorporate the environmental dose calculation routines
utilized in the dose assessment effort following the accident.

.The program computes not only beta, gamma, and thyroid doses but

also checks for compliance with Technical Specification limits and
MPC offsite limits each hour during the purge. Both elevated and
ground level release points are evaluated. Two basic types of
simulations were made. One tvpe (XDCALC) uses a "predetermined"
purge rate and the second (PURTST) uses a "variable" purge rate
depending on meteorological conditions each hour.

The basic objective of the study was to make a series of computer
simulations to determine integrated doses offsite while achieving
the goal of reducing noble gas concentrations to below MPC in the
reactor building during a purge time of one to two months, starting
in October/November, 1979. Results are used to plan and evaluate
the purge procedures to be utilized.

Meteorological Data

Historical data from the onsite meteorological tower taken in 1975,
1977 and 1978 were used for the same months of the year to simulate
conditions in 1979. Hourly values of messured wind speed, wind
direction and vertical temperature difference were available on
computer files for access by the program. Specifications for
instruments used to collect these data are given in Table 5.2-1.
The meteorological program is designed and operated in accordance
with NRC Regulatory Guide 1.23.

Vertical temperature difference was used to determine atmospheric
stability (Pasquill-Gifford category) in accordance with procedures
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also outlined in NRC Regulatory Guide 1.23. Wind speed measured
at 100 fr. on the meteorological tower is adjusted to the 33 £z,
or 160 fr level to be representative of the assumed effective
heights used during the purge dose studies. The equation used
for this ad justment i{s as follows:

Tau * Uioo (i“—)"

R R100,

where hguy (ft) and Ehg (mph) are the height and wind speed
at the release height respectivelv, and n is a function of
atmospheric stabilitv as follows:

Pasquill-GiZford VYalue of
Category n
A,-8, C th25

D 0.3)
SR 0.50

Inicial Radiocactivity in Reactor Building

Simulations for variable purge rates requires knowledge of only the
initial reactor building inventories since the PURTST program
computes the remaining inventories after each purge hour. These
initial inventories are based on the RE air samples taken on

June 26, 1979. For start dates bevond July 1, the initial imven-
tories were reduced according to the half lives of the individual
isotopes. The Ifollowing table summarizes the assumed starting
inventories in Ci/ce. :

Purge Start Date*

Isotope July 1 August 1 September 1 |
Kr=-85 1.0 1.0 1.0

Xe=131M 0.085 0.012 0.0021

Xe=133 0.015 0.00017 negligible
I-131 0.00012 0.00002 negligible

*Note that the Kr=85 level is conservative relative to the best
estimate value of 0.78 quoted in Section 2.3.

Alrborne iodine levels are low in the reactor building and are
expected to remain low during the purge. In addition, the purge
effluent will flow through charcoal absorbers prior to discharge.
If most of the iodine is in an organic form, and more penetrates
the charcoal absorbers compared with the elemental iodine, it
would not be of particular importance in the environmental analysis
because it {s not taken up in the cow-milk pathway. Therefore,

the controlling isotopes are the noble gases, (primarily Kr-85),
and thyroid doses due to iodine releases are not calculated.
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5.2.1.4

5.2.1.5

Plant Characteristics

Effluent from the reactor building purge will be directed Iinto the
plenum of the plant vent and out the plant vent stack. If the
supplementary filter systezm plant release point were to be used
{since this system is horizontal) no plume rise due to momentum of
the existing gas 1s possible. Effluent will always enter the
turbulent wakes surrounding plant buildings and undergo initial
dilution in this region. Afcter leaving the influence of these
buildings, concentrations in the plume at ground level will always
decrease with distance. Planr parameters percinent to the diffu-
sion model are given in Table 5.2-2.

Several runs were made to determine the beneficlal eifects of plume
rise when the plant vent stack is used. For these runs, vent
parameters are necessary and are given in Table 5.,2+2, For
elevated plumes, terrain must be subtracted, therefore, the

assumed terrain at various distances downwind in each of the 16
direction sectors is provided in Table 5.2-3.

Standards
10CFR50, Appendix I == provides guidelines for offsite dose

objectives for routine plant operation
due to noble gases as follows:

Noble Gas air zamma dose 10mrad*
Noble Gas air beta dose 20mrad*
Noble Gas whole body dose Smremt#
hoble Gas skin dose 15orem**

*applicable at site boundary
**applicable to real person

Atmospheric Dispersion Model

For long-term ground level releases in the building wake, the
sector average version of the Gaussian dispersion model is used.

2.03
KIand 2 ixl where,
z

\/‘z s
* e S E—-
z, = % <J3;z

X/Q = concentration at ground level { Ci/m3) + release rate
Q ( Ci/sec)

u = wind speed at 33 ft. level (m/sec)

x = distance from plant (m)

s, = Pasquill-Gifford dispersion coefficient (m3)
¢ = wake coefficient (=0.5)

H = building height (m)
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5.2.1.6

For the vent stack release runs, plume rise above the building
wake boundary under certain light wind conditions was accounted
for. The model referred to as "mixed mode” from Regulatory
Guide 1.111 was used for these cases. The elevated release model
is defined as follows:

(d, + th)?
] -
X/Q = iigi exp $
ele uxe, P

where symbols are as before, and
Hg = stack exit height above local zerraia (=)

ah = plume rise due to momen:zu= je: (=) (deter=ined using
Briggs' model)

X/Onixed ® (1 = Z¢) X/Qele + E¢ X/Cgnd
mode

where E; is determined as follows

-
1f =2 > 5.0, Ep = 0
u

W
£f =2 < 1.0, 5 = 1.0
u

Ec = 2.58 = 1.38 (Wp/u) for 1 € Wo/u £ 1.5

E = 0.3 = 0.06 (Wo/u) for 1.5 £ Wo/u < 5.0
Wy = Vertical exit velocity of plume
Dose Calculation Models

In this analysis both whole body and skin dose analyses were made.
The skin dose (Dgkin) results from both beta and gamma radiation.
Since beta particles are stopped by only a few centimeters of air,
one must be submerged in the plume to receive a dose. Therefore,
ground level concentrations of each isotope based on X/Q nust be
used. Gamma dose (Dgamma) can be received as a result of shine

from plumes aloft as well as from submersion in the plume. A finite
plume dose model is used to estimate gamma dose as described later.

Beta dose to the skin is computed using the following relationship
from NRC Regulatory Guide 1.109 Equation (11):

Ugkin = Dgamma + 0.1[&2& Qq (X/Q) Fyt

vhere ]334 {00
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w

= ground level dispersion factor (sec/m3)

dose factor Kr-85 = 1.36 x 1073, Xe-13lm = 4.76 x 10™%
Xe-133 = 3.06 x 1074 (units of mrem-m3/pCi=-yr)

4 = time (hour)

0.114 = conszant for units correction

g} = release rate ( Ci/sec) of isotope i
Q
Fi

Gamma dose (Dgamnl) is computed using the finite plume model de-
tailed as Equation (6) of Regulatory Guide 1.109. The integral "I"
is solved using the method of Hamawi in accordance with the regula-
tory guide and is not repeated here. For Kr-85, the only signifi-
cant airborne isotope, the beta dose is about 100 times higher than
the gamma dose for an individual in the plume.

Population doses are computed using the same dispersion and dose
routines out to 50 miies. At each population segment shown in
Figures 5.2-] and 5.2-2, the dose is multiplied by the number of
people and summed to determine person-rems.

Computer Programs

The dose models were incorporated in a routine called PURTIST which
is used to assess the effect of varving a series of input para-
mezers. The gzeneral program flow diagram is shown in Figure 5.2-3.
The routine starts by reading the meteorological parameters for the
hour. Then, using the reactor building isotopic content for the
hour, doses and concentrations at the site boundary are calculated
for an assumed arbitrary flow rate of 100 CFM. Based on limits
established at the beginning of the run for beta and garmma dose as
well as MPC for each isotope, an allowable flow rate is computed.
Tech Spec limits are also checked and if the release rate would
exceed limits the flow is further reduced. Flexibility is provided
to bypass checks of certain limits as part of the parameter study.
For example, if Tech Spec limits are to be neglected, the Tech

Spec limits are set to high values so they will not produce limiring
flow rates. Similar provisions are made for other limiting con-
ditions such as dose limit.

This calculation is repeated every hour until the total period of
record specified has been processed. Ar the end of each hour, the
amount of each isotope released (based on the limiti.g parameter)
is subtracted from the amount in the reactor building at the
beginning of the hour. This provides the isotope concentration
for establishing the release rate during the next hour.

After each hour, summary tables of beta and gamma dose are incre-
mented along with the total volume purged. Thus, at the end of the
specified purge time the resulting doses are available along with
total effluent release. No limits have been placed on doses within
a direction sector to stop purge while winds are in the loaded
sector.
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5.2,2

Several runs were made using the XDCALC program without regard to
feedback from meteorclogical conditions. The XDCALC computer pro-
gram has been used extensively in evaluating doses resulting from
the accident. The XDCALC program uses the dispersion and dose
models described above and a predetermined release source term

that can be specified each hour. Doses are computed at several
distances near the site and integrated each hour in the appropriate
direction sector.

Evaluation of Off-Site Doses Due to Purge
General

An evaluation has been made o assess the off-site man=-rem, beta-
gamma integrated dose and instantaneous dose rate to the whole
body, skin and thyroid as a result of various purge scenarios.
The results vary as a function of release rate and meteorology.
Alteration of the existing purge path to release via the station
vent stack also affects the net envirommental impact associazed
with RB purge.

A series of runs were made using the PURTST and XDCALC progranms
and meteorological data for July, August, October, and November
com 1976, 1977 and 197B., The results cf these analvses are
included in Table 5.2-5. Sensitivity studies were ccmpleted for
varving purge rates, release locations and meteorological conditions.

Cases Considered

A summary of the cases evaluated is given in Table 5.2-4.

The first case listed, Case No. 1, determines the expected boundary
doses when a constant activity release rate is used to purge all
activity over a one month interval (Kr-85 release rate is 2.15E%
MCi/sec for one month)., Estimated doses are calculated using
typical July meteorology as taken from July 1976. The release
point is taken to be the roof top supplementary filter vent.

The second case listed, Case No. 2, uses the same meteorology and
release location as Case No. 1 but the release rate is taken from
the step wise purge rate scenario calculated in Section 5.1.
Variations to Case No. 2 are treated in: Case No. 11, for vent
stack elevated releases; Case No. 15, for Aug. 1977 reference
meteorology; and Case No. 17, for August 1978 meteorology.

The third case listed, Case No. 8, uses historical meteorology
conditions to limit release rates to hourly limits for beta,
gamma, and MPC off-site limits. This case uses July 1976 meteor-
ological data and the ground level equivalent roof vent filter
release point. Variations to Case No. 8 are treated in: Case No.
12, for vent stack elevated release; Case No. 13 for August 1976
meteorological data; Case No. l4, for August 1977 meteorological
data; and Case No. 16 for August 1978 meteorological data.
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Man-rem exposure to the surrounding population out to a radius of
50 miles from the site boundary was calculated for Case No. !.
Because the resulting man-rem was representative and quite sazall,
this calculation was not repecated for the other cases.

For Case Nos. 2, 11, 15, and 17 the step wise purge scenario
assumes -+ days at 50 CPM, 9.5 days at 100 CFM, 6.5 davs at 200
CFM, 2 days at 500 CPM, 14.5 days at 1000 CPM, for a total

purge duration of 36.5 days to reach MPC levels in che reactor
building. Alchough 50 CFM was selected for the initial purge
rate, since the I-13! has decayed substan:zially, 100 CFM can be
used for the inizial purge rate to stay within Technical Specifi-
cation lizits as shown in Section 5.l.

For Case Nos. 8, 12, 13, 14, and 15 the release is made in a series
of steps in whiczh purge rate each hour is varied in accordance with
X/Q weather conditlions to meet the following objectives:

= Instantaneous Dose Rate (3) ¢ 0.3 ar/hr (ar site boundarv)*
- Instantaneous Dose Rate (¥) < 0.1 ar/hr (at size boundary)
= Instantaneous activity release < !.35 x 10° ;E%

= Peak hourly isotopic concentration at site boundary < 10 MPC
= Maximum purge rate = 1000 cfxm

= Minizuz purge rate = 20 cfm

A number of iterations have been necessarv Zo determine the
appropriate selection of these limits to achieve full purge of the
reactor building.

The purge routine sets specific dose rate limits and uses real tize
meteorological input to meet cthese objectives by varying purge rate.
Use of this scenario increases the length of purge, as compared to
the technical specification release, but reduces total beta and
gamma dose. It can be seen that the purge can be completed in
33-49 days using the dose objective release, depending on the
release point and meteorology used.

To confirm the effect of meteorology for months when the purge is
most likely to be carried out, Cases 18 through 20 and Cases 21
through 23 and 26 were run with October and November meteorological
data respectively. Cases 18 and 23 use the predetermined purge
rate schedule as defined in Section 5.1, Cases 19 through 22 use
meteorslogical feedback data to control purge rate within specified
limits on hourly gamma and beta dose rates, MPC levels, purge flow
capacity and Tech. Spec. limits, Case 26 uses only the Tech. Spec.
limit on isotopic release rate for Kr-85 of 1.5 x 103 x MPC for
determining purge rate each hour. This is a slightly different
scenario than the step wise purge increase rate case as in Case

No. 2 since in Case 26, the purge rate will change slightly each
hour as the KR-85 content remaining in the reactor building is
reduced.

*For vent stack elevated releases, the beta dose rate limit is lowered to
0.1 ar/he.
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5:2:3

The total integrated whole body dose in person-rem was calculated
for Case Nos. | and 21. Because the levels were less than | person-
rem it was not considered necessary to complefe this calculation

for each of the other cases.

Dose Effect Results

Table 5.2-5 compares the actual calculated dose for each release
scenaric discussed in the.previsus.gection. From-this. sablez it
can be seen that the total time to purge the reactor building te
within 10CFR20, Appendix B, Table I limits for maximum permissible
concentration is in the range of 3l to 49 days depending on the
purge constraints imposed. In all cases, the 10CFR20 limit of

500 mrem annual vhole body dose is easilv met, and the mezeorology
selected has only a slight effect on total dose when purging is
controlled by meteorological feedback. Tabulated in Table 5.2-5
for each case are the average efifective purge rates, the time to
reach MPC, peak skin doses at the site boundary due to beta and
gamma radiation, the location of the peak doses, and the number
of times specified limiting conditions are reached for the control-
led purge cases.

A review of the data presented in Table 5.2-5 indicates that a
release made at a rate consistent with the curren:t TMI-2 Technizal
Specifications will result in a small integrated dose o a person
residing at the nearest residence (700 meters from the vent stack).
The total whole bodvy man-rem expenditure considering populations
out to a radius of 30 miles from the site is less than 1| man-rem.
8y elevating the release point, an immediate reduction in the

beta dose at the nearest residence can be achieved, however, the
gamma dose is only slightly reduced. The beta dose reduction is
primarily a result of increasing the height of the theoretical
plume centerline containing the beta emitting Krypton above the

.neares’ residence. The mean free path of the gamma's however

is much greater than that for beta's and gamma radiation dose
is caused by a shine-mechanism which is relatively insensitive
to the variation in distance between the source and the nearest
residence.

From Cases 1, 2, 10, 15, and 17, the skin dose due to beta radia-
tion for ground level release varies between 24 to 50 mrem with no
meteorological feedback to control purge rate. By introducing
controlled purging using meteorological feedback to limit purging
to specified hourly dose limits, the beta skin dose varies between
4.8 and 18 mrem for ground level releases. For elevated releases
at the plant vent stack, the beta skin dose varies between 3.5 to
10.0 mrem with no meteorological feedback to control purge rate.
Witn controlled purging (using dose limits and meteorological feed-
back) and with elevated releases at the plant vent stack, the beta
skin dose is in the 2.9 to 5.6 mrem range depending on the actual
meteoroiogy.
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Table 5.2-6 gives a summary of the range cf various purge scenarios
calculated.

In all cases, the skin dose due to gamma radiation is below 0.35
mrem at the site boundary and the whole body integrated dose
throughout a 50 mile radius from the plant is approximately |
person-rem for the worst case scenario.

The results for elevated releases are all within the 10CFR50
Appendix I guidelines of 15 mrem annual skin dose for "as low as
reasonably achievable." In particular, using elevated releases with
controlled purging, skin dose can be held to within one third of the
10CFR50 Appendix I guideline limits.

Figures 5.2=4, 5, and & present results of purge characteristics as
a function of time for several of the purge scenarios analyzed.
The first figure (Fig. 5.2-4) compares the beta skin dose build-up
at the limiting site boundary location as a function of time
during purge for several cases. In all cases, most of the dose is
generated during the early portions of the purge program when the
reactor building contains the highest Kr-85 activity. After about
20 days, the purge is proceeding at maximum flow rate of 1000 CFM
and the incremental dose is small from that point forward.
Comparing Cases 19 and ‘20, the effect of tightening limits on the
hourly dose objective for beta skin dose can be seen. Although
reducing the hourly beta limit from 0.] mrem/hr to 0.05 mrem/hr
lowers the initial dose accumulation, the total dose is not
significantly affected due to the fact that the initial savings in
dose is compensated by increased incremental dose later in the
purge cvcle and an extension of the time at which the 1000 CFM
flow rate limit is achieved.

Figure 5.2-5 shows the additional characteristic features of the
Case No. 21 purge as a function of time. This case is most typical
of the recommended purge program for November purging, using
meteorological feedback to control purge at specified hourly dose
limits with an elevated vent stack release. The figure shows purge
flow race, integrated purged volume, remaining reactor building
curie inventory, and accumulated betl skin dose. Again, this
figure shows that the majority of the reactor building activity

has been released by 20 days and that the remaining purge is
completed ac maximum flow rate fo reach MPC levels.

For comparison, Figure 5.2-6 shows the case of November meteorology,
elevated vent stack releases but with purge rate controlled only by
instantaneous Tech. Spec., release rate limits for Kr-85. 1In this
case the accumulated skin dose is twice as large as the hourly

dose rate limited purge case, the maximum purge rate is reached -
much sooner and the recactor building Kr-85 curie activity drops
more rapidly.
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The total integrated wiwole body dose in person-rem was calculated
for Case Nos. 1 and 21. Because the levels were less than 1| person=
rem it was not considered necessary to complete this calculation

for each of the other cases.

Dose Effect Conclusions

Table 5.2-5 compares the actual calculated dose for each release
scenario discussed in the previous section. Table 5.2.6 gives a
comparison of the range of calculated doses for all evaluated
meteorologies for use in evaluating alternative purge strategies.
From these results the following conclusions are zade:

i+ All cases evaluated are substantially below the I0OCFR2D
objective of 500 aren/yr whole body dose. Alzhough tzhe
whole body dose is not shown, it can be taken as approxi-
mately 1.25 of beta skin dose giving results below 0.5 mrea
whole body dose for all cases evaluated.

2. All cases evzluated with elevated vent stack release give
skin dose below the 15 =mrem/yr 10CFR50 Appendix I guide-
line for "As Low As Reasonably Achievable.” Results give
beta skin dose in the range of 2.9 to 7.3 =rem.

3. Comtrolled purging with meteorological feedback reduces
site boundary doses by 20 to 50X for elevated release.
Results for controlled purge ar elevated release give bela
skin dose in the range of 2.9 to 5.6 arem. The worst case
dose is approximately 1/3 of 10CFR50 Appendix I guideline.

<.  The total integrated person=-ream whole body dose is less than

1 person-rem to the population within 50 miles of the reactor.
Therefore, in performing cost-benefit studies called for in
10CFR50 Appendix I paragraph II.D, the maximum benefit for
other alternatives to controlled purging of the reactor
building cannot be greater than ] person-rem even if these
alternatives achieve zero release.

5. The total time to purge the reactor building to maximum
permissible concentration levels for Xr-85 is in the
range of 30 to 36 days for elevated vent stack release.

6. Purge of the reactor building should be done through the
station vent stack, using the meteoroclogical feedback system

described, in order to maintain off-site doses as low as
reasonably achievable.
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TAME 5.2-1

THI Site Weather Instiusents

Instrument Descriptiva

Vind apead 1o Teledyne Hodel 50.1.
Anemomriers are Lhree cup with o
threshold of 0.75% aph and & die-
tance constant of 3 (t. Accurscy
te 0.15 wph or I, whichaver n
grester. Direction I8 weasured
using Teledyone 50.2. (uick-2
vaacs are ueed with threshold of
0.9) sph, & distance constant of
3.7 tt. and dasping ratio of 0.4
at Initial artack angle of 10°,
Direction sccutacy fs 42°.
Threshold 0.4 sph, delay distanc
for 30% recovery §s 3.2 ft.

_damping vatio e 0.31.
Sane a8 above E-E Eu-nl platinue & wire

RTDs Model 104 NP (callbration
traceable to WBS) with 414 L
linesr triple bridges. Arcuracy
(RSS for mystem) 1o 0.17F.

Beliort Model 3913 welghing rain
gauge. Accuracy 1/1T of full
scale.

Approximate
Belght Above
Towar Bane Sensed Recorded Recorderstt
{fc) Persmators FParsasters Kaalog i Digital
1004 Vind spead & direction VWind spaed & dicection Estes line Angus Model Vartan-¥71 mini-
L1113 gerve typa two cospuler with aute-
1008 Wind speed & direction Vind speed & divection channal stelp chart matic transaittal
tecorder foc each level. vis phone line to
Accuracy 0.1T of full disc storsge.
scale. Elevea lnch
chart width
160 Vertical & horizontal Verticsl & horisontal Sane a8 above Same as sbove
angle sngle
1504 Tesperature ¥ I30-30 Tt Ueatronice Rodel WLIDE,
Tvelve channel Selec-
1508 Tesperature T 150-338 ¢ troalc poteatiomstric
dot printing recorder.
R3 L) Temperature-reference Asblent tesperature 3) [t Accurecy better than
for comparison with 0.8 of full scsle.
other loval.
n Temperatute-rafarence Asblent tempersture )) f&
lave Rainfell Same as above
150a Dev polnt tesperature Dew point tempersture 3sme an sbove Seme am above
1508 Dew point tempersture Dew point tespersture
150A Asbient temperature Ashlent tempersture
1508 Aablant tesperature Asblent tespersture

Taah 340 ~Tor 340
Tash 33 Tor 3

ECLG Model 110 SH-thermoslectric
dew polat aystes.  Accupacy #.5F.

% All paremeters sre costisuvowsly recorded.




TABLE 5.2~2

Input Data For Dispersion Modelling

METEOROLOGICAL DATA

Parameter

Wind speed

wWind direction

Stabilicy

%y (dispersion coefficienc)

Site Specific Data
Terrain height

Population distribution

Plant Specific Data
Vent Height

Vent exit diameter
Vent exit velocity
Building Height for
computation of I,, the

effective vertical disper-
sion coefficient

Characteristics

Measured ac 100 ftr, adjusted to 33 ft level
for ground releases and adjusted exponentially
to 160 ft for elevated releases

Measured at 100 ft

Based on At 150-33 ft and PG (A-G) dispersion
categories in accordance with Regulatory Guide
1.23

Based on PG curves, limited to 1000m

See Table 5.2=3

See Figures 5.2-1 and 5.2-2

160 fc

- 3.0m

9.1 m/sec

170 fc
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TABLE 5.2-4

Assumptions for Purge Dose Calculations

: Release Meteorological Program
Run No. Purge Scenario* Point***  Data Applied®* Used
1 Constant Ci/sec over | month to release GN¥D July '76 XDCALC
all containment activity.
2 Teck. Spec. Limit Purge Scenario at 100, GND July '76 XDCALC
200, 500, 1000 CFM per Section 6.1.
8 Release rate limit to hold hourly 2, Y, GND July '76 PURTST
and MPC levels based on meteorology
(- limit = 0,3 mrem/hr).
10 Hourly release rate limit ac 1.5ES : GND July '76 PURTST
instantaneous Tech. Spec. M3/sec. limir.
11 Same as No. 2 VENT July '76 XDCaLc
12 Same as No. 8§ ( 2 limit = 0.1) - VENT July '76 PURTST
13 Same as No., 8 (F limit = 0.3) GND Aug. '76 PURIST
14 Same as No. 8 ( 7 limit = 0.3) GND Aug. '77 PURTST
15 Same as No. 2 GND Aug. Ak XDCALC
16 Same as No. 8 (4 limit = 0.3) GND Aug. '78 PURTST
17 e GND Aug. '78 XDCALC
18 Same as No. 2 VENT oer: 278 XDCALC
19 Same as No. 8 (2 limit = 0.1)- - vENT Oct. '78 PURTST
20 g;me)as No. 8 (. limit = 05, 50 CFM lower VENT Oct. '78 PURTST
: flow
21 Same as No. 8 (3 limit = 0.1) VENT Nov. '78 PURTST
22 Same as No, 8 (ﬁ limit = 0.3) GND Nov. '78 PURTST
23 Same as No. 2 VENT Nov. '78 XDCALC
26 Hourly release rate limit at 1.5E5 VENT Rov, '78 PURTST

instancaneous Tech. Spec. M3/sec. limit.

* All cases except No. |l limit purge rate to 1000 CFM maximum.
*#* As monthly meteorological data changes from July to August, September or later, short
lived isotope initial inventory is reduced based on decay half-life.
WAAGND = Ground level equivalent roof filter release point, VENT = Vent stack elevated
release point.
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10
1
12
13
14
15
16
17
18
19
20
21
22
23

26

TABLE 5.2-5

Results of Purge Yoase Calculations

(1) Locatlon of highest dose to resident (meters, direction).

Avg Peak Pop-'“) Pop-(” Whole Body Humber of Times /
Purge Time A Skin ulated Peak ulated Fopulation Condition Limited Flow
Rate MPC 18 " Dose Location ) Dose Locatlon Dose HPC  Tech Hax  Hin
(CFM) reached (miem) (m, dir) (mrem) (m, dic) (person-rem) Gamma  Beta  Limit  Spec Flow ' Flow
- 3ud 50.0 100,E 0.35 100K 1.02 = = = = = =
- I6d 43.0 700,E 0.35 700,E - - - - - - -
489 49d 13.0 100,E 0.12 700,E - 0 392 [}] 211 146 B4
643 3ld 35.0 700,E 0.35 700, E - (] 1] [}] 343 393 0 |
- 36d 6.4 1500, SE 0.10 700,E - - - - - - i
534 3 5.6 1500, SE 0,10 BOU, ESE - 0 50 0 31l 1072 0
491 4ld 4.8 700,E 0.02 700,E - 1] 343 0 183 858 57
500 424 12.5 700,E 0.08 700,E = 0 362 0 148 648 18
- 36d 25.0 700,E 0.11 700,E = = - - = - -
500 46d 10.0 700.2 0.05 700,E - 0 194 0 162 528 1_2
- 36d 24.0 700,E 0.10 700,E i & b i i ol i
- 36 3.5 - - - Li o = il it
e 34 2.9 0.04 - 0 183 0 210 406
= 56 2.9 0.03 - - - - - e 2
: 36 5.0 0.06 ‘ 0.75 (1] 165 0 210 411 71
- 48 18.0 0.09 G L S e
- 36 7.5 - - i - i = i il
- 32 10.0 - - 0 ] 0 e 416 0
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TABLE 5.2-6

Comparison of Dose for Purge Scenarios

i ; Peak Boundary whole Body

Case Purge - Skin Dose (mrem) Pop. Dose
| Nos Scenario BETA GAMMA {person-rem)
| 12,19,21  Met. Feedback, Hourly Limit Beta = 0.1,

’ Variable Meteorology, Vent Stack Release 2:9=5.6 0.04-0.10 0.75

: a1 1018523 Tech. Spec. Purge Schedule at 100, 200,

: 2 500, 1000 CFM; Variable Meteorology, Vent C

| Stack Release 3.5-7.5 0.1

!_ .8.13.1& Met. Feedback, Hourly Limit Beta = 0.3, 4.8-18.0 0.02-0.12

a6 23 Variable Meteorology, Ground Level Relrase ;
=2,15717 Tech. Spec. Purge Schedule at 100, 200, 24.0-43.0  0.10-0.35 1.0

300, 1000 CFM; Variable Meteorology,
Ground Level Release

| LINITS :

|
10CFR20 Objective 500 mrem/yr. vhole body*
10CFR50 APP. I Guideline 5 mrem/yr. whole body*
FOR ALARA 15 mrem/yr. skin dose (BETA & GAMMA)

* Note that whole body is approximately 1.2% of beta skin dose for Kr-85 therefore limit
will not be approached so long as skin dose is met,

1334312
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Pigure 5.2-3

Ganeralized Flow Diagram for PURTST l;tog:u

Read input
paramezers

Compute re-
maining amount
of each iso-
tope in RB

ad me: data
or the hour

Compute new
isotopic in-

tion o M2C
for each iso-
tope for 100
[od a1

Cozpute frac- |

These include:
Maxisu= & =inizu= purge flow

Beta and gaoza dose limizs

Factor allcwed abcve MPC
for each iso=ope

Assumad tecn spec limit
Starting uCi/cc value

ventory

N
Compute doses Compute new
for the hour ——pflow to equal
for 100CFM™ dose limit |
purge s

i

Pind most lat=d RS |
limiting atmosghere
flow rate released

Add to dose
tables
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6.0

OPERATIONAL EFFECTS OF PURGE OPERATION

In order to complete the assessment of the radiclogical impact of
purging the reactor building atmosphere using the hydrogen control
svstem flow path, the filter dose rate has been evaluated to show
acceptabilicy for on-site exposure. The filter dose rate analysis
for the purge process was completed assuming that the recirculacion
system was not operated.

To be conservative, airborne activity was assumed to include radio-
isotopes present as of July 1, 1979. At the time of actual purge,
the shorter lived I-131 will be many orders of magnitude lower.

During a RB purge using the svstems in the modes as described in
this report, the most significant man-rem expenditure to personnel
on site will be incurred during filter change out activities. The
folliowing evaluation defines the change out sequence, estimates
the required man-hour expenditures and utilizing the theoretical

.dose rate derived frcm the predicted curie buildup in the filter

trains from the TIDRLS program, quantifies the total man-rem
expenditures.

Method

The computer code TIDRLS calculates time dependent radiocactive
transport into and out of a single node. The node used in this
analysis was the TMI-2 containment building. It is a versatile
code that may be used for ventilation studies, associacting reactor
primary coolant activity with an unidentified leakage rate for
setting conditions of operation, release of radioactivity, dose
rate to personnel in control room, filter inventories of fission
products and so on.

Individual isotopes and initial concentrations are read into the
code which then identifies the family to which it belongs and per-
forms all calculations for both parent and daughter isotopes. Pro-
visions are made to include recirculation and purge from the node.
The node volume is assumed to have separate liquid and vapor
regions and each isotope may be assigned a parcition factor for
transport between liquid and vapor regions. All gaseous daughters
of isotopes in the liquid region are transported to the vapor
region automatically. A gaseous daughter of a parent isotope
trapped ir a filter is released from the filter.

The radiological assessment calculation for filter change out used
the TIDRLS code with recirculation through HEPA filters only (no
iodine removal). The code was run for one hour intervals in the
recirculation mode and filter fission product inventory at each
time step was obtained. The individual isotopes and their initial
concentrations were based on actual air sample data. A review of
the fission product inventory at the time of the accident and their
respective decay schemes determined that additional isotopes beyond
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6.2

6.2.1

-those identified by gamma spectroscopic analyses performed to date

do not reasonably exist. However, additional isotopes were assumed
to be present in the filter change out dose rate calculations to
develop a worst case calculation. The inventory of any isotope
assumed to be present was at its minimum detectable concentration
for this worst case.

The dose rate calculation assumed the fission products trapped by
the filters wvere evenly distributed across the face of the filter,
and the filter was a disc source. The dose rate is given by the
equation

D = Ko(E) EZ2 [E] (b) - E| (b sec 8)]

vhere
D = dose rate (r/hr)
Ro(E) = dose rate per umit energy flux (r/hr per Mev/cm? sec)
E = photon energy (Mev)
b = optical length (cm)
Ej(b) = exponential integral
el = angle between center of filter and point of measurement
Sp = source (photon/cm? - sec)

The calculation of dose rate was done for each gamma present in
the filter.

A filter efficiency of 90X was used in calculation of filter fis=-
sion product accumulation.

Filter Dose Evaluation

Hy Control Filter Change Out

During the purge operation using the Hydrogen Control System,
both HEPA and charcoal filters will be used. After being bagged
nearby the filter housing, the filters will be transported to the
equipment hatch. One man will be required to handle the HEPA
filter while two men are required to handle the charcoal filters
because of their greater weight.

Filter Dose Rates

Using the best estimate RB airborne activity dose rates on the the
Hy control filters are calculated. The purge rate was based on
the Tech. Spec. scenario given in Section 5.1.

Assuming a purge without prior recirculatiom, the analysis showed
that dose rate on the H; control HEPA and iodine (charcoal)
filters would be less than the design changeout point of 1 r/hr at

61
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6.3

the end of a 35 day purge. This analysis assumed that iodine,
gases and particulates in the RB would all be below MPC after this
purge. :

Since filter changeout can be accomplished with dose rates up to
1 r/hr and since the filter dose rates expected are well below
this value, the doses received by workers performing the filter
removal should be acceptable,

Results

Table 6.3-1 shows the dose rates that will occur on the hvdrogen
control system exhaust filter, if che reactor building is purged
without prior recirculation. The maximum buildup on the HEPA
filter is 340 mr/hr at the end of the 840 hour purge period. The
charcoal filter will have a maximum dose rate less than 1.2 R/hr
after about two weeks of operation when July 1979 I-131 concentra-
tion are assumed. The dose rate decreases from 1.2 R/hr after two
weeks as a result of lodine-131 decav. At the end of the purge
the dose rate would be less than 350 mr/hr. Using the I-131
levels expected to be present in November 1979, the charcoal
filter doses will be several orders of magnitude lower.

Conclusions

The dose rates calculacted from best estimates of fission produccs
in containment atmospnere during July 1979 for hvdrogen HEPA and
charcoal filters should not come close to the 1R/hr design basis
for filter changeout.

Since the dose rate levels do not require filter changeouts during
the operation of the purge system, the impact on man-rem expendi-
tures will be minimal.
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lsotopa
Cs-131

Ca-134

Ca-136

Total
HEFA

-1

Total
Charcoal

Eaergy
Hew

0.462
0.570
0.603
0.79
o.818
1.0%

123

0.364
0.637

L })
3
”
”
100
n
0

L}

Filter
Coaveraion Iaventory
Factor At 120 uns
(R/uR)/ct {ci)
459 7.94 3 107
1.085 1.82 x 107
4.8% 1.82 x 1073
6324 1.82 & 107}
6497 404 5 1078
6,588 A.44 5 1070
1.862 404 x 1078
2.469 0.27%
0.362 0.257

®Based on AB concentrations In Table 2-2
Purge Rate Mot Constent - Changleg According to Sectiom 5.1.

¢es §ee|

TAME &.3-1

Mydsogen Purge Filter Dose Bate®

Dose Rate
At 120 NRS

(R/um)

0.0%
0.002
0.009
0.012

o

[}

o0

0.05%

0.679
0.100

0.179

Filter Filter
Inventory Dose Rate Inventory
At 4B MRS Ay 348 WRS  Ar 352 MRS
(c1) (R/nR) (c)
2,71 = 1072 0.126 3.98 2 1072
6312 1073 p.007 9.80 z 107}
6.31 x 1077 0,031 9.80 x 107
631z 1077 0.040 9.80 x 107}
9.33 & 1078 0 9.30 1076
9.33 2 1078 0 9.0 » 1078
9.35 5 1076 0 9.30 x 1078
0.208
0.42) 1.084 0,318
0.423 0.1%) 0.318
1.197
]

Dose Mate
At 352 mns

(R/um)
0.181
0.011
0.048
0.062

o

L]

0

0.302

0.78%

0.113

Filter
Converaion Inventory Tuse Rate
Factoe At BAD WRS At 84O imS
(R/NR)/CL (1) (fum)
4599 467 x 1072 0.212
1.08% .08 5 1072 0.011
4.856 1.05 = 102 0,051
6.324 1.0% » 1072 0,086
6.497 %.29x 0% 0
6.586 5.29 2 1070 n
1.862 5.29 x 1078 0
0,340
2.489 0.122 0.306
0.162 0.122 0,044
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ENVIRONMENTAL EFFECTS OF PURGE ACCIDENT

The purge accident is discussed in Section 3. This section con-
tains the analysis of the environmental effects of the postulated
purge accident.

The accident analvsis is performed consistent with Regulatory
Guide 1.145. "Atmospheric Dispersion Models for Potential
Accident Consequences Assessments at Nuclear Power Plants."

Description of Accident

The postulated purge accident that leads to worst case radiation
dose to the environmen:t is the extreme condition of uncorrecced
inadvertent initiation of the modified hvdrogen control system at
1000 cfm for 30 minutes before any controlled purging of the
reactor building has been completed. The likelihood of this
accident is extremely low because of the interlocks and procedures
in place that allow purge system operation only when planned.

Analysis of this accident using the conservative Regulatory Guide
1.145 meteorology makes the calculated environmental exposure even
less likely.

Reactor Building Release During Accident
For an assumed 30 minutes purge system flow at 1000 cim with a

building concentration of | UCi/ml of Kr=-85 prior to any controlled
purge activity gives a total accident curie release of:

k] 4 5 E
Curies = 1000 £5= x 30 min x 2:83 x 10 ml lpuci = 1GCi
g min fed ml 106 ci

= 850 Ci released.

Accident Dispersion Model

The accident dispersion parameter X/Q has been computed for TMI
Unit 2 using the methodology outlined in the NRC's Regulatory
Guide 1.145 which accounts for distance to the site boundary in
each of 16 direction sectors and takes into account the reduction
in dose due to vwind meander under low wind speed conditions.
Calibraced SFg diffusion tests conducted at the site in 1971
(reported in Amendment 24 to the Unit #1 application) demonstrated
the existence of this meander effect,

Based on two years of site meteorological data, each of which had
a combined recovery rate of more than 90%, the appropriate X/Q

for use in short-term calculations (i.e., less than two hours) was
determined to be 6.8 x 10% sec/m3.

Following is a summary of methods used and input data.
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Meteorological Data

A two-year period of site meteorological data was used with wind
speed and direction from the 100 ft level and AT taken between
150 fr and 33 fr. Speed was adjusted to be representative of the
33 ft level utilizing a power law rela:ionsﬁip with the exponent
being determined as a function of stability as follows:

H o \n
i =3 =
33fe 100ft HIOO

3 0.25 for Pasquill Stability Classes A, B and C
wvhere n = 0.33 for Pasquill Stability Class D

0.50 for Pasquill Stabilicty Classes E, F and G
and H = height (m)

Data recovery (percent) by parameter was as follows:

First Year Secaond Year
Parameter (7/1/76=-6/30/77) (7/1/77-6/30/78)
Wind speed 96.0 93.4
Wind direction 95.0 93.0
delta-T 95.4 93.5
Combined 93.5 91.0

Diffusion Class

The Pasquill diffusion class was determined using vertical tempera-
ture difference (AT) and the categories given in NRC Regulatory
Guide 1.23. Values of o, and g, were determined as a function of
distance and sctability class using the standard Pasquill-Gifford
curves. The distance to the site boundary in each of the 16 direc-
tion sectors was variable with direction and was taken as the mini-
mum distance to the site boundary in the central or either adjacent
sector and are given in Table 7-1,

Values of Ey vere computed as follows:

- Mz, (x < 800m)
= 1)eye 0 > &y (x > 800m)

=

]

=¥
where x is distance

M= from 1.145 figure 3, f (wind speed)
Equations

Regulatory Guide 1.145 requires the use of three diffusion equa-
tions as follows:

1
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(1) x/q=

65




%/Q = relative concentration (sec/m)

u = wind speed at 33 ft (m/sec)

~v " lateral plume speed coefficient (m)

3 = vertical plume spread coefficient (m)

A = smallest vertical plume cross-sectional area of

containment (~2000m<)

For each calculation, the following procedure is used to determine
the appropriate X/Q. Determine the maximum of equation (1) snd
(2). Then determine the minimum of that equation and equation
(3) if the wind speed is less than 6 m/sec and the stability is
not unstable. This value is used for all calculations that follow.

Calculacions

Values of site boundary X/Q were determined for each hour of the
two vear data base using the above equations. Cumulative probabil-
ity distributions were then made for each direction and separately
for the combined data independent of direction. An envelope was
contructed around all 16 direction dependent curves and the 0.5%
probable value (i.e., the value exceeded no more than 0.55 of the
time) was decermined to be 6.8 x 10™% sec/m3. A second value
required by the Regulatory Guide 1.145 procedure at the 5% level
on the direction independent curve was determined to be 6.3 x 1074
sec/m”., According to the Regulatory Guide, the first value must
be used since it is higher.
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Table 7-1

Assumed Distance te Site Boundary

Direction
(from plant to

site boundary)

N

NhE

NE

ENE

ESE

SE

SSE

S5W

SW

WSW

o

NNW

in Each Direction

67

Distance ()

650
650
630
610
610
610

625

705
705
1400
1400
650

650
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7.3

Environmental Dose COnsequennei From Purge Accident

From Sections 7.1 and 7.2, the site bounds:v cloud concentration
becomes:

Curies i B850 Ci

343 30 min x gl'}_sic_
min

x 6.8 x 1074 sec/m3

= 3,21 x 107% ci/m3

From Regulatory Guide 1.24, the beta and gamma air dose for Kr=-85
activity becomes:

Beta Air Dose (mrads) = 0.23 x 0.67 x 3.21 x 107 x 1800 sec x 103 %1
= 98 mrads

Gamma Air Dose (mrads) = 0.25 x .0052 x 3.21 x 10™% x 1800 x 103
= 0.75 mrads

Using Regulatory Guide 1.109 Table B-l to convert from air dose o
whole body dose gives:

whole body dose due to accident = 0.7] mrem.
This whole body dose is compared zo 10CFR100 limits of 25000 mrem

maximum allowable total radiation whole body dose to demonstrate

that the accident consequences are well within 10CFRI00 accident
limits.

1334 327

68 =



8.0

ALTERNATIVE TO REACTOR BUILDING PURGE PROGRAM

As discussed in Section 1, the unknown Three Mile Island Unit 2
core configuration poses a small but incalculable risk. It is
possible thac reactor building entry could be made and additional
reactor building investigations completed (all necessary steps
toward final disposition of the damaged reactor core) without
cleaning-up the airborne radiocaccivcy in the reactor building.
Because of the hazards involved and added precautions required
when operating in an airborne contaminated environment, several
methods were examined for clean-up of the airborne accivitcy prior
to recommending the controlled purge option. This section
discusses each of the evaluated alternatives.

No Atmosvheric Clean=Up

It is often tempting to conclude that no further action should be
taken to reduce airborne radiocactivity inside the reactor building.
In view of the other acceptable alternatives available, the decision
to take no action is not justified. The current level of activity
is 80,000 times the maximum permissible concentration for restricted
access per 10CFR20 Appendix B Table I, columm !, for Krypton-85.
Since the activity is well defined, it mav be possible zo deveiop
adequate shielding for a reactor building entrant to complete some
assessment of reactor building conditions with this high radiation
environment., The risks to the entrant are quite high however and
the opportunity to obtain useful information is very poor in this
condition.

More importancly, as activity continues in and around the reactor
building, the likelihood of unplanned accidental releases of the:
contained gases under conditions of undesireable meteorology remains
high. Although the reactor building is presently adequately

sealed, the ability to maintain this sealed system indefinitely

is questionable.

Design Basis for Alternate Atmosphere Treatment and Storage Svatems

The design bases for the alternste systems considered in this section
are as follows:

Current Noble Gas Activitv Within Containment

The noble gas activity within containment at this point in time
consists entirely of the isotope Kr-85, with a half-life of 10.7
years. All other radioactive isotopes of xenon and krypton have
decayed to negligible quantities.

The concentration of Kr-85 within contaimment has been determined,

based on sampling performed during the Summer of 1979, to be less
than 1 uCi/ml.

1334 528
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Required Concentration of Kr-85 After Cleanup

The systems should reduce the Kr-85 concentration to the maximum
permissible concentration (MPC) for occupational exposure, or

1 x 10-54Ci/ml (see 10CFR20). While some work could proceed with
higher concentrations of Kr-85, a concentration of 1 MPC or less
is considered essential for extensive recovery work inside of the
containment building.

Concainment Volume and Reguired Process Volume

The containment volume is two million cubic feet. At least ll.5
containment volumes must be processed using a "bleed and feed"
tvpe of operation ro reduce the containment Kr-85 concentration to
1 MPC. This amounts to 23 million cubic feet of processed volume.

It should be noted that the process volume is based on the assump-
tion of perfect mixing of clean incoming gas with the gas inside
of containment. A higher process volume could be required if this
assumption is not realized.

Design Bases Release of Kr-85 from the Site

The desizn basis for the zas compression and charcoal absorption
systems is zero off-site release,

Zero release inherently cannot be achieved by the cryvogenic system,
which can remove a part but not all of the krypton from the process
strean. The design basis off-site release for this svstem is 1073
of the total containment inventory, or about 60 curies of Kr=-85.
This value is based on the removal efficiency specified in the
existing svstem aquipment specification.

Seismic Design Categzory

The seismic category for system components, supports, and buildings
is Class 1. This category is the same as that for the TMI-2 con-
tainment building and, accordingly, is considered required for
components which would contain the Kr-85 if it were transferred
from containment. It should be noted that Regulatory Guide 1.143,
"Design Guidance for Radioactive Waste Management Systems,
Structures, and Components Installed in Light-Water Cooled Nuclear
Power Plants," imposes less stringent seismic design requirements
on current gaseous radioactive waste systems. This Regulatory
Guide is not, however, considered appropriate for the situation at
™1-2,

Design Code

The design, fabrication, and installation of pressure boundary
components is in accordance with the requirements of the ASME Code,
Section III, Division 1, Class 3. Again, this code is more strin-
gent than would be required of current gaseous radiocactive wasce
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8.3

8.3.1

systems by Regulatory Guide 1.143. It is considered appropriate,
however, because it is consistent with the code for the existing
containment vessel.

Charcoal Adsorption and Storage System

The first alternacive considered for reducing the airborne activizy
in the reactor building is to draw off the reactor building atmos-
phere into a charcoal bed storage container so that the noble gases
would remain adsorbed to the charcoal.  This charcoal would then
remain in storage indefinitely. In order to maintain the reactor
building pressure within acceptable limits, the atmosphere is
continuously replenished with outside air so the airborne concen-
tration is reduced in exponential fashion.

In order to achieve MPC levels within the reactor building the
equivalent of 11.5 times the reactor building atmospheric volume
must be processed.

Svstem Description (See Figures 8.3-1 and 8.3-2)

Gas withdrawn from containment is passed through HEPA and charcoal
filters and then gas dryers which are needed to remove essentially

all moisture. The gas then passes through tanks of activated charcoal
in series which absorb the Kr-85. Once "break-through" occurs,

the tanks are isolated and are used for storing the Kr-85 at

anbient temperature and atmospheric pressure. Charcoal loses its
ability to absorb krypton when it is exposed to significant humidity,
i.e., in etcess of about 3 percent.

The total required charceoal weight is 34,000 tons (this represents
approximately 40 percent of the total U. S. annual production).
The charcoal volume is 2,000,000 cubic feez, which is equivalent
to the TMI-2 containment volume.

Storage tanks, rather than piping, are used to facilirate initial
loading of the charccal. A manhole would be required at the top’
of each tank for loading, and a second manhole would be required
at the bortom of the tank for eventual disposal of the charcoal.
Each tank would be provided with isolation valves, primarily for
humidity control during filling operations. The valves would also
be closed once containment cleanup operations were complete.

The size of tank selected was based on fabricating the tanks in a
shop and shipping them to the site, Twelve-foot diameter and 50-
foot length represent about the upper limit to shop fabricated tanks.

Four hundred and fifty such tanks would be required. Each would
be an atmospheric tank, designed in accordance with Section IIT,
Subsection ND, Class 3 components. The Code requires a minimum
wall thickness for such tanks of 3/16 inch. The total tank metal
weight would be 6,100,000 pounds.

1354 330
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The building required to house the tanks (see Figure 8.3-2) would
be 700 feet long, 150 feet wide, and 60 feet high. The charcoal
| provides significant self-shielding so that shielding is not con-
sidered necessary for the tanks.

8.3.2 Design Alternates Considered

Several alternates were considered for the charcoal adsorption
system, and were rejected. In summary:

a. Operation at Lower Temperature

Summarv description of alternate =-- Operate the charcoal
at a lower temperature to increase its adsorptionr capa-
bility and, accordingly, decrease the required amount of
charcoal. A number of BWRs, for example, employ svstems
vhich operate at 0°F. At this temperature, the absorption
capability is about 2.5 times greater than at 70°F.

® Basis for rejecting the alternate -- The required refrig-
eration equipment increases system complexity. Malfunction
of the equipment could cause an incraase in charcoal
temperature and therefore cause an uncontrolled release of
Kr-85. The disadvantages are considered to outweigh the
advantage of decreased charcoal volume, particularly

since the required amount of charcoal with a refrigerated
syszem would still be very large (about 15 percent of the
.total U. S, yearly production).

5. Regenerate the Charcoal and Store Gas Enriched in Krypron

Summary description of alternate =-- Emplov two parallel
trains of charcoal, each with a few days holdup time for
krypton. Process with one train until '"break-through"
occurs, vhile regenerating the alternate train. Store

the regeneration product gas, which is enriched in krypton,
using separate storage vessels., Potential regeneration
techniques which are under development include (1) cycle
the bed temperature, and (2} cycle the bed pressure.

Basis for rejecting the alternate -- Laboratory scale
tests show that such a system is potentially feasible,
particularly temperature cvcling systems which operate
at cryogenic temperatures. However, such systems have
not been employed for large scale applications, so that
further engineering and development would be required.
Accordingly, such systems are not considered practical
for near term use at TMI-2,

8.3.3 Cost and Schedule Estimate

Cost Range (for component procurement, installation,
building erection and materials, design and analysis,

testing and checkout, charcoal, contingency)
=
1334 531
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8.3.4

8.3.5

$120,000,000 to $5160,000,000
(No:e' More than 560 000,000 of thzu cost is
the charcoal itself.)

Schedule Range (for building and equipment design,
procurement, erection, installation, testing)

30 months to 40 months

(Note: This schedule presumes charcoal would

be available as required. A national commitment
of U. S. production capacity would be required
for this.)

Svstem Evaluation

The charcoal adsorption svstem achieves full treatment and
storage of the reactor building atmophere with zero radio-
active release assuming no equipment failures or operator
errors.

This system is vulnerable to uncontrolled release during
processing and long-term storage. In particular, charcoal
loses its adsorption capability when exposed to moisture.
Accordingly, gas drver malfunction during processing, or
contact of the charcoal by humid air during storage could
result in inadvertent krypton release. Potential for fire
also exists with charcoal, and could result in an un-
contrclled release of krvpton.

Use of a charcoal svstem does not resolve the problem of
ultimate disposal of Kr-85. Long-term storage for more
than one hundred vears, and off-site shipment are each
considered less safe than controlled release of the Kr-85
by purging containment. Off-site shipment would be
particularly impractical for this svstem because of the
large volume of material.

The extensive time required to build and install the
charcoal adsorption system would increase the likelihood

of inadvertent and uncontrolled leakage from the existing
containment building, and thereby cause higher exposure

to personnel. This extensive time delay to complete system
installation would also delay TMI-2 cleanup operations.
Finally, the cost of the charcoal adsorption system is high
and no commensurate benefits are received.

Charcoal Adsorption System Conclusions

In summary, when compared to controlled purging of the con=-
tainment building, the alternmate charcoal absorption system
is considered to be less safe -- it is less reliable, and
clearly has the potential for uncontrolled releases of radio-
activity with higher radiation exposures.
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8.4

8.4.2

Gas COIE!IIIiOﬂ and s:oragc System

The second alternative considered for reducing the airborne activ-
ity in the reactor building is to draw off the reactor building
atmosphere into a pressurized storage container so that this
entire building atmosphere including the radioactive noble

gases remains in pressurized storage indefinitely. The tecal
volume to be stored is 23 million cubic feect.

System Description {See Figures 8.4-1, 8.4=2, and B8.4~3)

Gas is withdrawn from containment using three compressors with a
total capacity of 225 scfm. This permits contaimnmen:t cleanup in
71 days if the system operates with no malfunctions and if the
total process volume does not exceed 23 million cubic feet.

The gas passes first through HEPA and charcoal filters which are
provided to remove any particulate radioactivity and minimize
contamination of downstream components. Such filters would be
required for each of the containment cleanup systems including the
purge system. Accordingly, the cost and schedule associated with
these filters were excluded from the evaluation.

The storage container for the compressed gas is 36=inch 0.D.
standard wall (0.375-inch thick) carbon steel piping.

The design pressure for this piping is about 340 psig in accordance
with the ASME Code, Section III, Subsection ND. At this pressure,

a total pipe volume of 1,000,000 cubic feet is required for storage
of the processed gas. The total required length of 36-inch piping

is 150,000 feet. The pipe weight is 21,000,000 pounds.

The piping is divided into two major sections Co minimize shielding.
The high activity piping section includes 20 percent of the piping
and contains 90 percent of the krypton-85. Six inches of concrete
shielding are required. The high activity section is subdivided
into five units to (1) ensure that the highest activicy piping is

at the center of the building (see Figure B.4-2) and, accordingly,
is shielded by outer piping; and (2) minimize the amount of
uncontrolled Kr-85 release in the event of leakage. The building
which houses the high activity piping and the gas compressors is
260 feet long, 90 feet wide, and 30 feet high.

A low activity pipe section contains 80 percent of the total
piping and 10 percent of the krypton-85. No shielding is required
for this piping. The building which houses the low activity
piping is 220 feet long, 160 feet wide, and A0 feet high.

Design Alternates Considered

Various alternates were considered for the gas compression system,
and were rejected. In summary:

a, Storage in Higher Pressure Piping

Summary description of alternate -- Store the containment
atmosphere in high pressure piping, in order to reduce the
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_ total storage volume. For example, thick-walled
(1.0 inch) 36=-inch piping would permit storage at 1,070
psig, and reduce the storage volume (or total pipe
length) by a factor of three.

Basis for rejecting the alternate

= The total pipe weight is not reduced by this alternate;
the reduction in pipe length by three is balanced by
the increase in wall thickness. Accordingly, pipe

procurement costs would not be reduced.

— Standard wall piping is the most readilv available.
Accordingly, use of thick wall piping would increase
construction Ctime.

= The likelihood of uncontrolled leakage, e.g., through
system valves, is increased at higher pressure.

b, Use of a Sinzle Large Storage Container

Summary description of alternate -- Employ a large container
instead of piping. For example, a vessel with 2 x 10°

£t3 volume (equal to the TMI-2 containment volume) could
contain the processed volume at a pressure of about 170
psig. The required wall thickness for such a vessel fabri=
cated of carbon steel would exceed 8 inches.

Basis for rejecting the alternate =- Such an alternate would
likely be significantly more costly and take longer to
construct than a system which employs standard wali piping.

c. Use of Standard High Pressure Gas Storage Bottles

® Summary description of alternate -- Employ standard 2,500

psig vessels which are used for storage and transport of
commercial gas (e.g., 05 and Hp).

Basis for rejecting the alternate -- More than 80,000 such
vessels would be required. The pipe and valve system for
filling these botties would be very complex and, accordingly,
the likelihood of uncontrolled leakage would be significantly
increased.

8.4.3 Cost and Schedule Estimate

* ' Cost Range (for component procurement, installation, building

erection and materials, design and analysis, testing and
checkout, contingency)

$50,000,000 to $75,000,000

Schedule Range (for building and equipment design, procurement,
erection, installation, testing)

25 months to 35 months
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8.4.5

8.5

8.5.1

Gas Compression System Conclusions
*  When compared to controlled purging of the containment building,
the alternate gas compression system is considered to be less
safe —- it is less reliable and clearly has the potential for
uncontrelled releases of radiocactivity with higher radiation
exposures.

Crvogenic Processing and Storage Svstem

The third alternative considered for reducing the airborne activity
in the reactor building (primarily due to Krypton-85) is to draw
off the reactor building atmosphere into a cryvogenic processing
system. This svstem would separate the noble gases from the re=-
maining gases cryogenically and the noble gases containing Krvpton
would be stored indefinitely in highly concentrated form. - The
total volume to be processed through the system is 23 million

cubic feet.

Gas removed from containment passes through a cryogenic treatment
system wvhere most krypton is removed. The purified gzas is dis-
charged from the plant. (Note: :The crvogenic unit effluent gas
flow rate is greater than the input flow rate, because liquid
aitrogen used for cooling vaporizes in the cryogenic units. The
effluent must be discharged rather than recycled to containment in
order to prevent containment pressure buildup.) Liquid krypton,
xenon, argon, and methane are periodically withdrawn from the
system, allovwed to vaporize, and are stored at ambient temperature
in storage vessels.

System Description (See Figures 8.5-1, 8.5-2, 8.5-3, and 8.5-4)

Gas withdrawn from containment is passed through HEPA and charcoal
filters and then through the various remaining components which

are shown in Figures 8.5~1 and 8.5-2. It is noted that all of the
components shown in Figures H.5-1 and B8.5-2, except for the cata-
lytic recombiners and their associated preheaters and aftercoolers,
are part of an existing system at a new BWR. -The system has not
been placed in operation. It is being scrapped and replaced by a
new conventional type of charcoal system., We understand the major
reasons for this decision by the utility which currently owns

the system are:

* Lifetime costs of the cryogenic system, including the cost
of hydrogen and liquid nitrogen supply, maintenance, and
operation, were considered to likely exceed the cost of a
charcoal system.

The cryogenic system was considered ill-suited for transient
operations. For example, its ability to respond to sudden
changes in input flow rate, such as could be caused by
opening a vent valve to the main condenser, is questionable.

82 1334 341



® No significant operating experience is available on a cryvo-
genic system. It was considered likely that operation of
this system would be significantly less reliable than a char-
coal system because it contains many more valves, instruments,
and other active components than a charcoal svstem.

However, this is one of the cryogenic systems which could be made
available in a reasonable period of time, and was therefore chosen
as a typical crvogenic system for this evaluation.

The cryogenic system consists of three separate trains. The input
flow rate is 75 scfm per train. After removal of oxvgen by the
recombiners, the flow rate is 62 scfm. The effluent flow rate is
103 szfm, higher than the input, because some of the ligquid
nitrogen used for cooling the cryogenic units is vaporized in the
unics.

The purified gas is discharged from the site via the reactor
building roof vent. The cryogenic svstem can remove 99.9 percent
of the krypton from the input gas in accordance with the original
equipment specification. The quantity of Kr—-85 discharged is
approximately 60 curies.

Shop tests were performed to establish the purification efficiency
of the cryogenic units. These tests showed a removal efficiency

by krvpton greater than the value of 99.9 percent required by the
equipment specification. However, the test was not performed under
actual operating conditions. For example, pure nitrogen was em-
ploved for the process gas rather than a zas containing moisture,
carbon dioxide and argon in addition to nitrogen. Also, the bottom
of the removal column (the "reboiler section™) contained a mixture
of nitrogen and krypton rather than a mixture of argon, methane,
and krypton. Accordingly, it is considered that testing under
actual operating conditions would be required to prove out this
system,

Liquid krypton and xenon are removed from the cryogemic unit when
they reach a concentration of 20 percent in the bottom of the
removal column., The remaining 80 percent consists of argon (76
percent) and methane (4 percent). The liquified gases are vapor-
ized and stored at ambient temperature.

The volume of stored gas would be about 800 standard cubic feer,
This estimate is based on a concentration of Kr-85 within contain-
ment of 1 muCi/ml, which for a containment volume of 2,000,000
cubic feet, amounts to about 60,000 curies of Kr-85. This is
about 60 percent of the total fuel inventory of Kr-85 expected
after 90 days of operation. The total inventory of noble gas
expected after 90 days of operation is 256 standard cubic feet.
The estimace of 800 standard cubic feet total is, accordingly, the
volume corresponding to about 60 percent of the total noble gas
volume in a 20 percent rich mixture of noble gas with argon and
methane.
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Many different components are employed for this system (see
Figures 8.5-1 and 8.5-2). The function of each component is
summarized as follows: :

Catalytic recombiners (Figure B.5-1) -- Remove oxygen from the
incoming air to prevent ozone buildup from irradiation of
oxygen. Ozone in contact with light hydrocarbons, e.g., CHy,,
can detonate. (Note: The svystem supplier indicated this is a
concern for operating BWR applications. He would have to per-
form an evaluation to determine if catalvtic recombiners are
required for the TMI-2 application.)

Hydrogen storage vessels (Figure 8.5~1) -- Provide hydrogen to
the catalytic recombiners, 8,000,000 scf total required.

Liquid nitrogen storage vessels (Figure 8.5-1) == Provide liquid
nitrogen for cooling the cryogenic units, 150,000 gallons total
required.

Krvpton and xenon storage vessels (Figure 8,.5-1) =-- Store the
Kr=-85.

Storage secondary container (Figure 8.5-1) == Prevent Kr-85
release in the event of storage vessel, piping, or valve
failure.

Crvogenic unit feed compressors (Figure 8.5-1) -- Provide the
required gas flow.

Trace recombiners (Figure 8.5-2) -- Remove trace quantities of
oxygen (up to 0.5 percent by volume) which mav be present in
the inlet gas,

Prepurifiers (Figure 8.5-2) -- Remove water vapor and carbon
dioxide from the gas stream to prevent plugging of the
cryogenic columns,

Cooldown heat exchanger (Figure B.5-2) -- Reduce temperature of
inlect gas (to =292°F) and increase temperature of outlet gas
(to -40°F] and hydrogen.

Removal column (Figure 8.5-2) -- Remove krvpton from input gas
(also Xe, A, and CH;,) by counter flow of liquid nitrogen (ac
=307°F) and the inlec gas.

Condenser heat exchanger (Figure 8.5-2) -- Liquify gas output
from the removal column.

Phase separator (Figure 8.5-2) -- Remove excess hydrogen for
recycle to the catalytic recombiners.

Decay column (Figure B8.5-2) == Provide three-hour decay time of
the effluent gas before it is released.
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Cold box (Figure 8.5-2) -- Contain all components which operate
4t cryogenic temperatures to prevent uncontrolled Kr-85

release in the event of equipment malfunctions.

o * Ambient heater (Figure 8§.5-2) -- Heat up effluent gas to the

| i temperature required for prepurifier bed regeneration {+330°F

i £ for H,0 and CO; removal).

Figure 8.5-3 shows a conceptual design of the secondarvy storage con-
tainer for the krypton storage vessels. This is, in effect, a

small size containment vessel with two-foot thick reinforced con-
crete walls, a stainless steel liner, typical piping penetrations
with double isolation valves for the inlet and outlet headers, and

a four-foot diameter equipment hatch for storage vessel installa-
tion. It is designed for an internal pressure of 20 psig to with~
stand the pressure resulting from failure of all the storage
vessels. (This peak pressure would be 16 psiz.)

Figure 8.5-4 shows the building arrangement for the svstem equipment.
It corresponds to the arrangement of the existing svstem, with
minor modifications to:

Incorporate the secondary storage container,
Provide space for catalyric recombiner equipment, and

Provide for above grade construction rather than below grade
construction which was emploved at the existing facility.

Two feet of concrete shielding are required for the product
storage vessels and the cold box components.

Design Alternates Considered

No aiternate designs were considered because, as described above,
the evaluation is based on an existing design which is currently
available. (Note chat even though this is an existing system,
there is no actual operating experience with this svstem, or with
similar equipment at any commercial light water power reactor.)

Cost and Schedule Estimates
* Cost Range (for component procurement, installation, building
erection and materials, design and analysis, testing and check=-
out, utilities, contingency)

$10,000,000 to $15,000,000

{Note: This cost presumes that the cryogenic units
will be available as surplus at a small fraction of
their original cost or of the cost of new equipment.)

Schedule Range (for building and equipment design, procurement,
erection, installation, testing)

20 months to 30 months
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8.5.4 System Evaluation

This syscem is less costly and would require less time to in-
stall than the gas compression or charcoal systems. It is
considered, however, to be the least safe and most unreliable
of any of the alternate systems evaluated for a number of
reasons.

== The system produces highly concentrated Kr=85. Anv leak-
age or component failure could result in significancly
greater amounts of uncontrolled radioasctivity release
than the other systems. Also, the radiation levels of
the equipment and, accordingly, the exposure of plant
personnel during maintenance and operation would be
higher than for the other systems.

—— The system is subject to plugging as a result of com-
ponent malfunctions which resul: in inadequate moisture
or carbon dioxide removal. More than 100 automatic
valves are used for prepurifier regeneration cvcle
control, and must function correctly. Electrical power
supplies to the ambient heaters (for the final pre-
purifier regeneration step) and cooling water supplies
to upstream aftercoolers must also work. It is con-
sidered likely that upsets will occur. In the event
of plugging, the system must be thawed and purged to
return to operation. The likelihood of uncontrolled
Kr=85 release during such an off=-standard operation
is considered significant.

== Unless further analyses by the equipment supplier prove
otherwice, catalytic recombiners would be required for
system operation. Recombiners have been unreliable at
manv BWRs. For example, less than one week of continued
operation of new off-gas svstems has been accomplished
in the last several years as a result of difficulties
with the recombiner system at several operating BWRs.

— The system operates with excess hydrogen to ensure all
oxygen is removed. Hydrogen leakage, e.g., from the
hydrogen recvcle circuit valves, could result in
hydrogen burning or detonation.

== Packed type valves, rather than diaphragm valves, are
used throughout the system. The system operates at a
pressure of about 85 psig. Accordingly, leakage will
likely occur. An alternate would be to replace all
valves, but this would require extensive refurbishment.

This system was designed to remove greater than 99.9 percent
of the noble gas activity from the input stream. Accordingly,
some off-site release would occur even if this system func-
tioned properly, i.e., this is not a zero release system.
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8.5.5

Further, the specific removal efficiency which could be
achieved has not been demonstrated. A shop test was performed,
but not under actual operating conditions. For example, pure
nitrogen was employed for the process gas, rather than a gas
containing moisture, carbon dioxide and argon in addition to
nitrogen.  Also, the bottom of the removal column contained

a mixture of nitrogen and krypton, rather than a mixture of
argon, methane, and krypton. Accordingly, it is considered
that testing under actual operating conditions would be
required to prove out this svstem before considering using

it at TMI-2.

There is no significant operating experience with a crvogenic
distillation svstem at any operacing light water reactor.
Accordingly, this is not a proven technology for reactor
application,

As with the other systems, use of a crvogenic system does not
resolve the problem of ultimate disposal of Kr-85. Long-term
storage for over one hundred years and off-site shipment are
considered particularly undesirable for this system due to
the highly concentrated form of the Kr-85. Venting of the
Kr-85 over a long period of time, as with the other svstems,
only varies the rate of personnel exposure - not the total
exposure - and increases the likelihood of an uncontrolled
release. :

Even though the major process components for this system are
available at an existing facility, the time required to
achieve system operation would not be significantly less than
for the gas compression system. In particular, time is
required to design and erect the building which houses the
system, provide required utilities hookups, provide inter-
connecting piping for various system components, and to test
the system. :

The extensive time required to build and install the cryogenic
treatment system would increase the likelihood of inadvertent
and uncontroiled leakage from the existing containment build-
ing, and thereby cause higher exposure to personnel. This
extensive time delay to complete system installation would
also delay TMI-2 cleanup operations. Finally, the cost of

the cryogenic treatment system is high and no commensurate
benefits are received.

Cryogenic Processing Svstem Conclusions

When compared to controlled purging of the contaimment building,

the alternate cryogenic treatment system is considered to be
less safe -- it is less reliable, and clearly has the potential

for uncontrolled releases of radioactivity with higher radiation

exposures.
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8.6

8.6.1

Environmenctal Effects of Alternates

The radiological impact on the enviromment of each alternate
considered is evaluated in terms of normal operation and accident
conditions. Off-site exposure is calculated for each condition.

In addition, on-site dose is evaluated for each alternate consider-
ing maintenance and surveillance during processing and storage.

Normal Operation

Since each system is designed to collect and retain the noble gas,
no substantial effect is expected due to normal operation. Because
of the schedule delay associated with each, the alternatives to
direct controlled reactor building purging carry with them the
potential for accidental uncontrolled release of noble gases from
the reactor building.

A schedule delay for each alternative has been calculated to be

in the range of 2 to &4 years. Likelihood of system leakage over
this period is high enough that with 10% of the noble gases leaking
during worst case meteorology, the off-site dose due to any of the
alternatives would be 10 times as great as the 5.0 mrem boundary
beta dose calculated for the controlled purge of the entire noble
gas volume.

An evaluation of possible pressure buildup in the TMI-2 contaimment
has been made, since such a pressure buildup could be the driving
force for leakage of noble gas from the contaimment. This evalua-
tion is based on the following assumprions:

(a) The electrical air circulation fans within containment fail
either due to failure of their motors or failures in their
associated electrical circuicry. (Note: The containment
temperature is currently being held at approximately 100°F
with the fans running.)

{(b) The steam generator still continues to remove the bulk of
the primary system's decay heat and the only heat trans-
ferred from the primary system to the containment atmos-
phere is the heat losses through the primary system
insulation,

(¢) Solar heat is an additional scurce of heat to the containment
buiding.

Using the above described assumptions, the evaluation indicates
that containment pressure can rise to between 1 and 2 psig. This
positive containment pressure would be the driving force for
emitting the noble gases out of any defects in the containment
boundary.

A study was performed to determine the impact of a 1 to 2 psig con-

tainment pressure and various size contairment leaks, to establish
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8.6.1.1

8.6.1.2

the potential off-site doses thar could result. As background
information, the present containment design is based on an allowable
leakage of 0.2 percent per day under a design pressure of 60 psi.
This allowable design leakage is equivalent to having an 0.13-inch
diameter hole in the containment. Taking this design basis hole
size, the doses resulting from the leakage through it with a con-
tainment pressure of | to 2 psig can be determined. Further, an
assessment of the effect of increased leakage due to additional
holes of 1/B-inch, l/4~inch, and 1/2-inch dismeter that could
result from seal deterioration, cracks, corrosion, etc. has been
made. The total off-site dose due to leakage caused by 1l to 2 psig
pressure in containment is as follows:

Off-Site Dose Off-Site Dose
During a One-Dny(I) during a 30-Day

Period, mrem Period, mrem )

Containment Condition LB 4 ] vx
Design Basis (DB) leak 1-5 0.01=-0.04 &=-19 0.04=0.1%
(equivalent to 0.13-

inch hole)

DB < 1/B=inch hole 2-0 0.02-0.08 B8=34 0.07=-0.29
DB + l/4~=inch hole $5=23  0.04-0.19 20~-84 0.17-0.71

DB + 1/2-inch hole 18=76  0.15-0.64 66-280 - 0.55-2.37

(1) The high dose numbers are based on using NRC meteorological
parameters in Regulatory Guide 1.4, while the lower doses are
based on using more realistic meteorology from the TMI-2 FSAR.

As can be seen from this table, the doses from a leaking contain-
ment, even if only a design basis leak exists, are greater than

the total 5 mrem off-site dose calculated for the entire controlled
purging operation of the containment.

Charcoal Adsorption and Storage System

The charcoal adsorption svstem is designed for full noble gas
retention on charcoal beds and therefore no off-site dose is
calculated, assuming no operator error or equipment failures.
The on-site whole body dose due to maintenance and surveillance
during processing and storage is calculated to be 2] person-rem.

Gas Compression and Storage System

The gas compression system is designed for full retention of the
reactor building atmosphere and therefore no off-site dose is
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B.6.1.3

8.8.2

8.0.2.1

8.6.2.2

calculated assuming no operator errors or equipment failure.
The on=site whole body dose due to maintenance and surveillance
during processing and storage is calculated to be 58 person-renm.

Cryogenic Processing and Storage System

The design basis for the cryogenic system is o achieve 99.9% noble
gas removal. This results in 0.l% release of the Kr-85 to the
enviromaent. Based on the analysis of the off-site dose for
controlled purging of the reactor building, assuming ground level
release and average meteorological conditons the site boundary

beta skin dose is estimated to be 0.05 mrem. The on-site whole
bodv dose due o maintenance and surveillance during processing

and storage is calculated to be 570 person-rem.

Accident Conditions

Regulatory Guide 1.24 "Assumprtions Used For Evaluating the
Potential Consequences of a Pressurized water Reactor Building
Gas Storage Tank Failure” specifies thar release of the entire
contents of a single storage tank is to be postulated to occur
over a two hour period for accident analvsis.

The atmospheric dispersion model used in this analysis 15 the saze
as that described in Section 7.2 in accordance with Regulatory
Guide 1.l45. The calculated accident X/Q value for each accident
analvzed below s 6.8 x 10 ~ sec/a”.

Charcoal Adsorption and Scorage System

The noble zas {s stored in 450 charcoal tanks with successively
decreasing noble gas activity in each tank as the withdrawn activ-
ity in the reactor building decreases due to the feed and bleed
process. The highest activity tank contains 1430 curies. Using
the same method as used in Section 7.3, the site boundary cloud
concentration becomes:

Curies = 1430

3
M 2 hrs. x 60 x 60

-4 3
= 1,35 x 10  curies/a

x 6.8 x 10'“ sec/m3

The resulting site boundarv doses are:

Beta Alr Dose = 150 mrads, Beta Skin Dose = 64 arems
Gamma Air Dose = 1.3 mrads, Gamma Skin Dose = .4 mrems
Whole Body Dose = 1.2 mrems

Gas Compression and Storage System

For the gas compression and storage system, 42% of the noble gas
activity is stored in the high activity storage volume. Using
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8.6.2.3

the same method as used in Section 7.3, the site boundary cloud
concentration becomes:

Cur;es - Pl x 6.8 x 10 sec.’mJ

N 2 % 60 x 60

-2.26 x 107 ct/n°
The resulting site boundary doses are:
Beta Air Dose = 2510 mrads, Beta skin dose = (730 mrems

Gamma Air Dose = 2].2 mrads, Gamma skin dose = 2.i mrems
Whole Body Dose = 20.7 mrems

Cryogenic Processing and Storage System

For the cryogenic processing and storage system,the entire con-
centrated noble gas volume is stored in a single compartment.
Using the same method as used in Section 7.3, the site boundary
cloud concentration becomes:

Curées - 26,600 x 6.8 x 10°° sec/m

M 2 x 60 x 60

3

= 5.35 x 1073 ci/a3
The resulting site boundary doses are:
Beta Air Dose = 5930 mrads, Beta skin dose = 4090 zrems
Gamma Air Dose = 50 mrads, Gamma skin dose = 56 arems

Whole Body Dose = 49 mrems
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