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ABSTRACT 

Operation of the NS Savannah has  demonstrated that with cer ta in  

sea  conditions a reac tor  power g rea te r  than 69 MW i s  desirable .  The 

design and operating charac ter i s t ics  of the power plant equipment have 

been reviewed and have been fo1.1nd to be adequate to permi t  operation 

a t  a s teady-state  reac tor  power of 80 MW. Transient  operation and 

potential accidents to the power plant have been reviewed and demon- 

s t r a t e  that the increasing of reac tor  power to 80 MW can be accom- 

plished without significantly affecting the existing. safety margins .  

Operation a t  80 MW increases  the maximum fission-product inventory 

of the core  by 16% for  the maximum credible accident.  However, the 

accepted operating procedures  for  the ship l imit  the allowable operating 

reac tor  power a s  necessary  to minimize the potential environmental 

hazard  to the general public. In the open s e a  the ship and i t s  occupants 

a r e  under d i rec t  control of the crew.  All passengers  and non-essential  

crew members  will  be directed to the a r e a  of leas t .  radiation. S t r ic t  

control of radiation dose will be enforced by personnel t ra ined in health 

physics to l imit  an individual person ' s  integrated dose to acceptable 

values. It i s  concluded, therefore,  that the NS Savannah can be oper-  

a ted a t  80 MW without compromising the existing safety of the ship. 
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This repor t  presents  the resu l t s  of a study of the design and 

operation of the NS Savannah to demonstrate  that the increasing of the 

operating power of the reac tor  f rom 69 to 80 MW does not present  any 

undue hazard to the general public o r  to the occupants of the ship.  

The ship 's  operational experience has  indicated that increased 

operating power i s  des i red .  Though continuous operation a t  this 

increased  power i s  not intended, a g rea te r  power margin  i s  desirable  

to permi t  normal  maneuverability while providing the increased  elec- 

t r i ca l  power and auxiliary s team required for  ship operation under a l l  

s ea  conditions. 

Previous analyses ' 8 '  and operational experience to date have 

demonstrated that the operation a t  69 MW presents  no appreciable 

hazard .  This repor t  reviews these analyses  to demonstrate  that the 

increase  to 80 MW does not affect previous conclusions. 
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2. EFFECTS OF 80-MW REACTOR POWER ON.NORMAL 
PLAN.T OPERATION 

2. 1. General 

Increasing the operating power of the reac tor  can be expected to 

affect the normal  operating conditions of cer tain power-plant compo- 

nents.  This section of the repor t  examines the power plant to demon-. 

s t r a t e  that neither the safe operating capability of the individual compo- 

nents nor the combined capability of the power plant i s  exceeded by 

increasing the reac tor  power to 80 M'W. 

2. 2 .  Steam-Plant Systems 

The s team generators  and the feedwater-system components a r e  

the major  steam-plant components affected by the increased s team 

flow associated with a reac tor  power of 80 MW. 

2 .  2.  1. Steam Generators  

Each s team generator  was designed for  a 3 7 - M W  full- 

power operating condition. Operation of these units a t  40 MW each 

(153, 700 l b f h r )  presents  only an  8.  17' overload above the 37-MW 

(142, 170 l b f h r )  design condition. A study was made to determine the 

operating charac ter i s t ics  of the s t eam generators  a t  40 MW. Calcu- 

lations show that, whereas the tempera ture  difference a c r o s s  the tube 

sheet has  increased by approximately 5 F above that a t  3 7  MW, the 

difference i s  s t i l l  m o r e  than 30 F l e s s  than the maximum allowable 

tempera ture  difference of 100 F. The circulation rat io  a t  40 MW i s  

sufficient s o  that the present ly installed s t eam separat ing equipment 

i s  adequate to produce s team a t  o r  below the design maximum mois ture  
. . 

content. Based on the resu l t s  of this study, i t  i s  concluded that the 

s team generators  a r e  capable of steady-state 40-MW operation without 

cxcccding their  safe  operating lirriits. 



2 . 2 . 2 .  Feedwater  Components 

The m a j o r  feedwater components affected ,by the 

inc rease  in s t e a m  flow a r e  the main-feed pumps, the deaerat ing.feed-  

water  hea ter ,  and the third-stage feedwater hea ter .  At the increased 

flow r a t e  two turbine-driven main-feed pumps a r e  required; however, 

s ince each pump by itself  has  a lmost  sufficient capacity to provide the 

total  feedwater requi rements ,  the combined capacity of both pumps i s  

m o r e  than sufficient. The deaerating feedwater hea ter  has  a design 

maximum capacity of 3 10,000 pounds p e r  hour,  which i s  adequate to 

p rocess  the requi red  feedwater a t  the increased  flow ra te .  At this 

capacity the deaera tor  opera tes  a t  i ts  maximum efficiency and suffi-  

ciently reduces the oxygen concentration in the feedwater.  The third-  

s tage feedwater hea te r  has  the capability of operatirlg ~ 1 :  the  increased  

flow r a t e .  The only possible change would be a slight decrease  in the 

final feedwater tempera ture .  A lower feedwater tempera ture  wo11.ld 

lower the overal l  plant efficiency but would not be detr imental  to plant 

operation. I t  i s  concluded that the feedwater-system components a r e  

capable of safe  operation a t  the increased  flow ra t e  associated with 

80-MW reac tor  operation. 

2. 3 .  Pr imary-P lan t  Systems 

During normal  staxtug, operation. and shutdown of the prima r j r -  

plant sys t ems ,  no significant operational differences exis t  i f  the reac tor  

is operating a t  80 MW, ra the r  than 69 MW. The steady-state p r imary -  

sys t em tempera tures  a t  80 MW a r e  495. 7 F reac tor  inlet ,  compared to 

497.4 a t  69 MW, and 520.3 F reac tor  outlet, compared to 518. 6 a t  

69 MW. These slight tempera ture  differences do not affect the normal  

operation of any of the pr imary-plant  sys t ems .  

The emergency cooling sys tem i s  the only pr imary-plant  sys tem 

whose operation i s  affected by 80-MW reac tor  operation. This sys tem 

i s  not used f o r  the normal  shutdown of the plant but i s  provided in the 

event that a l l  the normal  e lec t r ica l  power i s  lost .  F igure  1 presents  

the p r imary - sys t em p r e s s u r e  a s  a function of t ime following a s c r a m .  

This .curve i s  based on infinite i r radiat ion t ime a t  the power indicated 

and as sumes  that the emergency cooling sys t em provides the only source  

of decay-heat removal.  F igure  2 presents  the tempera ture  and p res su re  



in the s team generators  following a s c r a m  for  the same  conditions a s  

Figure 1. 

Under the assumed conditions and with the existing emergency-  

cooler flow ra te  of 40 gpm, the p res su r i ze r  safety valve lifts approxi- 

mately 30 minutes a f te r  the s c r a m .  In addition, the p r e s s u r e  on the 

s team side of the s team generator  approaches the se t  p r e s s u r e  of the 

safety valves. Though neither of these conditions presents  any appre-  

ciable hazard ,  the lifting of safety valves i s  not desire-d. Therefore,  

the primary-coolant flow ra t e  through the emergency cooler i s  

increased  to 80 gpm by adjustment of the existing flow-control valves 

to provide the same  margin  against  safety-valve lifting a s  provided by 

a 40-gpm flow ra te  a t  69 MW. The total primary-coolant flow ra te  

through the core  remains 200 gpm. 

Operation of the emergency cooler with a pr imary-coolant  flow 

ra te  of 80 gpm i s  within the safe operating capabilities of the unit. 

Operation of the emergency cooling sys tem a t  the 80-gpm cooler flow 

ra te  a f te r  the peak primary-coolant tempera ture  i s  reached cools the 

sys tem a t  a maximum ra te  of approximately 40 F pe r  hour .  This is  

10 F l e s s  than the maximum allowable cooldown ra t e ,  

It i s  concluded that steady-state operation of the pr imary-plant  

sys tems presents  no additional hazard  a t  80 MW, compared to opera-  

tion a t  69 MW. The operating condition of the pr imary-plant  sys tems 

during t ransients  and alrloritlal co i~di t io~ls  i s  analyzed in Section 3.  

2. 4. Instrumentation and Control Systems 

2 . 4 . 1 .  Nonnuclear 

The capabilities of the existing nonnuclear instrumen- 

tation and control components have been reviewed and a r e  adequate to 

per form their  required functions a t  the increased reac tor  power of 

80 M W .  

Nuclear 

The existing nuclear instrumentation i s  capable of p ro -  

viding continuous neutron-level o r  reactor-power measurement  f rom 

source  level throligh 120 M W  (150% of 80 MW). 



2 .  5. Shielding . , 

Essent ial ly ,  radiation in the ship var ies  direct ly  with the power 

density in the reac tor  co re .  Raising the reac tor  power to 80 MW 

presents .  no .hazard f r o m  the standpoint of radiation dose r a t e s  in . . 
. " .  

access ib le loca t ions  in  the ship. Whereas the dose ra tes  i n c r e a s e  

a lmos t  direct ly  by the factor 80169 = 1. 1 6 ,  resu l t s  of the shield tes t  

survey3 indicate that 'full-time access  design c r i t e r i a  would probably 

not be exceeded even if the reac tor  power w e r e  ra i sed  by a factor of 

1. 5. This indication applies even in the passenger-access  a r e a s ,  

where  the design dose- ra te  c r i te r ion  i s  one-tenth of that for  crew- 

acceoo areao.  It is concluded thdt the exisling shielding i s  adequate 

for  a power of 80 M W .  



Figure 1. P r e s s u r i z e r  P r e s s u r e  Vs Time After Sc ram for  Two 
Emergency Cooler Flow Rates 

- - 69- MW Operation 

. . Time After  Scram, minutes 



Figure 2 .  Steam Generator  P r e s s u r e  Vs  Time After Sc ram ' fo r  
Two Emergency Cooler Flow Rates 

Time After Scram, minutes 



. 3 . .  ACCIDENT ANALYSIS 
. . 

Previous analyses  I s 2 .  of the potential accidents to.the NS Savannah 

have demonstrated that i t  can be operated a t  a reac tor  power of 69  MW 

with no  undue.hazard to the general  public. Section 2 has  shown that the 

power plant i s  capable of being operated a t  a steady-state reac tor  power 

of 80 MW. This section evaluates .the effects on potential accidents of 

increasing the operating power to.80 MW. and increasing the overpower 

s c r a m  setpoint. 
I ' 

3 . 2 .  . Reactivity,. Accidents 

. The maximum potential reactivity-addition ra te . in  a s ta r tup  

accident with the existing control-rod-drive sys tem i s  4 . X  6k per  

second. . Previous calcu1ations.and Special Power:Excursion Reactor 

Test  experiments with Savannah-type.fue1 pins.have demonstrated. that  

the. initia I. power exr.11 r si on.  reaches :a maximum value.and then. levels off 

a t  some steady- state power ent i rely due to the inherent negative - reactivity 

effect of the. oxide-fuel tempera ture  (Doppler effect). On the assumption 

that a.11 other safety; fea tures .  fail except the overpower scram, ' .  the .fol-  

lowing .has- been shown i n  BAW 1164: 

" .  . . inherent cffects would ha,lt the init ial  power 
r i s e  approximately 150 millis.econds .after.  .the over-  

.power t r i p  i s  reached. Since the peak- is  passed 
before-actual  control rod motion: takes place,  smal l  
changes i n . s c r a m  delay t ime or  a change . in . scram 
velocit'y~would make little difference - in .  the end r e  su.lt 
and certainly, none in peak power". 

F o r  the.purpose of ana lys is , .  ra i s ing ,  the - overpower s c r a m  

setpoint, is considcrcd as  .an.  increase  in the s c r a m  delay t ime.  . Fur.ther- 

more , .  the overpower s c r a m  a t  13070 of full power . i s  conservatively a s -  

sumed.to be..the only effective safety, action. . Figure 2.  1 -2  of Reference 1 shows 



that. the difference iri .the.: t'i'me: when.the power . i s  a t  90 MW (13070 of 69 

MW) compared to  104 MW (130% of 80. MW) i s  approximately 10 mi.lli- 

seconds.  It i s  concluded that the raising of the overpower s c r a m  setpoint 

to .  104 .MW. does not affect the sta'rtup-accident analysis  and, therefore,  

no additional hazard.  i s  introduced. 

The maximum potential reactivity-addition ra te  in. a s tar tup 

accident with the replacement control-rod-drive system i s  1 X 6k 

p e r  second..  . Reference 2 has  demonstrated .that no undue hazard to  the 

public ex is t s  with the replacement dr.ive sys tem.  . The same analysis  

applied to the existing dr ive sys tem i s  used to demonstrate  the effect of 

increasing the overpower s c r a m  setpoint on .the replacelment dr ive systern.  

F igure  4-2 of Reference 2 shows that. the difference in . the t ime when the 

power i s  a t  90 MW compared to 104 MW i s  a l so  approximately 10 mill i-  

seconds.  The raising of the overpower s c r a m  setpoint to 104 M W  does 

not affect the conc.lusions regard.ing,a s tar tup accident with the. replace- 

ment  control-  rod-driv.e sys tem.  

In summary ,  the mechanism that l imi ts  the power excursion 

in. a .  s ta r tup  acc.ident. is . inherent to  the oxide-fuel reac tor  core .  The exact 

setpoint of the .overpower s c r a m  has very:lit.tle effect. on. the .accident. . No 

c o r e  damage can . r e su l t  nor  hazard exis t  a s  a resul t  of a continuous rod 

withdrawal f r o m  source  level provided that the excursion i s  ultimately 

te rminated  by rod . insertion shortly, a f t e r  the.initia1 power peak:is passed.  

3 .2 .2 .  Rod Withdrawal in .the .Power Range 

3 .2 .2 .  1. Introduction 

Previous analyses  have demonstrated that the 

continuous - rod-withdrawal accident with the reac tor  operating a t  some 

init ial  power presents  no hazard with e i ther  the existing o r  replacement 

control-  rod-drive sys t ems ,  provided that the overpower s c r a m  occurs  

a t  90 MW (13070 of 69 MW). In order  to demonstrate  that a higher over-  

power s c r a m  setpoint i s  adequate to protect  the plant, the peak heat flux 

and  maximum pr imary - sys t em p r e s s u r e  during the.accident a r e  analyzed. 

. 3 .2 .2 .2 .  Ana.lysis' 

The burnout l imit  of the c o r e  has. been .defined2, a s  

an . ave rage  heat flux of 190, 000,Btulhr-ft2.  in the .third pass  when four 

pumps a r e  opera.ting,and 12 0, 000 Btu/hr-f t2  when. one .pump. i s  operating. 



These a r e  the average steady-state heat fluxes that would exis t  in the 

third pass  before the hot spot in the co re  could approach a burnout con- 

dition. Reference 2 has fur ther  demonstrated that the peak value of the 

th i rd-pass  average heat flux i s  a maximum when the reac tor  i s  operating 

a t  full power pr ior  to the accident. Figure 4 -5  of Reference 2 shows 

that with an  initial 80 MW, ra ther  than 69 MW, the peak value for  the 

maximum reactivity-addition ra te  i s  only 8 1, 000 Btu/hr-f t2  , well below 

the burnout limit when ei ther  one o r  four pumps a r e  operating. Therefore 

i t  i s  concluded that,  for  the maximum reactivity-a2dition ra te  available,  

a continuous-rod-withdrawal accident does not produce excessive heat 

fluxe s . 
The maximum reactivity-addition r a t e s  in a rod- 

withdrawal accident do not necessar i ly  produce the wors t  operating con- 

ditions, par t icular ly with respect  to the rate  of pr imary-  sys tem heating. 

F o r  rapid reactivity-addition r a t e s ,  the overpower s c r a m  setpoint i s  

reached in a short  period of t ime and the reac tor  i s  shut down with only 

a sma l l  increase  in average pr imary-sys tem temperature.  F o r  slow 

reactivity-addition r a t e s ,  the moderator- temperature coefficient l imits  

the actual  power r i s e  and ultimate shutdown i s  due to reaching the high- 

tempera ture  s c r a m  setpoint, The reactivity-addition ra te  that produces 

the maximum ra te  of primary-coolant tempera ture  r i s e  occurs  when the 

overpower s c r a m  setpoint and the high reac tor -  outlet- tempe ra ture  s c r a m  

setpoint a r e  reached a t  approximately the same  t ime af te r  initiation of 

the rod withdrawal. The rate of primary-coolant tempera ture  r i s e  de ter -  

mines the rate  of water  flow into the p r e s s u r i z e r .  If there  i s  no spray ,  

the required rate  of s team relief i s  determined in this way. 'The capacity 

of the p res su r i ze r  relief valve is the limiting factor  for  the allowable ra te  

of coolant temperature r i s e .  Expressed in t e r m s  of tempera ture  r i s e ,  

the valve has a s team capacity of approximately O,7 degrees  p e r  second. 

If the required s team relieving rate  exceeds the installed capacity, over-  

-pressurizat ion of the p r imary  sys tem i s  possible.  

Figure 3 presents  the p res su re  buildup ve r sus  

withdrawal ra te  for  beginning of life conditions. With the overpower 

s c r a m  set  a t  104 MW (13070 of 80 MW) a reactivity-addition ra te  of 2 . 2 5  
' 

X 1 o - ~  6k p e r  second produces the grea tes t  p r e s s u r e  buildup in the p r i -  

m a r y  system. With the overpower s c r a m  set  a t  90 MW a reactivity- 



addition ra te  of 2 .  0 X 6k per  second produces the grea tes t  p res su re  

buildup. The following tabulation indicates the maximum pr imary -  sys t em 

p r e s s u r e s  for  these two reactivity addition r a t e s  . if  there  i s  no spray  action, 

no s t eam relief by the pilot-operated relief valve, and no net blowdown. 

Sc r a m  s e'tt-ing s Beginning of life End of life 

104 MW and 540 F 2190 psia 2290 p ~ i a  

90 MW and 540 F 2 100'psia 2200  psia 

The preceding tabulation shows that s c r a m  sett ings 

of 90-MW overpower and 540 F reactor-out let  tempera ture  a r e  adequate 

to  prevent a p res su re  buildup above the maximum allowable by the ASME 

Code (22 00 psia) .  With a n  overpower s c r a m  setting of 104 MW, the peak 

p r e s s u r e  a t  the end of life exceeds that allowed by the Code. F o r  this 

condition, a high-pressure s c r a m  se t  a t  2000 psia should be added to the 

c i r cu i t ry  of the safety sys tem.  With the addition of the high-pressure 

s c r a m  to the safety sys tem,  the pr imary-sys tem p r e s s u r e  never  exceeds 

that permiss ib le  by the applicable design codes.  (See Figure 3a. j 

The overpower s c r a m  setting of 104 MW protects 

the c o r e  f rom burnout even if the reac tor  operates  continuously a t  104 MW 

f o r  four-pump, three.--pu.mp, .and two-pump operation. F o r  one-pump 

operation a t  1500 psia the burnout power is 105 MWI If t h e r e a c t o r  i s  to  

be operated on one pump, the overpower s c r a m  be s e t a t  96 MW 

to allow a margin for  instrument  and heat balance e r r o r  in .the event a 

rod~wi thdrawa l  accident were  to occur .  . To avoid the.necessi ty  for  r e se t -  

ting the overpower s c r a m  in the event that one-pump operation i s  required,  

the overpower s c r a m  should be se t  a t  96 MW for  a l l  ca ses .  Ship operation 

to date has  demonstrated that the overpower margin above steady-state 

requi rements  i s  relatively sma l l  and that the 16-MW margin provided by 

the s c r a m  setting of 96 MW (120% of 80 MW) i s  adequate. This reduction 

in the overpower s c r a m  set$oint does not affect the conclusions reached 

f o r  previous analyses  using a s c r a m  setpoint of 104 MW; ra ther  the safety 

margin  i s  fur ther  increased.  



Figure  3 .  P r e s s u r e  Vs Reactivity-Addition Rate ,  Rod With- 
d r awa l  Accident  
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3 . 2 . 2 . 3 .  Conclusions 

Refe rence  2 h a s  shown that  rod-withdrawal  a c c i -  

den t s . s eve ra1  t i m e s  w o r s e  than the c r ed ib l e  acc iden t s  do  not  c ause  e x c e s -  

s i ve  heat  f lux in t he . co r e .  Inc reas ing  the overpower  s c r a m  setpoint  f r o m  

90 MW (130% of 69 MW) to  96.MW (1207'0 of 8 0  MW) d o e s  not a l t e r  t h i s  con- 

c lus ion.  With the addit ion of a h i g h - p r e s s u r e  s c r a m  s e t  a t  2000 p s i a ,  r od -  

wi thdrawal  acc iden t s  do not  produce exces s ive  p r e s s u r e s  in the p r i m a r y  

s y s t e m .  The re fo r e ,  i t  i s  concluded that  i nc r ea s ing  the  operat ing r e a c t o r  

power  t o  80 MW does  not  p r e s e n t  any  app rec i ab l e  h a z a r d  f r o m  rod-with- 

d r awa l  a cc iden t s .  

3 . 2 .  3. Additional Reactivi ty Accidents  

Both Re fe r ences  1 and  2 have ana lyzed  the  potential  r e a c -  

tivity-addition m e c h a n i s m s  such  a s  cold w a t e r  a cc iden t s ,  exce s s ive  s t e a m  

demand ,  con t ro l  rod  e ject ion,  and xenon burnout  t r an s i en t s .  A cold w a t e r  

acc iden t  is prohibited by  s e v e r a l  in te r locks  a n d  is not cons ide r ed  c red ib le .  

Excess ive  s t e a m  demand f r o m  rup ture  of the secondary  s t e a m  s y s t e m  o r  

acc iden ta l  opening of the turbine  bypas s  valve r e s u l t s  in  react iv i ty-addi t ion . . . ... 

r a t e s  comparab le  t o  those  u sed  in n o r m a l  control. ' .  Even wi th  no sa fe ty  

ac t ion  fue l -e lement  burnout  does  not occu r .  Inc reas ing  the r e a c t o r  power  

t o  80 MW does  not  af fect  th i s  conclus ion,  s ince  the reactivity-addition.rate 

is not  significantly changed.  Eject ion of a con t ro l  rod  h a s  been  shown t o  

i n c r e a s e  the peak value of the t h i r d - p a s s  a v e r a g e  hea t  flux by a cons tan t  

amount  independent of in i t i a l  power .  With the  r e a c t o r  a t  80 MW, e ject ion 

of the X- rod  (1.27'0 6k) would produce a n  a v e r a g e  hea t  flux of. 115, 000 B tu l  

h r - f t 2  in  the t h i rd  p a s s .  Since burnout  does  not  occu r  below a n  a v e r a g e  
' 

heat  flux.of 190, 000 ~ t u / h r - f t 2 ,  no c o r e  damage  would r e su l t .  Xenon' 

burnout  t r a n s i e n t s  in t roduce re 'act ivi ty-addit ion r a t e s  that a r e  considerably  

l e s s  than those  poss ib le  f r o m  rod mishandling acc iden t s  and,  t h e r e f o r e ,  

do not .produce any  apprec iab le  haza rd .  

3 . 2 . 4 .  Conclus ions  

. F r o m  the above ana ly se s ,  i t  i s  s e e n  that  the w o r s t  potent ia l  

r eac t iv i ty  acc iden t  o c c u r s  f r o m  a continuous rod  wi thdrawal  in the power  

range .  . I t .has been  de'monst.r'a.tedthat:the.additi':o~.of,a.high-~pr.e-~~ s.ux,ize.r'-p.r.e-s- 

s u r e  s.c r a m  to.the .safety: s y s t e m  aflequately psot'e:c'ts the1.plant fok,this:a:c:cidefit. 



It is concluded,  the r e fo r e ,  that  potential  r eac t iv i ty  acc iden t s  p r e s e n t  no  

apprec iab le  haza rd  and  do not  af fect  operat ion of the r e a c t o r  a t  80 MW 

with  e i t he r  the exist ing o r  the rep lacement  con t ro l - rod -d r ive  s y s t e m .  

3 .  3 .  Mechanical  F a i l u r e s  

- 3 .  3 .  1 . .  Fuel-Element :  Fa i - lu res  

,S teady-s ta te ,opera t ion  of the r e a c t o r  c o r e  a t  80 MW, r a t h e r  

than 69. MW,. is not expected t o  af fect  the number  of fue l -e lement  f a i l u r e s .  

At s t eady  s t a t e  the burnout  power  h a s  been  calcula ted t o  be  186 MW and  

the power  cor responding  t o  c e n t r a l  mel t ing of the fue l  ha s  been  calcula ted 

t o  be  110 MW. ' Subsequent c a l cu l a t i ons~ ind i ca t e  that  128 MW is  n e c e s -  

s a r y  f o r  c e n t r a l  mel t ing.  At 80 MW ne i t he r  c e n t r a l  mel t ing of the fue l  

n o r  burnout  is approached  dur ing s teady-  s t a te  operat ion.  and ,  t he r e fo r e ,  

no i n c r e a s e  in. fuel -e lement  f a i l u r e s  is  expected.  

3 .  3 . 2 .  P r i m a r v -  Coolant Leak 

Reference 1 ha s  ana lyzed  the effects  of va r i ous -  s i z ed  . leaks  

in the p r imary-coo lan t  s y s t e m .  Inc reas ing  the r eac to r  power  t o  80 MW 

does  not  af fect  the conclus ions  reached . in  th i s  r e f e r e n c e  except  f o r  the 

l a rge  l eak  analyzed a s  the max imum cred ib le  acc iden t .  The max imum 

cred ib le  acc iden t  f o r  operat ion a t  80 MW is ana lyzed  in Section.  3 . 4 .  

3 .  3 .  3 .  Control -  Rod F a i l u r e  

Operation of the reactor  a t  80 MW, 1-athei- than 61-  MW, does  

not significantly af fect  the react iv i ty  ba lance  of the c o r e . a n d  the  a s soc i a t ed  

con t ro l -  rod posit ions.  The con t ro l -  rod  posi t ions  a r e  e s s en t i a l l y  unchanged 

except  that  the ac t ive  con t ro l - rod  g roup  is slig.htly f u r t h e r  wi thdrawn t o  

compensa te  f o r  the.additiona1. Doppler  def ic i t ,  0. 00096 6k. - The conclu-  

s i ons  reached  in Reference 1 and  2 about the  al lowable n u m b e r  of d isabled 

rods . . a r e  not  a f fec ted .  

. 3 .  3 . 4 . .  Loss  of Power  t o  P r i m a r y - S y s t e m  P u m p s  

3 .  3 . 4 .  1. Introduction 

Reference 2 p r e s e n t s  the l a t e s t  informat ion and  

m o s t  comple te  ana ly s i s  of l o s s  of f o r ced  c i rcu la t ion  coolant  flow caused  

by l o s s  of power  t o  the p r i m a r y -  s y s t e m  pumps.  In th i s  r e f e r ence  the  

. ana lys i s  .assurrle s .arl.accidetit .  in w l ~ i c k  the r e  is no  safe ty  act ion by , t he  



. cont ro l  rods ,  with reac tor  shutdown occurring due to  inherent cha rac te r -  

i s t i c s .  The.possibil i ty of damage to the c o r e . i s  evaluated by comparing 

the maximum heat flux in the core  with the heat flux necessa ry - to  cause 

, a . d e p a r t u r e . f r o m  nucleate boiling (DNB). . If a DNB i s  .indicated, the heat 

t r ans fe r  coefficient a t  the clad s u r f a c e ~ i s . a s s u m e d  to dec rease , to  100 

Btu./hr-ft2 -F, and the maximum clad tempera ture  i s  determined. . Heat 

t r a n s f e r  .conditions . in.both passes  of the co re  a r e  considered. . 

. In the third-pass  elements  during the t ime that 

the.flow i s  decreasing the.flow coastdown analysis  neglects any contr i -  

bution.to the flow caused by na tura l  circulation. Thus,. the assumed'f low 

in the.hot. channel approaches - - ze ro  and accordingly.. indicates :a.  DNB. If 

. a t  this, time..the heat flux i s  low enough that i t  can:be safely removed by , 

natura l  circulation, t h e  DNB does not occur .  Instead, heat con.tinues . to  

be removed by na tura l  circulation within the vesse l  and no.damage occurs .  

A study, which a s s u m e s  na tura l  c i rculat ion. inside. the reactor  vesse l  only, 

. indicates- that  fo r  heat fluxes up to  94, 000 ~ t u / h r - f t 2 ,  a DNB does .not occur.  

. The flow coastdown.analysis of the second-pass  elements  does take into 

account the natural  circulation between.the elements .  This.is.de'monstrated 

. a s  a..flow reve r sa l  i n .  the course  of the accident. 

3. 3 .4 .2 .  Analysis 

. The loss  of coolant 'flow accident a t  69  MW with 

.four pumps.at  full  speed was  analyzed in .Reference i fo r  a i -second s c r a m  

t ime.  ' .  This .analysis  demonstrated that no fuel-element damage.would're sult 

. and that the.maximum clad- surface tempera ture  would 'be 625 F. Because 

the s c r a m .  t imc . i s  vcry shor t ,  operation a t  80 MW i s  not expected to  affect 

a .these conclusions significantly. The accident a t  80 MW with a 1-second 

s c r a m .  t ime  was not simulated becausc .longer s c r a m -  t imes  . a r e  considered 

m o r e  ,significant. . Some.abnorma1 conditions, such a s . a  reduced gravity 

, effect caused .by.-the sh ip ' s  motion o r  a plugged .lead s c r e w , .  increase  . the 

s c r a m  t ime .w.ith the replacement control-rod-driv-e,  sys tem.  . To analyze 

, these  conditions .a .  s c r a m  t ime of 4 seconds.was used. . Figure .4  presents  

. the resu l t s  of the-  simulation of the . loss  of coolant. flow accident for  an 

. in i t ia l  p o d e r  of 80 MW, four pr imary ,  pumps.initially, a t  full speed, and a 

4:second scram-  t ime.  At ' 5  sec'onds a flow reve r sa l  occurs  . in.the second 

p a s s .  At. this t ime ,  however, the rat io  of burnout heat flux to.actua1 heat 

flux..is .4 .and no:DNB occurs .  At approximately 12 seconds the rat io  of 



burnout heat  flux to  ac tua l  heat  flux approaches  1 ,  thereby indicating a . 

DNB. However,  the maximum th i rd -pas s  heat  flux a t  th is  t ime  i s  only . 

81, 000 ~ t u / h r - f t 2 .  Since na tura l  c i rculat ion i s  sufficient fo r  hea t  f luxes 

up to 94,  000 B t u / h r - f t 2 ,  a DNB does  no t  occu r .  The re fo re ,  no fuel-'ele- 

ment  damage occu r s  f r o m  this  accident .  

To analyze the c a s e  of ship  inclinations exceeding 

45 deg rees  the l o s s  of coolant flow accident  fo r ,  80-MW operation with 

four pumps init ial ly a t  full  speed and no  s c r a m  act ion of the cont ro l  rods  

was  s imulated.  See F igure  5. At 1 -  1 /2 seconds a flow r e v e r s a l  occu r s  

in the second-pass  hot channel a n d t h e  ac tua l  heat  flux exceeds the burnout 

heat  flux, indicating a DNB. After  the flow r e v e r s a l  the upward flow 

i n c r e a s e s  quite rapidly ,  a s  indicated by the increas ing  burnout heat  flux 

ra t io .  This increas ing  flow tends to cause  recovery  f r o m  the DNB. 

However, even if the fuel  pin does  not r ecove r  f r o m  the DNB, . the max-  

i m u m  c lad-sur face  tkmperature '  doe's not. exceed 1400 F a s  shown in 

F igure  6 .  . In the th i rd-pass  hot channel a DNB i s  indicated a f t e r  approxi- . . .  

mately  12 seconds.  The resul tant  maximum c lad-sur face  t empera tu re  i s  . 

approximately  1.1.1.0 F. No clad melting occu r s  a t  these  t e m p e r a t u r e s ;  

however ,  some damage to  the e lements 'due  to  weakening of the b razed  

joints and possible misal ignment  may occur .  The postulated accident  

can  occur  only if loss  of flow i s  exper ienced with the ship  i'nc~line,dmore.;than 

45  deg rees .  Under these  two conditions the rods  would i n s e r t  a t  the i r  

normal  ra te  of 13. 5 inches  pe r  minute with power supplied by the  spec ia l  

ba t t e ry  source  provided fo r  th is  purpose.  

Additional ana lyse s  w e r e  made f o r  the pump com-  

binations an.d r eac to r  powers  permi t ted  by the Technical  Specifications 

and have been repor ted  in Reference 2 .  None of the pe rmis s ib l e  operating 

combiriations produce a DNB, even with a n  abnorma l  s c r a m  t i m e  of 4 

seconds a s soc i a t ed  with the postulated condition of a l l  lead s c r e w s  plugged. 

When the re  i s  no s c r a m  action by the cont ro l  rods ,  a l l  .other pe rmis s ib l e  

pump combinations e i t he r  do not produce a DNB o r  the resu l tan t  peak fuel  

t empera tu re  i s  l e s s  than. the 4-pump 80-MW c a s e .  

3. 3 . 4 .  3. . Conclusions 

Fue l  melt ing and r e l e a s e  of f iss ion products  do not 

occur  even without a s c r a m .  The possibi l i ty  of any  c o r e  damage f r o m  



excessive t empera tu res  dur'ing an acc'ident i s  extremely remote.  The only 

situation in which any damage i s  possible depends on the simultaneous 

occurrence  of the following: 

1. Reactor a t  80 MW. 

2 .  Complete loss  of a l l  pumping power. 

3.  No safety action by the control rods.  

4. The fuel pins do. not recover  f rom the DNB. 

In o r d e r  to lose a l l  pumping, complete loss  of 

e l ec t r i ca l  power to  the main bus i s  required.  Ship inclinations that 

exceed 45 degrees  may cause  complete power fai lure .  However, ship 

operation a t  80 M W  under sea  conditions that produce 45 degree.robls  i s  

not likely. In very  rough s e a s  genera l  mar i t ime procedures  a r e  to reduce 

speed and power to minimize the 'possibility of ship s t ruc tura l  damage. 

However, even if a l l  the unlikely c i rcumstances  were  to occur simulta- 

neously,  fuel-element damage would involve only mechanical distortion, 

and  cer tainly no hazard to  the genera l  public o r  to  the occupants of the 

ship would resul t .  . Therefore ,  it i s  concluded that the loss  of coolant 

. flow accident with the r eac to r  a t  80 MW does not present  any undue hazard.  

3. 3. 5. Ship Capsize Accident 

. 3 .  3 .  5. 1.  Introduction 

A ship capsize .accident with the existing controi-  

rod-dr ive  sys tem installed does not present  any appreciable hazard fo r  

r eac to r  powers of 69.and 80 MW, since the source of energy fo r  s c r a m  

act ion i s  independent of ship att i tude, A ship capsize .accident with the 

replacement  control-  rod-drive sys tem installed has. been .analyzed for:a 

r eac to r  power of 69- M W . ~  F o r  this power no major  fai lure  of the co re  

nor  r e l ease  of fission products occurs .  

3.  3. 5 . 2 .  Analysis 

The major  a r e a s  of concern in a ship capsize 

accident a r e  reac tor  shutdown, co re  burnout,  and the integrity of the 

p r i m a r y  sys tem.  . Reference . 2 .  has demonstrated that the' replacement 

control-rod-drive sys tem i s  capable of reac tor  shutdown.at any ship 

attitude through use  of the emergency battery-power supply. . Operation 

a t  80 MW does not affect the reliability of this shutdown mechanism. 



Figure 4. Heat Flux Ratio Vs Time,  Four  Pumps  a t  Ful l  Speed, 
80 M W ,  Coastdown, 4-Second Sc ram 
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F i g u r e  5. H e a t  F l u x  Rat io  Vs T i m e ,  F o u r  P u m p s  a t  F u l l  Speed,  
80 M W ,  Coastdown, No S c r a m  
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F'igure 6. ' Second-Pas s Clad-Surface Tempera ture  Vs Ti'me, 
, . . Hot Channel, Coastdown, No Scram. , 
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Refe r ence  2 h a s  a l s o  shown that  hea t  t r a n s f e r  condit ions exis t ing in a 

c aps i ze  acc iden t  a r e  m u c h  b e t t e r  than in the pump coastdownaccident .  Since 

i t  h a s  b e e n  shown that  fue l -e lement  burnout  does  not occu r  f o r  the coas t -  

down acc iden t  a t  80 MW, a c aps i ze  acc iden t  a t  80 MW does  not c ause  

burnout .  

The mechan i ca l  in tegr i ty  of the p r i m a r y  s y s t e m  

dur ing  the  c o u r s e  of the  sh ip  caps ize  acc iden t  ha s  been  demons t r a t ed  f o r  

in i t i a l  power  of 69 MW and  the  negat ive  react iv i ty-addi t ion r a t e  of 

3 X 6k p e r  second a s soc i a t ed  wi th  the caps i ze  s c r a m .  If the in i t ia l  

r e a c t o r  power  is  80  MW, the rod i n se r t i on  a l s o  m u s t  compensa te  f o r  the 

addi t ional  Doppler  defici t  of 0. 00096 6k. At a r a t e  of 3 X lo-*  6k p e r  

second ,  the  power  is reduced  to  69 MW in 3 . 2  seconds .  At a n  a s s u m e d  

a v e r a g e  power  of 7 4 . 5  MW during th i s  pe r iod  a n  addi t ional  225 ,000  Btu 

i s  added  t o  the p r i m a r y  s y s t e m .  This  quanti ty of hea t  r a i s e s  the a v e r a g e  

p r i m a r y - s y s t e m  t e m p e r a t u r e  3 F. F o r  the purpose  of ana ly s i s  of the 

80 MW.accident ,  the  t r a n s i e n t  t e m p e r a t u r e s  obtained in the 69 MW a c c i -  

dent  c a n . b e  i n c r e a s e d  b y . 3  F. 

If the  80-MW acc iden t  o c c u r s  wi th  n o  . safe ty  ac t ion ,  

the  a v e r a g e  p r i m a r y - s y s t e m  t e m p e r a t u r e  i s  i n c r e a s e d  f r o m  ,508;  t o  

547. F. When the  p r i m a r y - s y s t e m  p r e s s u r e  r e a c h e s  2000 ps ig ,  the r a t e  

of change of p r i m a r y - s y s t e m  a v e r a g e . t e m p e r a t u r e  is 0 . 6 5  F p e r  second.  

Under  n o r m a l  ogerat ' ing *condit ions of p r e s s u r i z e r  and  re l ief  valve ,  the  

p r i m a r y  s y s t e m  is not o v e r p r e s s u r i z e d ,  s ince . the  ; p r e s s u r i z e r  'Js 'hot '  f i l led ,  

a n d  the  r a t e  of t e m p e r a t u r e  r i s e  is  wi thin . the  re l ief  va lve .capac i ty  (0. 7 F 

p e r  second) .  

Becausc  of thc  na tu r e  of the caps i ze  .accident  

p r o p e r  functioning of the  p r e s s u r i z e r  and  re l ief  valve cannot be  a s s u r e d ,  

a n d  the  rel ief  valve  m a y  r e l i eve  w a t e r  r a t h e r  than s t e a m  i f  the  sh ip  is 

s e v e r e l y  inclined.  A caps i ze  s c r a m  r emoves  react iv i ty  a t  a r a t e  of 

3 X 6k p e r  second.  When reac t iv i ty  i s  r emoved  a t  th is  r a t e ,  the 

m a x i m u m . p r e s s u r e  d o e s  not  exceed  2000 ps ig ,  s ince  the  rel ief  valve h a s  

a w a t e r  f low capac i ty  of 200 gpm.  This  capaci ty  is about 11070 of that  

r equ i r ed  t o  accommodate  expansion of the p r i m a r y  s y s t e m  a f t e r  the  p r e s -  

s u r e  r e a c h e s  2000 ps i .  



3 .  3 .  5 .  3.  Conclusions 

Operation of the r e a c t o r  a t  80  MW, r a t h e r  than 

69 MW, does  not  af fect  the  shutdown capabi l i t ies  of e i t he r  the exis t ing 

o r  rep lacement  con t ro l - rod-dr ive  s y s t e m s  in the event  of a ' s h i p  caps i ze  

acc iden t .  The acc iden t  does  not c a u s e  c o r e  burnout ,  and  the in tegr i ty  

of . the p r i m a r y  s y s t e m  i s  not a f fec ted .  It i s  concluded that  no  m a j o r  

fa i lu re  of the  c o r e  n o r  r e l e a s e  of f i s s ion  p roduc t s  o c c u r s  even i f  the 

r e a c t o r  is  operat ing a t  80  MW a t  the t i m e  the sh ip  c a p s i z e s .  

3 . 4 .  Maximum Cred ib le  Accident  

In Reference 1 the max imum cred ib le  acc iden t  t o  the N S  Savannah 

h a s  been postulated a s  the complete  l o s s  of p r i m a r y  coolant  followed by 

melt ing of the r e a c t o r  c o r e  and the resu l t an t  r e l e a s e  of f i s s i on  products '  . 

to  the  conta inment  ve s se l .  Inc reas ing  the r e a c t o r  power  to  80 MW does  

not r a i s e  the resu l t an t  containment p r e s s u r e  but does  i n c r e a s e  the 

quanti ty .of fiss,ion p roduc t s  in the conta inment  v e s s e l  by 1670 following ... 

the acc iden t .  However pe rmi s s ib l e  dose  r a t e s  a r e  not exceeded.  

3 . 4 .  1. Containment P r e . s s u r e  

Table 1 shows the ene rgy  r e l e a s e d  dur ing the m a x i m u m  

cred ib le  acc iden t  a t  69 MW f r o m  Refe rence  1 and  c o m p a r e s  the  ene rgy  . . . 

r e l e a sed  a t  80 MW u s i n g t h e  s a m e  a s sumpt ions  except  f o r  powe'r level .  

Table  I .  .: Total  Heat' Released.  During:Blowdown P e r i o d  

P r i m a r y  s y s t e m  

Secondary s y s t e m  

Decay hea t  

Fu l l  power  f o r  5 seconds  

Stored heat  in fue l  p ins  

Tota l  

69 - MW reac to r  80- MW r e a c t o r  
p ow" r. power  



The total  difference in heat input a t  80 MW i s  only 75, 000 

Btu, an : increase  of a p p r o x i m a t e l y . 0 . 2 ~ 0 ~  This additional heat input i s  

insignificant. The resultant containment p r e s s u r e  remains  the same 

and,  therefore ,  does not present  any additional hazard .  

3 .4 .2 .  Environmental Hazards 

3 .4 .2 .  1. Fiss ion-Product  Inventory 

Operation of the reac tor  a t  80 MW inc reases  the 

fission-product inventory of the core .  F o r  environmental analysis  con- 

s iderat ions of the maximum credible accident,  continuous operation a t  . 
80 MW r a i s e s  both the f iss ion product inventory and accident-case dose 

r a t e s  by approximately 1670 over values for  69-MW operation. However, 

the accepted operating procedures  for  the ship l imit  the allowable reac tor  

ope rating power a s  necessa ry  to minimize the potential environmental 

hazard to  the general  public. With this  means for  controlling the potential 

environmental hazard,  operation of the reac tor  a t  80 MW, ra ther  than 69 

MW, does not affect  the genera l  public. 

3 . 4 . 2 . 2 .  Shipboard Exposures a t  Sea 

Increasing the reac tor  power to 80 MW can be 

expected to increase  the shipboard exposure by a maximum factor .of 1..16. 

Af ter .a  reac tor  accident the passengers  and c r e w  members  not required 

fo r  emergency p rocedures  wil l  be dir'ected: by the.  Senior. Deck. 0ffi'ce.r.. 

in .command to remote a r e a s  of the ship a s  advised by the health physicist. 

The.dos.e r a t e . a t  the .a f te r  docking .station i s  .approx-imately 10 m r e m / h r  

a t  69.MW. At 80 MW the dose r a t e , i s  11. 5 to  12 m r e m l h r .  This slight 

inc rease.would not present  any appreciable hazard to the passengers .  

The crew membe'rs responsible fo r  emergency procedures  will-be 

cont inuously~monitored to ensure  that none rece ive .an  excessive dose. 

Increasing the reac tor  power level to 80 MW only reduces the.tota1 t ime 

that a specific c rew member  can work in the radiation field. 
b . .  

3 . 4 .  3. Conclusions 

It has  been shown that increasing the reac tor  power to  

80 MW does not appreciably increase the resultant p r e s s u r e  within the 

containment vesse l  following the maximum credible accident.  Since 

r eac to r  power can .be  adjusted p r io r  to  approaching densely populated 



land a r e a s ,  80 -MW operation does not neces sa r i l y  affect  the environ- 

mental  hazard to  the genera l  public. At s e a ,  exposure  dose r a t e s  a r e  

increased  by a fac tor  of 1. 16; however,  procedures~.w'i l lbe followed to 

minimize the total  exposure  received by the occupants of the ship.  There-  

fo re ,  i t  i s  concluded that  operation of the r eac to r  a t  80 M W  does not 

significantly affect the haza rds  assoc ia ted  with the maximum credible  

accident.  
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4 .  SUMMARY AND CONCLUSIONS 

4 .  1. Required Modifications fo r  80-MW Operation 

Sections 2.and 3 of this repor t  have analyzed the s teady-sta te  and 

t rans ien t  operating cha rac t e r i s t i c s  of the NS Savannah power plant f o r  

a reac tor  power of 80 MW. Modifications required to  ensure  safe oper -  

ation a t  this power were  discussed and a r e  summar ized  below. 

1. .  The pr imary-coolant  flow rate . through the emergency  cooler  

should be increased  f rom 40 gpm to 80 gpm. 

2 ;  The power- range. i.nstrumentation. t r i p s  should be  se t  to a s  su re  

. that:  with the "Start-Run" switch in the "Start" position the overpower 

s c r a m  will  occur  a t  22 .4  MW (2870 of 80 MW) o r  l e s s ,  and with the 

switch in the "Run" position. the .overpower s c r a m  wi.11 occur  - a t  96 MW 

(12070 of 80 MW) o r  l e s s .  

3 .  A s c r a m  input should be  added to  the s a f e t y  system.  s e t  a t ,  a 

p r imary - sys t em p r e s s u r e  of 2000 psig'. 

4. 2. Corlclusions 

With the required modifications completed the reac tor  may b e  

sa fe ly  operated a t  80 MW. The accident analysis  section of this  r epo r t  

has  demonstrated that e i ther  the existing control-rod-dr ive sys t em o r  

the replacement  control-rod-dr ive sys t em may be used a t  th is  i nc reased  

r eac to r  power. The environmental  ana lys i s  of 80-MW operation h a s  

shown that  for  a l l  acc idents ,  including the maximum credible ,  no app re -  

ciable difference ex is t s  f rom the haza rds  assoc ia ted  with 69-MW oper -  

ation. Therefore ,  the NS Savannah can be operated a t  a r eac to r  power 

of 80 MW without undue hazard  to  the gene ra l  public o r  t o  the occupants 

of the ship. 
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