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!'.!ACTOR COOl.\.~1' PR!:SSUR!. co:>T?.OL S':'STE!'! !>ESlG:; C!\l TERlA 

1. ~: 

To establish the design criteria for ·a reactor coolant (RC) pressure 
control system to be used while the reactor is cont~nuously cooled for 
2 years. The syst~ shall ~aintain a mini~um RC pressure with the 
pressurizer filled solid ~~th ~ater and without pressurizer heaters. 
It shall be capable of c~~ing up reactor coolant as te~perature changes 
cause ~ater contraction and/or certain volu=e losses causing decrease 
in pri:a~J syste: pressure. 

1ne reactor coolant pressure control system cor.sists of passive 
pressure co~trol co:poncn:s as vell as active ?ressure control cc:­
ponents. The passive .prcssure control portion of the systec relies 
on :anual operations only for init!al fill. Tne active pressure 
control portion vould allo~ for recote operation of motor-driven 
~ill (che~cal or :akcup) pu:ps . The passive pressure control sys:ec 
vill be designed so that !t can be a~ intesral part of the active 
pressure control syste=. 

The passi\•e pr2ssure control systec is defined as a series of surge 
:an~s SU??:ied ~ith a nitro£en overpr~ssure !roo an autocatically 
regulated bank of ni:~ogcn cyli~ce=s. 

The ac:i~e pre~sure control syste: is cefinec as :he ?a~sive ?ress~~e 
~ontrol s~sreo couplec ~ith cha~g~n& ?~=?s a~d assoc~at~d cie£zssed 
~orated ~a:e: supply. 

?hase I of the reactor coolant p~essure control system ~;11 involve 
the installation o! a :anual systco controlled by a locally s:aticned 
operator. P~ase II ~ill in,·olve additional instrcoentati~n and control 
~qui?oent requi red to autocate the :akeup por:ion of the syst em and allo~ 
control and ~onitoring o! the systeo fro~ the TX1 Unit 2 control rooc. 
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2. Introduct!o::: 

The Reactor Building is pre!>ently radioactively con:.a:!:Hlted to the 
degree vhere it is anticipated to render cuch of the electrical cGuip­
m~nt and iostru~entation inoperative, such 2s pressurizer heater~. 
There is also vacer leakage !rom the RC System into the Reactor Building 
vhich is an~ cay continue to cause flood!ng of and failure of instru:en­
cacion at the lover levels. The lover level ir.strumentation tnclude 
pressuri~er level, steam generator level, and other~. The loss in 
instrumentation ~ill not allow the pre~surizer to be reliably used for RC 
Systeo pressure control, and Yill require that the pressuri:er be kept 
in a sclid ~ater status !or continued reactor core cooling ope=ation. 

The lons te~ cooling mode for the RC Sys:.e~ ~ill rely upon operat:~g 
the steam &enera:.ors A & S as ~ater to •ater heat exchangers anc 
establ~·;hing pd:::ary coolant !low vi a natural circulation. The p=i=ary 
objective o! the pre~sure control systca 5h~ll be to: (1) =~intain th¢ 
RC Sys:eo in ~ solid ~ate~ condition for natural circulation core cool ing 
operations; (2) provide adequate ~~SH to the RC p~ys should it p~ove 
necessary to use one; (3) abso~b volu~ctric rccuct1c~s in the coolant 
systeo to :a~ntnin systeo pres~ure vithin control li~its, anc.(4} =~ncrol I 
the chcoist~· o! the f!ll fluid. r~ 

In develop!~s the syste~ require:ents for the third objective. t~e 

!ollovin& t~a~s!ents ~ere considered for the lont ter= steady-state 
operation {for design data see AttAch~ent A): 

a. Loss o! natural circulat!on in cne loop ~hilc the other loo? 
!s st!ll runn!ns. 

b. lntroducti on of 5000 gpo of 50°F (feec~ater) to an idle o:sc. 

c. Stoppi~g one RC pu~p. 

d. Startins either the skid :ount~d RHR or the originally installec 
.,ecay Heat Re:ovnl Syste:. 

The ::: .a:-:!ng o! a :-cacto~ coola':lt pc:p !ollouins "natural circula tion 
c.bor:" oust be covered by the cocbination of this systeo and the ":::a~c~p" 
pu:p (~u-PlA,XU-?lS,or XU-PlC.or other active injection pu=?s. 

I~advertent and susta!:1ed feed o! cold ~ater to the RC Systeo followint 
high (> 250°F) te:perature RC Systeo oper~tion requires that this sys:e: 
be scppleoen:ed by i:ljection f:oc: the '·::lai<eup" ;n::rps (XU-?lA.B.C) or 
othe:- active injection ?u:ps. 

In l ieu o! this ?rovision. a~oinlst:ative controls con~!stins o! "loc~e~ 
out" breakers o:- locked closed ... al·:e~ r.hall be .1chered to to pt t' c:l~H!e 

rapic cool:ns of the RC Sys:e~. 
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3.0 Func~ional and Design ~a~ui~~~ents 

3 . 1 ?assive Pressu~e Con~~ol SYstem 

3.1.1 Functional require~ents for the syste~ shall he as follo~s: 

3.l.l.a The normnl system operating pressure is less than or equal to 
750 psig. During steady state• operation (no seal injection. 
no RC pumps running), the syste~ sh~ll be capable of ~ain­
taining the RC System at a controlled pressure ~ith an 
accuracy of zlO: over the range of 50 psig to 900,psig, 
accounting fo~ gage error. (The selected operating pressure 
for a RC Syste::~ te~perature shall be detent~ined by utilidng 
a pressu~e in the region enveloped by Tables A and 3 (attached). F~ 
Table A p~ovides the allo~able pressure O?erating curve for 
pressure ~s a !unction of measur~dte~perature and cissolved 
gas concentration and Table 3 provides the allo~able pressure 
operating curve for pressure as a function of RC Syste~ 
te~perature r~cognizing ~DT li~its. 

3.l.l.b The systec shall be designed to have the provisions !cr 
supplying degassed borated water to the RC Sysce~. 

3.l.l.c The su~ge capacity of the sysre~ shall be sufficient to ~eet 
the cakeup requi~e~ent of 4 gp~ to the RC System fo~ 8 hou~s 
o~ the design transient~ in Paragraph 2. 

3.l.l.d 7he syste~ shall be cesi£ned to operate continuously for 
a mini:uc of 2 years. 

3.l.l.e Systeo shall ~ave a design pressure of 1000 psig or higher 
as required by interco:1nections •-ith existing syste::~s. 

3.1.1.! A~su~ir.g a:1 init~al reactor cool~nt syste~ pressu~e of 
750 psig, the regulator must be capable of ~aintaining a 
mini~u~ nitrogen gas space pressure oi 645 psig to cause a 
500 gpo injection rate. (to be confirm£d by syste: analysis 
ut.ili=ing k.,ol./0 line loss values). 

J.j.: uesig:1 requireoen:s !or the systec shall be as follo~s: 

J.l.2.a ihe system shall not rely on any i:1s:rumentation or active 
valvin& ~ithin the Reactor Building except for RCS t~~pera-

t 

ture and pressure instruoentation ~hich cay be utili=cd ~hile R3 
available. !he system shall ~in!~i:e the use of active 
cooponents outside the Reactor Building. 

3.1.2.b :he syste: shall be designed to li~lt in accorcance ~ith 
Paragraph J.9 the entry of non-condensibles,such as 92 and 

21 
\ 

02 • into the RC Syste~. \ 6 2 
3.1.2.c At least one surge tank shall be provided ~-ith prcssu~i=ed 

N2 blanket to :1in:ain the desired syste~ set pxessure. 

3.1.2.d Control and oonitoring of the ~yste~ shall be done locally 
du~ing ?hase I and free th~ ~ Unit 2 control roo~ dur~:1£ 
'Phase II. • 

• St ~ady sta te ~ea~s solic, natural circulation, pre~ ~ure le~s t~an or eGual to 750 psig . 

R.3 
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3.1.2.e The surze line shall be si~ed to acco~~oc~tc t~c 500 gp~ su=se R~ 
f!o~ rate !rom ).l.l . f. 

3.1.2.£ Liquid lines and coopone~ts should be designed to ~and!c !luics 
vith particles 0.1 inches in dia~eter. 

3.1 .2.g Provision shall be made to refill the surge tanks ~ith degassed 
borated ~ater while caintaining RC Systeo pressure. 

3.1.2.1 System components should preferably be designed to ASHE B & 
PV Code, Section Ill requirements. If they are not available, 
co~ponents designed to the follo~ing codes are acceptable: 

Piping - k~SI B 31.1 
Tanks - ASME S & PV Code, Sec:ion VII! or A?l 
Valves - '~:51 B 16.5 and B 16.34 
Supports and Hangers - ~~SI B 31.1 

3.1.3.j Syste~ shall be provided ~ith vents for filling and drains for 
draining. These shall have provisions to be ?i?~d to the ~ad­
".:.lste systeo. 

3.1.2.k Provisions shall be oao£ to acco~~odate the adci:ioo of LiO~, 
~aOH, boric acid, H2 •. rleoinerali:ed ~ater and hyd=a:ine. 

3.1.2.1 Systec de~ign loads should include syste= pressure, pu:p vi~ra­
tions, component and fluid ~eight, and ?=cssure surges. There 
is no seis~ic require~ent. 

3.1.2.m ~elded construction should be us~d as :uch as pc~s!~le. 

3.1.2.o The syste: shall be designed such that in the ev~nt of inae­
vertent depressuri~at.ion of the reactor coolant syste:, t he 
surge tanks shall be autocaticall; isolated !rom the nc~ 
charging pu~ps and the reactor coolant sys:e:. ~~e isolation 
shall be based on lo~ level in the surge tonk closest to the 
reactor coolant sys:e~. !his isolation shall prevent inser­
tion of N2 into the reactor coolant s~stc~ while ca~~taining 
the ~ate: injection :uncti on o! t~e ne~ charting pu:ps . • ne~ 
this isolation valve is not !ully open, an ala~ shall be 
provided to alert the operators of an abnor::;al ·.talve position. 
The ala~ shall have both local and control roo~ annunci~tion. 

3.1.2.o The pressure cont=o~ syste: piping !rc: the H?l ;::;.keup line 
back through the second isolation check valve ~hall have a 
design pressure o! 1500 p5lS proviced the ~ake-up ~~=P cis­
charge pressure is li~ited to 1000 psig. 

J.2 Active Pressure Control Svsteo 

.. 

. 
I 
I 

(See P~ase !! definition oo ?age 1) \62 Z'2 
Functional and desi6n require:ents for the active pressu=e ccntrol_ 
svste= are t~e S!:e as those for the ~assive ~ressure con~ro: s ys tt: 
~~th the follo~1ng adcitio~s: 

R3 



3.2.1 

3.2.2 

3.2.3 

3.2.4 
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The syste~ shall be providec ~ith re~uniant s:andby pu~?S 
~hich ~ill (1) fill the surge tank i~ res?onse to ~an~ 
level reduction, and (2) p~r~it gradual addition of ~ater 
to the RC Systc~. 

~otor-operated valves ~here provided shall have an auxiliary 
hand~heel shielded and accessible, if required. 

Ala~ shall be provided to indicate a differential pressure 
greater than 50 psi between the reactor coolant system (if 
available) ar.d surge tanks. 

A variable capacity (0-10 gpm) pu~p shall be provided in 
parallel with the redundant pumps provided. ?rovisi~ns 
shall be ~ad~ for addition of a cheoical addition 
flask on the dischar6e o! the variable ca?acity ?u=?· 

3.3 Functional Licitations 

3.3.1 

3.3.2 

The system vill not be designed to caintain pressure during 
either HPI or LPI sj•stell: operation. 

The syscco ~ill not provide seal inj~ction ~ater to RC pucps. 
It is as~umed that the seal ~ater, if requirec, is SU??lied 
by one of the three makeu? pu~?S· The systec shall be 
able to acco~odate the 900 psig st3tic systeo pressure 
condition required to run one reactor coolant puop. This 
is an ab:1or.:;al condition in that 900 psi& is currently 

' required to provide letdo~~ :1o~ eq~al to ~he ~CP seal 
injection flov to the reactor coolant syste~. 

3.4 Inte~!aces 

~ I l ..: ....... 

3.4.2 

3.4.3 

7his systec shall not ci~feat or desrade the !unct!onal 
capabilities ci other eY.istins syste~s. 

This systec shall be independent of other ~-·2 plant syste:s 
except for electrical service, sources of clean, reactor 
grade, deoineralized ~ate:, and the use o! existins pi?ing 
!roc outside the reactor buildin2 to the RC s~ste:. 

The systec shall be desibnerl to preclude the po~sibility 
of actio:ts in other syste=:~s frCJm i:tadvertently causing a 
loss of ~ystec surge capability. 

3. 5 ~e!!abi!itv 

The syst ~= shall be designed to provide recundant cap~bility for all 
acti~e co~?one:1ts a:1d instrucentation. 

).6 ~ain:ai~abil!:v 

R3 

?..3 

• 

The systec cc~?onents shall be located to 
100 cr/hour 1~ areas wh~re cai:1tenance or 
Further, the Sf~tec d~sign shall preclude 
(r~dioactive fluid) into the systeo. 

liroi t racia tion leve!sl Po2 
operat!on is required. 
back!lo~ of reactor coolant 

213 
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Electrical Reouire~ents 

All electrical equi?cent and inst=u~cntation ~equired to operate the 
systec shall have an e~ergcncy alternate po~er supply that ooes not 
rely on off-site po~er. 

3.7.1 

3.7.2 

3.7.3 

3. 7.4 

3.7.5 

The charging pumps shall be capable of being started and 
operated from an on-site diesel generator set i~ the event 
of a loss of off-site po~er. The charging pu~ps shall be 
sequenced on to the diesel "gcncrator set canually. C=iteria 
shall be established for the maximum allo~able t!Qe to restore 
voltage ~fter a loss of off-site po~er . 

Electrical classification of the system is non-c!ass IE. 

l'!otor feeders shall be protected consistent -."i th O!"ig!nal 
plant design and nor~al trips for overload, e~c .• shall be 
used. 

The preferttd power sources are as follo~s: 

a) Charging '-"ater storo:1ge tank heater - 100 k-..: - bus 2-l.5 
b) Charging pu~p A- 100 hp - ~cc bcs 2-32A 
c) Charging puQp 3 - 100 hp - Mcc bus 2-l.2A 
d) Packing ~u~ps - 1/5 hp - as convenient 
e) \'ari<1bie capacity puop - - as conve:-~!.e:1t 
f) Borat~d '-"ater transfer pump - - as convenient 
') Bo=a:ec ~ater batc~!.ng tank ne3ter - - as con¥en : en: 

"Criteria for General ~locificatior: to the BO? ::l e:c :r~ca: Sys:.;:::" 
are applicable. Also refe:- to "Criteria for Loss of 0!!-Site: 
BOP Electrical Po~er." 

Inst:-uoentation .· 
Instru~cnt po~er shall be obt&lined froc the regulated voltage po~er 
supply panels 2-12R and 2-22R. 

:~e sys:ec shall be designed to be able to conitor the fol l o~!ng ?ara­
::Jeters: 

3.8.1 

J.e.2 

3.8.3 

3.8.4 

Surge tan~ level (all tanks) 

Charging ~ater storage tank leve! and te::Jperature 

Surge tank disc~arge pressure 

Reactor coolant ~yste~ pressure and te:pe:-ature (!rc: e~~st~ng 
instrumentation 1! available). 

• 

3.8.5 C~arging pu:p suction and d i scharge pressu~c "~~ ?c:o ::o~. R3 

3.8.6 ' Nit=ogensupplypressure ,62 2\4 
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Cheoi strv 

3.9.1 

3.9.2 

3.9.3 

~a ::cria ls 

The system shall :e c~pable of adjusting the RC fill systc~ 
~ater che~istry to the !ollo~ing: 

pH ~7. 5; Dissolved gas 5-15 Std. cc/kg H2* 

Boron 2200-4000 ppm; F- • Cl- ~1 ppm (one ppm) 

The RC design gross activity shall be assumed to be 0.5 Curies/ml. 

For Ph.1se I the C'lakeup water shall be degassed to a level of not 
greater than 15 Std. cc/kg. ror Phase 11. the ro~keup ~ater dc­
gassification objective shall be 5 Std. cc/kg. 

All :naerials having contact ~o-ith ::~ake"!l ..,.otter shall be cot::?atible with 
~ater at 2oo•r ar.d 4000 P?m boron as boric ac1d. The materials shall be 
stainless steel or carbon steel with stainl ess steel cladding. Carbon 
steel and coppe r alloys Qay be used in nitorgen sup?lY systeo. 

3 . 11 Environcental Conditions 

3.12 

Design ~~bient t emperature: 
Design ambient relative humidity: 

40 - 120·: 
100% 

7he syste~ shall be t ested, hydrostatically and ;re:~crationally, ~e!ore 
being placed into operation. 

*R~sidual hydrazine may be provi ded in lieu of H2 • Hydra=i~e in :hi s applic~t1oc =est 
be oalntain~~ at 300: of the stoich iooe t~ i c 02 1n the ~~te~ • 

. · 
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lot thl Sy:,ll'm 
Q1aerut ln& tlot.le 

tt. No nntur:~l or forccll 
c1rculntlon conlln1~ due 
to loss of nll sccondnry 
stde coolln1~ \.Iuter 

N~f: PaRe3 1 & 2 o[ 
Ca' l culat I on fllc 

b. One closed loop cooling 
&ysteat'l tn oper.atton "'J th 
one RC pum11 running 

J Ref: Pa~eo 23-27 of 
Colc.u J nlJon I-' ll e 

c. Rcnrtor cool.llll Hystel'l 
ltl naturnl clrr.ul.1llon 
\ol(ll a (\,/0 SCCCJIId:try 
c:oolln& l oop•t IJI'C f .1llnn 

Rtf: Pnsc~ lb-22 o( 
C.1lculal1on file 

:ld. RC SystP.m ,;nllt.l, 200<'F 
overngc tCf'llltC r:Hul c 
Sk1tl rnount('cJ P.ll ll or 
orJ~Jnal 011 ltr•a trvn J Sy•ap,., 
!H.u tt•cl 

R d: !icc C:ll c:ul.t t I,,.,., 
for 1•lSk faC 

tl e. RC Sy~tcru Solid, 200°P~ 
~eetl Jooo ~:1111 Q so· '~ 
dtrc>ctly Juto H\. Syst••m 

~I'C rnlrulnllcllt'l (nr TnHk 6C 

ATI~CI!!.!ill!.I.. A - IIESIGU DATA FOR TRAllSI!!IlT 

One clo~cd loop coolln& 
systc~ restored nCtcr 
nvcr01se hot-Len tl!lllperaturc 
r lses 50°F above in l t inl 
tempe rature nt time of loss 
o( RCS cooling. Secondary 
side cooling water ZHI!Iumctl 
nt 50°F 

... 

l.oss of one S4'Coudary cooltn~ 
loop 

RCS t~nd DIIR/RIIR S~·stt•rn 
in~tnntnncnusly n•nch thrr,.,n 1 
~111hr1um 
f'.J 

Assume no hcnt trnno;Crr out 
of Rf:S 

• 

Requl reel t1.1x i1num 
In( low (I) /OutClow(tJ) 

To/From RC System EnvelqJ'..!:. 

500 ~~~~~ { [) 

9 gpm(O) 

fl gptn(O) 

tns1gni£Jcant 

J 12 ~pm(O) 

Required Time 
to Steady State 

2 hrs. 

30 mino. 

2 hrs. 

5 min. 

.. 

Tot ill Vo laune 
Ch:mte (llCS) 

1900 gal (1) 

l SO r.al (0) 

7 20 r.n I ( 0) 

sr.or..,t (O) 
• I 
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