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":u!:.!!~ :-~tt..:!re3 !eco::~~!~3.~!.o~ ~~i ra:c•,"":l! -t;:"' ·.~e :-~~~-;or !'l:.el. 
7o aceo:~l!sh this !~ iz ~~c~~~a_~· t~~~ ~~~ ~~!=~ir.~ ~eae~o:- :~!ld!=e 
1'::Jo:J;t:~re, ~on~a!r.!::~ 7:-C59 ~e !'f!::O".·~.!. ~·:~:- --;t:e ;:n.3': ~-!V ::.c::~~ 
·•'! !::l•:e ot:.;d.ied ~!:e ·1:1:ieu3 tt.:!e:-:-.~~1·:~3 ~c:- !le:o::t:l!a!li::;: =-~::.o~_: ?:.· 
~he !-:- d5, !~cl::i!.:'l~ :1 :c:::~ehe::s!·:e ~:~.:•et:r "1::1 !::·:1:--,:=entU 1l3~es::­
ce:.t. The results or these studies 'U'~ eonta.ine-1 i:t ~he stte.e!:ed r4!~!"'t . 

. :,~ the !':r.l!' c;:t!ons oexa:!:e..i; ~hA:oeoal. ali3or::-:.1~n am! :o':.or~e, ga!l 
~o=r~e::s!on a::i .s~0~3l.i~, -::-,.:o;eni:: i=!'"Oces3i!li ~d 3'to:-~~, !l.~d 
at:~osphe!'ie purge , ·.;e Jt:-cngl;r !'e1:e::end ~!:at 3~::103:Pher1c ;:.::-ge be 
t!le ::ea::J ~or ae:o::}:l!:::hing t~e ;i!s~::::U o!' !::O-i:5. Cu:' studies shc':l 
that the purge operation , '.lS!::g controlled 'lent!~ through the OllO.'lt 
exhaust stae~ and :eteo:-olog!:~ ~eedcack , ean be doce ·Jith no 
s~gnifi~ant hazard or rad!at!on ~os~e e!t~e:- to the ~ene:-al ~r~~t!cn 
or the s!te. !'he purge eo.'l :eet all t e c!:r.!c!l.l s~eei~iea':.!ocs o.'ld :me 
rad!olog!c!l.l c:-1teria. A :Ji~!~!eant ~'lo.~ta;e ~o the ~urge ope:-:1t!on 1: 
that it :nn be aeeocplished !r. a relat!~elJ :::ho:-t t!:e·:oa~a:ed to the 
t~"O to three ;re~n :-equi:-oed ~or !l.lter~ati'le:J ~d thl~ 3~c:-t t!::e seale, 
in itael~. ia a signitic~t satet;r ad~~':.B£e. 7he t~e to i=ple=ent 
a.lter nati•tes to purge are lluch that ve e~ot ;ua:antee !"J.l! :ontain­
!llent inte~!ty and vould , in !'act • ex-..ect gene!'lll. population dose s to 
exc eed those :llinimum l evels r esulting !'rom purge. 
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While details or the proposed purgi~g operation are contained in the 
report. ~be salle~t ~eaturea include: 

!. The con~ro:led purge o~ the a;;:pro.'Ci::atel:; !.4 ,000 ~'.lries 
of ?".r-35 is ac:c:o::pli:Jted ::!'rol:l a."l ele•rated stack o:."it'!l 
si~i~iea:t a!lu~ion ~etore reach!~; ~~e s!~e boundarJ. 
!n addi~:!.on, ~ur;e ·.till be per::~itted onl:r under conditions 
of favorable :::etet~rolog:r. Co::prehensi::e e\·sl..:at:!.ons 
~~cate ~hat the :ax~ o~!-~!te 1ose result!n~ !ro: 
~e't.a! r-!let13e ~--ill ~ less tha..-'1 5 :1%''!::. =:.·:!!."or.=e::ta! 
::cnitor!=:~ ·r.:l be e::Fl:>;,•e!! -:o ':ie-:ect -:::e o:":"-z!~e 
~o•:.:! :e·;e.:. :presence ot• rl."'."J ?'.r-35 ~'bo·:e b!lck.;:-::n.:n-1 . 

2 • CO:l'::'~llri r~;!:l; !ees ~ot :''!~'J!:-e S~O::"fJ.g~ 0~ ::-85 !"0:" 
:prolonged i'Jer!od:J o:" ti::e. Zt ac:ccrd!c;~ i:; a ::~r:::e.::e~t 
~o:~:!~~ ar.d ~:i:~~n~eJ ~l ~is~~ ~·!j!~g ~:-o: acc!i~~:s 
4~~h ~h~ :t:~~ S:~~~~~~i~~ :e-:~od5. 

?~;!~~ ~~1~!~~~·~r.:7 3:!;~~ ~=~!~!:~~!:r.= ~0 ~~!3~1~~ 
~~u!~=~=~ ~~~. ~~~=~. ia ~ ~;e:~t~:~a::~ d~s!~sb:e ~d 
sa:·e 'l;::rcach. 

,,~ .l.r~ :c~!:e:.: o !' -:~e -:.::::~:-;: o~ ~::~ ;:~ :l:' =c::e :e:b~:-: e~ ~~Q 
=~=-~·~":~!~,; c:~·~i~!e.s ~l::ot;-; ~::e \·e~~ i::; o:"" ~!:e ::r-a5. i:e a:e 
~c~·:!r.c~ . !lo..,e·:er , that -:!-.! s b t~e ::cs-:; :;r.!:ier.-: !..'ld sa:" est !l::pr~ee!: • 
~:~ ~e;li~ible r~dlolo;!:~ i=;ac~ o~ h~~li~; ~r.e eo~~n!==~~~ !X-65 . 
:11~ Cc::;:an:; ·.~:: i~ · .. ·:1a-:e-...·~:- !-: c:1:'1 ~o ~:"~·,-!:!~ l"..:f~!.e!e::~ !:l:'~:-::a::!o:l 
':o -:::e p!!blic: -:o :l.l:.~e ':!:~ the;; rl:l t:e n"a"are o!' tl:.e -:;!::in; of 
~~:e~~s ~~: :~e ~~s~~s o~ -~- :oni:or!~; ot be~~ o~-s!t~ ~! o~~-s!~e 
r~d!~:!o~ :eve:e . 

:.le ·.till be te~hnic!Ll~ :-ea.ey to ;>roeeed '17ith :ontnir.::ent purging !: 
~pprox!:nte~ or.e oonth. •e are reque~tins your ap~ovs! to pr:>c:eed 
•.ti':h p~;i.::g, scllJec: to verification by lffiC personr.el on site of 
e;:1ip:1e:-: :t."'.:! proc~ures, :1nd ue ready to ceet -.ri~h you ~o re·tie".t 
-:!:e at':Bch:ent or an;; other questions ".th!eh ;;ou =dght have. 

RC,\:UlH:tas 

V;;J ,.":.7/"J :;ours , 

l~l~~ 
R. C. ~ld 
Senior Vice ?resident 
Metropolitan Edison 
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1.0 

1.1 

1. 2 

THREE MILE ISLAND UNIT ·2 
REACTOR BUILDING PURGE PROGRA.'t 

SAFETY A.'i.U.YSIS A.'iD E~"VIROS~ST.U. REPORT 

It.'TRODUCTIOS 

Need For Reactor Building At2osphere Cleanup 

The unknown Three Mile Island Unit 2 core configuration poses a 
small but incalculable risk. Although much analysis ~~s been co:­
pleted that tends to bo~~d the limits of uncerta inty ~~th regard to 
the core configuration, this uncertainty can best be deal : ~~th by 
tiaely entry into the reactor building and ultimate removal o f the 
nuclear fuel from the reactor pressure vessel. 

In order to allo~ entry into the reactor building without signif i­
cantly complicating the entry progra= and restricting :he effecti ve­
ness of operations toward ul :i~ate fuel removal, the reactor bu~lding 
aCDosphere oust first be cleansed of radioactive aateri als. Leaving 
the airborne ~aterials in the atmosphere ~bile other steps :owarc 
fuel removal proceed represents subs:an:ial risk of ulti=a:e uncon­
trolled release of these =aterials to the enviro~ent and unaccept­
able increase in operations personnel exposure. 

Airborne radioa~tiv!ty within the reactor building has r educed con­
siderably since the accident due to decay of the short-!ived radio­
active fission products such as Xenon and Iodine. The princi ?al 
remaining airbor~e fission product is Krypton-85 ~hieh ~~sa 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 radioactive concentration. 

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

Purpose of this Report 

The purpose of this report is to doc\lllent 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 repretents the optiaum 
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 
prograa, the environmental 1apact 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 

1.4 

Organization of Report 

Thi1 report i1 organized 1n the format of a combined safety analy1is 
and enviroaaental report. Following this introduction, the 111e11-
ment of reactor building airborne activity is presented and then the 
analysis of the purge program. The purge program analysis includes 
a sum~ry of the purge method, the design basis for the hydrogen 
control system and its modif1cation1, the ·design evaluation, opera­
ting description, and accident analysis for the system. 

The Safety Limits for radioactive gaseous releases are discussed 
including some perspective on radiation exposure, and limiting 
condi:ions for the purge program. 

The effects of purge ope:a:ion on :he environ=ent and on opera:iona! 
exposure are presented, including the environ=ental effects of a 
postulated purge accident. Finally, the :esults o! :he studies on 
the alternatives to controlled putge are presented including the 
enviroaaental effects of each alternate. 

Conclusion 

The studies concerning dispo ~al of the Krypton-85 from the contain­
~ent veasel result in the following conclusions: 

1. The:e are only four potentially feasible methods for dispoaing 
of :he Krypton: purging to :he atmosphere, charcoal adsorption 
and storage, storage as a compressed gas, and cryogenic separ­
ation and storage. Of these f~ur ~ethods, three, charcoal 
adsorption, gas storage and cryogenic separation :equire a 
long schedule to i~plement, are o! high complexity, but 
theoretically can provide a zero or near zer~ offsite dose. 
The purge method ean be Ulplemented very quickly, is simple, 
but does yield a small finite offsite dose to :he 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 solution 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. 

~. The long schedule required for the 1torage options is con­
lidered a lignificant safety disadvantage. There i1 no 
assurance that containment integrity can be maintained for 
the 2-3 years necessary to implement ltorage. As shown in 
Section 8.6.1, if the reactor building air cooling capability 
is lo1t, the reactor building pressure could rise to 1 to 2 
psig. The uncontrolled leakage of Krypton 85, if the 
equivalent of a 1/2 inch diameter hole is present in the 
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containment boundary, could re1ult in an off-lite beta dole 
in the range of 15 to 80 mrem in a lingle day or 60 to 270 
mrem if the leakage occurred over a 30 day period. 

4. Krypton-85 di1posal is an e11ential prerequ111te to perfo~ 
ing di1po1al work within the containment leading toward 
cleanup of the containment structure. The delay in lnltla­
ting such cleanup, vnich would be required by the storage 
options, can, in itself, be a significant safety hazard and 
cauae large increaaea in radiation doae to the work force. 
This increased dose would arise because of additional com­
plexity in decontamination, but at this time cannot be 
quantified. 

S. Purge of the Krypton-85 to the atmosphere can be performed 
under well-controlled eonditions, and such purging can meet 
all technical apecifications and Regulatory guidance . The 
estimated dose to the general population, as wel l aa dose to 
the onsite staff, is extremely low or insignificant. 

6. Table 1-1 summarizes the radiation effects of each of the 
alternatives for reactor build ing atmosphere clean-up. 
The expected dose / expos ·1re shown in this table for each 
alternate uses expected meteorology based on historical 
data. The system upset doae/expoaure analysia uaes conser­
vat ive, s: probable ext~eme meteorology as specified in 
Regulatory Cuides for accident analysis . The coincidence 
of the postulated accident conditione and the extreme 
meteorology are highly unlikely a• stated in Section 7.1. 

It ia recommended that cleanup of the conta inment atmosphere pro­
ceed through purging •• the aafest, and molt effective permanent 
solution to the Krypton-85 problem. 
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2.0 

2. 1 

REACTOR BUILDING AIRBORNE ACTIVITY 

Three types of s.mplea 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. 

In order to determine the act~Vlty content of the atmosphere in the 
reactor building, a i r samples utili~ing the installed HPR 227 •~ple 
pumps and cabinet have been taken. The s~ple procedure al lows use 
of a normal sample path or an alternate sampl e path which connects 
penetrat ion R-562B to the suct i on of the HPR 227 sample puop vi a 
valves AH-Vl47 and AH-Vl48 . Another sample path wi ll be available 
in November through penetration R-626 ( at elevat ion 358 '), when the 
inner flange of that penetration is cut to allow camera and rad i a­
tion monitor placement inside the reactor building . 

To de t ermine noble gas act ivit y , a reactor build ing air sample i s 
collected in a 6 cc glass bul b and analyzed by gam=~ spectroscopy. 
Isotopi c identificat ion i s made on the basis of the discrete energy 
level s 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 
ident i f i cation. The intensity of each peak at its discrete energy 
l evel i s a !unct i on of the concentration of the respective radio 
nuclide . The process is c0111:110nly referred to as a "gamma scan. " 

To determine the part iculate activity concentration i n the at~s­
phere, a sample of the reactor building air is pumped through a 
100 mi l lipore filter . ~articulate activity is reaoved from the air 
by the filter and the filter is then analy~ed using gamma spectroscopy 
.. described above . 

To determine the concentrations of the different type~ of iodine 
in the atmosphere, 4 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 baaed on the relative 
affinity of each iodine species for a speci f ic filter media . tach 
filter is then analyzed using gamma spectroscopy as described 
above . 

r--- · r -
Flov -

1
! MilliporeJl' 'Cdt2 :--Iodaphenol...o-1 Ag :--:carbon · Carbon 

Filter ! j I ! ; Zeolite 1 ·- .. '-·- . - - · ·-·---- - -· .. --- .. -
Reaaove1 

Particulate 
Iodine 

s 

Remove• 
ik>l 

Remove• 
all Iodine 
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2.2 

2.3 

2.4 

Source Term Evaluation 

The sampling and analysis techniques dese~ibed in Section 2.1 Fro­
vide for the determination of noble gas activity, particulate ac­
tivity and iodine in the reactor building ataDsphere. 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 vere 
drawn under less controlled conditions, the current proc~dure 
requires extensive documentation to ensure accurate sample times 
are used and proper volumes are drawn. In addition, retained with 
each sample r~ sult 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 at~0 .78)UCi/m~. Particul ate 
levels, primarily Cs-137, are on the order of 1 x 10-oJUCi/ml. 
The radio iodin~ levels inside containment are rapidly dropping due 
to decay. Latest results indicate Iodine to be below minimum 
detectable activity (MDA ) levels of 10-~UCi/ml. 

In order to dete~ine a best estioate of the lirborne radioactivity 
inventory in the reactor building, the results of all gas samples 
were reviewed and correlated . ~e results of :his review 
are given in Table 2-2. 

~ben these activity levels !or Kr-85, Ca-137, and Iodine 131 ar~ 
evaluated against technical specification limits for allowable 
instant aneous and quarterly average allowable gaseous effluent 
release rates, the Kr-85 concentrat ion is shown to control allowabl e 
release rates. 

Reactor Buildin~ Source Term Results 

Results of reacto~ building air samples taken to date are shown in 
Table 2-1 . The best estimate of reactor building airborne radio­
iaotope activity projected to Nov. 1, 1979 i1 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 Bu i1din~ Source Term Conclu1ions 

The airborne activity sampling proces1 i1 sufficiently defined and 
recent results are sufficiently consistent that the results given 
in Table 2-2 represent accurate values for airborne 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 option1. 

Also, from theae activity levels, it is clear that effort• ahould 
be taken to clean-up the reactor building atmosphere in order to 
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~educe the total e•poaure durin& manned entry of the containment 
reaultin& from the Kr-8S preaent. 

Finally, froo the lov levels of particulate (Cs-137) and Iodine, it 
i s concluded that reactor building recirculation uaing the reactor 
building puri ficat i on filtration system is not necessary to 
achieve further reduction in Iodine and particulate levels. Air 
discharged from the reactor building vill be f iltered through the 
in-line particulate and charcoal ~ilters of the hydrogen control 
system during purge. 

1334 266 
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Nuclide 

Kr-85 

:<e-131 m 

:<e-133 

l-131 

Ca-134 

Ca-135 

Cs-136 

Ca-137 

TABU: 2-2 

Beat EatLaate of RB Airborne Activity 
November 1, 1979 

Concentration Total Inventory 
(t•Ci/ cc) (Ci) 

0.78 4.4 X 1o•4 

(:! X 1o-5 <1. 14 

( 1 X lo-5 <5. 7 X 10-1 

<1 X 1o-9 <5.7 X 10-s 

<1 x 1o-5 <5.7 x 10-1 

<1 X to-5 <5.7 X 10-1 

(1 X to-5 <5.7 X 10-1 

(1 X 1o-5 {5.7 X 10-1 
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3.0 

3.1 

PURGE PROC~~ ANALYSIS 

Purse Prosram Summarv 

The reactor building purge program will purge the reactor building 
acaosphere using the hydrogen control subsystem of the reactor 
building ventilation and purge system. The purged acaosphere con­
taining radioactive gases will be released from the plant vent stack 
(160 ft. above grade level) at times when wind and other ~eteorolog­
ical condition& are most favorable !or acaospheric dispersion. 

The hydrogen control subsysteo is designed for use as a back-up !or 
the hydrogen reeoabiner. The reactor building acaosphere is drawn 
through a filter train by the hydrogen control exhaust !an before 
being discharged to the plant vent stack. (A modification is being 
made to reroute flow :roo the inlet of the supplementary vent fil­
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 !!leer. The purge !low rate is eon­
trolled by a :hrottle valve, AH-V36. (Valve AH-V36 is being modified 
to provide fine ~otion flow control). The air may be discharged at 
a rate of up to 1000 e!=. (A ~odi!ication is being ~ade to i ncrease 
the capacity froc 150 c!m to 1000 ef=.) ~he !low rate, temperature 
and radiation level are ~onitored during discharge. 

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

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 assess=ent of Kr-85 
level from the revised RB air aampling prograc. This release rate 
i3 expected to be in the range of 50 to 100 cfm initially. As the 
Xr-85 content drops within the reactor building , due to purging, 
the maximum allowable purge rate will increase until the 1000 cfm 
limit of system capability is reached. The actual purge race 
during any time interval will be based on actual wind conditiona 
such that for unfavorable meteorology, the maximum allowable 
release rate will be reduced to minimize doae accumulation at 
off-site locations. At the start of each purge period, wind data 
will be recorded and predicted incremental doae at the boundary 
will be calculated and compared against an administrative limit of 
0.1 mrem/hour beta skin doae. If the dose rate is calculated to 
exceed this l~it, the rele ase rate will be reduced to stay within 
the limit. If the allowable release rate drops below 20 cfm, no 
release will be allow~d during the period until meteorological 
conditiona improve. 

Accumulated off-site doses will be calculated throughout the purge 
process using actual meteorological and release data to assure that 
10CFRSO 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 
activity released and to compare actual releases with expected 
releases based on reactor building activity. 

ln addition, reactor building activity will continue to be =onitored 
to determine the Kr-85 activity for establishing future purge re­
lease rates in conformance wi:h Technical Specification li=its and 
to confirm that ~C limits or lower have been met at the end of 
the purge operation. 

Svste~ Design Basis 

The purge pros=•= uses the installed hydrogen control (a:=ospheric 
purge) systec with modifications to increase the fan capacity to 
1000 cfm, to provide variable purge !low control with interlocks 
for rapid isolation on equip=ent failure or high radiO':tive 
levels at the fan di~charge. 

The at=ospheric purge operation was originally des ianed :o. keep :he 
reactor building hydrogen concen:=ation :ro~ reac~~ng :he lower 
flammability 11m1: following a toCA if :he hydrogen recombiner 
sys:ec is not a~ailable. The acoospheric purge systec is designed 
to 30 psig and 1so• F and seiscic Class I conditions. The system 
ceets the requirecents of ~~SI 831.0 Code for Power Pip!ng, Class 2, 
and ASXE ooiler and Pressure Vessel Code, Section III, Class a. 

Svstem 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 systec flow 
capability is added to control the at=osphe=ic 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 ia desirable to 
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 exhauat 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 by throttle valve 
AH-V2S. The valve must be partially open for fan operation. The 
fan discharge valve, AR-V36 open~ with fan start. For operation 
with the increased fan capacity, purse 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 ranse of flow capacity. The air 
•ay be discharged at a rate of up to 1000 cfm. Replacement air ia 
supplied through AH-V7. The flow rate, te•perature, and radiation 
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3.3.1 

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

Component Description 

Design performance and eGuipment data ar~ provided in Table 3-1. 

Reactor Building Hvdrosen Control Exhaust Unit 

The reactor building hydrogen control exhaust unit is located in 
the auxiliary building at an elevation of 328 1

• The unit is 
comprised of a bank of filters housed in a steel cabinet and an 
~xhaus: fan connected to the housing. 

The filter bank (Table 3-1 ) consists of the follo~ing fi1te~s 
listed as they oeeu: in the flow path: 

a. Pre-Filter AH-F-36 
b . HEPA Filter AH•F•33 
e. 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 di:!erential pressure switch connected across the filter 
bank which vill initiate an alarm on high differential pressure. 
Each f ilter is provided vith a differential pressure indicator. 

Reactor Buildin~ HvdroRen Contro\,Pre-Fil:er AH-F-36 

!he pre-filter is a replaceable bag filt~r designed for rough 
particle re~oval. lt has a local different i al pressure indieatot. 

Reactor Building Hvdrosen Purge Absolute (HEPA) Filters AH-F-33 and 
AH-F-35 

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 0~~-NSIC-65. The filters are mounted in a steel frame and 
have alumimu= separators. Each HEPA filter is fitted with a local 
differential pressure indicator. 

Reactor Buildins Hvdrogen Control Activated 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 U;pregnated 
type, and are of vater repellant and fire resistant construction. 
The adsorbent ~~terial (KSA 85851) is housed in a stainless steel 
flat bed type frame, The filters are tested in accordance vith 
ORNL•NSIC-65. 
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£ach carbon filter ia fitted with a differential pressure indica­
tor. A sprinkler syat~ is built-in for each carbon filter bank. 
for fire protection. Means for detecting radiat~on levela and 
leaks are provided through a flanged rubber sock-po~t opening at 
the upstream and dovnatream face of each filter bank for insertion 
of radiation monitor probea . 

Reactor Buildin2 Hvdros~n Control Exhaust Fan, A.~-£-34 

The Reactor Building Hydrogen Control Exhauat Fan will be replaced 
by a fan manufactured by Buffalo Forge Company, ~del ~o . 4RE, 
centrifugal type, fabricated housing, direct driven, 1000 cfm capa­
city at 48 inches of water static pressure at 3550 rr=. !his fan 
is located on the 328' level of the auxiliary building and driven 
by a ~estinghouse, explosion proof induction motor with air cooled 
bearings rated at 15 horsepower at 3550 rpc. 

If the Reactor Building Hydrogen Control Exhaust Fan ON/OFF switch 
on Panel No . 25 is in the ON position, the ootor can be powered from 
2-llEB. If the switch is in OFF the motor can be powered from 2-21£8. 

There are :vo red lights to indicate Vhieh cf the two sourees are 
lined up to power :he fan motor and its associated valves {AH-V-25, 
36, and 52). Panel No. 25 has two ?~~L-To-LOCK-STOP-NO~~-ST~~T 
swi tches for each o! the two power aupplies. Additionally the motor 
has a local START/STOP pushbutton. ~tor run indication is avai lable 
on Panel 25 and locally. The fan will stop with a Fire Protection 
System signal or Vhen its supply valve AH-V25 is fully closed. Fan 
start will automat ical ly open its discharge valve. 

Reactor Buildins Pressure Sensin2 Line Penetration Isolation Valves 
AH-VS and AH-V6 

A solenoid operated 1" sta£nless steel valve with a deaign pressure 
of 100 psi~ and a design temperature of 300"F is provided nn both 
sides of reactor building penetration R-562 in the preasure sensing 
line. AH-V5 ~nd V6 are located on the 305' Level of the reactor 
and auxiliary building. These valvea cloae vith an ES signal. Con­
trol is provided locally on Panel 25. Indication is available 
locally and on Panels 13, 15 and 25. 

Reactor Buildins Pressuri:ation Valve AH-Vi 

An air cylinder operated, 10" carbon steel butterfly valve with an 
ANSI Rating of 100 psig and a design temperature of 300"F is provi­
ded in a branch connection off the reactor building purge exhault 
line between reactor building penetration R-552 and the outer 
i1olation valve AH-V4B, on the 328' Level of the auxiliary building. 
The valve is in full compliance with the "Draft ASHE Code for P111Dps 
and Valves for Nuclear Pover" , Sect ion :a, Nuclear Class II Valves. 
The valve fails closed vith a losa of in1trument air. The valve 
i1 no~lly locked clo1ed with it• outlet flov 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 

Reacto~ !uilding Hyd~ogen Cont~ol Valve AH-V25 

A moto~ operated 6", ca~llon steel, butterfly valve with ANSI 
Rating of 150 psig and a design, temperature of 150"F is provided 
in the hyd~ogen cont~ol line upst~e~ of the hydrogen control ex­
haust fan. The valve and fan ~eceive th.ei~ power from the s~e 
sou~ces. The source is deterained by an ON/Ofr switch on Panel No. 
25. The valve must be partially open for the fan to start. The 
valve is po1itioned locally and has local indication. 

Reacto~ Building Hvdrosen Cont~ol Discharge Valve AH-V36 

A diaphragm ope~ated, 6" ca~bon steel butte~fly vdve with an n.~Sl 
~ating of 150 psig and a design tempe~atu~e of 150"F is p~ovided in 
the hydrogen control discharge line. The nor.nally shut vent 1sola­
tion valve vill open when :he 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 auxilia~y building. 

Reacto~ Buildin2 Hvd~o2en Control Isolation Valve AH-V52 

An ai: cylinder operated 10", ca~bon steel valve with ANSI rating 
of 100 psig and a design temperature of 300"F is provided in the 
hydrogen control line upstream of the hydrogen control valve, AH-V~5. 
The valve is in full compliance with the "Draft ASME Code for Pu:nps 
and Vdves for Nuclear Power. " Section B, Nuclear Class II Val-les. 
!hi~ containment isolation valve is padlocked shut and is only 
opened for hydrogen exhaudt fan operation. The power source is 
similar to that described for AH-V25. The valve fails closed with 
lou of inst~ument air • . AII-V52 is. on the 328' Level of the 
auxiliary building. 

Instrument, Controls, Alarm• and Protective Devices 

All controls, indicators and annunciato~s described are located in 
the Cont~ol Room on Panel 25 unless stated otherwise. All ~e=otely 
controlled RB penetration isolation valves have position indicating 
lights on Containment Isolation Panel 15 in the Control Room. All 
£S operated valve• have indicating lights located on Engineered 
Safety Features Panel 13 in the Control Room. All instrumentation, 
controls, annunciators and computer inputs are included in Tables 11 
and 12. Reacto~ building ai~ pressure indication is provided as 
part of the Building Spray (BS) System. 

As ditcussed previously the power supply for the hydrogen control 
exhaust fan, AH-E-34, and its associated th~ottle valve, AH-V25, is 
determined by an ON/OFF switch on Panel 25. The th~ottle valve must 
be partially open (20:) for fan start. With fan start, the dis­
cha~ge damper open1. The flow path it instrumented with filter dif­
ferential pressure alarms, radiation, flov and temperature ~ecorders. 
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3.3.3 

3.4 

3.5 

~nitoring 

the reactor building radiation monitoring system will ~e used to 
obtain a sample of the building atmo1phere for analysis of its 
isotopic composition. This system t akes samples fro= two ?Qints 
in the reactor building, which are located ~?proximately 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 :aonitor HP-R-2:!7 , "Radiation Detec­
tion and Sampling" on Figure 3-2. the sampling lines are Seismic 1 . 
Redundant inlet and discharge lines are provided for the system to 
prevent a single active failure of any valve from icpairing the 
function of the monitoring system. 

In the nuclear sampling laoora:~ry, th~ sample will be analy:ed wi th 
a gas ch ~omatograph to determine its hydrogen content. A gam=& 
spectrum analy:er will be used : o determine the isotopic composition 
of the sample. 

Curing atmospheric purging, t he 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 :he 
building, a 10 in. pressuri:ation valve (AH-V7) , located ou:side the 
R.S. is provided :o admit a controlled amount of outs id~ air to the 
building . 

Desisn Evaluation 

Given in Section 5 are evaluations of allowable flow rates as a func­
tion of ti:ae 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 asse1sment of filter dole 
buildup and effect of accidental . releases of radioactive gase1 
dur ing maximum flow. the exposure analysis shows conformance to 
limits in each case. 

Tests and Inspections 

the atmo1pheric 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 system is 
in operation. Pressure, temperature and flow i nstrumentation are 
provided as shown in Figure 3-2 to confirm performance of the system 
and its components. qadiation monitoring instrumentat ion i s also 
provided in the system to check radioactive levels of the exhuast 
air. In addition, means have been provided for pre-purge DOP and 
freon leak tests of the filters. 

the 1teel pipe duct work 1y1tem wa1 1ubjected to leak te1ts during 
manufacture, erection and after as1embly in the field . Filters and 
filter hou1ing1 were subjected to manufacturers performanc~ and 
production te5ts a1 well as DOP and Freon 11 te1ts . 
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3.6 

J.i 

3.8 

3.9 

The charcoal filte~ will be subjected to a Freon 11 leakage test 
at 1000 cf=, the maxim~ flow expected in the system. -

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

~terials 

The ductwork is primarily mil~ carbon steel and has a 6 ~il coat 
of Phenoline 368. The material for other cooponen:s was siven !n 
Section 3.3. 

Operation of Hvdrogen Control Pur~e Svsteo 

Controls for this system are located on HVAC Panel 25. To start 
this system it is necessary first to open reactor building isolation 
valve AH-V3A (closed onES signal) and AH-VS2 (padlocked closed). A 
Blind flange on valve AH-V7 must be removed prior to this operation. 
Open throttle valve AH-V25 to about 309• prior to starting the 
Hydrogen Control fan, AH-E-34. Upon starting the ian the discharge 
valve, AH-V36, will open._ Throttle AH-V36 as desired. ~ben the 
reactor building pressure is slightly below atmospheric, open AH-V7 
(no~ally locked closed) and then-open AH-VJB, to replenish the 
exhausted air. 

The reactor building atmosphere is exhausted through isolation valve 
AH-VJA, a 10M branch line containing valve AH-VS2, a 6M 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-V2S, 
AH-V52 and AH-VJA and AH-V36. 

Accident Analysis 

The worst case limiting accident is inadvertent and undetected 
initiation 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 =rem beta akin dose or 
0,73 mrem whole body dose, consider~bly less than lOCFRlOO limits 
of 25000 mrem whole body dose. 

Failure Hodes and Consequences 

All failures and their conaequences are evaluated with respect to 
increasing the probability of producing an uncontrolled radioactive 
release or a release at a faster rate than allowed by procedure. 
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3.9.3 

Lo11 of In1trument Air 

Lo11 of inltrument air vill affect only the air operated valves and 
dampers in the system. All air operated valves in this system fail 
shut upon loss of air pressure which stops all flow in the system 
and thereby prevents any release of radioactivity. 

Loss of Power 

Fan AH-E-34 

Los• of pover to this fan vill reduce flow rate through the syste= 
causing a reduction in the release rate . 

Valves operated by air will fail shut on loss of pave:- to the so le­
noid operated air control \'3l•Jes . ~otor operate~! \'a!•1e AR·V-::!5 
will fail as is on loss of power. :leither of these concH:ions ~i ll 
cauae any increase in the release rate. 

Instrumentation 

Flow indication will be lost on loss of power , however, this 
indication does not control :he process so no increase in release 
rate can occur. I! an increase in flow rate occurs due :o sc=e 
other cause, HPR 229 will alarm as a backup indicat ion. Sys:e: 
operating procedure• will require the operator t o stop purging 
upon loss of flow indication. 

Filter unit differential pressure alar= capability will be lost on 
loss of power. Flow indi:ation vill provide a backup indication 
of fi l ter blockage. This alar= does not cause any auto=atic 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 shut thereby stopping flow in the system. 

Radiation Ho~itor KPR ::!29 is being modified to cause fan shutdown upon 
,loss of power to HPR 229. 

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

Systt!'l:l Leakage 

In order to ensure radiation will not be released from building 
ducts during operation, a leak test of ducting downstream of the 
containment i1olation valves and the filter housing vill be 
conducted prior to •ystem operation at 18 inche1 of water politive 
pres1ure in accordance vith ANSI N510, Section 6.3, 6.4, or 6.5 
and ahall indicate maximum leakage le11 than 6 cfm/1000 ftl of 
ayatea volume before acceptance. 

1334 276 



··-

3.9.4 

3.9.5 

3.9 . 6 

Fires 

The charcoal filter AH-F-34 is protected by a fire detector and an 
automatic deluge system ~hich also secures fan AH-E-34. The filter 
housing drain is piped to floor drains ~hich flow to a collection 
facility. 

Duct Failure 

The steel pipe ducting i s designed for 2 psig positi ve pressure. 
The filter unit housing is designed for 11 inches H~O negative · 
pressure. The system is protected from high pressure transients 
by a . s psig containment pr.~sur~ interlock !roo pressure swit:h 
AH-PS-5058. xax~um interna~ duct pressure is l!Qited to 1.5 
psig, since the maximum differential pressure will be caused ~y a 
. 5 psig reactor building pressure coupled with a min~um external 
pressure of -1.0 psig caused by an external aaaospheric disturbance. 
This extreae pressure condition is within the design ratings of 
the duct and filter unit and will not cause a duct failure which 
would result in an uncontrolled radioactive release. 

Operator Errors . 

Misoperation of the valves in the system could possibly increase 
the rate of radioactive gas release ·above the caxtlum allowable 
rate . However , HPR 229 would alarm and automatically stop flo~ in 
t he system !! the allowable release rate were exceeded. 

3. 10 System ~odification For Purse 

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

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

2. Add manual j og control to valve AH-V36, 

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

4, Provide interlock to trip t he fan on high activity as ~easured 
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 
Desicn Performance and Equipment Data 

a. Hydroaen Control Exhaust Fan 

Quantity l 

Type Centrifugal Exhauster with Direct 
Drive 

Flow, c: !m 

Static ?~essure, in ~.G. 

Fan (Motor) Speed, rpm 

Fan Motor Voltage/So. of ?nases/t.t 

Motor H.P. 

~. Hvdrogen Purge Air Exhaust Filter Train 

0 to 1000 

48 neg at 3550 rpm 

35.50 

460/3/60 

15 

One hydrogen purge air exhaust !ilter train in cabinet/housing conta1n1ng 
the following filters listed in sequence with respect to air flow: 

(1) Prefilter 

Qu~ntity 

Type Disposable bag filter 

Clean Pressure drop, in w,c, 0.8 

Max . Capacity, cfm 1000 

Face Velocity through Filter, 
fPQ (max.) 500 

Siote of Filter , inches 24x24x36 

Seismic Classification l • 

(2) Absolute Filter (HEPA) 

Quantity 

Clean Pres1ure drop, in W.G. 1.0 

Max. Capacity, cfm 1000 

19 
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Size ·of .. Filter, ·· inches 

Seismic Classification 

(3) Carbon Filter 

Quantity 

Type 

~x. Capacity, cfm 

Flov through cell, cfm 

Clean Pressure drop, in ~.G. 

Si:e of filters, inches 

(4) 2nd Absolute Filter (HEPA) 

Quantity 

Clean Pressure drop, in ~.G. 

Capacity, cfm 

Size of filters, inches 

Seismic Classification 

20 

-24x24xll :..1 /2 

I . 

3 per Bank 

Flat-bed radio Iodine 
Absorption ~ctivated carbon 

1000 

333 

1.0 

24x40x7-3/4 

1.0 

1000 

24x24xll-l/:! 

1 
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4.0 

4.1.1 

4.1.2 

SAFETY LIMITS FOR RADIOACTIVE GASEOUS RELEASES 

Radiation Exposure in Perspective 

Sources of Radiation in the Environment 

The average natural radiation exposure to persons living in the 
United States is est~ated to be about 125 mrem -per year. The 
source of ·this exposure is from cosmic rays_ and from naturally 
occurring radioactive elements in the earth~ Radiation is received 
directly from many minerals containing uranium and thorium isotopes 
in the ground or in the construction caterials in homes. The most 
si~nificant radioisotope in food is potassium. An additional small 

-~unt of exposure is ~eee~ved . throu~h radi >active gases in the air . 

It is estioated that an additional e~posure of . IOO mrec pe~ year 
may be received on the average from othe~ than natural sources such 
as medical X-rays, luminous dials on vatches, . bomb detonations in 
the atoosphere, and television. 

The Pe~son Rec Concept 

It is appropriate to. compare nev exposures to population groups 
~elative to thei~ exposure :o natural background. One measc.e o: 
the extent of population exposure is to add all the radiation 
~xposures received !ly each' individual in a population group. 
This resulting qu.1nt ity is referred to as person-rec • . The annual 
background population exposure within a 50 mile radius of the site 
is computed to !le about 275,00G person-rem (125 mrem tiaes 2.2 
million people). 3y comparison, the perion-rec for reactor 
building purging as discussed in this report is about 100,000 
times less than the natural background_ .mount. 

It should !le 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 eyes) which are less sensitive to radiation than the 
whole_ body. 

-
Effects of Radiation Exposure 

For many years standards coa=ittees 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. The1e recommendation• are embodied in the 
govern.ent regulation entitled lOCFR20 which limits whole body 
expo1ure to leu than 500 mrea P,er year. 

Comparison of the site boundary do1es from the events associated 
vith reactor building purge considered in this report indicates that 
individual expo1ures are vell below both the natural background ­
level of 125 mrem/year and the 10CFR20 limi~ of 500 mrem/yr. 
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4.2 Environmental Technical Specifications 

Section 2.1 . 2 of the Environmental Technical Specifications contains 
specifications for the release of gaseous effluents. These are: 

2.1.2.a. The instantaneoua release rate of gross gaseous activity 
except for halogens 4nd particulates ~ith half lives 
longer than eight days shall not exceed: 

Oi 
(MPCl i 

where Qi is the release r4te in Ci/ sec for isot~pe i, 
and MPCi { Ci/a3) is the maximum p~r=issible concen­
tration ~f isotope i as defined in Appendix S, !3ole I!, 
column 1, lOCF!UO. 

2. 1.2.b. !he instant4neous reiease of I-,31 and particulates 
~ith half-lives greater than eight days, released to 
the environs as part . of airborne effluents, shall not 
exceed 0 . 3 ~Ci/sec . 

2. 1.2.c. The release rate of gross gaseous activity shall not 
exceed : 

Oi 
{MPC) i 

when averaged over any calendar quarter. 

2.1.2.d. !he release rate of I-131 and particulates with half­
lives greater than eight days, shall not exceed 0.024 
~Ci/sec . , when averaged over any calendar quarter. 

!he specifications above can be used to establish limiting reactor 
building releate rates for instantaneous and quarterly average 
releases when the Kr-85 (paragraphs a. and c.) and the I-131 
(paragraphs b . and d . ) are knovn. Present estimates of airborne 
activity for Kr-85 of 0.78 ~Ci/ml and <1. x lo-9 ~Ci/ml for I-131 
make the paragraphs a. and c . aost limiting based on Kr-85 activity. 

Specification 2.1 . 2.c above assumes an average X/ Q value of 4.2 x 
Io-5 sec/m3. Historical meteorological data for the TMI site 
~ith elevated releases give an aver~ge X/Q value of 1.8 x lo-6 
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 lOCFR20 objective of 500 mrem off­
site whole body do1e when the quarterly average technical lpecifica­
tion limits are impoeed for radioactive ga1eous effluent relea1e 
from the plant vent •tack. 
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In other words, while the 10CFR20 lLDit (to be discussed below) 
1tate1 as its obje~tive a limit of 500 mrea annual whole body dose, 
the application in the Technical Specification achieves a factor of 
100 reduction to 5 ~em annual vhole body dose limit when using 
the quarterly average release rate liaits. 

10CFR20 - Standards for Protection Asainst Radiation 

Article 20 .105, per=issible levels of . radiation in unrestricted 
areas, paragraph (a) states: "The c0111111iu ion will approve the 
proposed limits if the applicant demonstrates that the propo1ed 
limits are not likely to cause any individual to receive a dose to 
the vhole body in ·any period of one calendar year in excess of O. S 
rem ... 

Article 20.106, Radioactivity i n effluents to unrestricted areas, 
paragraph (d) states: "For the purposes of this section the con­
centration limits in Appendix 8 Table 11 of this part shall apply 
at the boundary of the restricted area. The concentration of radio­
active material disch1rged through a stick, pipe or similar conduit 
m~y be determined with respect to the pipe where the =aterial 
leaves the conduit. 1f the conduit discharges within the restricted 
area, the concentration at the ~Aiund•ry may be determined by apply­
ing appropriate factors for dilution, disper1ion or deca: between 
the point of dis charge and the boundary ." 

Table 11, column 1 of Appendix B gives the following limits for 
the pertinen~ i•otopes: 

Kr-SS 
Xe-13lm 
Xe-133 

3 X 10-1 ~otCi/cl 
4 x lo-7 "Ci/ml 
3 x lo-7 ~Ci/ml 

These isotopic: limits are used vith the limiting X/Q value~ in the 
Technical Speeifie.tt ions given above to determine allovabl~ 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 limits vith the Technical Specification X/Q values to 
determine release rates vill yield substantially lover actual values 
of the isotopic: air concentrations in the unrestricted area because 
the expected X/Q values are at least an order of magnitude belov 
the limiting X/Q values. For this rea ~on, the expected whole body 
do1e vill be substantially belov the O.S rem yearly limit imposed 
by paragraph 20.105 (a). 

lOCFRSO Appendix 1 - Numerical Guides for Design Objectives and 
L1aiting Condit10n1 for Operation to Meet the Criterion - ALARA. 

Paragraph B.l 1tate1: "The calculated annual total quantity of all 
radioactive material above background to be released froa each 
light-water-cooled nuclear pover reactor to the atmosphere vill not 
result in a~ e1ti1Dated annual air dose froa gaseous effluents at 
any locati j n near ground level vhieh 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 8.2 states: "Not ~thstanding the guidance of para• 
graph B.1 : 

(a) The commission may specify, as guidance on design objectives, 
. a lower quantit~ of radioactive material above background to 
be released to the at=osphere if it appears that the use of 
the design objective in paragraph B.1 is likely to result in 
an estt=ated annual external dose from gaseous effluents to 
any individual in an unrestricted area in·excess of 5 cilli­
rems to the tota~ body; and 

(b) Oesi~n objectives based upon a higher quantity of radioactive 
material above background. :o be released to :he at=osphere 
than the quantity specified in paragraph B.1 will be deemed 
to ceet the requirements for keeping levels of radioactive 
material in gaseous effluents as low as is reasonably achiev­
able if the applicant provides reasonable assurance that 
the proposed higher quantity ~ll not result in an esti=ated 
annual external dose from gaseous effluents to any individual 
in unrestricted areas in excess of 5 millir~s :o :he total 
body or 15 Qillirems 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 10CFR20 down to the 10CFR50 Appendix I level ~hen 
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 10CFR50 
Appendix 1 limits. Off-site dose calculations for the planned 
p~rge scenario using typical meteorological data are presented 1n 
Section 5. 

Limiting Conditions for Operation of Purge Program 

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

1. Release rate for Kr-85, Cs-137, and 1-131 are deter=ined from 
Technical Specification paragraphs 2.1.2.a. and 2.1.2.b. 
to establish the moat ltmiting release rate. For the curreat 
status of reactor building isotopic coatent, the Kr-85 content 
is moat limiting. 

2. For the total quantity of Kr-85 to be released, the quarterly 
average release rate ltmit stated in paragraph 2.1.2.c. can 
be verified not to be exceeded with the Kr-85 concentration 
below 0.988 ~Ci/ml. 
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3·. Based on actual meteorology of the site at the ti=e of re­
lease, administratively limit release rate to minimize actual 

· doee to the unrestricted site boundary area so that total 
beta and gamma dose do not exceed limits stated in IOCFRSO 
Appendix ·!. The limiting value is lS millirems skin dose 
due to beta activity in the Kr-85 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. 

1334 2R6 
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5.0 

5 .1 

5.1.1 

ENVIRONMENTAL EFFECTS OF PURGE OPERATION 

Starting vith 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 ~eteorology, 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 R~utine Release of Reactor Effluents for the ?urpo-~ of 
Evaluating Compliance vith lOCFR Part 50 Appendix I'' and Regulatory 
Guide 1.111 "~ethods for Estimating Atmospheric Transport and 
Dispersion of Caseous Effluents in Routine Releases Fr~ Light­
Water-Cooled Reactors . " 

Since at the time of purge operation, the t-131 has decayed :o in­
consequential levels, the Kr-85 contribution to beta skin dose is 
the most l imiting radioac:iv~ source. The results of this analysis 
yield a peak beta skin dose of 5.0 mremH when purging is limited 
during unfavorable meteorological conditions. This is compared to 
the lOCFRSO Appendix I limit of 15 mrems . For the caae in which 
the only l imit on purge operation is the instantaneous Technical 
Specification lLDit due to Kr-85 content in the releaaed gas, and 
no limit is placed on purgin~ during unfavorable conditions, the 
peak skin dose is 10.0 mrems . In both cases, :he peak gacma doae 
is less than 0.10 mrems, compared to the 10CFR50 Appendix I limit 
of 10 mrem . 

?urse Comoliance with Technical Soecification 

Method 

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

a. ~~i ~ 1.5 x 105 m3(sec for inatantaneous relea~~ of grosa 
gaaeous activity (applies for Kr-85) 

b. Instantaneous release rate of 1-131 and particulates ( appl ies 
for Ca-137) vith half-life greater than eight days must be 
~ 0 . 3 uci/sec 

c. ~~i ~ 2.4 x 104 m3/sec for average over a quarter of gross 

gaaeous activity (applies for Kr-85) 

d. Average release over a quarter of t-131 and particulates 
(applies for Cs-137) vith half-life greater than eight daya 
must be~ 0.024.HCi/sec 

Where Oi is the re l ease rate in Ci/sec for iaotope i and MPCi 
( Ci/ml) ia the maximum permissible concentration of isotope i 
aa def ined in Appendix B, Table 11, 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 determined as follo~s: 

~~~i • 1.5 x 103 ::3/sec 

Qi • (~PCi) (1.5 x 105 m3/sec) 

Then, purge rate , ::3/sec • Q/concen:ration, (where concentration 
1a in Ci/::3). 

For I-131, and Cs- 137 the allowable ?Urge rate is de:e~ined as 
follows: 

-6 
Pu t 0 .3 LC1/sec x 10 ::3/ sec 

rge rae • (concentration) (!-charcoal efficiency)' 
(Yhere concentration is in Ci/::3 as above). 

After deter=!ning an ini:ial purge rate, :he decrease in contain­
ment activity inventory resulting fro= the purie was calculate~ . 
~ credit is taken for decrease in inventory due :o decay. ~ben 

containment activi:y decreases sufficien:ly to allow approxi::a:ely 
a doubling of the flow rate, a new purge rate is established. The 
same process is then repeated until a ::aximu: purse rate of 1000 
cfm was obtaine~. The decr~ase in activity in tne RB is calculated 
as follows: 

" ~ T •- ··ln-
~ Ci 

Yhere 

T • time of purge 
m • purge rate in cfm 
~ • volume of containment in ft3 
Ci • concentration at start of purge 
Co • concentration at end of purge 

Once the purge scenario is determined, i t 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 
.:.C:.:AY.:..e:.r:.:•::Js~e=.r:ie::=l:.:•;:::a:=s:::e~i=n~se;c::.t..) _(:!.JP~;.;u:.:r:-'ga.:e~t:.:i.::m:::e;....:i.::n~se~c::;o:.:n~d:.:s~) Quarterly release rate • - - - -(HPC) (Nuaber of seconds in quarter) 
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5.1.2 Evaluation with Technical Specification• 

Initial Purge Rate 

Using the techniques described in Section S.l.l, the initial purge 
rate ia calculated that ean be accomplished without exceeding the 
Technical Specification limita. 

For Kr-85, the allowable inatantaneoua purge rate ia: 

Purge Rate • Q/concentration 

Q • ~c (Kr-&5) x 1.5 x 105m3/see 

From 10CFR20 Appendix B, Table II coluon 1, 

~c (Kr-85 ) • 3 x 1o·i Ci/m3 

Therefore , 

..::3;..;;.x ..:1:.:0;...-_
7 _(:.:C:.:i~/m:::.3..:>;....:;x~l.:.:5;....;;:;~_l:.:0:...5....;;c m:::.3..:.1..:::S:.=e~c :...> ..;;x;...;;.60~(:..::S..:::e~c /:.:m::.:i:.:n~) Purge Rate • -

o. 78 y.ci/ml) x lo-6 (Ci/pci) x 2.832 x 104 (ml,'f;3 ) 

• 122 CFM 

The maximum allowable initial purge rate for release of Kr-85 is 
122 C~, baaed on an initial Kr-85 content in the reactor building 
atmo1phere of 0.78~Ci/ml. 

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

Purge Rate • 0.3 ~ICi/See) x 60 (See/Min) 
1 X to•S SltCi/ml) X 2.832 x 104 (ml/ft3) (l-0.9) 

• 636 CFM 

The maximum allowable initial purge rate for releaae of Ca-137 ia 
636 CFH, based on an initial Cs-137 particulate content in the 
reactor building atmosphere of 1 x 10-~(tCi/ml and a particulate 
filter efficiency of 90:. 

For I-131, the maximum allowable purge rate is determined the same 
way as for Ca-137 except that charcoal efficiency replace• parti­
culate filter efficiency. This evaluation gives a maximum allow­
able initial purge rate for 1-131 of 636 x 104 CFK, based on an 
initial 1-131 concentration of 1 x lo-9,,ci/ml and a charcoal 
efficiency of 90%. ' 

From the above calculation, it can be aeen that the limiting iaotope 
for Tech. Spec . releaae limita is Kr-85 . 

1334 2R9 
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Purse Duration 

As the concentration of radioisotopes within the reactor building 
is reduced while purging, the allowable purge rate can be increased 
up to the maximum purge flow capacity of 1000 CF~ . A typical 
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 Technica l 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 t ime the Kr-85 con:e~t 
dropa below the maximum concentration for the next increased purge 
rate level. The final :ice period at 1000 CFM purge ra:e i s :he 
time required to reduce the Kr-85 content :roc 0.09;)/Ci /ml to the 
1 x l0-5 !t Cii ml MPC limit for restricted access to the reactor 
building per lOCFR20 Appendix B Table 1, Column 1. The time 
period at each purge rate and the initial and final Kr-85 levels 
are given in Table 5.1.2-: . 

The above anal~sis shows that the RB can be purged in about 31 
days without txceeding the instantaneous release Technical Specifi­
cations. The releases must also be compared to :he quarterly 
average Technical Specifications. 

The quarterly average Technical Specification for 1-131 and Ca-13i 
can be easily met using the above scenario . The quarterly average 
Technical Specification for gaseous act ivity can be met, so long 
as the initial gaseous concentration in the RS (Kr-85) is less than 
0.988~Ci/al. This can be shown as follows : 

Q/HPC ~ 2.4 x 104 m3/sec (from Tech Specs) 

Where MPC • 3.0 x 1o-7)Uci/ml • 3.0 x 1o-7 Ci/m3 for Kr-85, the 
limiting isotope 

Max allowable Q • (2.4 x 104 a3/sec) (3. 0 x to-7 Ci/m3 
• 7.2 x to-3 Ci/sec 

(Q) (Number of seconds in quarter) 
But, max allowable concentration (C inpCi/al) • RB volume in al 

(7.2 x 10-3 Ci/sec)(90 days x ~ x ~ x 60 _sec) 
Max allowable C • ------------------------------------------~d~a.v ______ ~n~r~------~=~1~"~-

(2.0 X 106 ft 3)(2.832 X 104 al/ft3) 

c • 0.988 ~~~ 

Kaxiaua allowable concentration to be released vithin quarterly 
allowable Technical Specification limits can also be determined 
for Cs-137 and 1-131. 
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For Cs-137, using 

Avg. Release Race~ 0.024_l.:Ci/Sec, 

M4x. allowable concentration released • 

0.024 l'Ci / Sec x Total Seconds in Quarter 
RB Volume in 1111 

Because a large fraction of particulate Cs-137 will be captured by 
the HEPA filters in :he hydrogen control syste=, credit can ~e 
taken !or filtered removal of Cs-137 prior co release. The HEPA 
filter at worst perfor=ance can be expected to be at lease 90: 
efficient. Therefore 

0.0~4 UCi/ Sec v Total Seconds ir:· Qua:-:er 
~~x . allowa~le concentrat ion • ~~~~~~~~~~~~~~~~~~~ 

R3 Volume in cl x (l-Filter eHiciency) 

0.024 (liCi/Sec) x 90 x 24 x 60 x 60 (Sec./Quarter) 

2.0 X 106 (!t3) X 2.832 X 104 (ml/ft3) X (1-.9) 

• 3.3 x to-5 .«Ci / cl 

Therefore the maxicum allowable Cs-137 concentration in :he reactor 
building atmosphere for full release within one quarter within c~r­
rent quarterly average Technical Specification limits is 3.3 x lo-S 

_liCi/ml for a worse cue fil:er efficiency of 90: Cs-137 recovd. 

The maximum allowable 1-131 concentration for full release within 
quarter ly Technical Specification limits is detercined in the same 
manner as for Cs-137 except that the HEPA filter efficiency is 
replaced by charcoal effic iency for Iodine removal. Using a 90: 
charcoal efficiency, the maximum allowable I-131 concentration 
within the reactor building atmosphere for full release within 
one quarter conforcing to quarterly average Technical Specification 
limits is 3.3 x lo-5~ci/ml. 

1334 291 
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Table 5 . 1.2-1 

Maximum Concentration of Kr-85 vs . Purge Rate 

PurRe Rate (CFM) Kr-85 Cone . (~Ci/ml) 

100. <0 . 95 

200. 

500. 

1000. 

33 

0.48 

0 .19 

0 . 095 
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.. 

Purge Rate (CFM) 

100 

200 

500 

1000 

Table 5. 1.2-2 

Time to Reach Each Liaitins Concentration 

Initial Kr-85 
Content (UCi/a1) 

... 

<0.95 

0.48 

0.19 

0.095 

Final Kr-85 
r,ontent (UCi/ml) 

0 .48 

0.19 

0.095 

1 x lo-5 

Total Duration 

Purge 
Duration (davs) 

9.4 

6.5 

1.9 

30.5 days 
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5.1.3 Reaulta of Purge Releaae Within Technical Specification Licits 

Table 5 . 1.3-1 givea the aummary reaulta for maximum allowable 
inatantaneoua purge rate within Technical Specification limits 
for the three radio•isotopea most limiting on purge rate. 

Uaing the Kr-85 concentration to eatabliah purge flows as a func­
tion of time, a full purge o! the reactor building airborne radio 
isotope concentrations within HPC limits for restricted : rea 
accesa can be achieved in 31 days following the schedule shown 
in Table 5.1.2-2. 

The quarterly average release rate Technical Specification licits 
can be maintained so long as the concentrations o! radtoisotopes 
within the reactor building atmosphere are less :han :he level3 
given in Table 5.1.3-2. 

The expected quarterly average release based on :urrent Kr-85 
levels will be 79% of the allowable Tech. Spec. licit for full 
purge of the reactor building atmosphere . 
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Table 5.1.3-1 

Estimated Li111iti.ns Purse 
llotooe Concentration (~Ci/ml) Rate (C~) 

Kr-85 0.78 122 

Ca-137 <1 X to-s 636 

I-131 <1 x 1o-9 636 x to4 
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Isotope 

Kr-85 

Cs-137* 

!-131* 

Table 5.1.3-2 

QuArterly Avg . 
Tech. Spec . Limit 

~7.2 x 1o•3 Ci/sec 

~0.024 ""'Ci/Sec 

~0 . 024 .wCi/Sec 

Lizlrit ing Purge 
Concentration ( (ICi/ol) 

0.98,8 

3. 3 x lo-5 

3.3 X 10-5 

*Assumes filter efficiencies of 90: for Cs-1Ji and I-131 re:oval . 
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5 •. 1.4 

5 . 2 

5.2.1 

5. 2 . 1.1 

Conclusions for Purge Relea1e Within Tech. Spec. Limit• 

1. Full purge of the reactor building atmosphere below instan­
taneous Technical Specification radioisotope 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 0.988jlCi/cl, the 
quarterly average limits can be met . 

3. The purge rates can be allowed to vary from 100 to 1000 CF~ 
with 9,4 days at 100 c~. 6.5 days at 200 CF~ . 1.9 day at 
500 C~ and 12.7 days at the maxicum pu~ge rate of 1000 CF~. 

Off-Site Dose Determination for Purge 

~ethod 

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 start times and various purge procedure•. These 
programs inco~porate the environmental dose calculation routines 
utilized in the do1e as1e1~ent effort following the accident • 

. The program computes not only beta, gac=a, and thyroid doses but 
also checks for compliance with Technical Specification limits and 
MPC offsite licits each hour during the purge. Both elevated and 
ground level releaae ,points are evaluated. Two basic types of 
simulations were cailde. One t;tpe (XDC.U.C) uses a "predetercined" 
purge rate and the second (PURTST) uses a "varillble" 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 do1es offsite while achieving 
the goal of reducing noble gas concentration• to below MPC in the 
reactor building during a purge time of one to two months, starting 
in October/November, 1979. Reaults are u1ed to plan and evaluate 
the purge procedures to be utilized. 

Meteorological Data 

Historical data from the onsite meteorological tower taken in 1976, 
1977 and 1978 were used for the same months of the year to simulate 
conditions in 1979. Hourly values of me&~ured wind 1peed, wind 
direction and vertical temperature difference were available on 
computer files for acceu by the prosram," Specifications for 
instruments ueed to collect these data are given in Table 5 . 2-1. 
The meteorological program is de1igned 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 ~'RC Regulatory Guide 1 .• 23. Wind speed :~~easured 
at 100 ft. on the :~~eteorological tower is adjusted to the 33 ft. 
or 160 ft level to be representative of t he assumed effective 
heights used during the purge dose studies. The equation used 
for this adjustment is as follows : 

haHn 
'URH • u100 ( h1oo) 

•~ere hRH ( ft ) and URH ( :~~ph) are the he i ght and ~nd speed 
at the release height respect iv el y, and n i s a f~~ction o! 
atmospheric stab ility as !ollo~s : 

Pasquill -G!! forJ 
Cateszorv 

A, !1 , C 
0 

~. F, C 

Initial Radioactivity in Reactor Bui lding 

V.llue of 
n 

0. :!5 
0.33 
0. 50 

Si=ulations !or variable purge rates requires knowledge of only the 
initial reactor bui lding inventories since the PLfRTST program 
cooputes t he re:aining inventories after each purge hour. !hese 
initial inventories are based on the RB air samples taken on 
June 26, 1979. For start dates beyond July 1, the initial inven­

' tories were reduced according to the half lives of t he indi•: !dl!oll 
· isotopes. The following table su==ar!zes the assumed starting 
inventories in 1£i/ cc. 

Purge Start Date* 

Isoto2e Julv 1 Ausust Se!!tember 

Kr-85 1.0 1.0 1.0 
Xe-131~ 0.085 0.012 o.oo:u 
Xe-1 33 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. 

Airborne 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 is 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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S.2 •. 1.3 Plan~ Charac~er11~ic1 

tftluent from the reactor building purge will be dtractad into the 
plenum of the plant vent and out the ?lant vent stack. If the 
suppleaentar~ filter syste: plant release point were to be used 
(since this system is horizontal) no plume rise due to momentum of 
the existing gas is possible. Effluent will always enter the 
turbulent wakes surrounding plant buildings ~nd undergo initial 
dilution in this region. After leaving the influence of these 
buildings, concentrations in :he ?luce at ground level will always 
decrease with distance. Plant parameters pertinent to the di!fu­
sion model are given in Table 5.2-2. 

Several runs ~ere made t o determine the ~ene!ic!al effects of plu:e 
~ise ~hen the plant ven: st3ck is used. For these runs, vent 
par3meters are necessa~y 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 
di~ec tion sectors is provided in Table 5.2-3. 

Standards 

l OCFRSO, Appendix I -- provides guidelines for offsite dose 
objectives for routine pl ant operation 
due to noble gases as fQllovs: 

Soble Gas air gamma dose 
Soble Gas air beta dose 
~oble Gas whole body dose 
~bl~ Gas skin dose 

*applicable at site boundary 
**applicable to real person 

Atmospheric Dispersion ~odel 

lOmrad* 
20mrad* 
Smrem** 
15~:~rem** 

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

I .b.Q! 
X Qgnd - where, 

U X :t,: 

~
2 ., 1 

- + .£!!. 
z :r 

X/Q • concentration at ground ~evel ( Ci/m3) ~ release rate 
Q ( Ci / sec) 

u • wind speed at 33 ft. level (m/sec) 
x • distance from plant (m) 
sz • Pasquill-Gifford dispersion coefficient (ml) 

c • wake coefficient (•0.5) 
H • building height (m) 

40 13.34 299 

L.....---..:' ...:• ___ __:~-----'-~---_:__:_,__ ____ _____.::___:_~ ____ ~~----



For the vent ttack rele~•• runt, plu=e rise above the building 
wake boundary under certain light wind condition• waa accounted 
for. The model referred to at Mmixed ~ode" tro~ Regulatory 
Guide 1.111 wu uaed for theu. caua. The elevated releaae ~odel 
is defined as follows: 

X/Q 2. 03 c·. ~)') ·-- exp -ele UXIf ~ 4":2 
~ 

where symbols are as before, and 

Hs • stac~ exit heigh: ab~:e local :errai~ (: ) 
~h • ?lu=e rise due to cocen:u: je: (: ) ( deter:i~ed usin& 

Brig:;s' co del) 

X/~ixed • (1 - ~t ) X/ Qele + ~t X/ Cgnd 
!DO de 

~~ere Et is deter=ined as follows 

.. 
if :o ~ 5.0 , Et • 0 

u 

• if ~ < 1.0 , Et • 1.0 
u 

and 

Et • 0 .3 - 0.06 (~0/~) !or 1.5 ~ Y0/~ ~ 5.0 

W0 • Vertical exit velocity of plume 

Dose Calculation Models 

ln this analysis both whole body and skin dose analyses were made. 
The skin dose (Dskin> results from both beta and gamma radiation. 
Since beta particles are stopped by only a few centimeters of air, 
one =ust be subcerged in the plume to receive a dose. Therefore, 
ground level concentrations of each isotope based on X/Q must be 
used. Gamma dose (Dgam=a> can be received as a result of shine 
from plumes aloft as well as from submersion in the plume. A finite 
plume dose ~odel is used to estimate gamma dose as described later. 

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

Dskin • Dgamma + O.ll4Ii Qi (X/Q) Ft t 

where 1334 ~00 

41 



5. 2.1.7 

t 
0.114 

• release rate ( Ci/see) of isotope i 
• ground level dispersion factor (see/ml) 
• do1e factor Kr-85 • 1.34 x 10-3, Xe-13lm • 4.76 

Xe-133 • 3.06 x 10-4 (units of mrem-m3/pei-yr) 
• time \hour) 
• constant for units correction 

~ dose (Dgamma> is coaputed using the finite plume model de­
tailed as tquation (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 tices . hig~er than 
the gamma dose . for an individual in :he pl~e. 

Population doses are cocputed using the sa=e dispersion and dole 
rout ines out to 50 miles . At each population segment shown in 
Figures 5.2-1 and 5.2-2, the dose is multiplied by the number of 
people and su=med to determine person-rems. 

Cocputer Programs 

The dole models were incorporated in a routine called PUR!ST which 
is used to assess :he effect of varying a series of input para­
meters. !he ~eneral progra= !low diagram is shown in Figure 5.2-3. 
The routine starts by reading :he meteorological parameters for the 
hour. Then, using the reactor building isotopic content for the 
hour, doses and concentrations at the site boundary are ealeuls~ed 
for an assumed arbitrary flow rate of 100 CFM. Based on limits 
established -at the beginning of the run for beta and gacaa dose as 
well as ~C for each isotope, an allowable flow rate is computed . 
Tech Spec limits are also cheeked 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, i f Tech Spec limits are to be neglected, the Tech 
Spec limits are set to high values so they will not produce limiting 
flow rates . Similar provisions are made for other limiting con­
ditions 1uch a• dole limit. 

This calculation i s repeated every hour until the total period of 
record specified has been processed. At the end of each hour, the 
amount of each i1otope released (based on the limiti~g parameter} 
i s 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 
~ector. 

1334 -~OJ 
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5.2 . 2 

Several runs vere made using the XDCALC program without regard to 
feedback from meteorological conditions. The XDCALC computer pro­
gr .. has been used extensively in evaluating do1es resulting from 
the accident. The XDCALC program uses the dispersion and dose 
1110deb described above and a predetemined release ·source ter:n 
that can be specified each hour. Doses are co~puted at several 
distances near the ~ite and integrated each hour in the appropr i ate 
direction sector . 

Evaluation of Off-Site Doses Due to Purge 

General 

An evaluation has been made to assess :he off-si:e man-tem, beta­
gamma integrated dose and instantaneous dose rate to the whole 
body, skin and thyroid as a result of various purge scenarios. 
The results va~1 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 enviro~ental ~pact associa~ed 
with Rll purge. 

A series of runs were made using the PLTR~ST and XDCALC programs 
and meteorological data for July, August, October, and Sovember 
from 1976, 1977 and 1978. The results of these anal yses are 
included in _Table 5.2-5. Sensitivity stu~ies vere completed for 
varying purge rates, release locations and meteorolog ical conditions. 

Ca1e1 Considered 

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

The first case listed, Case So. 1, detemines the expected boundary 
doses when a constant activity release rate is used to purge all 
activity over a on& month interval (Kr-85 release rate is 2.15£4 
J-~Ci/sec for one month). Esti.aated 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 saae meteorology and 
release location 11 Ca1e No. 1 but the release rate is taken from 
the step wise pur~e 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 So. 8, uses historical meteorology 
conditions to limit release rates to hourly lU.its for beta, 
gam.a, and KPC 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. 14, for August 1977 meteorological 
data; and Case No. 16 for August 1978 meteorological data. 

43 

1334 502 



Man-rem exposure to the surrounding population out to a radius of 
50 miles fro::a the site boundary vas calculated for Case ~o . 1. 
Because the resulting man-rem vas representative and quite s~all, 
this calculation vas not repeated for the other cases. 

For Case :;os. 2, 11, 15, and 17 the step wise purge scenario 
assuces ~ days at 50 c~. 9.5 days a: 100 c~. 6.5 days at 200 
CF~, 2 days a: 500 Cnt, 14.5 days at 1000 C~, for a total 
purge duration of 36.5 days to reach ~PC levels in the reactor 
building. Although 50 C~ vas selected for the initial purge 
rate, since :he 1-131 has decayed substantially, 100 C~ can be 
used for the initial purge rate to stay within Technical Specifi­
cation li=its as shovn in Section 5.1. 

For Case ~s. 8, 12, 13, 1.:0, and 16 the release is :~~a.de in a series 
of s:ei)s in ·.mid~ jlUr&e ra:e each hour is 'laried in accordance ·.;! th 
X/Q vea:her conditions to ~eet the follo~n& obj~ctives: 

- Instantaneous Dose R3:e (.3) < 0.3 ::ar/hr (at site boundary)* 
- Instant~~eous Dose Rate(~) < 0.1 ~r/hr (at site boundary) 

::a3 - Instantaneous activity release < 1.5 x 105 sec 
- Pea~ hourly isotopic concentration at s!te boundary < 10 ~PC 
- ~axi::au= jlurge ra:e • 1000 cf:~~ 
- ~ini:~~uc pur;e rate • 20 cfm 

A nw:oer of iterations ha·a been uecessary :o de:e~ine :he 
appropriate selection of these limits to achieve full purge of the 
reac:or building. 

The purge routine se:' specific dose rate l!mits and uses real ti::ae 
meteorological input to ::aeet these objectives by varying purge rate. 
Use of this scenario increases the length of i)urge, as co::apared to 
:he technical specification release, but reduces total beta and 
gam::aa dose. It can be seen that the purge can be co::apleted in 
33-.:09 Jays using the dose objective release, depending on the 
release point and meteorology used. 

To confirm the effect of meteorology for months vhen the purge is 
most likely to be carried out, Cases 18 through 20 and Cases 21 
through 23 and 26 were run vith October and Sovember meteorological 
data respectively. Cases 18 and 23 use the predetermined purge 
rate schedule as defined in Section 5.1, Cases 19 through 22 use 
meteor~logical feedback data to control purge rate within specified 
11=1ts on hourly gamma and beta dose rates, ~PC levels, purge !lov 
capacity and Tech. Spec. limits, Case 26 uses only the Tech. Spec. 
limit on isotopic release rate for Kr-85 of 1.5 x 105 x ~PC 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 vill change slightly ea~h 
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 111r/hr. 
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The total integrated whole body dose in pe~•on•rem vas calculated 
for Ca1e Nos. 1 and 21. Because the levels ~re leas than 1 person­
ram it vas not contidered necessary to c~pleee thia calculation 
for each of the other caaes. 

Doae Effect Reaulta 

Table 5.2-5 c~pares the actual calculated dose for each release 
scene it.:.' ~is cussed in ~he . i':'Cvio:::: . cect ion. F:-=-· :h:.:r-.::ab!~ -:.t 
can be seen that the total tiae to purge the reactor building to 
within lOCFR20, Appendix B, Table I l~its for max~um permiss ible 
concentration is in the range of 31 to 49 days depending on the 
purge constraints imposed . In all cases, the l OCFR20 limi: of 
500 arem annual whole bodr dose is easily aet, and the meteorology 
selected has only a slight effect on total dose when purging is 
controll~d ~y aeteorologic3l feedback. Tabulated in Tabl~ 5.2-5 
for each case are :he average effective ?Ur6e rates, the time :o 
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 oade at a rate consistent with the cur:-en: ~!-2 Techni:al 
Specifications will re5ult in a small integrated doee ;o a pereon 
residin~ at the nearest residence (700 meters · from the vent stack}. 
The total whole body aan-rem expenditure considering populations 
out to a radiu~ of 50 miles from the site is less than 1 aan·r~. 
By 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 :-eduction is 
primarily a result of increasing the height of the theoretical 
plume centerline containing the beta emitting Krypton above the 

.neare~ residence. The mean free path of the g-=aa's however 
is much greater than that for beta's and gamma radiation dose 
is caused by a shine-mechanism vhich is relatively insensitive 
to the variation in distance between the source and the nearest 
residence . 

From Cases 1, 2, 10, 13, and 17, the skin dose due to beta radia­
tion for ground level release varies between 24 to 50 mrem vith no 
meteorological feedback to control purge rate. By introducing 
controlled purging using meteorological f~edback to limit purging 
to specified hourly dose limits, the beta skin do~e 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 vith no meteorological feedback to control purge rate. 
Wifn controlled purging (using dose lLaits and meteorological feed­
back) and vith elevated releases at the plant vent stack, the beta 
skin dose is in the 2.9 to 5.6 mrem ranse depending on the actual 
~~eteorology. 
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Table 5.2-6 give• a s~ary of the range of variou1 purge 1cenario1 
calculated. 

In all ca1e1, the 1kin do1e due to g...a radiation i1 below 0.35 
mrem at the site boundary and the whole body integrated dose 
throughout a 50 mile radiu1 from the plant is approxUDately 1 
person-rem !or the worst ca1e scenario. 

The re•ults for elevated releaae1 are all within the 10CFR50 
Appendix I guidelines of 15 mrem annual skin dose for "as low as · 
reasonably achievable." In particular, using elevated relea1es with 
controlled purging, akin do1e can be held to within one third of the 
10CFR50 Appendix 1 guideline limits. 

Figures 5.2-4, 5, and 6 present results of purge characteristics 35 
a function of ti=e for several o! the purge scenarios analy;ed. 
The first figure ( Fig. 5.2-4) compares the beta skin dose build-up 
at the limiting site boundary lo~ation as a function of time 
during purge for several cases. In all ca1es, most of the dose is 
generated during the early portions of the pury.e 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 CF~ 
and the incremental dose ia small !roa that point forward. 
Cor.lparing Cues 19 3nd ·'20, the effect of tightening limits ·on the 
hourly dose objective for beta skin dose can be seen. Although 
reducing the hourly beta limit frem 0.1 mrem/hr to 0 .05 mrem/hr 
lowers the initial dose accumulation, the total dose is not 
significantly affected due co the fact that the initial savings in 
dose i1 compensated by increased incremental dose later 1n the 
purge cycle and an extension of the time at which the 1000 C~ 
flow rate limit is achieved. 

Figure 5.2-5 shows the additional char~cteristie featur~s of the 
Case No. 21 purge as a function of time . This case is most typical 
of the rec~ended purge program for November purging, using . 
meteorological feedback to control purge at specified hourly dose 
limits with an elevated vent stack retease. The figure shows purge 
flow rate, integrated purged volume, remaining reactor building 
curie inventory, and accumulated beta skin dose . Ag1in, this 
figure shows that the majority of the reactor building activity 
has been released by 20 days and that the remaining purge ia 
completed at maximum flow rate to reach MPC levels. 

For comparison, Figure 5.2-6 1hows the ease of November meteorology, 
elevated vent stack releases but with purge rate controlled only by 
instantaneous Tech. Spec. rele~se rate limits for Kr-85. In this 
C41e the accumulated skin dose is twice 41 large as the hourly 
do1e rate limited purge case, the maximum purge rate is reached ­
much sooner and the reactor building Kr-85 curie activity drop1 
more rapidly. 

1334 505 
46 



The total integrated ~aole 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 discuased 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. 
F~om these results the f~llowing conclusions are ~ade: 

1. All cases evaluated are substantially ~elo~ : he 10CFR10 
objective of 500 -:J.re::J/ yr whole body dose. .U::-:oug:a :he 
whole body dose is not shown, it can be ta~n as approxi­
mately 1.2: of beta skin dose giving results belo~ 0.5 mr~ 
whole body dose for all cases evaluated. 

2. All cases ev~luated with elevated vent stack release give 
skin dose below the 15 ::rr:em/yr 10CFRSO Appendix i guide­
line for ~As Low As Reasonably Ac:hievaole. ~ Results give 
beta skin dose in the range of 2.9 :o 7.5 :rea. 

3. Controlled purging With meteorological feedback reduces 
site boundary doses by 20 to so: for elevated release. 
Results for controlled purge at elevated release give beta 
skin dose in the range of 2.9 to 5.6 area. The worst case 
dose is approximately 1/3 of lOCFRSO Appendix I guideline. 

4 • . The total integrated person-rem whole body dose is less than 
1 person-rem to the population within 50 miles. of the reactor. 
Therefore, in perfo~ing cost-benefit studies called for in 
lOCFRSO Appendix 1 paragraph II.D, the maxim~ benefit for 
other alternatives to controlled purging of the reactor 
building cannot be greater than 1 person-rem even if these 
alternatives achieve zero release. 

5. The total time to purge the reactor building to max12um 
permissible concentration levels for Kr-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 
statio~ vent stack, using the =eteorological feedback systeo 
described, in order to =a1ntain off-site doses as ·low as 
reasonably achievable. 
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T.ABLE 5.2-2 

Input Data For Dispersion ~delling 

METEOROLOGICAL DATA 

ParaMter 

Wind speed 

Wind direction 

StabUity 

~L(dispersion coeffi~ient) 

Site Specific Data 

Terrain hd&ht 

Population distribution 

Plant Specific Data 

Vent Height 

Vent exit diameter 

Vent exit velocity 

Buildin& Hei&ht for 
coQPutation of ! 1 , the 
effective vertical disper­
sion coefficient 

Characteristics 

Measured at 100 ft, adjuated :o 33 ft level 
for ground releaaes and adjusted exponentially 
to 160 ft for elevated releases 

Measured at 100 ft 

Based on ~t 15Q-33 ft and PC (A-G) -dispersion 
categories in accordance with Regulatory Guide 
1.23 

Based on PC curves, limited to lOOOm 

See Table 5.2-3 

See Figures 5.2-1 and 5.2-~ 

160 ft 

J.Oaa 

. 9.1 11/sec 

170 ft 

J 33 .1 .308 
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No ,. 

2 

8 

10 

ll 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

26 

TABLE 5.2-4 

Assumptions for Purge Dose Calculations 

Purse Scenario* 

Constant Ci/aec over 1 month to release 
all containment activity. -

Tech. Spec. Limit Purge Scenario at 100, 
200, 500, 1000 CF~ per Section 6.1. 

Release rate limit to hold hourly S, '(, 
and ~C levels baaed on Qeteorology ~ 
( • \iQit • 0,3 mrem/hr>. 

.. 
Hourly release rate limit at · 1.5£5 
instantaneous Tech. Spec. ~3/sec. timir. 

Same as No. 2 

Sme u ~o. S ( i lLsit ;; O.l) 

Same as Na . 8 ( i. limit • 0.3) 

Same .u So, 8 {!limit • 0.3) 

Same as No. 2 

' S.11:1e as N.>. 8 (? \iQit • 0.3) 

Same as No. 2. 

Same as No. 2 

Same as No. 8 {~ limit .. • 0.1) • 

Same as No. 8 (/limit • OS, ·so CFH lo~r 
flow) 

Same as No. 8_(:"ll_imit • 0.1) 

Same as No. 8 (~limit • 0.3) 

Same as No. 2 

Hourly release rate lLsit at 1. 5!5 
instantaneous Tech. Spec. H3/aec . limit. 

Release Meteorological 
Point*** Data Applied** 

Cl.'D 

CND 
.. 

GND 

VENT 

CND 

CtiD 

CND 

CND 

GND 

VENT 

VENT 

VENT 

VENT 

CND 

VENT 

VENT 

July '76 

July '76 

July '76 -

July _ '76 

July '76 

July '76 

Aug. '76 

Aug. ·~~ II 

Aug. '77 

Aug. • i8 

Aug ; '78 

Oct. '78 

Oct. '78 

Oct. '78 

Nov, '78 

Nov. '78 

Nov. '78 

Nov. ' 78 

* All caaea except No. 1 limit ·purge rate to 1000 CFH maximum. 

Progrm 
Used 

XDCALC 

Pl."RTS'! 

PUR!ST 

PURTST 

Pt.'RTS'! 

PURTS'l' 

lCDC..U.C 

PUR'!ST 

XDC..U.C 

XDCALC 

PURTST 

PURTST 

PURTST 

PURTST 

XDCALC 

PURTST 

** AI monthly aeteorological data change• fro. July to August, September or later, short 
. lived hot ope initial inventory is reduced baaed 'on decay half-life. 
- ***GND • Ground level equivalent roof filter release point, VENT • Vent stack elevated 

releue point . 
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i,._ .: '·t :~~ ,,!~~~ :·: )· •r 
TAIIU: ~.2-~ 

Kcsults of Purgt! !Jotit! Culculatfolls 

Avg Peak Po1•-< I) l'op-< I) &lhult! llo.Jy llnmber of TIIIIL!s 
Purse Tt• {I Skin ulatl!d l'enk ul.ltt!d l'opui;Hio•l t:ond lt I on l.lmlted Flow 

Run Rate HPC 11 Uose Location ;r Ootil.l Locnllon DeiSt! HI'C Tec:h Hax Hln 
~ (Ctll) reached (arem) c •• dlr) (mrem) c •• dlr) Ct•criiUII- Ct!lll ) GnnnL1 lk!ta l.lalt s.,ec: Flow flow 

)Ud SO.O 700,E O.JS 70U.E 1.112 
•:. ,. 

2 ·• •· J6d 43.0 7tlO.t: o.Js wu.E 

8 48') 49d " 13.0 700,E 0.12 700, E '' '· - ~ ., (I 3?2 I) 211 746 

10 643 31d 3S.O 7UO.E •' 0.3') 7t10,E - .. :• ll o 0 343 393 0 

11 - 36d 6.4 15UO,SE 0.10 10U,t-; 

12 534 33d 5.6 ISOU.SE 0.10 tiUU,ESE ... ·:.. - 0 SO 0 311 1012 0 

ll 491 4ld "' 4.8 700 0 £ 0.02 700,E - .. ·· 0 343 0 183 858 

14 soo 42d ' 12.s 700,E o.o8 7oo.t: . - o 362 o 1118 648 

IS - 36d •i 25.0 7oo.E ,, 0.11 7UO.E 

16 SUO 46d 10.0 700,£ . O.OS 70li,E 1 - ·• ' .;·· II 1'.14 0 162 528 
J•• ·r. •. 

17 - 36d 24.0 700.E •·, 0.10 7UO.E t. •: ;;. '.:; ,. • - - , .,. •• - .:', 

18 - 36 ,.. 3.5 ., - ' .:> ..... :· ~ : ... "'.:··:· .. :::: - ~;·· ··· ~ :. ·: ~ 
o; 1 . ! ,: ·i 

19 - 34 2.9 . 0.04 :: r , .. ·•... . .. .. ,!'•; 11 1113 o · 210 406 
~ ., .,., •· ,, , .. - ..... •: ,•: ;! ·r:·l:~· .! ,,. 

20 - 56 2.9 ··' 0.03 ; .::· ·· - - - - ., -v.... 
~2i - 36 : .. 5.0 •• :: .. 0.06 '•. 0.75 , u lf•S 0 210 . 411 

• ,. ! ! • I' !I • .'· •• 1-.. •• 
Vol .. 
- 22 - 48 18o0 1 '· , . 0.09 . 0• • , , - -

00 
- 't ~. 

I, 1.!· '·•· _,_. :: .• t!,~-,.1:1: 1: •t I! 

23 ' - ,, 36 7. 5 
•-.1, o;t 

26 - 32 10.0 - '~'" ··~·"·" - ·::.·:,,''" () .. .. .. () 316 416 0 
(l) Locatlon of highest dose tu rl!lildcnt (IIICtcn. dlrcctlun). 



Case 
l!!!!.... 
12,19,21 

11,18,23 

- 8,13,14 
16,:!.:!. 

2,15,17 

-
7 TABLE 5.2-6 : 

Dose for Purge Scenarios 

Purge 
Scenario 

Met . Fee.dbaclt, Hourly Limit Beta • 0 .1, 
Variable M~teorology, Vent Stack Release 

Tech. Spec. Purge Schedule at 100, 200, 
500, 1000 CFM; Variable Meteorology, Vent 
Stack Release 

Peak Boundarv 
Skin Dose (mr~) 
BETA - GA.~ 

2.9-5.6 0.04-0.10 

3.5-7.5 0.1 

Met. Feedback, Hourly Limit Beta • 0.3, 4.8-18.0 0.02-0.12 
Variable ~eteorology, Ground Level Rel~ase 

Tech. Spec. Purge Schedule at 100, 200, 
500, 1000 CFM; Variable Meteorology, 
Ground Level Release 

LIMITS 

24.0-43 .0 0.10-0.35 

10CFR20 Objective 500 mrem/yr . Vhole body* 

loillo le Body 
Pop. Dose 

(penon-rm) 

O.i5 

1.0 

10CFR50 A?P. I Guideline 
FOR ALARA 

5 mrm/yr. Vho1e bodv* 
15 mrem/yr. skin dose' (BETA & GA.~) 

-• Note that whole body is approximately 1.2! of beta skin dose for Kr-85 therefore limit 
vill not be approached so long as skin dose is met. 
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No 

General1zed Flow D1a9raa for PURt.St Progr~ 

No 

TheM i.ru:lwSc r 
Ma.Xi&= ' :..1.:11= ;~ur~• !low 
8e~ and 9- doae hzu:. 
ractor allowed &bcve MPC 
for each iao:Q~e 
A .. .-d tech apec li::~t 
StartiC£ ~Ci/cc value 

Ca.pute do••• I ;<:oepute new 
!or ~C! nou: ~!low to equal--
for 1 ODCF!'! idoae li=l. t 
purge 

' . 

Ollpllte do••• 
t 10 diltanc:e"'------41 

in cUrec:uon 
for hour 

Add to do .. 
tAble a 
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6.1 

In order co complete the assessment of the . radiolosical impact of 
purging the reactor building atmosphere using the hydrogen control 
system flow path, the filter dose rate has been evaluated co show 
acceptability for on-site exposure. The- filter dose race analysis 
for ·che purge process vas completed assuming that the recirculation 
system vas not operated. 

To be conservative, •irbor~e activity vas assumed. co 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 lover. 

During a RB purge using the systems in the modes as described in 
this r~porc, :he most significant man-rem expend iture to personnel 
on site will be incurred during !ilter change out act lvicies. The 
following evaluation defines the change out sequence, estimates 
the required man-hour expenditures and utilizing the theoretical 
dose race derived from the predicted curie buildup in the filter 
trains from the TlDRLS program, quantifies the total man-rem 
expenditures. 

Method 

The computer code TIORLS calculates time dependent radioactive 
:ransport into and out of a single node . The node used in ehis 
analysis vas the TMI-2 eontai~ent building. It is a versatile 
code that may be used for ventilation studies, associating reactor 
primary coolant activity with an unidentified leakage rate for 
setting conditions ~f operation, release of radioactivity, dose 
rate to personnel in control room, !ilter 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 partition factor for 
transport betveen liquid and vapor regions . All gaaeous daughters 
of isotopes in the liquid region are transported to the vapor 
region automatically. A gaseous daughter of a parent isotope 
trapped i~ a filter is released from the filter. 

The radiological as1es1ment calculation for filter change out used 
the TIDRLS code with recirculation through H£PA filt~rs only (no 
iodine removal) . The code vas run for one hour interval• in the 
recirculation mode and filter fission product inventory at each 
time step val obtained. The individual isotopes and their initial 
concentrations were based on actual air sample data. A review of 
the fission product inventory at the ti.e of the accident and their 
respective decay schemes determined that additional isotopes beyond 
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6. 2 

6.2.1 

6.2.2 . 

~- thou identified ._ by g-a spectroscopic analyses performed. to date 
· do not reasonably exist. However, additional isotopes were aatumed 
to be present in the filter change out dose rate calculation• to 
develop a vorat case ,calculation. The inventory of any isotope 
&laumed to .be present vas at its min~um detectable concentration 
for this vo·ut case. 

The dose rate calculation assumed. the fission products trapped by 
the filters were evenly distributed across the face of the filter, 
and the filter vas a disc tource. The dose rate is given by the 
equ~tion · 

\lhere 

D 

D 
Ito(£) 

• Ko{E) £ i! [El (b) - £1 (b sec 9) } 
2 

• dose rate (r/hr} 
• dose rate per unit energy flux {r /hr per ~ev/em~ sec) 

photon energy (Mev ) 
• optical length (em) 

exponential integral 
• angle between center of filter and point of measurement 
• source {photon/ cm2 - sec ) 

The calculation of dose rate vas done for each ga~ present in 
the filter. 

A filter efficiency of 90: vas used in calculation of filter fis­
sion product accumulation. 

Filter Dose Evaluation 

H2 Control Filter Change Out 

DUrini· the purge operation uting the Hydrogen Control System, 
both HEPA and charcoal filters vill be used. After being bagged 
nearby the filtet housing, the filters vill be tranaported to the 
equipment hatch . One man vill be required to handle the HEPA . 
filter while tvo men are required to handle the charcoal filters 
becauae of their greater weight . 

Filter Dose Rates 

Using the best estimate RB airborne activity dote rates on the the 
H2 control filters · are calculated • . The purge rate vas baaed on 
the Tech. Spec. acenario given in Section 5.1. 

Aaauming a purge without prior recirculation, th~ analyaia shoved 
that dote rate on the H2 control HEPA and iodine (charcoal) 
filtera would be leas than the design changeout point of l r/hr at 
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6.3 

6 .4 

the. end of .a 35 day purse. - This analysis .assumed tha~ 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-l shows the dose rates that will occur on the hydrogen 
control system exhaust filter, if the reactor buildin; is purged 
without prior recirculation. The aaximu= buildup on the HEPA 
filter is 340 mr/ hr at the end of the 840 hour purge period. The 
charcoal filter will have a =aximum 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 tvo 
weeks as a result of Iodine-131 decay . 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 
fi lter doses ~ill be several orders of magnitude lower . 

Conclusions 

The dose rates calculated· from best estimates of fission products 
in containment atmosphere during July 19i9 for hydrogen HEPA and 
charcoal filters should not come close to the lR/hr design basis 
!or filter c:hangeout. 

Since the dose rate levels do not require filter c:hangeouts during 
the operation of the purge system, the impact on man-rem expendi­
tures will be minimal. 
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7.0 

7.1 

7. 1.1. 

7. 2 

tNVlRONMENTAL 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 analysis is performed consistent with Regulatory 
Cuide 1.145. "Atmospheric. Dispersion Models for Potential 
Accident Consequences Assessments at Nuclear Power Plants." 

Description of Accident 

The pos:u1ated purge accident that leads to worst case radiat ion 
dose to the environmen: is the extreme condition of uncorree:ed 
inadvertent initiation of the modified hydrogen control system at 
1000 cfm !or. 30 cinutes be!ore any controlled ?urging 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 cakes the cal culated environmental exposure even 
less likely . 

Reactor Building Release During Accident 

For an assumed 30 minutes ?urge system flow at 1000 cim with a 
building concentration of 1 ~Ci/m1 of Kr-85 prior to any controlled 
purge activity gives a total accident curie release of: 

f 
3 

2.83 X 10
4 

1 l llCi Curies • 1000 ___ t_ x 30 ~in x m x ~ x 
mb ~3 ~ 

• 850 Ci releaaed . 

Accident Dispersion Model 

1 Ci 
106 Ci 

The accident dispersion parameter X/Q has been computed for TMI 
Unit 2 using the methodology outlined in the NRC's Re~ulatory 
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 wind meander under low vind speed conditions . 
Calibrated SF6 diffusion teats conducted at the site in 1971 
( reported in Amendment 24 to the Unit #1 application) demonstrated 
the existence of this meander effect. 

Baaed on two years of site meteorological data, each of which had 
a combined recovery rate of more than 90%, the appropriate X/Q 
for uae in short-term calculations (i.e. , less than tvo hours) was 
determined to be 6.8 x to-4 sec/m3. 

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

~ tvo-year period of site •eteorological data vas used vith vind 
speed and direction from the 100 ft level and ~T taken betveen 

_ 150 ft and 33 ft. Speed vas adjusted to be representative of the 
33 ft level util i zing a power lav relationship with the exponent 
b~ins determined as a function of stability as follows : 

- - (~33 n u • u 
33ft 100ft H100 

vhere n • 
0.25 for Pasquill Stabilitv Classes A, B and c· 
0.33 for Pasquill Stability Class D 
0.50 !or_Pasquill Stability Classes E, F and G 

and H • height (m) 

Data recovery (percent) by parameter vas as follows : 

Paraeter 

Wind speed 
Wind direction 
del ta-T 
Combi-ned 

Diffusion Class 

First Year 
(7/1/76-6/30/77) 

96.0 
95.0 
95.4 
93.5 

Second Year 
{7/1/77-6/30/78) 

93.4 
93 .0 
93.5 
91.0 

The Pasquill dif fusion class vas determined using vertical tempera­
ture difference (AT) and the categories given in NRC Regulatory 
Guide 1.23. Values of 6v and«: were determined as a function of 
distance and stability class using the standard Pasquill-Cifford 
curves. The distance to the site boundary in each of the 16 direc­
tion sectors vas variable vith direction an4 vas taken as the mini­
~ distanc~ to the site boundary in the central or either adjacent 
sector and are given in Table 7-1 . 

Values of :!:y vere computed as follows : 

:!:y • M~y 
I y • (M-1 )& 1800= • tSy 

vhere x is distance 

(x < 800=) 
(x ) 8001:1) 

M • from 1. 145 figure 3, f (vind speed) 

Equations 

Regulatory Guid~ 1.145 requires the use of three diffusion equa­
tions as follovs: 

(1) X/Q • 1334 

65 



(2) X/Q • - -- ' u {31r.Y J: .s 

{3) X/ Q • 
__ 1_ __ ,._ 
u -y ~: 

\~here : 

X/ Q • relative concentration ( sec/m3) 

• vind .speed ac 33 ft (m/ sec ) 
• lateral plume speed coefficient (m) 
• vertical pl~me spread coefficient {m) 
• smallest vertical plume cross-sectional area of 

cont3inment <~2ooom2 ) 

For each calculat ion, the following procedure is used co determine 
the appropriate X/ Q. Determine the =aximum of equat ion (1) nnd 
{2). Then determine the minimum of that equation and equation 
(3) i f the wind sp~ed is less than 6 m/ sec and the stability is 
~ot unstab l e . This v~lue i s used for all calculations :hat foll ow . 

Cal culat ions 

Values of s i te boundary X/Q were determi ned for each hour of the 
t wo year da t a b~se us ing the above equat ions. Cumul ative probabil ­
i t y di stributions were then made for each ~ ireccion and separatel y 
for the comb ined data independent of direct i on. An envelope vas 
cont ructed around all 16 di rect ion dependent curves and t he 0.5: 
probable value {i.e., the value exceeded no more than 0.5: of the 
time ) waa determined to be 6.8 x to•4 sec/ m3 . A second value 
requi red by the Regulatory Cuide 1. 145 procedure at the s: level 
on the direction independent curve was determined to be 6.3 x 10·4 
sec/ m3 . According to the Regulatory Cuide, the f irst value muse 
be used since it is higher. 
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Direction 

Table 7-1 

Aaauced Distance to Site Boundary 
in Each Direction 

(fro11 plant to 
lite boundary} Distance (c) 

N 650 

:;l\:: 650 

NE 630 

E!~E 610 

E 610 

ESE 610 

SE 625 

SSE i10 

s 925 

ssw 705 

sw 705 

WSW 705 

w 1400 

ww 1400 

NW 650 

NNW 650 

1334 
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!nviron.ental Dose Consequences From Purge Accident 

From Sections 7.1 and 7.2, the site boundr .~ cloud concentration 
becomes : 

Curies 850 Ci 
--;r- • 30 :zain x 60 sec. 

min 

• 3.21 x lo-4 Ci/m3 

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

Seta Air Dose (mrads ) • 0.23 X 0.67 X 3.21 X 10-4 X 1800 S~C X 103 !:!. 

• 98 mrads 

c-a Air Doae (mrads) • 0.25 X .0052 X 3.21 X 10-4 X 1800 X 103 
• 0.75 mrads 

Usin~ Regulatory Guide 1.109 Table B-1 to convert !rom air dose eo 
whole body dose 6ives: 

whole body dose due to accident • 0.73 mrem. 

This whole body dose is compared to lOCFRlOO limits of 25000 mrem 
maximum allovable total radiation whole body dose to demonstrate 
tha: the accident consequences are vell vithin lOCFRlOO accident 
limits. 
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8.2 

ALTERNATIVE TO REACTOR BUILDING PURGE PROGRAM 

~ di1cu11ed in Section 1, the unknown Three Mile Island Unit 2 
core configuration po1e1 a .call but incalculable ri1k. lt is 
po1sible that reactor building entr~ could be cade and additional 
reactor building investigations completed (all necessary step• 
toward final disposition of the damaged reactor core) without 
cleaning-up the ai~borne radioactive~ in the reactor building. 
Becau1e of the hazards involved and added precautions required 
vhen operating in an airborne contaminated environment, several 
=ethods were examined for clean-up of the airborne activity prior 
to recommending the controlled purge option. This section 
di1cu1ses each of the evaluated alternatives. 

No Atmosnheric Clean-Uo 

It is often tempting to conclude that no further action should be 
taken to reduce airborne radioactivity 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 per=issible concentration for restricted 
access per 10CFR20 Appendix B Table I, eolucn 1, for Krypton-85. 
Since the activity is well defined, it ~ay be possible to develop 
adequate shielding for a reactor building entrant to complete some 
a1sess.ent of reactor building conditions with this high radiation 
environment. The ritks to the entrant are quite high however and 
the opportunity to obtain useful information is very poor in this 
condition. 

~re importantly, as aetlVlty continues in and around the reactor 
buildin&, the likelihood of unplanned accidental releases of the · 
contained gases under cond!tions of unde~ireable meteorology remains 
high. Although the reactor building is presently adequately 
tealed, the ability to maintain this sealed system indefinitely 
is questionable. 

Design Basis for Alternate Atmosphere Treatment and Stora!e Svste=s 

The design ba1es for the alterna:e systems considered in this section 
':Ire as follows: 

Current Noble Gas Activitv Within Containment 

The noble gas activity within containment at this point in time 
consi1ts entirely of the isotope Kr-SS, with a half-life of 10.7 
years. All other radioactive isotopes of xenon and krypton have. 
rleeayed to negli&ible quantities. 

The concentration of Kr-BS within containment has been determined, 
based on s .. plin& performed during the Summer of 1979, to be less 
than 1 ,...Ci/•1. 
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Required Concentration of Kr-85 After Cleanup 

The systems lhould reduce the Kr-85 concentration to the maximum 
permissible concentration (MPC) for occupational expo1ure, or 
1 x 10-5)JCi/ml (see 10CFR20). ~bile 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. 

Containment Volume and Required Process Volume 

The containment volume is two million cubic feet. At least 11.5 . 
containment volumes must be processed using a "bleed 4lld feed" 
type of operation to reduce the containment Kr-85 concen:ration to 
1 MPC. This zoounts to 23 million cubic feet of processed volume. 

lt 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 reali:ed. 

Desi2n Bases Release of Kr-85 from the Site 

The desi;n basis for :he ;as co=pression and charcoal absorption 
systems i• :ero off-site releaJe. 

Zero release inherentlv c~nnot be achieved by the cryogenic system, 
which can remove a part but not all of the krypton from the process 
streao. The des ign basis off-site release for this syste= is 1o-3 
of the total containment inventory, or about 60 curies of Kr-85. 
This value i s based on the removal efficiency specified in the 
existing system ~quipment specification. 

Seismic Desi2n Cateaorv 

The sei.sic category for system components, supports, and buildings 
is Class 1. This category is the same as that for the TMI-2 con­
t ainment bu i lding and, accordingly, is considered required for 
components vhich 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 
Cuide i s not, however, considered appropriate for the situation at 
nu-2. 

Desisn Code 

The design, fabrication, and installation of pressure boundary 
components is in accordance with the requirements of the ASH! Code, 
Sect ion III, Division 1, Class 3. Again, this code i·s more strin- _ 
gent than would be required of current gaseous radioactive waste 
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systeaa by Resulatory .Cuide 1.143. It is considered appropriate, 
however, because it is consistent with the code for the existing 
containment vessel. 

Charcoal Adsorption and Storage Svstea 

The first alternative considered for reducing the airborne act1v~:y 
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 reaain adsorbed to the charcoal. This charcoal would then 
remain in storage indefinitely. In order to maintain the reactor 
building pressure within acceptable · lLDits, the at=osphere is 
continuously replenished with outside air so the airborne concen­
tration is ~educed in exponential fashion. 

In order to achieve MPC levels within the reactor building the 
equivalent of 11.5 tLDes the reactor building atmospheric volume 
=ust be processed. 

System Description ( See Figures. 8.3-1 and 8.3-2 ) 

Cas withdrawn from contair~ent is passed through H~PA and charcoal 
filters and then gas dryers which are needed to remove essent ially 
all moisture. The gas then passes through tanks of activated charcoal 
in series which absorb the Kr-85. Once "brealc.-through" -occurs, 
the tanks are isolated and are used for storing the Kr-85 at 
ambient temperature and atmospheric pres,ure. Charcoal loses its 
ability to absorb krypton when it is exposed to significant humidity, 
i.e . , in e~cess of about 3 percent. 

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

Storage tanks, rather than piping, are used to facilitate initial 
loading of the charcoal . A manhole would be required at the top " 
of each tank for loading, and a second manhole would be required 
at the bottom 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 vas based on fabricating the tanks in a 
shop and shipping them to the site. TWelve-foot diameter and 50-
foot length repre~ent about the upper lU.it to shop fabricated tanks. 

Four hundred and fifty such tanks would be required. Each would 
be an atmospheric tank, designed in accordance with Section Ill, 
Subsection NO, Class 3 components . The Code requires a min~ 
vall thicknes• for such tanks of 3/16 inch, The . total tank metal 
weight would be 6,100,000 pounds. 
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The building required to house the ta~ks (see Figure 8.3-2) would 
be 700 feet long, 150 feet vide, and 60 feet high. The charcoal 
provide• significant •elf-shielding 10 that shielding is not con­
sidered necea1ary for the tanks. 

De1ign Alternates Considered 

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

a. Operation at Lover T~perature 

Sum=ary description of , alternate Operate :he ~harcoal 
at a lower temperat~re to increase i:s adsorption capa­
bility and, accordingly , decrease the required amount of 
charco4l. A number of !IWRs., for example , ~ploy s:IStems 
which operate at o•F. At this temperature, the absorption 
capability is about 2.5 times greater than at 10•F. 

Basis for rejecting the alternate-- The required refrig­
eration equipment increa1es system complexity. Malfunction 
of the equipment could cause an increase in charcoal 
te=perature 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 
system would still be very large ( about 15 percent of the 

.total U. S. yearly production). 

~. Re~ener3te the Charcoal and Store Cas Enriched "in Krvpton 

5ummary description of alternate -- Employ two parallel 
trains of charcoal, each with a few days holdup t~e for 
krypton . Process with one train until "break-through" 
occurs, while 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, 
pa~ticularly temperature cycling 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, 1uch systems are not considered practical 
for near ter. use at TMI-2. · 

Coat and Schedule EstU.ate 

Cost Range (for c0111ponent procurement, install at ion, 
building erection and materials, design and analysis, 
testing and checkout, charcoal, contingency) 

}.)~3.1 3 ; 5 I 
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$120,000,000 to $160,000,000 
(Note : MOre than S6o,oao,ooo of this cost is 
the charcoal itself.) 

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

30 20nths to 40 months 
(Note : This schedule presumes charcoal vould 
be available as required. A national commitment 
of U. S. production capacity vould be required 
for th is .) 

System Evaluat ion 

The charcoal adsorption syste= ach ieves ~ull t~eatment and 
storage of the reactor building atmophere vith zero rad i o­
act ive release assuming ~o equipment failures or operator 
errors. 

This system is vulnerable to uncontrol l ed release during 
_processing and long-term storage . In part icul ar, charcoal 
loses its adsorption capability .wben exposed to coisture. 
Accordingly, gas dryer malfunct ion dur i ng processing, ~r 
contact of the charcoal by humid air during storage could 
"resul t in inadvertent krypton re lease . Potential for ! i re 
also exi sts vith charcoal , and could result i n an un• 
contrclled release of krypton. 

Use of a ch~rcoal system does not reaolve the pro~le: of 
ultimate disposal of Kr-85. Long-term storage for _more 
than one hundred years, and off-site shipment are each 
considered less safe than controlled release of the Kr-85 
by purg i ng containment . Off-site shipment vould be 
particularly impractical for this system because of the 
large volume of material. 

The extensive ti.e required to build and install the 
charcoal adsorption system vould 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 vould also delay ~I-2 cleanup operations . 
Finally, · the cost of the charcoal adsorption system is high 
and no commensurate benefits are received . 

Charcoal Adsorption System Conclusions 

In su..ary, vhen compared to controlled purging of the con• 
tain.ent building, the alternate charcoal absorption system 
is considered to be less 1afe -- it i1 less reliable, and 
clearly hal the potential for uncontrolled releases of radio­
activity vith higher radiation exposures . 
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Caa COIIpre .. ion and Storase Systn .. 

The _second alternative c:ons_idued for reducing the airborne ac:tiv­
·ity in the reactor buildina is to drav -off the reactor ·building 
atmosphere into a preaauri:ed storage container so that this 
entire building atmosphere including the radioactive noble 
gases rnains in p·reuurized storage indefinitely. The tc:al 
volume to be stored is 23 million cubic: feet . 

System Description (See Figures 8.4-1, 8.4-2, and 8.4-3) 

Cas is vithdravn from containment using three c:ompres•or• with a 
total capacity of 225 scfm. Thi• permits containment cleanup in 
71 days if the system operate• with no malfunctions and if the 
t otal proc:es1 volume does not exceed 23 million cubi c feet . · 

!he gas passes first through HEPA and charcoal filters which are 
provided to remove any particulate radioactivity and minimi:e 
cont.aination 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 contai ner for the compressed gas is 36-inch O.D. 
standard vall (0 . 375-inch : hick) carbon s:eel _pi ping. 

The des ign pressure for this piping i s about 340 psig in accordance 
wi th the ASME Code, Sect ion III, Subsection ND. At this pressure, 
a total pipe volume of 1,000,000 cubic: feet is required for storage 
of the proceued ~as. The ·total requirei length of 36-inch piping 
i s 1.50,000 feet. The pipe weight i s _21,000,000 pounds • ... 

Th~ piping -is d ivided into tvo_major 1ection1 to minimize shielding . 
The high activity pi~ing 1ection include• 20 percent of the piping 
and conta in• 90 percent of the krypton-8.5 . Six inc:hea of concrete 
shielding are required. The h igh activity .section is subdivided 
into five units to (1) ensure that the highest activity piping is 
at the center of the building (see Figure 8.4-2) and, accordingly, 
i s shielded by outer piping; and (2) minimize the amount of 
uncontrolled Kr-85 release in othe event of leakage. The building 
which hou1es 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-8.5. No shielding is required 
for th is pipi ng. The build ing which houses the low act ivity 
piping is 220 feet long, 160 feet vide, _and 60 feet high . 

De1ign Alternates Considered 

Varioua alternate• were considered for the gal compression system, 
and were rejected. · In s-ary: 

a. Storase in Risher Pressure Pipin5 

S~ry description of alternate·-- Store the containment 
atmosphere in high pressure piping, in order to reduce the 
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total ttoraae volume. For ex .. ple, thick-walled 
(1.0 inch) 36-inch piping would perait atorage at 1,070 
paig, and. reduce th~ storage volume (or total pipe 
length) by e factor of three. 

Basis for rejecting the alte~nate 

The tot"al pipe weight is not reduced by this alternate ; 
the reduction in pipe length by three is balanced by 
the increase in vall thickness. Accordingly, pipe 
procureaen_t costs would not · be reduced. 

Standard vall piping is the most readilv ava ilable. 
Accordingly, use of thick vall piping would increase 
construction time . 

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

b. Use of a Sinale Large StoraRe Container 

Sucmary description of alternate -- E=ploy a large container 
instead of piping . For exz=ple, a vessel with 2 x 106 
ft3 volume (equal to the TMI-2 containoent volume) could 
contain the processed volume at a pressure of about 170 
psig . Th~ required vall thickness for such a vessel fabri• 
cated of carbon steel would exceed 8 inches. 

Basis for rejecting the alternate -- Such an altercate would 
likely be significantly more costly and take longer to -
construct than a system ~ich employs standard vall piping. 

Use of Standard High Pressure Gas Storaae Bottles 

• 

.. 
Summary description of alternate -- Eaploy standard 2,500 
psig vessels vbich are used for storaae and transport of 
commercial gas (e.g., 02 and K2> • 

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

Cost and Schedule Estimate 

• ·. Coat Range~ (for co.aponent procureaeat, installation, build in& 
erection and aaterials, desicn and analysis, testin& and 
checkout, contingency) 

s5o,ooo,ooo to $75,ooo,ooo .. 
~. 

• Schedule Ran,e (for building and equi~nt ·des icn, procunaent, 
erection, installation, testina) 

25 .onths to 35 oonthl -

1334 .S36 
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8.5 

8.5.1 

Cal Coapra11ion Sy1tea Conclu1ion1 

When compared to controlled purging of the containment building, 
the alternate gas co=pre1sion 1y1tem is considered to be le1s 
safe-- it is le11 reliable and clearly hal the_ potential for · 
uncontrc-lled releuu o·f radioactivity with higher radiation 
exposures . 

Crvogenic Proce1sina and Storase Svstem 

The third alternative considered for reducing the airborne aCtlVlty 
in the reactor building (primarily due to Krypton-85f is to draw 
off the reactor building atmosphere into a cryogenic processing 
syste=. This system would separate the noble gases from r~e re­
maln~g gases cryogenically and the noble gases containing Krypton 
would be stored indefinitely in highly concentrated form. The 
total volume to be proces1ed through the 1y1tem is 23 million 
cubic feet. 

Gas removed from containment pa1ses through a cryogenic treatment 
system where most krypton is removed. The purified gas is dis­
charged from the plant. (Note: The cryogenic unit effluent gas 
flow rate is greater than the input flow rate, because ' liquid 
nitrogen used for cooling vapori~es in the cryogenic units. The 
effluent must be ditcharged rather than recycled to containment in 
~rder to prevent containment _ pressure buildup.) Liquid krypton, 
xenon, argon, and methane are periodically withdrawn froc the 
system, allowed 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 ) 

Cas withdrawn from containment is pa1sed through KEPA and charcoal 
filters and then through the variou1 rem1ining components which 
are shown in Figures 8 . 5-1 and 8.5-2. It i1 noted that all of the 
component• shown in Figures a.5-l and 8 . 5-2, except for the ocata­
lytic recombiners and their ,as1ociated preheaters and aftercoolers, 
are part of an existing system at a nev BWR. ·The system has not 
been placed "in operation. It ia being scrapped and replaced by a 
new conventional type of cha~coal system. ~e understand the major 
reason• for this deciaion by the utility which·· currently owns 
the system are : 

Lifetime costs of the .cryogenic syatem, including the cost 
of hydrogen and liquid ·nitrogen supply, maintenance, and 
operation, were considered to .likely exceed the cost of a 
charcoal •Y•te.. 

The cryogenic system val coneidered ill-luited fo~ t~ansient 
operation• . For example, its ability to ~••pond co sudden 
changee in input flov ~ate, 1uch as could be caused by 
opening a vent valve to the main condense~, ie questionable. 
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No aicnificant operatin& experience is .vailable on a cryo-
.. aenic system. It v .. considered likely that operation of 

this syat .. would be significantly leas reliable than ·a char­
coal system because it containe 'many GOre valvee, inetrumenta, 
and . other active c:oeponents than • charcoal eyetem. . . 

However, thit is one of the c:ryogenic: eyatems whic:h c:ould be made 
.vailable in a reasonable period of time, and vat therefore c:hosen 
at a typical cryogenic eyetem for this evaluation. 

The c:ryogenic system consists of three separate trains. Tbe input 
flow rate is 75 sc:fm per train . After removal of oxygen by the 
recombinera, the flow r~te is 62 scfm. The effluent flow rate ia 
103 ·scfm, higher than the input, bec:ause some of the liquid 
nitrogen used for c:ooling the cryogenic: units is v~porized in the 
units. 

The purified gaa is diacharged from the aite via the reac:tor 
building roof vent. · The cryogenic: system c:an remove 99 .9 perc:ent 
of the krypton from the input gat in accordance with the original 
equipment specification. Th~ quantity of Kr-85 discharged is 
~pproximately 60 curiea. 

Shop teats were performed :o est~blish the purification efficiencv 
of the cryogenic units, These tests shoved a removal efficiency 
by krypton ·greater than the value of 99.9 percent required by the 
equipment spec:ification. However, the test vas not performed under 
actual operating conditions. For example, pure nitrogen waa em­
ployed for the procesa gal rather than a gas containing moiature, 
carbon dioxide and argon in addition to nitrogen. Alae, the bottom 
of the removal c:olumn (the "reboiler section") contained a mixture 
of nitrosen and krypton rather than a mixture of ~rgon, .ethane, 
and krypton. Accordingly, it is considered that testing under 
actual operatin~ conditions would be required to prove out thia 
ayatea. 

Liquid krypton and xenon are reGOved fro. the cryogenic unit when 
they reach a concentration of 20 percent in the bottoa of the 
removal column. The remaining 80 percent consists of argon (76 
percent) and methane {4 percent) . The liquified gases are vapor­
ized and atored at ambient temperature . 

. . 
The volume of stored gas would be about 800 standard cubic: feet. 
This estimate is baaed on a concentration of Kr-85 vithin contain­
ment of l~Ci/al, which. for a containment volume of 2,000,000 
cubic feet, amounta 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 aas 
expected after 90 daya of operation is 256 atandard cubic feet. 
The eatbaate of 800 standard cubie feet total is, accordinaly, the 
voluee correspondina to about 60 percent of the total noble gas 
voluee in a 20 percent rich mixture of noble aa• vith araon and 
Mthane. · 
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Many different components are employed for this - system (see 
Fiaures 8.5-1 and S.S-2). The function of each compane~t is 
summarized as follows: 

Catalytic recombiners (Figure 8.5~1 ) -- Remove oxygen from the 
incoming air to prevent ozone buildup from irradiation of 
oxygen . Ozone in contact with light hydrocarbons, e.g., CH4, 
can detonate. (Note: The system supplier indicated this is 1 
concern for operating BWR applications. He wo~ld have :o per­
form an evaluation to determine if catalytic recombiners are 

· required for the TMI-2 application.) 

Hydrogen storage vessels (Figure 8. s-i) -- -- Provide hydrogen to 
the catalytic recocbiners, 8,000,000 scf total required. 

Liquid nit rogen storage ~essels {Figure 8.5-1) -- ?~ovide liquid 
nitrogen for cooling the cryogenic units, 150,000 gall~ns total 
required. -

Krypton and xenon stor~ge ~essels ( Figure 8.~-1) -- Store the 
Kr-85. 

Storage secondary-container (Figure 8.5-1) --Prevent Kr-85 -
release in :he event of storage vessel, pipina, or v~lve 
failure. 

Cryogenic unit feed comprestors ( Figu~e 8 . 5-1) -- Provide the 
required gas flow. 

~race recombiners (Figure 8.5-2) -- Remove trace quantities of 
oxygen (up to 0.5 ~rcent by volume) which may be pre~ent 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 ·column•. 

Cooldown heat exchanger (Figure 8.5-2) -- Reduce temperature of 
inlet ga• (to -292"F) and inc~ease temperature of_outlet gas 
(to -40"Fi and hydrogen. 

Removal column (Figure 8.5~2) Remove krypton from input gas 
(alto Xe, A, and CH4) by counter flow of liquid nitrogen (at · 
-307"F) and the inlet gas. 

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

Pha1e 1eparator (Figure 8.5-2) -- Remove excess hydroge~ for 
recycle to the_ catalytic recombine,n. · 

Decay column (Figure 8.5-2) -- Provide three-hour decay time of 
the effluent gas before it i• released. 
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B.S.2 

-· 

-
• - Cold"box (Figure B.S-2) Contain all components which operate 

at cryoaenic te.peratures to prevent uncontrolled Kr-85 
relea .. in_ the .event of equipHnt malfunctions. 

Ambient heater (Figure B.S-2) -- Heat up ef!luent gas to the 
temperature required for prepurifier bed regeneration {+330"F 
for H20 and C02 removal). 

Figure B.S-3 shows a conceptual design of the secondary storage con­
talner for the krypton storage vessels . This is, in effect, a 
small size containment vessel with two-foot thick rein!orced con­
crete walls, a Stainless steel liner, t ypical piping penetrations 
with double isolation valves - for the inlet and out let headers, an~ 

- a four-foot diameter equiP=ent hatch for storage vessel installa­
tion. · It is designed for an internal pres sure of ~0 ps ig to wi th- · 
stand the pressure resulting from failure of al l the s torage ·­
vessels . (This peak pressure would be 16 ps i g.) 

Figure 8.5-4 shows the building arrangement for the svstem equipment . 
It corresponds to the arrangement of the exi st ing system, wi:h 
minor modifications to : -

Incorporate the secondary storage container , 

Provide space for catalyt ic recombiner equipment, and 

Provide for above grade construct ion rather than beloW grade 
construction wh i ch was employed at the existing facility. 

-· Two feet of con~rete shie ~ding are required for the product 
storage yessels and the cold box components . 

Design Alternates Considered 

No aLternate designs were considered because, as described above, -· 
the evaluation is based on an ex i sting des ign which is currently 
available. (Note that even though this is an existing system, 
there is no actual operating experience with this systea, or with · 
similar equipment at any commercial light water power reactor . ) 

Cost and Schedule Estimates 

Cost Range ( for component procurement, instal lation , bui lding 
erection and materials, design and analysis • . testing and check­
out, utilities, cont ingency) 

$10,000,000 to $1S,OOO,OOO 
(Note : This cost presumes that the cryogenic uni ts 
will be available as surplus at a ..all fraction of 

.... 

. ·-

their original cost or of the cost of new equip!Mnt . ) 

Schedule Range (for building and equipaent design, procure.ent, 
erection, inst•llation, testing) 

20 months to 30 1110nths 

BS 



Syatem !valuation 

This system is less costly and would require less tUDe to in­
stall· than the gas coapreseion or charcoal systems. lt 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. Any leak­
age or component failure could result in significantly 
greater mounts of uncontrolled radioac:t ivit:,• release 
than the other systems. Also, the radiation levels of 
the equi pment and, accord ingly, the exposure of plant 

· personnel during mainten•nce and operation would be 
higher than for ~he other systems. 

The system is subject to plugging as a result of com­
ponent malfunctions which result in inadequate moisture 
or carbon dioxide removal . More than 100 automatic 

-valves are used for prepurifier regeneration cycle 
control, and must function correctl7. Elec:tric:al power 
supplies to the amb ient heaters (for the final pre­
l'Urifier regeneration step) and cooling water supplies . 
to upstream aftercoolers =ust also work. It is con­
sidered likely that upsets will occur. In :he 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 signi~icant. 

Unless further analyses by the .equipment supplier prove . 
otherwi~e, catalytic recoabiners would be required for 
system operation. Recombiners have been unreliable at 
many SWRs. For example, lest than one week of continued 
operation of new off-gas systems has been accompl ished 
in the last several year1 a1 a result of difficulties 
with the recoabiner system at several operiting · B~s . 

The system operates with excess hydrogen to ensure all 
oxygen it removed. Hydrogen leakage, e.g., from the 

" hydrogen recycle circuit valves ; could result in 
hydrogen burning or detonation. 

Packed type valves, rather than diaphrap 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 thia would ~equire extenaive refurbishaent. 

Thia syat~ vas desianed to remove greater than 99.9 percent . 
of the noble gaa activity from the input ltream. Accordingly, 
tome off-lite releaae would occur even if this ayatem func­
tioned properly, i.e., this ia not a zero releaae syatem. 
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8.5.5 

- . 

the SPecific removal efficiency which could be _ 
achieved bas ·not been de.onstrated. A shop test vas performed, 
but not under actual operating conditions. For example, pure 
nitrogen was ·eaaployed for the process ·gaa, rather than a gu 
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 
arg~n, methane, and krypton. Accordingly, it is considered 

- that testing under actual operating conditions would be 
required to prove out this systeaa before considering using 
it at TMl-2. - · 

There is no significant operating experience with a cryogenic_ 
distillation system at any operating light-water reactor . 
Accordin;ly, this is not a proven t~chnology for reactor 
application . 

As with the other _systems, use of a cryogenic system does not 
reaolve 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 ~oncentrated form of the Kr-85. Venting of ' the 
Kr-o5 over a long period of time, as with the other -systems, 
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 leu than -. 
for cbe gas compression syatem. In particular, time is 
required to design and erect the building which bouse' the 
system, provide required utilities hookups, provide inter­
connect i.ng piping for various system components, and to test 
the systeaa. 

The extensive time required to build and install the ··cryogenic 
treatment syateaa would increase the likelihood of inadvertent 
and uncontrolled leakage from the exiating containment build­
ing, and thereby cause higher exposure to personnel. This 
extensive time delay to complete syateaa installation would 
also delay TMI-2 cleanup operationa. Finally , the cost of 
the cryogenic treatment system is high : and no com=enaurate 
benefits are received . 

Cryogenic Proceu~ng System ·conclusions 

When compared to controlled purging of the containment building, 
the alternate cryogenic treatment aystem is considered to be 
less safe -- it is · leas reliable, and clearly haa the potential . 
for uncontrolled releases of rJidioact_ivity vith higher radiation 
exposures. 
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• SECONDARY CONTAINER TO BE 
SEISHIC CLASS 1 . 

• INTERNAL DESICN PRESSURE • 20 PSIC 

' '. 

Il1J.::.2... 
CRYOGEniC TREAii'iEUT SYSTE11 

KRYPTotl STORAGE SECOUDARY COIITAIUER 
CONCEPTUAL ARRAilGEf1EIIT · 

FIGURE 8.5-3 
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kRYPToN AND XE!lOtl STORACE 
CONTAINERS, 6 'TOTAL 
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8.6 

8 .6.1 

Enviroa.ental Effects of Alternate's 

The radiological impact on the environment of each alte~nate 
considered is evaluated in terms of normal operation and accident 
conditions. Off-site exposure is calculated for each condition. 
ln addition, on-site dose is evaluated for each ' alternate consider­
ing ~intenance 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 operatic~. Because 
of the schedule dela~ associated with each, the alternatives to 
direct controlled reactor building purging carry with them the " .. 
potential for accidental uncontrolled release of noble gases frO= 
the reactor building. .. 

A schedule .delay for each alternative has. been calculated to be 
in the range of ~ to 4 years. Likelihood of system leakage over 

' this period is high enough that vith 10: of the ·noble gases _leaking 
during worst ease meteorology, the off-site dose due to any of the 
alternatives would be 10 times as great as the 5.0 mreo boundary 
beta dose -calculated for the controlled purge of the entire noble 
gas v~lume ;· 

An evaluation of possible pressure buildup in · the nu-2 contain=ent 
has .been made, since such a pressure buildup could be the driving 
force for leakage of noble gas from the containment . · This evalua­
tion is based on the followi~g assumptions : 

(a) 

(b) 

( c) 

The electrical air circulation fans within containment fail 
either due to failure of their motors or failures in . their 
associated electrical circuitry. (Note: The containment ' 
temperature is currently being held~approximately lOO"F 
with the fans running.) 

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 source of heat to the contain=ent 
buidiria. 

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

A study vas performed t~ determine the !.pact of a 1 to 2 psig con­
tainment -pressure and various size containment leaks, to establish 
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8.6.1.1 

8.6.1.2 

;-

the potential off-lite do••• that could re•ult. 41 backaround 
inforaation, the pre~ent contaitu~ent dei"ign h baud on an allowable 
leak•&• of 0.2 percent per day under a detisn pre11ure of 60 p1i. 
This allovable desisn leakage is equivalent to having an 0.13-inch 
diameter hole in the contain.ent. Taking this design basis hole 
size, the doeu ·· rdulting frOID the leakage through it vith a con­
tainment preesure of 1 to 2 peig can be determined. Further, an 
assessaent of the effect of increased leakage due to additional 
holes of 1/8-inch, 1/4-inch, and 1/2-inch diameter that could 
result frOID seal deterioratlon, cracke, corroeion, etc. has been 
aade . The total off-site dose due to leakage caueed by 1 to 2 p1ig 
_pressure in contai11111ent is as · follov1: 

Contain~ent Condition 

Design Basi• {DB) leak 
(equivalent to 0 . 13-
inch hole) 

DB • 1/8-ineh hole 

· DB • 1/4-inch hole 

DB . • 1/ 2-inch hole · 

Off-Site Dose 
Duri~g a One-Day( l) 

Per10d , mrem 
bi ~, 

1-5 o;o1-0.04 

2-9 o.o2-o.o8 

S-23 0.04-0.19 

18-76 o ; ts-0.64 

Off-Site Oose 
Our~ng a 30-Day{l ) 
Pertod 1 mre= 

b-3 ~.r 

4-19 0.04-0.16 

8-34 Q.07-o.29 

2Q-84 0.11~.71 

66-280 0.55-2 . 37 

( D ·. The high dose n\llllben are based on using NRC meteorolocical 
parameters in Regulatory Guide 1.4, while :he lover dose• are 
bated on uting more realistic aeteorology froa the TMI-2 FSAR. 

As can be seen frOIIl thi1 table; the do1e1 froa a leaking contain­
ment, even if only a deaign ba1i1 leak exieta, are greater than 
the total 5 area off-site dose calculated for the entire controlled 
purging operation of the contai~nt . · 

Charcoal Adsorption an~ Storage Syataa· 

The charcoal adeorption syetem i1 detigned for full noble gas 
retention on charcoal bed• and therefore no off-site dose is 
calculated, a11u.ins no operator error or equipaent failures. 
The on-site whole body dote due to •aintenance · and turveillance 
during proce11ing and ltorag~ i1 calculated to be 23 peraon-r ... 

. Caa C0111pret1ion and Storaae Syate~~~ 

The aa• cOIIlprettion •y•tea ia detianed for. full retention of the 
reactor buildina atmotphere and · therefore ao off-lite dote i1 
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8.6.1.3 

8.6.2 

8.o.2.1 

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

Cryogenic Processing and Storage Syste~ 

The design basis for the cryogenic system is :o achieve 99.9: noble 
gas removal. This results in 0.1~ release of the Kr-85 to the 
enviro~ent. Based on :he analysis of the off-site dose for 
controlled purging of the reactor building, assu=ing ground level 
release and average meteorological conditons the site boundary 
beta skin dose is estimated to be 0.05 mrem. The on-site ~hole 
body dose due :o ::ai::tenance and sur·1eillance duri:~g jlrocessi:ti 
and storage is ca l culated :o be 5i0 person-:~. 

Accident Conditions 

Regulatory Guide 1.24 "Assumptions Used For Evaluating the 
Potential Consequences of a Pressu:ized ~ater Reactor Building 
Cas Storage !ank Failure" specifies that release of the entire 
contents of a si:~gle storage tank is to be postulated to occur 
over a :wo hour period !or accident analysis. 

The ~tmospheric dispersion =odel ~ed in : his analysis 11 :he sa=e 
as that described in Section 7.2 in accordance With Re~ulatory 
Guide 1.1~5. The calculated accid.n: X/Q value ~or each acciden: 
anal y:ed below is 6. 8 x lo-· sec/=~. 

Charcoal Adsorption and Storage System 

The noble ~as is stored in ~50 charcoal tanks ~~th successively 
decreasing noble gas activity in each tank ~s the ~ithdrawn activ­
ity in the reactor building decreases due to the feed and bleed 
process. The highest activity tank contains 1430 curies. Using 
the same ~ethod as used in Section i.3, the site boundary cloud 
concentration becomes : 

f!!r!!! : ----=1..;.4=.30;:;.._-- x &.8 x 10-4 sec/e~3 
3 

M 2 hrs. x 60 x &0 
-4 3 

• 1.35 x 10 curies/ = 

The resulting site boundary doses are: 

Beta Air Doae • 150 crads, Beta Skin Dose • &4 ~rems 
Caalla Air Dose • 1.3 aarads, Callllll4 Skin Dose • 1.4 mrems 
Whole Body Dose • 1. 2 •rems 

Cas Coaapreaaion and Storage Syste• 

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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used in Section 7.3, the site boundary cloud 

Curies - ~3900 6.8 10-4 3 
~- X X sec/ = 

M 2 X 60 X 60 

2.26 X 10-3 Ci/m3 

The resulting· site boundary doses are: 

Beta Air Dose • 2510 mrads, Beta skin dose 
Caae~a .Ur Dose • :n.·2 ::rads, Ca=a skin dose 
~ole Body Dose • 20. i oreiiS 

Cryogenic Processing and Storage System 

li30 =rems 
2.:. ore:DS 

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

_Cu_r_i_e_s • _- ::..56;:..:.;.6:.;:0:.;0~- x 6 •8 x 10-4 sec/m3 
. 3 

!f 2 X 60 X 60 · 

. The resulting site boundary doses are : 

Beta Air Dose • 5930 arads, Beta skin dose • 4090 or~s 

Gamma Air Dose • SO mrads, Gamma skin dose 56 l:lri!CIS 

~ole Body Dose 49 mrems 

1334 3S4 
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