
TMI Program Office 
Attn: J. T. Collins, Deputy Program Director 
U. s. Nuclear Regulatory Commission 
c/o Three Mile Island Nuclear Station 
~iddletown, Pa. 17057 

Dear Sir: 

Mttropolit.;n Edison Comoany 
Post Office Box 480 
Middletown. P!nnsvt•1an•a 17057 • 
717 94.1.404 1 

Wrtttr't Olrwct Oill Numotr 

June 4 , 1980 
TLL 266 

Three Mile Island Nuclear Station, Cnic II {TMI-2) 
Operating License No. DPR-73 

Docket ~o. 50-320 
Analysis of ~HR System Startup and 

Operation Effects on RCS Boron Concentration 

On Xay 9, 1980, during a ~eeting with the on-site ~lRC staff, the question of 
the effect of MDHR system st3rtup and operation on RCS boron concentration 
was raised. We committed, at that time, to provide a detailed analysis 
of the transient and steady state effects on boron concentration throughout 
the reactor core region that could be anticipated as a result of putting the 
~HR system into operation. 

The enclo~ed Technical Data Report (TDR-155) provides the results of the 
analysis that has been performed. The anal7sis methodology defines eighteen 
(18) finite elements that =ake up the RCS, the reactor core region and the 
~HR system. Calculations were performed, using these finite elements,· that 
show that RCS boron concentration does not go below the minimum required value 
of jOOO ppm in either the transient case (startup) or the steady state case. 

~e antici?ate tha: the submission of this Technical Da~a Report is responsive 
t~ your ~oncerns. 
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Sincerely • 

Is/ G. K. Hovey 

G. ~ . :iove~r 

Ji:-ec : cr. ~!!-!! 
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ABSTRACT: 

l. 3rie! Sta:emen: o! P~oblem 

To s-.r.. :~'1 !!'Om :he Q&tu:-a: convee-:!ou c:oo:!:; =ode of :he 
~!I-2 reac:o: cool.m: sys:e.: :!) :he !or:ec! c:::c~atioe !=: 
decay hut :a:z:cva.:., :he ~ Deeay au: la:=val S~st.em 
(~E2S) v'..ll be usee! uut!.l t."le :aac·:o: has beau c==i)la:aly 
de!ualad. 

M a :esult o! :his s!.:ua-:io~:., au a:sa!ysi.s vas per!oc:aed 
to eusurc :ha: :be oo!'Otl c:occa::::a ::.Ott eve:"yvbe:e !.:1 :he 
reac:or vessel, espee!all; iu :he core, is h!;ha: ~ 
3000 pp111 ( t.ech::.!:.a.l spec!! !ca:icc raqu!:a•n t) all :he :i:M 
du:!:lg :he ::ansient usc! steady s:.ata opera:ioc o! ~laS. 
!be c!ac~ of !lo\: :"ate OU boroc C:OQCCCatiOC \:U also 
s:ud!ed • 

Su==a~ o! Kev Aesul:s 

~nsa~Ja:ion equa:iccs o! tu&'!'iY ~ :ass ve:t a~pl!ed 
:!) l! ·10lu::11a elca::~ :=1Dl)<:!Si!li ~e ~E3.S .. . :C'!'e hut 
aeuca:ioc ~t.::~& A?r".:, !.980 \:&a s . .s :-: !.C.;) 3tu/l:'!'. &n.C 
: a~ :a~c:a:-.::e ~as assu=eli :!) ~• !.OO~i' . nov :a:as 
of :o, 20, ~0 anc! :.ZO ~ !: :!le sys:e.:: •.Je:a eons::.:ie:lf! . 
Si~-!!i~n-= !i~c!:is &:t lis:ad ~el~ . 

. -· 7!1• :!.:!.::tm :o:-~ :=ec:c::o&::!.eu ~= :.::. :aac::-:' 
·1esse1. ~s J.?~~uly ~!75 ?poe !o'!' &!: !::1: :-&t&s 
:,e:-.,een :.o ~nd :.ZO ;;:=. ~b~aus.!.;. :he :ec!l:t:.c~ 
s~ec~i:at!Dn :-equ!:toe:: o! 3000 ~pm has beec 
sa tis!! .e. 

2. :be s:udy s:.a:a ~or::: eonctu::a:!.:n !s ~iOS ?PQ 

!~= J.ll !:~ =a:as t:a: ~e:e :onside:e~. 

3. !be :~• ~••c!ee :e ae!:!eve s:aady 1~:• :·~~~~c 
",o:-~ :::aclt!l::-a ::.=u ~ :!:e tn:!:e ~E:.S j ~=• dej:li~:ad 

10 ~~-
' 
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3. Conclusions 
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't:.:~e to ~hiave Ste.ady S:.ata, E=5. 
94 
f. I. 

18 
8 

The results o! th!~ analysis has gena=ated :h4 ~=llovt:g 
eonelusiona: 

1. The hot lag :a:pe:ature dec::-euas v:!.:h :he !.:le:-us!n& !l~ :-au 
~or a !:!.xed cole leg tamperar.ura . 

:! • ':"'ae minimu: boron c:oncent:-OLtion in the raae:e:- vessel du:-ing ::-ansiant 
and steady su:e ope:-a:ion o: the ~HRS !s :!.:ldeoendet c! !lov :-au 
anc! is alvays ~eate:- :~4Ln 3000 ~p= ~hic:h is :he :ecAni c:&l speei:ica~on 
=equireman:. :his ~A!ve is :!.nsecsi :ive to ~~ =~•= o! vol~ elemen:s 
:~a: ve:-e u:!~zac! :o =odel t~e reac::c~ c:ore. 

3. The steady state boron eonc:ent:-a:ion is indep&nden: of the 
!lov rate . 

Time requi:-ed to ac:h!~e s: .. c!y state 1: the ~DS varies i:1ve:-saly 
vitb :he systalll !l~ rau. 

4 . Racocmencia:i~ 

It !s reeomccnc!ed that a moderate flov rate of SO ~ be utilized 
du~n~ start u~ o~ :he ~Ras :o a~!orc! reasonable auc su!fi~e~t 
time to assess any unusual :rends that cay o c:eu:- in :be ruc:tcr 
veuel du:"!:11 the t:-a.nsient phase of t.'te operuion. 
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!rmsient V&rt•tiou of 3orou 
Cou:eneratioa lns!.de the b&c::o:­
Veuel. Volume nov bte • lO i'PII• 

Tranlian: Va:iation of Boron 
Coucentr•tion Inside the i&ac::o: 
Venal. Vol.uma nov Rate • 20 
IP=· 

T:-ansica: Va:i•tic.~ of Boron 
Couceu:ra:ioa ins!~e the Raac:tor 
Vasae!. Volume rlov Rate • SO 
apm. 

T:ansien: Varia:iou of Soron 
Coucauc:atiou Inside the ilaac:or 
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':o r.;iteh !~a• the uatural c:onvec:iou c:ool.i.Da :DOde o! the ~-2 ~•ac:o:­
c:o.,lmt system t:) the fo~c:e~ c!.!"::".l!.at!.ec mode o! decay heat ~IIO,.·al, 
:he ~! Decay Beat llamoval S~·sum (MDE1S), vi:h :!lov j)a:::O silovr. ~ 
!i~:e l, ~-ll be uti:!ze~ un:!: =~• !"eac::or bas been completely 
ca!ueled. ~ shovu 1:l naure l. some of :he flo\; pa: vol-.mae =ave l~ 
boroc c:onc:ant!"a:!on vnieh can ?Otanti&!ly laver :he boron c:oncac:=ation 
in the raac::or ve•aal. 

Conurvat!on equations ~! mer~; and c&IS vera ut!lizad in ana.ly:!ta~ 
denlit"! c:hm1es and '-"&=U:ion of bo:-or. c:o:caat:a:.ion du~-Ci :csict 
cc staady s:a:a opera:ioc of MOBBS (P.atennc:e S). The :•n~=m= 
required boron couc:aa::a:ioc of 3000 ?~ !a :he !"&&c:o~ vessel pa!" 
~-: :ec:~c:al spec:!!!c:at1on ~-l: be checked :o ~· sure :hat 
:his has not baea violaud cy :1:11 d\::."".:1& :he opua: iDn of tile ~. 
The at:ac:: o! !lov ~aeu on :he t!"cuient an~ s:~ady s:au va:utiou 
o! boron concen::-atioa ve:e &lao c::onside:-aC: in :he study. 

~::hods o! an&!ys!s, rasU::s, c:oucl:lSions, recocmc~ations md 
:ete:-enc:a vill be h!gh.ligh:ed in :he !ollov:..ng sac:ions of cis 
':a~c:al Da:a hpo~ (tDR). 

~ODS 

The !olloviaa •:hocis vera e:ployee to mal::e :he ope:::ati:i ~ ~:b 
di!fercn: flov rates. 

l. ':he MOBRS vas divided !nto a finite nu=De:- of volume dements. 
n;u:e 2 dapic::s !.8 vel~ elements. The :uc:or vessel. c:ore has 6 
ela:aents. 

2. E.oerzy equation ~as applied :o each tlacn: :o deu':':line the 
:ampe:-atu!"& and d~ity d!~::!bu:ion~ of reactor eoo!ant !a the 
~KRS . 

3. Mass balance, vi:.'l a consideration of deus!:;- va=!a:ioa o! :eac:or 
c::oolc:, was used !o: eac:., al-=en: :o cie:e=::.ae :he dis::-~u:!on 
o! ~oron c:onc:en:ra:ioa ~u=ina ::ansiea: and s:ead: s:a:e operation 
~!:he~. 

::: . !VAL~':'!ON 

~is eva!uat!ca assu~s a eo~~ :ea :a:para:~re of :00°! ~ 
ut!l!:es :he !~l~ow!ag assu=~t1ous: 

3eat :~ss ~=ough :~a :aac:o: vessel aaci ?1~!:' ~sulat!on i s 
ae;l!;!:le ~t~'l :as?ec:: :~ :~e neat i&n&:a:ed !.: =~• :eae:or 
cora. 
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2. Oaca :~ MDKBS 11 ~ ope:atiwn, cool&nc !lov vUl oe !.n 

TDR l55 
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steady s:..~e, and heat ax:racc•d f:cx. the MDBAS heat uch.anaer 
is •qual to :he hut pr:>ducac! in the con. Con .. quently J dle 
C:)o:!.ant :a=~ra:u=e ~d cleusiey are un!for.= vi:bin ~be element 
d~riDI the c::-an.iaut op&:-a:ion o£ :he MDEmS. 

'l'he fiu: la'tl o! ther.DOd?Uamics vas applied to ueh element. 
Co::1sequan:ly, the inc:eue 1: en~h&l~ or temperatl:re c:an be 
evaluateC: as a ruult of hut addition :o each element. the energy 
balmes !n each alemauc: is eX?resseC: u follows: 

(l) 

~'here : q • beat add:.tiou :o each element, 3tu/Sec:. 

:: • :uss flov rate o: ruc:o:- coolant, lbm/See. 

h1_~ • • Coolant ct:ha!py a: the lower 'bouncia=r 
-·- ele.mct 

The coolant deusi:y !or each eleme:1t vas deur-...ined !:-0111 staam 
tables c:cnsicieri:ls the c:oolct pressure cd te=perature. These are 
c:ouaequantly usee in tbe mass balcee o! boron fo: ·each elemen:. 

B. !oren Conc:en:ra:ion: 

this evaluation !.s basad on the assumption that mass c:ouc:enca:ion 
of boron is unifon 1n each volume elemc:. !orc:ed eonvac::ion 
due to pump ae:ion and natural c:onvec:ion due :o beat generation in 
the reae:or vessel core can provide a aood mixin& o! boroc !or each 
element, vbicb c:ousequendy make this a nalistic: usu::p:ion. 

The transient var!.at10:1 o! boro:1 conc:en:ration in each ele:m~ 
depends on mass !lev rate, di!!e:-enc:e of boron :::mcantrat!on be:v.c 
i:.let me outle: o! each elae:1~, and total :asa i:l eac:!l elamt 

~:lse:-va:!on ~= boron at each ele~ant can be 8X';)resaer! by the !olllo~ng 
ei!!e~t:lC~al e~uaeiou: 

(2) 

C4 • :!:D• cie?«Uldenc ';)oren ~OCC:ent::a t!on !.: eleme:lt !.., 

c!.-l • 

t • 

:bm ~oron/lbm coolant 

t!:DI cep~d•nt QOron e=nce:lt~&tion !: element 
!.-l. ~~= ~oron/!~m coolant. 

:i=•, see. 



m • Mus !!ov rata o! eool&n:, l~ll/ see. 

j! • Coole: density i:l •lament ! 

V • Coo.l.ant volume in alaent i 1 

:Dil l.55 
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1 

When study st.ate is ruc:hecl, t.'la uns:udy te:m, d:, bec:o•s uro 
and consequently c1_1 •c1 . Thu izl:;>lies tb&: during stud:" suta, 

boron eouc:antrations !or the vhola ~DS eoaveraa to a siD.ale 
va!ue vh!.~ is independent of mass !lov rate. 

AppUc:..:ion of equa:ioU( 2) to eac:h vo!ure ala en: rasul ts 1%2 :he 
!oUoV1.ng set cf ordinary di!!eren:i&l equations vith the c:onMquen: 
ini:!&l c:oce!:ions: 

!n!~ia: Conditions . 
cl • D. (Cl8-Cl ) t • 0, cl • 3800 ppm .. 
t2 • D 2 (Cl -c2) t • o, c2 • 3800 PPIIl 
c3 • 03 (C2 -c3) t • 0, c3 • 3800 ppm 

c, • D4 cc3 -c4) t • 0, c, • 3800 PPIIl . 
(3) cs • Ds cc4 -cs> t • 0, c5 • 3800 ppm . 

c6 • D (CS -C6) t • 0, c6 • 3800 ppm 6 . 
c, • D cc6 -c7> t • o. c. • 3800 PP= 7 

I . 
c8 • o8 cc7 -c8> t • 0, c8 • 3800 PPII . 
c9 • o9 cc8 -c9) t • 0, c9 • JSoo ppm . 

ClO • 010 (C9 -clO) : • 0, c10 • Jsoo PP= . 
C:.l • 011 (ClO -ell) - • 0, ell • 3800 ppm -. 
cu • D • ., •• (c.. -c..,) -· .... t • 0, cl2 • 3800 ppm 

cl3 • D!.3 (C~' -- -c~J) : • 0, 
'l3 • 1500 ppm 

Cl:. • 0t4 (Cl3 -CH} -.. • 0, s, • 2250 ppm 

cu • Dl.S <s~ -c1s> - • o. s.s • 0 -
~ 

• ~!6 <s..s -s6> . • 0, cl6 • z:so ppo "1.6 -. 
c~. • ::> •• ccl6 -s,> - • 0, ,. • 1500 ?J:IID - '":.7 
_, _, . ,. 

• 0ta <s, -c:.s> : • o. c, • uso j)j)'Cl "'18 ... s 
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Values of 0 and .P vera calculated for a&Q elemect at cii!fereac 
flov rates. Rea~lcina systec of s!=uleaneous di!fertac!al 
equations ~re solved numerically usina the computer code dep!cte~ 
in the Appendix I. Sam;:le outj)\lt 11 also sbowu. Flow racu o! 
10, 20, SO and l20 gpm in ~e MOKRS vere considered. 

A.. Hot Les Tecoeat~re 

B. 

!be coa .. quan: ho: lea :ez:pe.ra:ure !~r eac:h !lov rate are 
depic::ed !a :he cable ~elO\o" . Tbue ru\:l:.s are bued on a 

0 . 
coolant temperature o! 100 F ~ the cold lea. 

Coolant Mass Flow Sot I.e& Te=era:u:re, 
Rau. CrM 0 . 

'C' . 

10 210.5 

20 155.4 

so ll2.2 

120 109.2 

Boron Concentration 

':ranlieat and study s:a:a values of boron c:onc:enc::a:ioa !or 
volume alaen:s 2, 3, l. and 9 inside the rue-: or vuael. are 
shova in !i;ure 3. ~. S and 6 !or volume !lov ~:es of 10, ZO, 
.50, and :.20 li"= resj)lc::! ve !.y. tey ruul :s are sw::::ar:!.:ed odov: 



, -· 

"' -· 
3. 

~.e ~ . ._IUmuzD boron c:onc:ct:a~oc !.n :ha raac:tor vasaal is 
&~proximately 3575 ppm !o: &:l !lov ra:u baevaen lC and 

n>t us 
Pas• a 

l~O SP=· Ob,~ously, =~• :ac:~:al spac:!!ic:ation requirement 
o! 3000 ppm has bean sat!sfi~~. 

The s:aady suu v&lua o! bo:oe eon::ant:a:!on is 3iOS ppm 
ir. ~ !or all ;lov rates. 

!'be :!me naadad to aclliava stwy s:ata, i.e., un!.for= boron 
~ouc:~a:rat!on in the e~:i:e ~,are eabulated beiov. 

:'low Rate Time tc Achieve S:eadr 
GP!o! Su:a, 1!:-s. 

lO 94 

20 1.4 

50 18 

120 8 

V. CONCLUSIONS: 

Th11 inves~p:ion has c:o• up \.-i.:h :he !ollovina c:ouclusioua: 

, .... 

:!. 

3. 

t.. 

The hot lag temperature dec::-eases v!t:b the increasing flov rata for 
a f!xad eold leg :emperaeu:re. 

the minimum boron c:onc:antration in the ruc~r vassal du:!ns 
transient and steady su:a operation of the ~HBS is indepaa.dent 
of flov :-ate, and is alvays greater caa 3000 ·PP= wic:h is the 
tec:haic:al spec:i!ic:ation requirement. ~ value il inscnlie!ve 
:o the number of volume elements that vera utilized to model :he 
reactor vessel c:ore. 

T'oa ataac!y s:ata boron eonc:ent:-a:ion !n :.'le ~HRS is iuda;:>andent 
of the !lou rata. 

Ttm. :equ!:-ed to achieve s:eaciy s;ata ~ :.;e MOBBS varies i:varsely 
vi~ :he sys:e~ !lov :ate. 

VI • R!:CO~A.'!!ON: 

:: !.s :ec:acmcaded :~t a =ode:ata ~!ov :ate ot 50 iP= be ~t!!!:ed 
~ur~s s:a:-: up of :.;e ~H!S :o a!!or~ reasonable and sui:ic!cnt 
:i:e :o usu1 any \.:lusual ~:-ends :hat =ay oc:::ur in :.be :aac::or 
vessel dur!n1 :he transicot ~hase of =~• ~parat!ou. 
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