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MODIFICATION OF THE 
EXPERIMENTAL BOILING WATER REACTOR ( E B W R ) 

FOR HIGHER-POWER OPERATION 

Compiled by 

J. F . Matousek 

1. INTRODUCTION* 

This r epo r t desc r ibes a l te ra t ions and additions made to the Exper ­
imental Boiling Water Reactor ( E B W R ) plant to pe rmi t operation at power 
levels up to 100 t he rma l megawat t s . This repor t is a supplement to r epor t 
ANL-5607si^/ which is a complete descr ip t ion of the plant as designed for 
operat ion at 20 thermial megawat t s . 

The Exper imenta l Boiling Water Reactor , located at Argonne 
National Labora tory ; was designed original ly as a t e s t r eac to r to prove 
the feasibi l i ty of a d i r ec t - cyc l e boiling water r eac to r plant. The original 
plant was designed for power output of 2 0 megawatts ( thermal) or the 
equivalent of about 60,000 pounds per hour of s t eam at 600 psig. Numerous 
exper iments covering many discipl ines have been c a r r i e d out at the EBWR 
facility since the f i r s t full-power run was achieved la te in 1956. Sufficient 
data had been accumula ted from operat ing the r eac to r at the design condi­
tion of 20 megawat ts to a t tempt at ta inment of powers significantly in excess 
of the design level . Exper imen t s at higher than design power indicated 
stable operat ion up to 65 megawat ts ( thermal) with the initial 4-foot-
d iamete r co re . In 1958 a shor t t e r m operat ion of the plant at 61.7 mega­
watts ( thermal) confirnaed the predic t ion. The exper imenta l approach to 
the higher powers consis tedof osci l la t ing the cent ra l control rod to obtain t r a n s ­
fer functions and extrapolat ing the t r ans fe r functions sufficiently to p e r ­
form a s tepwise and s table i n c r e a s e in power. By extrapolat ing the 
exper imenta l r e su l t s to a 5- foot -d iameter core which can be accommodated 
in the or iginal gr id plate and r eac to r vesse l , operat ion of the reac tor at 
100 megawat ts ( thermal) appeared feasible . Therefore , the 20-megawat t -
capacity plant was modified to i n c r e a s e the power output capacity to 
100 megawat ts , and a r ebo i l e r plant was added to supplement the existing 
turbine plant. 

The rebo i le r plant is designed to diss ipate 80 the rmal megawatts 
of energy. The or iginal turbine plant ut i l izes approximately 20 megawatts 
of t h e r m a l energy and the remaining energy genera tes p roces s s t eam 
which is used to heat the Labora to ry . The addition of the reboi ler plant 
will pe rmi t the de terminat ion of the maximum power that can be rea l ized 
f rom a r eac to r and vesse l of this s ize . Higher power operat ion will also 

*E. A. Wimunc and J. F . Matousek 
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furnish information on core per formance and pe rmi t fas ter fuel burnup for 
the study of fuel e lement life. The a l tera t ions and additions to the or iginal 
EBWR sys tem can also be used for exper iments on high-densi ty co re s , 
superheat fuel e lements , and l iquid-poison control . 

Many prepara t ions were made p r io r to shutting down the r eac to r for 
modifications in the la t te r pa r t of 1959. The five major i tems a re l isted 
below. 

1. A p r o g r a m was ini t iated to develop and perfect tools and p r o ­
cedures for the modifications and additions to the r e a c t o r p r e s s u r e vesse l . 
Safety p rocedures were es tabl ished and personnel was t ra ined to cope with 
radiat ion p rob lems . All machining and welding operat ions were per formed, 
evaluated, and perfected on a vesse l t e s t section purchased from the vendor-
fabr icator of the p r e s s u r e vesse l , 

2. A remote ly opera ted underwater tool was designed and built 
specifically for cutting apar t the highly radioact ive control rods within the 
r eac to r vesse l . 

3. A new t rans fe r coffin was built to accommodate a fuel a s sembly 
or an 8-foot section of a control rod. The motor ized coffin was used to t r ans 
fer fuel and control rods f rom the r e a c t o r to the s to rage w . l l 

4. A special fixture was designed and built to hold a guillotine saw 
so that the 6-inch pipe caps on the unused forced-c i rcu la t ion nozzles could 
be cut and removed without excess ive radiat ion exposure to personnel . 
(Radiation levels due to accumulated products in the caps were as high as 
100 roentgens per hour at 2 inches.) The special f ixture pe rmi t t ed rapid 
mounting in the saw which was then opera ted remote ly . The caps on the 
nozzles were remioved and modified as desc r ibed l a t e r . 

5. A work pla t form for suspension in the r e a c t o r vesse l was de ­
signed to support lead shielding, personnel , and equipment. Since work 
would be c a r r i e d on at var ious e levat ions , the platform suspension rods 
were designed to be adjustable. 

Before removing the control rods f rom the r e a c t o r , it was n e c e s ­
sary to remove 114 fuel a s s e m b l i e s , 33 dummy fuel a s s e mb l i e s , and the 
ant imony-beryl l ium neutron source . The lead coffin descr ibed as i t em 3 
in the previous pa rag raph was used to make the t r ans fe r of these i t ems 
to a water - f i l l ed s to rage well located adjacent to the r eac to r . The min i ­
mum t ime of t r ans fe r for a single a s sembly was l imi ted to fifteen minutes . 
This l imitat ion was imposed by the speed of the motor ized fuel-handling 
tool and coffin. 



The biological shield about the r eac to r vesse l was originally built 
with concre te block and m o r t a r e d joints . The contents of only one pipe tun­
nel were removed in o rde r to accompl ish the neces sa ry work on the out­
side surface of the r eac to r ve s se l . This gave access to nozzles located on 
the r eac to r vesse l and to piping located in the tunnel. Removal of the con­
cre te blocks commenced as the las t of the fuel e lements was removed. 
Pe r sonne l was evacuated f rom the tunnel to prevent exposure to radiat ion 
whenever fuel or control rods were removed from the vesse l . The tunnel 
was also evacuated during any per iod when the reac to r was drained of 
water . With the r eac to r void of fuel, control rods , and water , the maximum 
radiat ion level in the empty tunnel was 400 ini l l i roentgens per hour. This 
radiat ion level dropped to 25 mi l l i roentgens per hour when the vesse l was 
half filled with water . 

The exper iment p r o g r a m proposed for the h igher -power-capac i ty 
sys tem includes power runs to observe and analyze a number of p a r a m e t e r s 
during approaches to high power. An essent ia l and vital exper iment is the 
determinat ion of r eac to r s tabil i ty. A known react ivi ty can be induced in the 
r eac to r by control led osci l la t ion of the center control rod. Stability of the 
core is then de te rmined through t r ans fe r - func t ion-measurement analys is . 
P r e s s u r e taps , p robes , and thermocouples a r e located within the r eac to r 
vesse l to obtain hydrodynamic and t empera tu re m e a s u r e m e n t s . P r e l i m i ­
nary t e s t s indicated that these p r e s s u r e and t empera tu re ins t ruments 
function sat is factor i ly . 



2. SUMMARY* 

2.1 PLANT DESCRIPTION 

2.1,1 Genera l Descr ipt ion 

The 100-megawat t -capaci ty r eac to r will operate (s imi lar to the 
or iginal plant) as a d i rec t -cyc le boiling water r eac to r with na tura l c i r ­
culation. Light water is the mode ra to r and coolant. Although the tu r ­
bine plant was or iginal ly designed for use with heavy water , provis ions 
for i ts use were not included in the rebo i le r plant design. Therefore , 
reboi le r plant operat ion is l imited to light water only. 

The or iginal t u rb ine -gene ra to r and assoc ia ted equipment in the 
turbine plant was kept intact except for minor modifications, and will be 
used in future opera t ions to genera te up to 5 megawat ts of e l ec t r i ca l energy. 
The turbine plant will opera te in essent ia l ly the same manner as o r ig ­
inally designed, and the rebo i le r plant will be operated in pa ra l l e l to 
accept the inc reased heat output. F igure 2-1 is a flowsheet of the rev i sed 
EBWR facili ty. A simplified control d iagram is shown in F igure 3-28, 
and a simplified p r o c e s s ins t rument d i ag ram is shown in F igure 3-26. 

The 100 megawat ts of t h e r m a l power genera ted at 600 psig in the 
r eac to r a r e d iss ipated by the two plants as follows: (l) 20 megawat ts 
( thermal) a r e ut i l ized by the turbine plant and (2) 80 megawatts ( thermal) 
a r e absorbed by the reboi ler plant. The reboi le r plant is divided into 
th ree sy s t ems : the p r i m a r y sys tem, in te rmedia te sys tem, and secondary 
sys tem. The p r i m a r y sys tem is operated at a p r e s s u r e of 560 psig sa t ­
ura ted , the in te rmedia te sys t em at 350 psig sa tura ted , and the secondary 
systera at 200 psig. The secondary sys tem p r e s s u r e is the same as the 
Labora to ry s team sys tem. 

The rebo i le r plant can e i ther supply s team to the Labora to ry or 
d iss ipa te heat to the a i r -coo led heat exchangers . During winter , operat ion 
of the r eac to r at 100 megawat ts ( thermal) , approximately 67 megawat ts of 
the 80 megawat ts d i rec ted to the r ebo i l e r plant can be t r a n s f e r r e d to the 
Labora tory heating sys tem. Of the remaining 13 raegawatts about 10 m e g ­
awatts a r e d iss ipa ted to the a i r - coo led heat exchangers and 3 megawat ts 
a r e absorbed in the operat ion of assoc ia ted p r i m a r y - s y s t e m equipraent. 
If des i red , the amount of heat d is t r ibuted between the secondary rebo i le r 
and a i r - coo led equipraent can be proport ioned in accordance with L a b o r a ­
to ry needs . During winter , sufficient s t eam can be generated to supply 
all Labora to ry heating r e q u i r e m e n t s . Any excess heat not requi red by 
the Labora to ry heating sys tem is absorbed in the a i r - coo led heat exchanger s . 

E. A. Wimunc and J. F . Matousek 
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2.1.2 P r i m a r y System 

The p r i m a r y sys tem is composed of the p r i m a r y r ebo i l e r s , primiary 
drain coo le r s , deae ra to r , subcooler , r ebo i l e r -p lan t feedwater pump, and 
f i l t e r s . The in te rmedia te sys tem consis ts of the p r i m a r y r ebo i l e r s , p r i ­
m a r y dra in coo le r s , secondary reboi ler , secondary dra in cooler , flash 
tank, and in te rmedia te feedwater pump. The secondary sys tem consis ts 
of the secondary reboi le r and secondary dra in cooler . 

Eighty megawat ts of s team will be condensed in the tubes of the 
p r i m a r y r ebo i l e r s ; the condensate is fur ther cooled in the p r i m a r y dra in 
cooler and then d ischarged into the d e a e r a t o r . In the deae ra to r the non-
condensable gases genera ted in the r e a c t o r will be s t r ipped from the p r i ­
m a r y water and routed to the condenser . To c i rcumvent the possibi l i ty 
that the noncondensable gases , p r ior to d i scharge into the deae ra to r , may 
cause the p r i m a r y systena to become airbound, provis ions a r e available 
to remove the gases from the rebo i le r exit header and the p r i r aa ry dra in 
tank. These gases , as in the previous case , will be sent to the condenser . 

The p r i m a r y water upon leaving the deae ra to r is d i rec ted to the 
p r i m a r y subcooler , and can be further cooled if des i r ed . The r e b o i l e r -
plant feedwater pumps r e tu rn the p r i m a r y water to the r eac to r through 
the f i l t e r s . Before enter ing the las t two f i l t e r s , the p r i m a r y s t r e a m from 
the new sys t em is mixed with the condensate being pumped back from the 
hotwell. 

Reac tor p r e s s u r e is controlled at 600 psig by the s team control valve, 
P - l l D , which admits s t eam to the p r i m a r y r e b o i l e r s . Since this valve 
also compensa tes for any slight load var ia t ions of the turbine, it a s s u m e s 
the role of the turbine bypass valve used for this purpose in the or iginal 
systena. The amount of s t eam adnaitted to the p r i m a r y r ebo i l e r s is a 
function of r e a c t o r output and is unaffected by Labora tory demands . 

Normal ly , r eac to r water level is maintained by an e lec t r i ca l ly 
operated control valve that regula tes the feedwater from the rebo i le r 
plant. The feedwater regula tor ut i l izes a conventional t h r e e - e l e m e n t 
flow cont ro l le r that r ece ives signals f rom r e a c t o r level , p r i m a r y rebo i le r 
s t eam flow, and rebo i l e r -p lan t feedwater flow. Turbine plant feedwater 
flow is control led by hotwell level, tu rb ine-p lan t feedwater flow, and 
s team flow to the turbine . P r i m a r y - d r a i n - t a n k level is mainta ined by 
regulat ing the p r i m a r y condensate flow to the d e a e r a t o r . 

Radiolytic d issocia t ion of water in the r e a c t o r r e su l t s in the for­
mat ion of hydrogen and oxygen. Separat ion of these gases from the liquid 
at the interface is followed by c a r r y o v e r in the effluent s t eam. Under 
equi l ibr ium conditions the c a r r y o v e r r e su l t s in essen t ia l ly a s to ich iometr ic 
mix tu re of hydrogen and oxygen in the exit s t eam. The ra t e of format ion 
of the combined gases thus genera ted amounts to about 1 scfm per 



20 megawat ts of r eac to r power, or about 5 scfm per 100 megawat t s . These 
gases a r e removed by flashing the condensate from the p r i m a r y drain 
coolers into the d e a e r a t o r . The ext rac ted noncondensable gases and 
flashed s team in the deae ra to r a r e then d i rec ted to the condenser . Also, 
each p r i m a r y dra in tank and rebo i le r ex i t -header box are provided with 
bleed orif ices to vent any accumulated gases at these points. This p r o ­
vision prec ludes the possibi l i ty that these units will become airbound. 
Noncondensable gases a re removed from the condenser by the air ejector 
and d i rec ted to the recombiner sys tem where the hydrogen and oxygen 
a r e r.ecombined. The gases a r e next sent through the cooler and exhausted 
through the building stack. If des i red , the recombiner may be bypassed. 
The recombiner was developed and instal led in the or iginal EBWR facility 
for possible future operat ion with heavy water . A reconabiner is not 
n e c e s s a r y in a l igh t -water sys t em, 

2.1.3 In termedia te System 

The in te rmedia te s t eam genera ted in the p r i m a r y reboi le r is d i ­
rec ted to the secondary rebo i le r where it is condensed in the tubes . Steam 
admiss ion to the secondary rebo i le r is controlled by secondary reboi le r 
p r e s s u r e . Consequently, in te rmedia te s t eam p r e s s u r e is controlled by 
the p r e s s u r e control valve on the line to the a i r -cooled heat exchangers . 
This is somewhat analogous to the p r i m a r y - s y s t e m p r e s s u r e control . 
However, in this case a p rede te rmined amount of s team will be bypassed 
to the a i r - coo led heat exchangers at al l t i m e s . 

The in te rmedia te condensate is then directed to the secondary dra in 
cooler where it is fur ther cooled before being discharged to the flash tank. 
Vapor caused by flashing in the flash tank is condensed by means of the 
a i r -coo led flash condenser which r e t u r n s the condensate formed to the 
flash tank. The interlaiediate streaiai is then pumped fromi the flash tank 
to the p r i m a r y d ra in cooler and p r i m a r y reboi ler by means of the in t e r ­
media te pump. Water level in the p r i m a r y reboi ler shell is maintained 
by the in te rmedia te - feedwate r cont ro l valve. If further cooling is requ i red 
after the flash tank, an a i r - coo led subcooler is provided to accomplish th is . 

Steam admiss ion to the secondary reboi le r is regulated by an 
e lec t r i ca l ly dr iven valve and is a function of the condensing ra te within 
the secondary r ebo i l e r . Condensing ra te is es tabl ished by choice of 
condensing p r e s s u r e which fixes the t empe ra tu r e differential a c r o s s the 
heat t r ans fe r surface . In summary , the secondary reboi le r is base loaded 
and essen t ia l ly genera tes a constant supply of steain to the Labora tory . 
Changes in Labora to ry demand a r e compensated for by the conventional 
Labora to ry power plant. 

Since in te rmedia te s t eam admiss ion to the secondary reboi ler is 
fixed by o p e r a t o r ' s choice, the in te rmedia te - s teana p r e s s u r e is controlled 
by the e lec t r i ca l ly dr iven regulat ing valve which admits s t eam to the 



a i r -coo led condense r s . Consequently, slight fluctuations in the p r i m a r y 
sys tem or Labora tory sys tem a r e offset by regulating the s team ad­
miss ion to the a i r -cooled heat exchangers . This a r rangement , coupled 
with the conventional power plant regulation, p revents Labora tory s t eam 
demands from being reflected to the r eac to r . 

If n e c e s s a r y during winter operat ion, the a i r -coo led heat exchangers 
can accept the ent i re load of 77 megawat ts , provided the ambient a i r 
t empe ra tu r e is below 65^F. Hence, in winter, continuous operat ion of 
the EBWR facility is a s su red . Although the combined hea t -exchanger 
capacity is sufficient sto opera te the r eac to r at 100 megawat ts during 
the sumiaaer, the a i r -coo led equipment cannot s ingular ly accept the ent i re 
77-megawat t load. At an ambient a i r t empe ra tu r e of 95°F, the a i r -coo led 
heat exchangers a r e designed to remove a maximum of 67 megawat ts ; at 
lower a i r t e m p e r a t u r e s capacity i n c r e a s e s . Normal ly , the secondary 
reboi le r is supplied with 10 megawat ts during the suiaimer which, when 
coupled with the a i r -coo led heat exchangers , accounts for 77 megawat t s . 
If the secondary rebo i le r is inoperat ive during s u m m e r , reac to r power 
mus t be correspondingly reduced commensura t e with ambient a i r 
t e m p e r a t u r e s . 

2,1.4 Safety Systems 

For added containment safety, the p r i m a r y piping and equipment 
located outside of the containment ve s se l a r e housed in a re la t ively g a s -
tight concre te enc losure within the reboi le r building. The enc losure con­
tains the p r i m a r y r e b o i l e r s , d ra in tanks , p r i m a r y dra in coolers and 
assoc ia ted p r i m a r y piping. The four walls and ceiling of the enc losure 
a re of re inforced concre te , one foot in th ickness . The enclosure , in 
addition to confining possible contamination, a lso affords l imited r a d i a ­
tion shielding. 

E l ec t r i ca l and piping penet ra t ions through the containment ve s se l 
a r e contained in sealed sleeve and expansion joints so that the gas- t ight 
integri ty of the containment vesse l is maintained. Controlled venti lat ion 
of the tunnel and enc losure is maintained and the exhaust a i r is moni tored 
for act ivi ty. If high activity is detected in the exhaust a i r , the rebo i le r 
building is automatical ly isolated from the containment v e s s e l and the 
r eac to r is shut down. 

To prevent contamination of the Labora tory sys tem, the in t e r ­
media te sys t em was incorpora ted as a means of isolat ing the p r i m a r y 
sys tem from the l abora to ry sys tem. In addition, radiat ion moni tors 
a r e insta l led on the in te rmedia te sys tem to detect in ternal leakage be ­
tween the p r i m a r y and intermedia-te s y s t e m s . Because of the welded tube and 
tube sheet design of the p r i m a r y heat exchangers and the sys tem of r ad io ­
activity monitor ing, the possibi l i ty of contaminating the Labora to ry sys tem 
is vi r tual ly ni l . 



If loss of e l ec t r i ca l power should occur, the s team control valve on 
the p r i m a r y s team line to the reboi le r building closes automatical ly. 
Operation of the emergency cooler is initiated manually unless the re is 
also a loss in 125-volt d-c power, in which case the enaergency cooler 
is initiated automatical ly . 

The f i r s t and mos t important method of preventing o v e r p r e s s u r e 
is by the automatic inser t ions of control rods when reac to r p r e s s u r e 
exceeds 640 psig. In the event of a malfunction of the normal heat r e ­
moval equipment, a sys t em of pop-safety valves is provided to protect 
the p r i m a r y equipment. Each pop-safety valve on the p r i m a r y sys tem 
and on the shell of the p r i m a r y r ebo i l e r s is equipped with a mic roswi tch 
device to detect opening and to initiate reac to r shutdown, 

2.1.5 Mater ia l 

With minor exceptions, all additional equipment and piping for the 
p r i m a r y sys tem is ei ther all 304 s ta in less steel or clad with s ta in less 
s teel . The internaediate and secondary sys tem is fabricated on plain c a r ­
bon s tee l with the exception of the secondary reboi le r and secondary d ra in -
cooler tubes which a r e 80 Cu - 20 Ni, The a i r -cooled equipment is a lso 
const ructed of plain carbon s teel , except for the finned tubes which a re of 
Admira l ty meta l 

2,1.6 Water Trea tment 

Water t r ea tmen t for the p r i m a r y and secondary rebo i le r s consis ts 
of phosphate and sulfite chemical addition. The basic t r ea tment consis ts 
of a coordinated phosphate-pH for control of alkalinity and the use of 
blowdown to control total sol ids . In addition, to prevent any possibi l i ty of 
chloride s t r e s s co r ros ion of the s ta in less s teel tubes in the p r i m a r y 
r ebo i l e r s , deminera l ized water is used for i n t e rmed ia t e - sys t em makeup, 

2,2 PLANT MODIFICATIONS 

2,2.1 Reac tor Vesse l Al tera t ions 

Because of the inc reased s t eam flow requ i r emen t s , the 6-inch-
dianaeter s t eam nozzle was rep laced by a 10- inch-diameter nozzle to 
prevent excess ive s t eam velocity, e ros ion and to minimize p r e s s u r e 
drop. A 1-inch dra in line was added to the lowest point of the lO-mch 
pipe l ine. This point is located within the concre te-b lock biological 
shield and dra ins d i rec t ly to the s team d r i e r . The 6-inch to ro ida l -
shaped s team collecting pipe was removed and a s team collecting duct 
was insta l led in the uppermost section of the v e s s e l . A s team duct ex­
tension can be added to r a i s e this opening another foot if requi red . The 
duct is located within the diaiaieter of the sh ie ld- r ing lugs. The duct does 
not in te r fe re with remova l of core shroud, r i s e r s , or fuel. Operation with 



the higher water level necess i ta ted the new s team col lector . The extent 
ot the in ternal modification is shown m Figure 2-2. 
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A new 6-inch feedwater nozzle with a 4 - inch-d iamete r toroidal 
dis t r ibut ion r ing is instal led jus t below the top of the new r i s e r . The 
old feedwater r ing was not a l te red and can be uti l ized for exper iments 
in the modified sys tem. The new distr ibut ion ring provides injection 
of feedwater at the top of the downcomer where it is naost effective 
in collapsing entra ined s team bubbles in the rec i rcula t ing water , thus 
secur ing the max imum driving force for na tura l c irculat ion. Al ternate 
spray holes a r e located at 30 degrees and 60 degrees from the bottom 
of the ring to d is t r ibute the feedwater for bet ter ove r -a l l quenching of 
ent ra ined s team. 

An additional 2-inch ins t rument nozzle was instal led in the 
nor theas t quadrant of the r e a c t o r - v e s s e l - c l o s u r e r ing forging. This 
nozzle will be ut i l ized for ins t rumenta t ion leads for observing and 
studying hydrodynamic changes during approach to high power levels . 
The nozzle extends through the forging perpendicular to the inner surface 
and emerges on the main floor a r e a . Two other nozzles were previously 
welded into the ring forging to accommodate a superheat exper iment . 
All th ree nozzles a r e available for ins t rumenta t ion and will be uti l ized 
during init ial opera t ions at elevated powers . 

An extension to the water column located external to the bio­
logical shield necess i t a t ed two additional ves se l penet ra t ions . T h e r e ­
fore, two 1-^—inch nozzles were instal led for indicating and measur ing 
water level at the higher operat ing leve ls . These penetrat ions will be 
used in de termining the location of the interfaces between the water and 
naixture (s team and water) as well as between the mixture and steana. 

A 5-foot-diameter shroud encompasses the core from the grid 
plate to the top of the con t ro l - rod-gu ide shroud. Attached to the core 
shroud by means of t h r ee bayonet-type locking lugs is a removable 
4-foot-high r i s e r . Machined me ta l surfaces seal the r i s e r to the shroud. 
Increased r i s e r height is readi ly obtained by adding a 1-foot extension to 
the r i s e r . The r i s e r and r i s e r extension a r e removable for access to the 
outer rows of fuel a s s e m b l i e s . 

With the core shroud and r i s e r combination, sufficient r e c i r c u ­
lat ion should be made available for removing the heat from the core at 
the elevated power l eve l s . The r i s e r produces a g rea t e r differential 
head between the low densi ty s t e am-wa te r mix ture leaving the core and 
the water in the downcomer space . The conical reduction in the core 
exit effects a cor responding inc rease in downcomer a r e a and dec rease 
in velocity which enhances d isengagement of s team from the rec i rcu la t ing 
wa te r . 

The or iginal shock shield was removed to provide an a r e a for the 
new feedwater nozzle . Since the shock shield requi red a l tera t ions and 
could not be decontaminated below a radioact ivi ty of 2.5 roentgens, a 
new, two-par t shock shield without louvers was instal led. 



Three of the four 6-inch forced-c i rcu la t ion inlet nozzles were 
a l t e red to provide a means for flushing. The original nozzles were 
na tura l pockets for collecting par t icula te ma t t e r which reached radiat ion 
levels as high as 100 roentgens per hour at 1 inch. New 6-inch caps 
were instal led with a smooth t rans i t ion to the 1-inch dra in outlet used 
for flushing. One-inch valves replace the "I"-inch ins t rument valves 
original ly used on the dra ins of the forced-c i rcu la t ion nozz les . The 
dra ins a r e connected by naanifolds to a blowdown sys tem which will 
facili tate cleanup if it is requi red . The fourth nozzle is connected to 
the purification sys tem and is kept clean by the flow to the reac to r 
purification sys t em. 

2.2,2 Core and Fuel 

The core loading a r r angemen t has been expanded by the addition 
of 32 new "spike" fuel e l emen t s . The "spike"' concept was uti l ized for 
the following reasons : 

1. A min imum requ i r emen t for new fuel. 

2. A maximum uti l ization of the existing Core I e l ements . 

3. Eventual en la rgement of the core to 5 feet in d iamete r and 
5 feet in height. Because of hydrodynamic considera t ions , 
the p r e sen t fuel e lements have been l imited to a 4-foot 
active length. 

The Core LA loading, as expanded to a 5-foot equivalent d iameter , 
cons is ts of the following types of fuel e lements : 

50 enriched, th ick-pla te type (used) 

55 enriched, th in-pla te type (used) 

8 na tura l , th ick-pla te type (new) -̂  

1 na tura l , th in-plate type (new) 

1 s ta in less s tee l dummy with source 

1 s ta in less s tee l dummy for tes t samples 

32 highly enr iched, d ispers ion , rod type (new) 

148 total core locat ions 

The na tu r a l -u r an ium fuel e lements will gradual ly be replaced by individual 
exper imenta l a s sembl i e s as they become avai lable . 

The or iginal fuel grid plate and con t ro l - rod-gu ide shroud a r e u t i ­
lized in containing a new core of approximately 5 feet in d iamete r and 4 feet 
in active length, A complete descr ip t ion of the or iginal fuel a s semb l i e s 
can be found in r epor t ANL-5607.^•'•' 



The spike fuel a ssembly contains 49 rods having UO2 of g r ea t e r 
than 90 percent enr ichment d i spe r sed in ZrOj-CaOg ma t r i x and clad with 
Z i rca loy-2 , The fuel rod assenably is r eve r s ib l e , that is , symmet r i ca l 
end for end, and sl ides into a fuel e lement f rame . The r eve r s ib le feature 
allows the ul t imate full use of the spike fuel. Twenty-eight spikes a r e located 
in a square pa t tern surrounding the 36 cent ra l four-foot-long fuel e lements . 
The amount of react iv i ty produced by the U in the spiked region will be 
de termined exper imenta l ly during p r e - s t a r t u p operat ions . Should less than 
a full loading be used, s ta in less s teel dumray fuel a s sembl ies will fill the 
vacant holes in the grid. 

2.2.3 Control Rods and Drives 

To provide adequate control for 5-foot fuel a s sembl ie s (contem­
plated for future instal lat ion), all control rods were removed from the 
reac to r and nine new control rods having 5-foot absorbe r lengths with 
3-foot Z i rca loy-2 followers were insta l led. The new control rods have 
the shape of a c ruc i form x i^^ch thick by 10 inches wide. The absorber 
sect ions a r e made of 304 s ta in less steel containing 2 percent boron by 
weight. The Zi rca loy-2 follower section is welded to the poison section. 
A 3-inch c ruc i fo rm is a t tached to the follower and absorber with a-j - inch 
bar and a threaded handling fitting to conaplete the control rod assembly . 
This bolting feature pe rmi t s the rod to be d i sassembled for ease of han­
dling during removal from the co re . 

Additional control can be obtained by adding boron-s ta in less 
s teel s t r ips to the spike fuel a s s e m b l i e s . Initial loading exper iments 
will de te rmine the exact worth of the rods as well as the number and 
location of the spikes and burnable poison s t r i p s . 

Additional emergency shutdown control is available with the high-
p r e s s u r e bor ic acid systera . The volume of concentrated boric acid 
solution has been inc reased to handle the g rea t e r dilution brought about 
by the inc reased water volume in the r eac to r ve s se l and sys tem. Manual, 
r emote injection of the poison solution through the 3-inch feedwater line 
is possible at the r eac to r console by means of a handwheel on the wall 
of the control room, or by manual ly actuating a lever in the containnaent 
v e s s e l . 

The l o w - p r e s s u r e bor ic acid sys tem is sti l l avai lable. Boric 
acid from this sys tem is automatical ly injected when both the reac tor 
p r e s s u r e is l e s s than 20 psig and the water level in the r eac to r drops 
to within 6 inches of the fuel a s s e m b l i e s . The boric acid solution is 
introduced into the top of the ves se l through a dis tr ibut ion ring with 
nozzles d i rec ted into the downcomer. The core r i s e r does not allow 
the solution to be injected d i rec t ly into the fuel. The p r imary purpose 
of the sp ray is to remove some decay heat and to maintain subcr i t ica l i ty 
with water addition. 



The 5-foot-long control rods instal led to accommodate the possible 
use of 5-foot ac t ive- length fuel a s sembl i e s requi red drive units capable of 
lifting the rods through a full 5-foot s t roke . The 4-foot external lead-
sc rew and nut- type dr ives were not readi ly adaptable to longer s t rokes be ­
cause of column l imi ta t ions . In addition, considerable difficulty was 
experienced with d i r t collecting in the s ea l s . 

As a resu l t , the nine new mechan i sms incorpora te a r a ck -and -
pinion drive for t rans la t ing the rotat ing dr ive motion into a l inear motion 
of the control rod. The mechan i sms engage the new con t ro l - rod-ex tens ion 
fittings and a r e bolted to the v e s s e l nozzles in the subreac to r room in the 
same manner as the original d r i ve s . Since the rack-and-pin ion dr ives 
a r e enclosed and under balanced r eac to r p r e s s u r e , the rods drop by force 
of gravi ty. The weight of the rod is sufficient to drop 56 inches by f r ee -
fall into the core in about 1.35 seconds . The las t 4 inches of s t roke is 
slower because of a dashpot action; therefore , the full 60-inch t r ave l r e ­
qui res about 1,5 seconds . 

A one-way clutch is provided to a s s i s t rod inser t ion in case the 
rod should not drop into place. All rods can be r e l eased for s imultaneous 
inser t ion but only one rod at a t ime can be withdrawn from the co re . With­
drawal is at the ra te of 28 inches per minute or , in t e r m s of react ivi ty 
i nc rea se , at an ove r - a l l average of about 0.015 percent react iv i ty per second 

A breakdown labyrinth- type seal around the dr ive shaft r educes the 
reac to r p r e s s u r e to a tmospher i c . 

2.2.4 Chemical Control 

Chemical control in EBWR 100-megawatt sys tem is being used since 
it is not feasible to fabricate control rods of g r e a t e r worth at this t ime . 
Since the full n ine - rod complement of control rods in EBWR will be r e ­
quired for holddown of Core lA in the cold, clean reac to r , the p r i m a r y pur ­
pose of chemical control with bor ic acid is to provide for an e ight - rod 
shutdown which is requ i red for rod -d rop t e s t s , maintenance, and rod 
fai lure . Introduction of bor ic acid also provides an additional marg in of 
safety over and above the n ine- rod shutdown. A secondary purpose is for 
the full evaluation of soluble-poison shim control of the operat ing boiling 
water r eac to r as a possible improvement over existing control methods . 
Fu tu re r eac to r design util izing the soluble-poison sh im-cont ro l concept 
could improve nuclear power economy. 

Boric acid mus t be p resen t in the r eac to r water at concentrat ions 
up to 0,014 pounds per gallon during all per iods when the r eac to r is not 
operat ing and the reac to r t e m p e r a t u r e is l e ss than 392°F. Boric acid is 
removed as the r eac to r power is i nc reased and added as the r eac to r is 
shut down. Additions naust also be made during filling for hydros ta t ic 



tes t ing of the r eac to r sys tem. Addition or removal will be made as 
n e c e s s a r y during r eac to r operat ion with soluble-poison shim control . 

Addition of bor ic acid to the r eac to r is accomplished by using 
positive d isplacement meter ing pumps. A near ly sa tura ted aqueous 
solution of bor ic acid is used. Strongly regenera ted , high-capacity, 
anion-type ion exchange r e s in is used for removal of the bor ic acid 
from the reac to r water . The faci l i t ies for removal a re a par t of the 
h i g h - p r e s s u r e purification sys tem. The concentrat ion of bor ic acid 
in the r eac to r water is moni tored with two ins t ruments ; both a re base 
on the neutron attenuation p roper t i e s of the soluble poison. 

During shim control studies the concentrat ion of boric acid in 
the r eac to r water will be manually control led. One or more control 
rods will be used for fine r eac to r control . 
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3. OVER-ALL SYSTEM MODIFICATIONS AND ADDITIONS 

3,1 TURBINE PLANT* 

Although the turbine plant was kept intact, many additions and 
modifications assoc ia ted with the reboi le r plant were made within the 
existing facili ty. Five major i t ems instal led in the containment vesse l 
to se rv ice reboi le r plant r equ i remen t s and h igher-power operat ion a r e : 

1, Two additional full-flow feedwater f i l ters 

2, One deae ra to r 

3, One subcooler 

4, Two additional r ebo i le r -p lan t feedwater pumps 

5, One l a rge -capac i ty ins t rument a i r c o m p r e s s o r 

A 16-foot control panel was insta l led in the control room to a c ­
commodate the control room requi re inen ts of the reboi le r plant and controls 
for operat ing the newly instal led equipment for 100-megawatt operat ion. 

Modifications and instal lat ion of additional piping, relief valves , 
e l ec t r i ca l and ins t rument wiring, and the penet ra t ions of the containment 
building for piping and cables were requ i red to complete the modifications 
within the turbine plant. 

Since design manual ANL-56071-'-/ was wri t ten, many modifications 
have been made to the turbine plant . These changes along with the addi­
tions and modifications requ i red for the new reboi le r plant have resu l ted 
in major changes in many of the flowsheets shown in ANL-5607. T h e r e ­
fore, the flowsheets l is ted in Table 3-1 were rev ised and incorpora ted in 
the p r e sen t r epor t to supersede the drawings in the or iginal design manual . 

Table 3 - 1 , Drawing Modifications 

Original 

F igure 6 

F igure 11 

Figure 10 

Figure 7 

F igure 9 

Revised 

3-1 

3-2 

3 -3 

3 -4 

3 -5 

Drawing t i t le 

Diagram of main s team and feedwater 
piping in turbine plant 

Diagram of r eac to r auxi l ia r ies 

Diagram of c i rculat ing water sys tem 

Diagram of make-up water sys tem 

Diagram of vents and dra ins 

J. F . Matousek 
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3.2 REBOILER PLANT* 

3.Z.1 Genera l Descr ipt ion 

The 100 megawat ts of t h e r m a l power generated in the r eac to r is 
diss ipated by two s y s t e m s : (1) the tu rb ine -genera to r sys tem ut i l izes 
20 megawat ts and (2) the new heat -d iss ipa t ing sys tem absorbs 80 mega­
wat ts . The hea t -d iss ipa t ing equipment supplies s team to the Labora tory 
hea t -d is t r ibut ion sys tem or to the a i r -coo led heat exchangers . An in te r ­
media te loop is incorpora ted to prevent any contaminated s team from 
escaping into the heating sys t em. P r i m a r y s team condensed in the p r i m a r y 
reboi le r genera tes s team in the in te rmedia te loop. In termedia te s team is 
condensed in the secondary rebo i le r and /o r in the a i r - coo led condenser . 
Secondary s team is genera ted in the secondary reboi le r and d i rec ted to the 
Labora tory heating sys t em. 

In the rev ised plant the tu rb ine -gene ra to r sys tem is unchanged and 
is used to genera te up to 5 megawat ts of e lec t r ic power in the same man­
ner as in the pas t . There a r e no significant mechanica l or equipment 
changes in the t u rb ine -gene ra to r sys t em, except an operat ing change in 
the turbine bypass valve. 

During operat ion of the r eac to r at 100 megawat t s , the additional 
heat r emova l equipment is capable of t r ans f e r r i ng approximate ly 67 mega ­
watts (227,000 Ib s /h r at 200 psig) to the Labora tory sys t em. At a r eac to r 
output of 100 megawat t s , about 10 megawat ts of the remain ing 13 megawat ts 
is d iss ipated to the a i r - coo led equipment , and 3 megawat ts a r e lost to the 
p r i m a r y deae ra to r and in te rmedia te f lash-tank s y s t e m s . If des i red , the 
amount of heat d is t r ibuted between the secondary rebo i le r and a i r -coo led 
heat exchangers can be propor t ioned in accordance with need. During the 
winter sufficient steami is genera ted to supply all Labora to ry heating r e -
quiremients. Any excess heat not r equ i r ed by the Labora to ry heating s y s ­
tem during the winter is absorbed in the a i r -cooled equipment. In an 
emergency during the winter , the a i r - coo led heat exchangers can sus ta in 
the en t i re load of 77 megawat t s , provided the ambient a i r t e m p e r a t u r e is 
below 65°F. Hence, in winter continuous operat ion of the EBWR facili ty 
is a s s u r e d whether or not the secondary heat exchangers a r e opera t ive . 
Although the combined heat exchanger capacity is available to opera te the 
r eac to r at 100 megawat ts during the s u m m e r , the a i r - coo led equipment i s 
not designed to s ingular ly accept the ent i re 77-megawatt load. At an am­
bient a i r t e m p e r a t u r e of 95''F, the a i r - coo led exchangers remove a max i ­
mum of 67 megawat t s ; at lower a i r t e m p e r a t u r e s capacity i n c r e a s e s . 
Normal ly , the secondary exchangers a r e supplied with 10 megawat ts during 
s u m m e r , which, when added to the 67 megawatts of the a i r - coo led ex­
changers , accounts for 77 megawat t s . If the secondary exchangers a r e 
inoperat ive during the suminer , r e a c t o r power mus t be correspondingly 
reduced commensura t e with ambient a i r t e m p e r a t u r e . 

J . F . Matousek 



The new heat -d iss ipa t ing sys tem is divided into three p a r t s : the 
p r i m a r y sys tem, in te rmedia te sys tem, and secondary sys tem. The p r i ­
m a r y sys tem is operated at 560 psig sa tura ted , the in termedia te sys tem 
at 350 psig sa tura ted , and the secondary sys tem at 200 psig sa tura ted . 
The operat ing p r e s s u r e of the secondary sys tem, 200 psig sa tura ted, is 
a lso the p r e s s u r e of the existing Labora tory s team sys tem. 

The p r i m a r y - s t e a m - p l a n t sys tem consis ts of the following major 
components : 

1. Two p r i m a r y r ebo i l e r s (tube side) 

2. Two p r i m a r y dra in tanks 

3. Four p r i m a r y dra in coole rs (tube side) 

4. One deae ra to r 

5. One subcooler (shell side) 

6. Two r eac to r feed pumps (one for standby) 

7. Four f i l ters 

8. Connecting pipe 

9. Shut-off and control valves 

10, Relief valves 

11. Sampling l ines and valves 

The in te rmedia te sys tem cons i s t s of the following major component 

1. Two p r i m a r y r ebo i l e r s (shell side) 

2. Four p r i m a r y dra in coole rs (shell side) 

3. One secondary rebo i le r (tube side) 

4. One secondary d ra in tank 

5. One secondary d ra in cooler (tube side) 

6. Air -cooled condenser 

7. Condenser dra in tank 

8. Ai r -cooled dra in cooler 

9. F lash tank 

10. Ai r -cooled flash condenser and condensate re tu rn unit 

11. Ai r -cooled subcooler 

12. Two in te rmedia te feedwater pumps 



13. In termedia te chemica l - t r ea tmen t sys tem 

14. Blowdown tank 

15. Connecting pipe 

16. Shut-off and control valves 

17. Relief valves 

The secondary sys tem cons is t s of the following major components: 

1. One secondary reboi le r (shell side) 

2. One secondary dra in cooler (shell side) 

3. Secondary-feedwater chemical t r ea tmen t sys tem 

4. Two steami s e p a r a t o r s 

5. Connecting pipe 

6. Shut-off and control valves 

7. Relief valves 

It was n e c e s s a r y to locate most of the new i t ems of equipment out­
side the containment shel l because of in terna l space l imi ta t ions . The 
p r i m a r y feedwater pumps, deae ra to r , subcooler , two new f i l t e r s , and a s ­
sociated appurtenances a r e located in the containment shel l . The p r i m a r y 
heat exchangers , secondary heat exchangers , flash tank, blowdown tank, 
dra in tanks , and in te rmedia te pumps a re al l housed in the reboi le r building. 
The a i r - coo led in te rmedia te heat exchangers a re located out -of-doors 
next to the reboi le r building. Fo r safety pu rposes , the p r i m a r y heat ex­
changers and p r i m a r y piping that connect the exchangers with the reac to r 
sys tem a r e housed within a re la t ively gas- t ight concre te enc losure inside 
the rebo i le r building. The piping from the shell is contained in a concrete 
tunnel which connects the two buildings. Three walls of the concre te en­
c losure a r e one foot in th ickness ; the fourth wall cons is t s of removable 
concre te blocks to facil i tate remova l of equipment. The ceiling of the 
enc losure is also of reinforced concre te one foot in th ickness . This en­
c losure , in addition to confining possible contamination, also affords somie 
radiat ion shielding. Additional radiat ion shielding can be added if r e ­
quired. Footings have been p r epa red to accept the load of 12 inches of 
additional concre te in the walls and roof. F igure 3-6 is a schemat ic 
drawing of the equipment layout in the rebo i le r building. 

All e l ec t r i c cables and pipes leading from the containment vesse l 
a r e sealed to withstand an in terna l building t e s t - p r e s s u r e of 15 ps ig . Five 
penetra t ions through the shel l accomimodate the p r i m a r y - s y s t e m piping to 
the adjacent reboi le r building. The five penet ra t ions consis t of one 8-inch 
s team l ine, one 1-inch vent l ine, two 4-inch condensate l ines , and one 
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"4"-inch cont ro l -a i r l ine. Ai r -opera ted control valves a re installed on the 
s team line and condensate lines just inside the wall of the shell . In the 
con t ro l -a i r line a solenoid valve inside the shell closes on plant shutdown. 
One b a c k - p r e s s u r e regulating valve is instal led in the vent line. 
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EBWR reboi ler building layout 
RE-8-23998-C 

Previous ly , a t r ip of the radioactivity monitor of the containment-
vesse l vent stack closed the inlet and exhaust air ducts in addition to 
shutting down the r eac to r . This sys tem has been modified to include 
automatic c losure of the a i r -opera ted s team control valve, P - l l D and its 
bypass in the t r ip c i rcui t of the conta inment-vesse l stack monitor . How­
ever , manual overr ide of the automatic c losure is incorporated in the 
modified circui t to allow the operator to dissipate heat to the reboi le rs 
despite high radioactivity in the containment vesse l . The manual overr ide 
is accomplished at the control panel . 



The radioact ivi ty monitoring sys tem has been expanded to include 
the p r i m a r y reboi le r enc losure and connecting tunnel. The enclosure air 
intake is located at the end of the tunnel adjacent to the containment shel l . 
Consequently, a i rborne radioact ivi ty originating in the tunnel is swept into 
the enc losure . Effluent a i r d ischarged from the enc losure is moni tored 
before being vented through the stack located in the reboi le r building. If 
radioact ivi ty is detected in the reboi le r building enc losure , one a i r -ope ra t ed 
valve in all l ines (except the vent line) and the s t eam-con t ro l -va lve bypass 
a r e automatical ly closed, and the r e a c t o r is shutdown. The d i r ec t -
operat ing, b a c k - p r e s s u r e regulat ing valve in the vent line from the dra in 
tanks and r ebo i l e r s will normal ly be open during operat ion to allow vent 
gases to flow to the condenser . However, once the u p s t r e a m p r e s s u r e 
drops below 50 psig the valve will c lose and the sys t ems will be isola ted. 
All of the a i r - o p e r a t e d control valves in the s team and condensate l ines 
interconnect ing the two buildings a r e backed up by manual ly operated 
motor ized valves which, in the event of power fa i lure , can be powered by 
the emergency power supply. The opera to r has control of all valves at 
all t i m e s , and can close or open themi as n e c e s s a r y . The sequential 
action that automatical ly occurs s imply provides an immedia te r emedy 
and safe s ta r t ing point for the plant o p e r a t o r s . 

3.2.2 P r i m a r y Steam System 

The main s team and feedwater piping is shown in F igure 3-7. The 
reac to r genera tes 100 megawat ts of s team at 600 psig sa tura ted , of which 
80 megawat ts is d i rec ted to the p r i m a r y r ebo i l e r s through a steain back­
p r e s s u r e control valve. This action re su l t s in a reduct ion of s team p r e s ­
sure to approximately 560 ps ig . P r e s s u r e within the r eac to r is control led 
by the new 8-inch, a i r - o p e r a t e d s team control valve, P - l l D , which main­
tains 600 psig on the r e a c t o r (see F igure 3-29). In this r e spec t , the new 
s t e a m - p r e s s u r e control valve a s s u m e s the role of the turbine bypass valve 
previously used for this purpose . During actual operat ion of the tu rb ine -
genera tor and the new s team plant, the turbine bypass valve re fe rence is 
set above control valve P - l l D r e f e r ence . Therefore , should the load drop 
out on the steami plant, the turbine bypass valve can dump excess s team to 
the condenser until e i ther the r eac to r o v e r - p r e s s u r e inter lock ini t ia tes 
r eac to r shutdown at 640 psig or some other affected device shuts down the 
r e a c t o r . Also, should the turbine load be dropped out, any excess s team 
that cannot be condensed by the r e b o i l e r s without a p r e s s u r e r i s e will be 
duinped to the condenser by the turbine bypass valve. 

The amount of s t eam admitted to the p r i m a r y rebo i l e r s is a function 
of the r eac to r output, and consequently, demand changes in the Labora to ry 
s team systein a r e not ref lected back to the r e a c t o r . The method for a c ­
complishing r eac to r independence from Labora tory demands is explained 
in Section 3.2.5, which covers the in te rmedia te systemi. 
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P r i m a r y s team is condensed in the two p r i m a r y rebo i l e r s opera t ­
ing in pa ra l l e l . Each rebo i le r can handle one-half of the p r i m a r y sys tem 
r e q u i r e m e n t s . P r i m a r y s t eam condensed on the tube side of the r ebo i l e r s 
r egene ra t e s s team in the shel l side for the in te rmedia te sys t em. 

The two p r i m a r y r ebo i l e r s a r e each designed to condense 
150,000 pounds per hour of s t eam at 560 psig and 482^F. In so doing, 
140,500 pounds per hour of sa tura ted s team at 350 psig a r e regenera ted 
in each shel l . At the flow r a t e s and t e m p e r a t u r e s given above, 32.5 mega­
watts of heat a re exchanged in each rebo i l e r for a to ta l of 65.1 megawat t s . 
The quality of the in te rmedia te steami leaving the rebo i le r shell is about 
98 percen t , this quality being accomplished by the incorporat ion of a dry 
pipe within the rebo i le r shel l . Additional m o i s t u r e - s e p a r a t i n g devices 
a r e not instal led on the outlet of the p r i m a r y r ebo i l e r s s ince the 98 p e r ­
cent quality is acceptable . 

Since the in te rmedia te s team p r e s s u r e is normially set at 350 psig 
and the shel l water level is constant , the condensing p r e s s u r e in the r e ­
boi ler tubes is a function of the p r i m a r y s team flow. The amount of heat 
t r a n s f e r r e d is d i rect ly r e l a t ed to the s team admitted to the r e b o i l e r s . 
The t e m p e r a t u r e differential between the two fluids is inherent ly self-
adjusting and fixed for any specific s t eam flow. Inc rease in the p r i m a r y 
s team flow resu l t s in higher condensing p r e s s u r e . Higher condensing 
p r e s s u r e i n c r e a s e s the heat t r ans fe r r a t e . There fore , at pa r t i a l loads 
the r ebo i l e r s a r e self-adjust ing to imeet the condit ions. P r i m a r y steann 
condensing p r e s s u r e s can vary , according to load, fromi slightly over 
350 psig to approximate ly 560 ps ig , if n e c e s s a r y . 

The tube side of the p r i m a r y r ebo i l e r s is designed for 800 psig 
and 520®F. Tubes a r e fabr icated of type-304 s ta in less s tee l and all other 
sur faces in contact with p r i m a r y fluid a r e e i ther clad with or constructed 
of type-304 s ta in less s tee l . The shell side is designed for 400 psig and 
448°F. The shell is cons t ruc ted of carbon s tee l as a r e al l other p a r t s , 
except the tubes , in contact with the in te rmedia te fluid. Each primiary 
rebo i le r shell is provided with a chemica l - feed inlet nozzle for the addi­
tion of: (1) t r i sod ium phosphate to mainta in the des i r ed pH and to prevent 
sca le formation and (2) sodium sulfite to scavenge dissolved oxygen. 
Piping is a r r anged for independent chemica l t r ea tmen t of ei ther reboi le r 
by util izing the p r e s s u r e drop over the assoc ia ted feedwater valve for the 
introduction of the chemica l solut ions. Also, the blowdown connection is 
located approximate ly 6 inches below the n o r m a l water level in the shell , 
s ince solids concentra t ion is genera l ly g r ea t e s t near the top. 

The r e b o i l e r s conform to al l des ign r equ i r emen t s of Section VIII, 
Unfired P r e s s u r e Ves se l s , of the ASME Boiler and P r e s s u r e Vesse l Code 
Two safety valves a r e mounted on each of the reboi le r shel ls to prevent 
o v e r p r e s s u r e . The safety valves a r e set to opera te at 400 and 410 psig 



with d ischarge r a t e s of 122,500 and 85,350 pounds per hour of steam. 
respect ive ly . Both valves exhaust d i rec t ly to the a tmosphere outside the 
reboi le r house. The tube side exit header is provided with a vent to con­
tinuously remove a portion of the noncondensable gases generated in the 
r eac to r by dissociat ion of water . Vent gases a re piped through a 1-inch 
line to the condenser hotwelL 

The water level in each rebo i le r shell is separa te ly maintained 
by i ts level cont ro l le r , LC-333, and assoc ia ted a i r -ope ra t ed control 
valve G-333. Feedwater flow from the in te rmedia te feedwater pumps is 
propor t ional to the steaming ra te within the reboi le r shell . Other con­
t ro l s for the r e b o i l e r s consis t of sight g l a s se s and high and low level 
a l a r m s . 

The two p r i m a r y dra in tanks a r e constructed of type-3G4 s ta in less 
steel , and each has a total capacity of 150 gallons. Each ves se l is designed 
for 800 psig and 520°F in conformance with Section VIII of the ASME Code. 

The p r i m a r y s team condensed in the tubes of the p r i m a r y r e b o i l e r s 
accumula tes in the p r i m a r y - r e b o i l e r dra in tanks and then flows through 
the p r i m a r y dra in coolers to the deae ra to r . The level of the condensate 
accumulated in the dra in tank is maintained by controlling the flow to the 
deae ra to r . A float cage senses the level in the drain tank and, through 
liquid level cont ro l ler LC-3325 ac tuates control valve G-332, which regu­
la tes flow to the deae ra to r . Liquid level is miaintained independently in 
each v e s s e l during operat ion by the level control ler and associated a i r -
operated control valve. Drain tank effluent is d i rected through a 4-inch 
line to two p r i m a r y dra in coo le r s connected in s e r i e s . Each reboi le r 
dra in tank and two drain coolers compr i se one-half of a para l le l systemi. 
The effluent from each of the dra in coolers is conducted in a 4-inch line to 
the deaera to r through control valves G-332. 

Each dra in tank and rebo i le r exit header a r e provided with bleed 
orif ices to vent a port ion of the noncondensable gases and prevent any ac ­
cumulation; this provis ion prec ludes any possibi l i ty of the drain tank and 
reboi le r becoming airbound. Vent g a s e s a r e di rected through a 1-inch 
line to the condenser . 

The combined capacity of the dra in coolers is sufficient to subcool 
264,400 pounds per hour of p r i m a r y condensate from 482° to 231°F, and 
r a i s e the t e m p e r a t u r e of 247,000 pounds per hour of in termediate feedwater 
from 160° to 435.7°F. The p r i m a r y condensate flows through the tube side 
of the dra in coo le r s and provides the heat n e c e s s a r y to r a i s e the t e m p e r a ­
ture of the in te rmedia te feedwater on the shell side to the saturat ion point. 
At the flow r a t e s and t e m p e r a t u r e s given above, 20.68 megawat ts of heat 
a r e exchanged. 



The tubes and all surfaces of the dra in coolers exposed to p r i m a r y 
condensate a re s ta in less s teel ; the shell is fabricated of carbon s tee l . 
The tube side is designed for 800 psig and 520*'F; the shell side is designed 
for 400 psig and 448°F. Construct ion comiplies with Section VIII of the 
ASME Code where appl icable . In ca ses not covered by ASME Code, the 
design is in accordance with Tubular Exchanger Manufacturers Assn. 
(TEMA) s t andards . 

Radiolytic d issocia t ion of water in the r eac to r r e su l t s in the forma­
tion of hydrogen and oxygen. Separat ion of these gases at the liquid in te r ­
face is followed by ca r ryove r in the effluent s t eam. Under equil ibrium 
conditions the ca r ryove r r e su l t s in essent ia l ly a stoichiomietric mixture of 
hydrogen and oxygen in the exit s t eam. The ra te of the combined gases 
thus generated amounts to about 1 scfm per 20 megawat ts of r eac to r power 
Therefore , at 100-megawatt operat ion about 5 scfm of hydrogen and oxygen 
a r e l ibera ted . The dis t r ibut ion of these gases is d i rec t ly propor t ional to 
the division of steami to the turbine and r ebo i l e r . At the design flow of 
301,000 pounds per hour to the reboi le r and 60,600 pounds per hour to the 
turb ine , the comibined gases enter the p r i m a r y r e b o i l e r s at a r a t e of 
4.17 scfm. F r o m the molecular ra t io of hydrogen and oxygen in water , 
the oxygen ra te then becomies 1.39 scfm. The condensate on this bas i s 
contains about 17.2 cc (STP) oxygen per l i t e r , or 24.6 pprn. Although the 
deae ra to r is designed to reduce the oxygen concentrat ion to 0.1 cc (STP) 
per l i te r (or 0.143 ppm) at the aforementioned maximum flow, it is not 
the only stage where noncondensable gases a r e removed . 

As mentioned above, d i scharge to the p r i m a r y deae ra to r is r egu­
lated by the two a i r - o p e r a t e d control valves (G-332). Condensate leaves 
the p r i m a r y dra in coolers at a p r e s s u r e of approximate ly 525 psig and at 
t e m p e r a t u r e s varying from 321° to 340°F depending upon the mode of 
operat ion. Flashing of condensate to the low p r e s s u r e in the deae ra to r 
r e s u l t s in further cooling and the r emova l of noncondensable gases . 
F lashed s team and noncondensable gases a r e piped to the condenser 
through a 12-inch carbon s tee l l ine. Noncondensable gases a r e removed 
from the condenser by the a i r ejector and radioact ive gas d isposal sys t em. 

The design of the deae ra to r is based on a maximum flow of 
301,000 pounds per hour flashing fromi a condensate t e m p e r a t u r e of 339°F 
to a deae ra to r p r e s s u r e of 90 ps ia . At these conditions 6570 pounds per 
hour of condensate is flashed which, with the ext rac ted noncondensable 
g a s e s , is sent to the condenser . Normal ly , the t e m p e r a t u r e of the con­
densate is between 230° and 235°Fs and the deae ra to r is operated at 
10 ps i a . At this condition about 10,450 pounds per hour of vapor is 
formed. 

Deaera to r p r e s s u r e is var ied in accordance with the inode of 
operat ion throughout a range of 10 to 90 ps i a . P r e s s u r e within the 



deae ra to r is maintained by the 10-inch regulating valve, P-12D, which is 
e lec t r ica l ly dr iven and actuated by the p r e s s u r e control ler , P - 1 2 . De­
pending upon operat ion, the amount of condensate flashed va r i e s from 
2 to 4 percen t . (See F igure 3-32.) 

The t r ay - type deaera to r is a ve r t i ca l vesse l const ructed ent i re ly 
of type-304 s ta in less s tee l and designed in accordance with Section VIII of 
the ASTM Code. The design p r e s s u r e and t empe ra tu r e a r e 100 psig and 
338°F respec t ive ly . The vesse l is also designed to withstand an external 
p r e s s u r e of 1 5 psig at 100°F. The ves se l has a s torage capacity of 
1000 gal lons. Gage g l a s ses a r e provided for d i rect visual observat ion of 
the liquid level . Nozzles a r e provided for draining and venting. The 
vesse l is provided with a l iquid- level ind ica t ing- recorder control ler 
(P-21) . Also, to detect flooding or low level , a Magnetrol l iquid-level 
switch is mounted on the ves se l for annunciation of these conditions and 
tr ipping of the pump-inotor c i rcu i t b r e a k e r . 

After leaving the d e a e r a t o r , the condensate can be cooled further 
in the primiary subcooler . The t e m p e r a t u r e of the condensate leaving the 
subcooler is miaintained by control valve P -42C, which regula tes the flow 
of cooling water to the subcooler in accordance with the signal rece ived 
from a t e m p e r a t u r e cont ro l le r , T IC-P-42 (see Figure 3-35). The cooling-
water tower , located 150 feet south of the containment ves se l , is used as 
the heat sink for the r emova l of heat from the subcooler . Cooling water at 
a temiperature of 95°F is obtained fromi the d ischarge side of the condenser 
c i rculat ing pumps . Cooling water r e tu rn fromi the subcooler is d i rec ted 
back to the suction side of the pumps . Approximately 25-psig water p r e s ­
su re is available to c i rcu la te cooling water through the subcooler . 

The p r i m a r y condensate is d i rec ted through or bypassed around 
the subcooler in accordance with the mode of operat ion. The subcooler 
is designed to remove a max imum of 5.1 megawatts with a condensate 
flow of 235,570 pounds per hour . At this flow ra te the t e m p e r a t u r e of 
the condensate is dec rea sed fromi 193.2° to 120°F. Approximately 1000 
of the 13,000 gallons per minute of the cooling water c i rcula ted through 
the condenser is used at the design condition. 

The condensate flows through the shell side of the subcooler , 
whereas cooling water p a s s e s through the tube side. The tubes and shell 
a r e designed for 100 psig and 338°F in conformance with Section VIII of 
the ASME Code. The subcooler shell can also withstand an external p r e s ­
su re of 15 ps i . All sur faces in contact with the p r i m a r y water , such as 
tubes , shel l , and tube shee t s , a r e const ructed of type-304 s ta in less s tee l . 
The header is fabr icated of carbon s tee l . 

Two r eac to r feedwater pumps , of which one s e r v e s as a standby, 
a r e instal led in the p r i m a r y c i rcu i t immiediately following the subcooler . 
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Each pump is designed to furnish 645 gpm at a differential head of 
1780 feet a c r o s s the pump and a net posit ive suction head ( N P S H ) of 
30 feet. Both pumps a r e of the horizontal , centrifugal , sp l i t - case type, 
and casings a r e const ructed of 11-13 percent c h r o m i u m - s t e e l alloy. 
P r i o r to instal lat ion, nozzles were safe-ended for welding to type-304 
s ta in less s tee l pipe. 

The casing design p r e s s u r e is 900 psig at 320°F, and design of the 
pumps is in accordance with applicable ASME Code. Each pump consis ts 
of six s tages a r ranged with a c ro s sove r after th ree s tages to give a ba l ­
ance shaft essent ia l ly free of end th rus t . The dr ive unit of each pump is 
a 3550-rpm 350-horsepower e lec t r ic motor . 

The puiTip is designed to give sufficient head to a s s u r e adequate 
flow of feedwater to the r eac to r even in the event of o v e r p r e s s u r e in the 
v e s s e l . The differential shut-off head of the pump is 2220 feet of the 
water being pumped which, under the wors t condition of 320°F feedwater 
t e m p e r a t u r e , is equivalent to 873 ps i . At a feedwater t e m p e r a t u r e of 
120°F the 2220-foot head is equivalent to 952 ps i . This shut-off head 
p e r m i t s puinping of feedwater well past the opening p r e s s u r e of the last 
relief valve, which is set at 775 ps ig . 

Both pumps a re provided with a s t r a i n e r , a w a r m - u p orif ice, and 
a minimum-flow or i f ice . Minimum flow for each pump is 20 gpm, and this 
amount is maintained by the minimum-flow orifice to prevent dainage to 
the pumip should flow be in te r rup ted . The minimium-flow orifice d i scharges 
to the d e a e r a t o r . Mechanical sea ls a r e emiployed on the pump to l imit 
shaft leakage. In the event of fai lure of the mechanica l sea l , an inboard 
throt t le bushing, or d i s a s t e r bushing, is provided to r e s t r i c t leakage to a 
nominal r a t e , sufficiently low to allow the pump to continue operat ion 
without initiating emergency shutdown. An outboard bushing is also p r o ­
vided to allow for the collection of leakage within a chamber from which 
it is piped to the floor d ra in . The floor d ra ins a r e connected to re tent ion 
tanks . The escape of an excess ive amiount of contaminated water is thus 
prevented by this a r r angemen t . 

Reactor water level is maintained by the new 4-inch e lec t r ica l ly 
operated feedwater control valve, P - 2 1 E . The new feedwater regula tor , 
P - 2 1 E , u t i l izes a conventional t h r e e - e l e m e n t flow control that r ece ives 
signals fromi r eac to r level , r ebo i le r s t eam flow, and feedwater-flow con­
t r o l l e r s (see F igure 3-34). Feedwater flow from the tu rb ine -gene ra to r 
plant is control led by hotwell level , feedwater flow, and turbine-s teana 
flow; regulat ion is obtained by the feedwater regula tor (FW-reg). In the init ial 
20-megawatt plant the feedwater was controlled by r eac to r level , feed-
water flow, and s team flow; this systemi will be re ta ined for s ta r tup of 
the t u rb ine -gene ra to r plant. During s tar tup of the new steami plant, 
control valve P - 2 1 E will be control led by deae ra to r level , reboi ler -s teami 



flow, and the feedwater-flow cont ro l le r . Once the new s team plant is 
on - s t r eam, provis ions a r e available for switching r eac to r - l eve l control 
from the feedwater regulator to control valve P-21E and the feedwater 
regula tor to hotwell level . 

Discharge from the new feedwater pumps is mixed with the d i s ­
charge fromi the or iginal pumps pr io r to passage through the f i l t e r s . 
Two f i l te rs were added to the p r i ina ry c i rcui t to supplement the two 
f i l ters in the or iginal plant. The new f i l ters a re operated in para l le l 
with the or iginal f i l ters and per form the function of remioving pa r t i c l e s 
t r anspor t ed by the primiary wa te r . The new f i l ters have the same flow 
capacity as the or iginal f i l t e r s ; each filter is designed for 180 gpm at 
120°F. All f i l te rs will opera te under the same conditions. Provis ions 
a r e incorpora ted in the piping and valving to operate any number des i red . 
Ins t rumentat ion is also provided to indicate flow through each filter in 
o rde r to es tabl i sh whether fouling is occur r ing . 

The new f i l ters a r e of the ve r t i ca l type with a removable cotton-
filter c a r t r i d g e . The fi l ter m a t e r i a l is capable of removing pa r t i c l e s in 
s izes of 2 miicrons or l a r g e r . The clean-flow p r e s s u r e drop is approxi­
mate ly 5 ps i at 180-gpm design flow r a t e and 120°F. Each filter is designed 
for 900 psig and 500°F in accordance with Section VIII of the ASME Code. 
The ves se l s a r e const ructed ent i re ly of type-304 s ta in less s teel , except 
the holddown r ings which a re of carbon s t ee l . All surfaces in contact with 
p r i m a r y water a r e of s ta in less s tee l . 

3.2.3 P r e s s u r e Relief Systein 

The f i rs t and mos t impor tant method of preventing excessive 
o v e r p r e s s u r e in the p r i m a r y sys tem is the automatic inser t ion of control 
rods when r eac to r p r e s s u r e exceeds 640 psig. In the event of malfunction 
of the no rma l hea t - r emov ing equipment and failure of the reac tor shut­
down mechan i sm and /o r emergency shutdown, a sys tem of p r e s s u r e relief 
i s provided to p ro tec t the p r i m a r y sy s t em. This sys tem consis ts of one 
s t eam-powered p r e s s u r e - r e g u l a t o r valve and four pop-safety valves 
located on the r eac to r s t eam l ine. 

The 4-inch by 8-inch F o s t e r steami-powered p r e s s u r e regulator 
is automiatic, featuring an adjustable set point and proport ional band which 
must be adjusted local ly. This valve is set to open at 650 ps ig . The pop-
safety valves a r e p r e s e t and only s e rve to protect the r eac to r systemi from 
exceeding design p r e s s u r e . The p r e s s u r e sett ings of these four safety 
valves a r e 700, 725, 750, and 775 ps ig . All valves a r e d ischarged to the 
condenser . Two rupture disks (one new) in the condenser shell will bu r s t 
if s team p r e s s u r e exceeds 20 psig and permiit s team to be re leased inside 
the containment ve s se l . Each rupture disk is sized to d ischarge 
180,000 pounds per hour of s t eam. 
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The safety valves that a r e set at 700 and 725 psig were used on the 
or iginal sys tem and a r e adequately descr ibed in r epo r t ANL-5607.(1) Each 
valve has a ra ted capacity of 65,000 pounds per hour of s team. The r e ­
maining two valves each have a ra ted capacity of 160,000 pounds per hour 
s team at 90 percent of full flow at 800 psig in accordance with Section I 
of the ASME Code. Both of the l a rge r - capac i t y valves have a 4-inch inlet 
and a 6-inch outlet, and both a r e the Crosby-Ashton type, 4 inches by 
6 inches, style JO-36 Special. As in the case of the two original safety 
valves , each of the added valves for 100-megawatt operat ion are provided 
with a mic roswi tch device to detect valve opening and init iate r eac to r 
shutdown. The control rods a r e inter locked with the mic roswi tch device 
of each valve. Opening of any safety valve will init iate shutdown of the 
r eac to r . The control rods a re backed up by the bor ic acid sys tem. High-
p r e s s u r e injection of the bor ic acid is completed in about 20 seconds 
after naanual initiation thereby guaranteeing permanent shutdown before 
the t e m p o r a r y rel ief afforded by the expulsion of s team has ended. For 
example, the full flow for all safety va lves , discounting the regula tor , is 
approximately 450,000 pounds per hour or about 2500 pounds in 20 seconds. 
This amiount of water flashed will not r e su l t in uncovering the core within 
the r e a c t o r ve s se l . 

The in te rmedia te piping that connects each rebo i le r to the c o r r e s ­
ponding drain coolers contains no valves which can isola te the dra in coolers 
from the r ebo i l e r . Hence, in accordance with Section VIII (UG-132) of the 
ASME Code, the two v e s s e l s can be considered as one shell , and safety 
va lves on the rebo i le r a re sufficient. These safety va lves can handle any 
incident in the drain coo le rs , provided the connecting l ines a re free of 
isolat ing devices . In the event of in te rna l tube failure in the drain cooler , 
it is imposs ib le for the v e s s e l to become o v e r p r e s s u r e d by the p r i m a r y 
systemi since the s team space in the rebo i le r offers protect ion as a buffer. 
In an incident of this type p r e s s u r e cannot be re l ieved through the inlet-
feedwater line because a check valve on the intermiediate-pump d ischarge 
line will prevent backflow. 

3.2.4 Shutdown Cooling 

The decay heat which mus t be removed from the r eac to r d e c r e a s e s 
from a max imum of 6 percen t of operat ing power immedia te ly after shut­
down to about 1 pe rcen t after seven hours (see F igure 3-42). During 
no rma l shutdown the decay heat is removed by generat ing s team in the 
r eac to r ve s se l . The s team genera ted is re jec ted to the condenser through 
the s team bypass valve until the r e a c t o r t e m p e r a t u r e r e a c h e s about 260''F. 
Thereaf te r , the secondary coole rs of the purification sys tem are used for 
further cooling of the r e a c t o r wa te r . The circulat ing pumps a re kept in 
operat ion to supply cooling water to the main condenser to condense any 
s team that en t e r s the condenser from the s team t r aps in the steam l ines . 



In the event of a shutdown caused by loss of e lec t r ic power, valves 
G-339 and P - l l D automatical ly c lose , and the emergency-shutdown cooler , 
which is located within the or iginal s team d r i e r , is used to remove decay 
heat . Operation of the emiergency cooler is initiated manually from the 
control room or autoinatically upon loss of ins t rument air or 125-volt d-c 
power. (The emergency cooler is designed to remiove 1000 kilowatts at a 
s team p r e s s u r e of 600 psig.) However, the cooling coils within the original 
s team d r i e r can d iss ipa te the in tegra ted decay heat resul t ing from 100 meg­
awatt operat ion of the core without allowing the p r e s s u r e , unrel ieved, to 
exceed the p r i m a r y sys tem 800-psig design. As a safety mieasure, the 
r eac to r is equipped with pop-safety valves and a 4-inch by 8-inch s t eam-
powered regulat ing valve (Fos ter rel ief valve on the original instal lat ion). 
The regulat ing valve l imi ts the reac tor to a p re se t p r e s s u r e of 650 ps ig . 
During emergency shutdow-n caused by power fa i lure , r eac to r p r e s s u r e 
will r i s e until 610 psig is reached; thereaf te r , s team will be d ischarged 
through the turbine bypass valve to the condenser until such t ime that the 
emergency cooler capaci ty equals the s team formation at 610 psig. If 
the turbine bypass valve is unable to handle the s team load, the Fos t e r 
rel ief valve will limiit the reac tor p r e s s u r e to 650 ps ig . If the turbine 
bypass valve is inopera t ive , calculat ions indicate that during the t ime 
in te rva l the regulat ing valve is open approximately 1200 pounds of r e a c ­
tor water will be flashed to the condenser . The amount of water flashed 
r e su l t s in a 7,5-inch d e c r e a s e in r eac to r water level but does not resu l t 
in uncovering the co re . Even though the condenser is not supplied by the 
c i rcula t ing water pumps at this t ime , sufficient cooling is available by 
na tu ra l c i rcula t ion in the condenser to absorb the 1200 pounds of s team 
discharged over the es t imated 1-hour in terva l involved. 

Emergency-shutdown cooling re l i e s upon natura l c i rculat ion of 
water from the 15,000-gallon s torage tank located in the overhead dome 
of the containment ve s se l . Reac tor s team condenses outside of the cool­
ing co i l s , and the condensate flows back to the r eac to r by gravi ty . The 
s t e a m - w a t e r mix tu re formed within the tubes is d i rec ted back to the 
s torage tank. The difference in densi ty between the cooling water supply 
and s t eam-wa te r mix ture es tab l i shes na tu ra l c i rculat ion between the 
emergency cooler and s torage tank. Main s team valves PS-1 and P - l l D 
in the line to the r ebo i l e r s a re closed during operat ion of the cooler to 
min imize loss of r eac to r wa te r . Labora to ry water for nnakeup to the 
s to rage tank is supplied and regulated by a float valve. Approximately 
80 to 100 gallons per minute can be provided by the Labora tory line, 
which m o r e than compensa tes for s t eam escaping from the s torage tank. 

The h i g h - p r e s s u r e bor ic acid injection sys tem is a standby sys tem 
designed to reduce the r eac to r core react iv i ty below cr i t ica l i ty should the 
control rods fail to opera te p rope r ly under shutdown conditions. The 
or iginal automatic injection feature has been el iminated in favor of manual 
operat ion for the 100-megawatt sys tem since: (1) rapid bor ic acid injection 



is not n e c e s s a r y (the h i g h - p r e s s u r e systemi is a backup safety m e a s u r e to 
be used only after considerat ion of conditions in the r eac to r ) , (2) at 
equi l ibr ium-cont ro l led operat ion, inser t ion of one rod is sufficient to 
over r ide the void-control led react ivi ty and reduce power, and (3) manual 
operat ion prevents inadvertent injection of bor ic acid because of malfunc­
tion or m i s u s e of the control in ter lock sys t em. 

The volume of concentra ted bor ic acid solution is able to hold down 
m o r e than 13 percent reac t iv i ty . Manual injection of the solution is a c ­
complished by pushbutton control at the r eac to r console, handwheel ope ra ­
tion in the control room, or lever operat ion in the power plant building. 

With minor except ions, all additional equipment and piping for the 
p r i m a r y - h e a t - d i s s i p a t i n g equipment is s ta in less s tee l . The s ta in less s tee l 
surface in contact with the p r i m a r y fluid imposes only a minor additional 
burden on the water purif ication sys t em. Therefore , m o r e capacity was 
not added to the r eac to r water purif icat ion systemi since it is adequate 
for the 100-megawatt opera t ion. 

3.2.5 In termedia te and Secondary Steam Systems 

The in te rmedia te s team genera ted m the p r i m a r y r ebo i l e r s is 
d i rec ted to e i ther the secondary reboi le r or the a i r -coo led condenser , or 
both, depending upon mode of opera t ion. Steam admiss ion to the second­
a ry rebo i le r is regulated by the 12-inch e lec t r ica l ly dr iven valve, P-13D, 
and is a function of condensing ra te within the reboi le r (see F igure 3-31). 
However, condensing ra t e is es tabl ished by choice of condensing p r e s ­
s u r e , which fixes the t e m p e r a t u r e differential a c r o s s the heat t r ans fe r 
sur face . Once the condensing p r e s s u r e is se lected, shel l p r e s s u r e being 
maintained at 200 psig, the amount of in te rmedia te s t eam admit ted to the 
secondary rebo i le r tubes is fixed by heat t r ans fe r a r e a and coefficient of 
heat t r a n s f e r . To summiarize, the secondary reboi le r essent ia l ly genera tes 
a constant supply of s team to the Labora to ry . F r o m the standpoint of the 
Labora to ry heating sys tem, the EBWR plant is the base load, and the 
conventional power plant comipensates for changes in demand. F igure 3-8 
is a d iagram of the in te rmedia te and secondary steami s y s t e m s . 

Since the s econda ry - r ebo i l e r s team generat ion is fixed by the 
ope ra to r , the in te rmedia te sys tem mus t be provided with at leas t one de ­
gree of f reedom to allow for no rma l p r e s s u r e control in the event of 
primiary systemi or Labora to ry systemi f luctuations. Consequently, 
in termiedia te-s team p r e s s u r e is regulated by the 10-inch e lec t r ica l ly 
dr iven control valve, P-14D, which admits s team to the a i r -coo led con­
dense r . In th is r e spec t the a r r a n g e m e n t is analogous to the pr imiary-
systemi p r e s s u r e control (see F igure 3-30). 
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Intermediate condensate formed in the secondary reboi le r is d i s ­
charged into the secondary d ra in tanks from which it is d i rec ted to the 
tubes of the secondary dra in cooler where further cooling is accomplished. 
Liquid interface is maintained in the secondary dra in tanks by level con­
t r o l l e r LC-334, and flow to the dra in cooler is regulated by a i r -ope ra t ed 
control valve G-334 located on the d i scharge line of the dra in cooler . The 
in te rmedia te condensate is flashed over valve G-334 to the lower p r e s s u r e 
miaintained in the flash tank. Steam formed by flashing is routed to the 
a i r -coo led flash condenser where it is condensed, collected in the con­
densate tank, and re tu rned to the flash tank by the condensate pump. 
P r e s s u r e in the flash tank is regulated by the 8-inch e lec t r ica l ly dr iven 
valve, P-15D, which admits s team to the flash condenser (see F igure 3-33). 

Steam admitted to the a i r -coo led condenser by control valve P-14D 
is condensed and flows to the d ra in tank where liquid interface is maintained 
Effluent from the dra in tank is further cooled in the a i r -cooled d ra in cooler 
from which it is d i rec ted to the flash tank. Discharge fromi the a i r -coo led 
dra in cooler is regulated by control valve G-336 which is control led by 
level cont ro l le r LC-336 in the d ra in tank. 

The in te rmedia te condensate in the flash tank is pumped to the 
p r i m a r y - d r a i n - c o o l e r shell by the in te rmedia te pump and then to the r e ­
boi ler shell where the cycle is completed. Should additional cooling be 
requ i red after the flash tank, all or a port ion of the condensate can be 
d i rec ted through the a i r -coo led subcooler p r io r to the in te rmedia te pump. 

In termedia te- feedwater flow to the primiary dra in coole rs is regu­
lated by the two 3-inch a i r - o p e r a t e d va lves , G-333, and control led by the 
level cont ro l le r , LC-333, in the p r i m a r y - r e b o i l e r she l l s . Since liquid 
levels a r e control led only in the p r i m a r y reboi le r shel l , secondary r e ­
boi ler dra in tank, and a i r - coo led condenser d ra in tank, changes in the 
in te rmedia te sys tem inventory a r e evidenced by changes in flash tank 
level which is detected by high-low a l a r m s . Makeup water for the in te r ­
media te sys tem is obtained from the d e m i n e r a l i z e r s in the se rv ice building 
and is manual ly introduced as r equ i red . P r i m a r y - h e a t - e x c h a n g e r tube 
rupture or excess ive leakage of p r i m a r y fluid into the in te rmedia te systein 
is manifested as a change in inventory, and a r i s e in flash tank level is 
caused . Should this condition a r i s e , the r eac to r must be shut down and 
the cause of leakage de te rmined . The flash tank is dra ined to the 
1000-gallon d ra in tank through a 4-inch d ra in line control led by the 4-inch 
dra in valve, which must be opera ted manual ly . 

As mentioned previous ly . Labora to ry changes in demand a r e 
prevented from being ref lected back to the r e a c t o r . Although changes in 
Labora tory demands will affect the operat ion of the secondary reboi le r 
to some extent, mioderate var ia t ions a r e damped completely by the 
operat ion of the flash tank and a i r - coo led flash condenser . At a fixed 
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p r e s s u r e , the flash tank a s s u r e s constant feedwater t empera tu re to the 
a i r -cooled subcooler , and the flash condenser automatically rect i f ies 
slight va r ia t ions in reboi le r heat t ransfe r or condensate t e m p e r a t u r e s . 
Therefore , the flash tank sys tem acts as a buffer which can compensate 
for slight changes in the preceding equipment. Should this sys tem fail 
to fully al leviate any slight abnormal condition resul t ing in in te rmedia te -
condensate t e m p e r a t u r e changes to the p r i m a r y drain cooler, the deae ra ­
tor sys tem will provide additional buffering to the primiary systemi. 

Effects inadvertent ly imposed on the secondary reboi ler by changes 
in Labora to ry demand, such as p r e s s u r e fluctuations resul t ing in reboi ler 
t empe ra tu r e differential ( A T ) changes, a r e only par t ia l ly compensated for 
by control va lves P-13D and P-14D. For example, should the Labora tory 
s team p r e s s u r e drop slightly, resul t ing in an inc rease in the secondary 
reboi le r t e m p e r a t u r e differential , control valve P - 13D will admit m o r e 
s team to the rebo i le r to mainta in condensing p r e s s u r e . Control valve 
P-14D will close correspondingly to mainta in in termedia te sys tem p r e s ­
sure . In this way the secondary rebo i le r par t ia l ly compensates for 
changes in load demand. However, the n o r m a l Labora tory p r e s s u r e 
cannot be r e s t o r e d completely by this method; complete r e s to ra t ion would 
bring the r ebo i l e r s team genera t ion back to the lower init ial r a t e since 
the or iginal t e m p e r a t u r e differential would prevai l once again. Briefly, 
this means that as the Labora to ry p r e s s u r e begins to recover , the s team 
generat ion decreaseSj a re la t ion not conducive to complete res to ra t ion of 
p r e s s u r e by the EBWR sys tem. Hence, Labora tory sys tem s team p r e s ­
sure is maintained at the conventional power house. As an additional buffer, 
the a i r - coo led equipment will be opera ted at al l t imes so that s team will be 
available to par t i a l ly offset Labora to ry sys tem changes. Also, if the opposite 
situation occurs in which the Labora to ry - sys t e in p r e s s u r e r i s e s , continuous 
operat ion of the a i r -coo led heat exchangers will keep themi in a standby 
condition to accept s team. 

The secondary rebo i le r is designed to condense a naaximum of 
241,000 pounds per hour of s team at 310 psig and 424. 7°F at a mean t em­
p e r a t u r e differential (cor rec ted) of 36.7'^F. In so doing, 227,000 pounds 
per hour of sa tura ted s team is genera ted at a shell p r e s s u r e of 200 psig. 
Heat t r ans fe r rat ing is in accordance with TEMA s tandards . The s team 
as provided to the Labora to ry has a quality of 99.75 percent , this being 
accomplished by passing the s team through two horizontal l ine-type 
s e p a r a t o r s . Two 14-inch s team nozzles , which a r e manifolded before 
entry into the Labora to ry sys tem, a re instal led on the reboi le r shell. 
P r i o r to mianifolding, each s team line cons is t s of a 12-inch, flanged, 
nonre turn valve which is followed by the line separa tor . 

The tube side of the secondary rebo i le r is designed for 400 psig 
and 448°F, whereas the shell side is designed for 250 psig and 406°F. The 



reboi le r design conforms to the r equ i rement s of Section VIII of the 
ASME Code where applicable. In ca ses where ASME Code does not apply, 
the design is in accordance with TEMA s tandards . 

Secondary reboi le r tubes a r e fabricated of 80 Cu - 20 Ni (SB-111 
type A), and the r ema inde r of the rebo i le r is cons t ruc ted ent i re ly of s tee l . 
The reboi le r is of the conventional U-tube type with the tubes rol led in. 
The seconda ry - rebo i l e r shell is provided with a chemical- feed inlet noz­
zle for the addition of t r i sod ium phosphate to obtain the des i red pH to 
prevent scale deposit ion, and sodium sulfite to scavenge dissolved oxygen. 
A blowdown connection is located at the bottom of the reboi ler shel l to r e ­
move the sludge that is expected to form. 

Seconda ry - rebo i l e r - l eve l control is maintained by level control ler 
LC-335 and regulated by the 4-inch a i r - o p e r a t e d feedwater control valve 
G-335. The reboi le r is also equipped with a high-low level a l a rm switch 
and a Je rguson s igh t -g lass level indicator . Two 4-inch by 8-inch safety 
valves instal led on the reboi le r shel l d i scharge outside the reboi ler build­
ing in the event of o v e r p r e s s u r e . 

The secondary d ra in cooler is designed to subcool 241,000pounds 
per hour of in te rmedia te condensate from 424.7° to 289.8' 'F, and r a i s e the 
t e m p e r a t u r e of 227,000 pounds per hour of Labora tory feedwater from 
230° to 376.5°F. Normal ly , the Labora to ry feedwater t e m p e r a t u r e leaving 
the secondary d ra in cooler is 388°F, which cor responds to the sa tura t ion 
t e m p e r a t u r e of the secondary rebo i le r shel l . 

The tube side of the dra in cooler is designed for 400 psig and 
448°F, and the shel l side is designed for 250 psig and 406°F. The dra in 
cooler design conformis to Section VIII of the ASME Code where appl icable . 
In ca ses where ASME Code does not apply, the design is in accordance 
with TEMA s t anda rds . The dra in cooler tubes a r e fabricated of 80 Cu -
20 Ni (SB-111 type A), and the r e m a i n d e r of the cooler is cons t ruc ted of 
s tee l . 

Because of the c r i t i ca l water supply shortage at the Labora tory , 
d iss ipat ion of heat during sumimer opera t ion is provided by a i r -coo led heat 
exchangers . Although this form of heat sink is adequate, a be t te r method 
for winter operat ion is de s i r ab l e . The instal la t ion of this type of unit for 
heat d iss ipat ion is unique for this sect ion of the country because of freezing 
difficulties that can be encountered. However, pro tec t ive f ea tu res , which 
reduce the probabi l i ty of freezing, have been incorpora ted in the instal la t ion. 

Four a i r - coo led heat exchanger units a r e employed to d iss ipa te 
heat to the a tmosphe re . These heat exchangers a re located in two groups . 
The s team condenser const i tutes one group; the dra in cooler , flash con­
dense r , and subcooler compr i se the second group. The a i r - coo led ex­
changers a r e of s tandard design for this type of equipment, incorporat ing 



finned tubes and m o t o r - d r i v e n fans. The units a re fabricated of s teel , 
except for the tubes , which a r e of Admira l ty meta l (SB-111 type C). Alu­
minum fins a r e mechanical ly bonded to the tubes . Each unit consis ts of 
ver t i ca l shaft fans which force air upward a c r o s s the horizontal tube 
bundles. Each group of units is enclosed on all four sides by manually 
adjustable shu t t e r s . In the group containing three uni ts , the units a re 
isolated from each other by solid panel pa r t i t ions . A 4-foot ver t i ca l panel 
is also at tached along the pe r iphery of the top deck of each group. Doors 
a re provided in the shut te rs for admiss ion to the a r e a beneath the fans. 

The shut te rs and top ver t i ca l panels offer protect ion against 
freezing during winter operat ion. The adjustable shut ters allow for regu­
lation of airflow, if need be, or can close ent i re ly . The top ver t ica l panels 
will provide some additional protect ion by par t ia l ly alleviating the effects 
of na tu ra l winds. One fan in each unit is designed with var iable pitch which 
provides s tep less airflow regulat ion or r e v e r s a l . The change in blade 
angle of the var iab le pitch fan is executed by means of a pneumatic oper ­
a tor , control lable from the control panel . The remaining fans consist of 
manual ly adjustable b lades . If requi red during winter operat ion, the 
shut te rs on any unit can be closed completely and the var iable pitch fans 
set for r e v e r s e flow w^ile the remaining fans a re operated in the no rma l 
fashion. In this way, a i r regulat ion is obtained and some of the warm ef­
fluent a i r is r ec i r cu la t ed . For added protect ion drain valves a re provided 
in the rebo i le r building for draining each unit during per iods of shutdown. 

The a i r -cooled condenser unit cons is t s of eight equal -s ize , h o r i ­
zontal, s ing le -pass heat exchanger sect ions a r ranged for pa ra l l e l flow. 
The ent i re unit is capable of condensing 245,400 pounds per hour of s team 
at 310 psig with an amibient a i r temiperature of 95°F, this being equivalent 
to 57.6 megawat ts of heat . The airflow at this ra te of heat t r ans fe r is 
3.4 X 10^ pounds per hour with an exit t empe ra tu r e of 336°F. Four 
12-foot-diameter fans with six blades a r e i-nounted below the unit to fur­
nish the airflow. The condenser is designed for 400 psig and 448°F and 
adheres to Section VIII of the ASME Code. One exception to the code 
was miade in r ega rd to hydros ta t ic t es t p r e s s u r e . The ASME Code r equ i r e s 
a t e s t p r e s s u r e of l y t i m e s design p r e s s u r e , or 600 psig, for this type 
of construct ion. However, for r ea sons of safety, the unit was subjected to 
a tes t p r e s s u r e of approximately 900 ps ig . 

The a i r -coo led d ra in cooler unit is composed of two horizontal , 
f ou r -pa s s , heat exchanger sec t ions . The en t i re unit is capable of cooling 
245,400 pounds per hour of in te rmedia te condensate from 424.7° to 291.7°F 
with an ambient air t e m p e r a t u r e of 95°F, this being equivalent to 10.1 meg­
awatts of heat . The airflow n e c e s s a r y to accomplish the heat t r ans fe r is 
0.72 X 10 pounds per hour at an exit t e m p e r a t u r e of 295°F. Three 
7-foot-diameter fans with six blades mainta in the airflow. The dra in 
cooler is designed for 400 psig and 448°F. The design conforms to 



Section VIII of the ASME Code except for tes t p r e s s u r e , which like the 
condenser was 900 psig. 

The flash condenser cons is t s of one horizontal , s ing le -pass heat 
exchanger sect ion. A condensing r a t e of 4930 pounds per hour at 19-8 psig 
is obtainable in the unit at an ambient a i r t e m p e r a t u r e of 95°F, this being 
equivalent to 1.36 megawat ts of heat . Approximately 0.6 x 10 pounds per 
hour of a i r a r e requi red at this condensing ra te for an effluent a i r t e m p e r a ­
tu re of 127°F. Three 7-foot-diameter fans with four b lades a r e avai lable . 
The flash condenser is designed for 100 psig and 338°F in compliance with 
Section VIII of the ASME Code. 

The a i r -coo led subcooler unit cons is ts of two equa l - s i ze , hor izontal , 
four -pass heat exchanger sec t ions . The ent i re unit is capable of cooling 
24b,600 pounds per hour of condensate from 258.5° to 160°F at an ambient 
air t e m p e r a t u r e of 95°F. For this heat d iss ipat ion of approximately 
7.12 megawat t s , an airflow of 1.2 x 10 pounds per hour is requi red for an 
exit t e m p e r a t u r e of 180°F. Two 12-foot-diameter fans with four blades 
a r e insta l led below the heat exchanger deck. The subcooler is designed 
for 100 psig and 338°F in accordance with Section VIII of the ASME Code. 

Two in te rmedia te feedwater pumps , one of which is a standby, feed 
the flash tank condensate to the she l l - s ide p r i m a r y dra in cooler . Each 
pump is capable of del iver ing 600 gpm of water with a differential head of 
1040 feet a c r o s s the inlet and outlet connections of the pump. Both pumps, 
which a r e of conventional design for this type of s e rv i ce , a r e of the h o r i ­
zontal, centrifugal, sp l i t - ca se type. Each pump, consis t ing of two s tages , 
is dr iven by a 250-horsepower s q u i r r e l - c a g e induction motor . Casings 
a r e of carbon s tee ls and in te rna ls a r e genera l ly of 11-12 percent chromium 
s tee l . 

The pumps a r e designed to develop sufficient head to a s s u r e ade­
quate flow to the p r i m a r y reboi le r up to design shel l p r e s s u r e s of 400 ps ig . 
The differential-shutoff head of each pump is 1160 feet, which at the high­
est ant icipated operat ing t e m p e r a t u r e of the in te rmedia te feedwater is 
equivalent to 468 ps i . With a flash tank p r e s s u r e of 33 psig and a stat ic 
head of 15 feet added to the differential head, the total d i scharge head at 
shutoff is 507 psig. At lower feedwater t e m p e r a t u r e s the total d i scharge 
head at shutoff is g r e a t e r . During ce r t a in operat ing conditions in which 
the subcooler is not used, the maximum available NPSH, furnished to the 
pump, neglecting minor friction l o s s e s , is slightly l e s s than 15 feet. 
However, should pump cavitat ion be encountered, the available NPSH can 
be inc reased by subcooling the condensate . In the range of i n t e rmed ia t e -
feedwater t e m p e r a t u r e s contemiplated, 160° to 278°F, subcooling the con­
densate 5°F resu l t s in an inc rease in available NPSH of approximately 7 to 
9.5 feet respect ive ly . 



Both pumps a re provided with s t r a i n e r s , warmup orif ice, and 
iTiinii"num-flow orif ice. Minimum flow required to prevent damage to the 
pump is 45 gpm, and the miniixiumi-flow orifice maintains this amount at 
all t imes . The warmup orifice is a r ranged to pe rmi t 5 gpiTi of operating 
pump discharge to flow in r e v e r s e direct ion through the standby pump, 
thereby keeping it warm and ready for immediate se rv ice . Conventional 
packing is provided for shaft sealing, and a lantern gland for leak-off is 
located in the packing chainber . 

3.3 CONTROL ROOM* 

In the conversion of EBWR to the 100-megawatt sys tem, the 
philosophy that ail of the important system operating pa rame te r s be con­
trol led from the control room was incorporated in the system control 
design. To accoinplish th is , a new section was added to the panel board 
and some of the original panel board was modified. 

Figure 3-9 is a plan view of the control room after modification. 
Panel 12, the new section, contains the controls and instrumentat ion for 
the reboi ler building and a i r -cooled condensers and heat exchangers . 

The addition of panel 12 
prevented unobstructed, free p a s ­
sage of personnel through the or ig ­
inal emergency-exi t door. To provide 
d i rec t exit, a second doorway was 
cut in the wall between the contain­
ment vesse l and the control room. 

«t! 
ElECTPriCAL SYSTEW CCP̂ TROL 
PLANT AUXSLIARIES CCPJTROL 
TURBINE. GENERATOR. CONDENSER. 
WATER CONTROL 
STEAM AND FEED^ATER CONTROL 
REACTOR AUKILlARiES CONTROL 
REACTOR CONTROL CONTROL 
REACTOR AUXILIARIES CONTROL 
REBOSLER PLANT CONTROL 

Figure 3-9 

P lan view of EBWR control room 
RE-6-19004-A 

detai l 13 of Figure 3-12 respect ively, 
indicator and turbine speed indicator, 
that these two ins t ruments should be 
ta i l 29, the genera to r - speed-governor 

Pas t operating experience 
has indicated that some changes 
should be made in the original 
panel board. The changes that were 
incorporated in the final design 
a r e reported in this publication. 

Figure 3-10 is a layout of 
the e lec t r ica l system, panel 1. De­
ta i ls 45, 46, 47, and 48 are additions 
to panel 1. Details 45 and 46 dupli­
cate detail 5 of Figure 3-13 and 
the turbine- inle t -valve position 

Operating experience has shown 
located on the same panel as de­

control station. 

A. Hirsch 
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Figure 3-10 

E lec t r i ca l sys tem, panel 1 
RE-2-1781I -C 
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Detail 47 is a voltmeter that reads the 
voltage of the 13 k i lovol t -ampere main feeder. 
Detail 48 indicates ou t -of - se rv ice condition of 
the rec lose r at substation 543. The r ec lose r 
is interlocked with air c i rcui t b r e a k e r s of the 
13.2-ki lovolt /4l60-vol t main power t r ans fo rmer 
and genera to r . When the genera tor is tied to the 
feeder, damage could be caused by a r ec losure of 
substation 543 without synchronizing the Labora­
tory systena with the utility sys tem. 

Figure 3-11 is the layout of the plant aux­
i l ia r ies control , panel 2. Addition and modifica­
tion of detai ls 9, 12, 13, and 14 was n e c e s s a r y to 
provide control of the recombiner sys tem. 

Figure 3-12 is the layout of the turbine , 
genera tor , condenser , and circulat ing water con­
t ro l , panel 3. No changes were made on this panel 
other than the descr ipt ion of detai l 2. 

fc' 

' J 

Figure 3-11 

Plant auxi l iar ies 
control , panel 2 
RE-2- I7812-G 
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Figure 3-12 

Turbine, genera tor , 
condenser, and circulating 

water control , panel 3 
RE-2-17813-C 

Figure 3-13 is the layout of the s team control, panel 4. The only 
change is in the descr ipt ion of detail 6, tu rb ine-s team stop-valve control 
station. Since the revised sys tem incorpora tes two steam stop valves, 
the new tit le of detai l 6 in the figure shows that this stop valve controls 
s team to the turbine . 

Feedwater control , panel 5, shown in Figure 3-14, is unmodified 
in the new systemi. Items 11 and 12 were disconnected and a r e now spare . 

F igure 3-15, reac tor auxi l iar ies control , panel 6, shows added 
detai ls 5 and 6. Motor-opera ted d ischarge valves were added to No. 1 
and No. 2 feedwater pumps. Details 5 and 6 a re the control stations for 
these va lves . 

Many changes were made in r eac to r control, panels 7, 8, and 9. 
F igure 3-16 shows the presen t layout of the panels which reflects the 
various changes and addit ions. 



IN) 

^ ' j y 0 1̂ 
O O 

\SL'} 

P NO r CO'iTRO STAT 

J I, ,̂ 

iEI 
IT! IT! 

J- — •• 

j f 

j 

& 

I J 

F i g u r e 3 -13 

S t e a m c o n t r o l , p a n e l 4 
R E - 2 - 1 7 8 1 4 - C 

F i g u r e 3 -14 

F e e d w a t e r c o n t r o l , p a n e l 5 
R E - 2 - 1 7 8 1 5 - C 

F i g u r e 3-15 

R e a c t o r a u x i l i a r i e s 
c o n t r o l , p ane l 6 
R E - 2 - 1 7 8 1 6 - C 



L _ 

A+i 

I r ^ 

1 
I 

1 c . 

, 

• • 

c^ri niz) f_zi! f^n 
cf±2 c r j €^j I 1 

^ 
• ~l' J CL_J LTU 

if . !i(f - j i f 

(,J) 4t' tLT iuir~_ 31' 

COfiSOie CAtiEl H 

A*J 

[gj 11 o 

'̂ 1 Q 
D 

m^ O ^ZJJ O BMW 

o 

0 

0 

o 

© 

o 

O 

o 

% 
' „ 

0 

E 

7r.7 
j ' _ 

|(fj< 

o 
r^.r, 
[go 
6^ -> 

Bf 

(-) U 
o 

5 
o 

ee 

© 

O 

®i 

Figure 3-16 

Reactor control , panels 7, 8, and 9 
RE-2-17817-D 
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D e t a i l 2 of p a n e l 7 was changed to a Ke i th l ey m i c r o m i c r o a m m e t e r , 
The t i m e i n t e r v a l m e t e r was r e p l a c e d by a new t i m e r . Added d e t a i l 106 
is a p r e c i s i o n p r e s s u r e i n d i c a t o r tha t i s r e a d a b l e and a c c u r a t e to about 
0.5 p s i . D e t a i l s 109 t h r o u g h 115 a r e a s s o c i a t e d with b o r i c ac id c o n t r o l . 

D e t a i l 102, shown on c o n s o l e p a n e l 1 in d e t a i l A of F i g u r e 3 -16 , is 
a r e a c t o r - l o w - t e m p e r a t u r e t r i p b y p a s s key s w i t c h . T h i s b y p a s s i s n e c ­
e s s a r y for fuel l oad ing , cold c r i t i c a l e x p e r i m e n t s , and s low r e a c t o r 
s t a r t u p s . D e t a i l 103 i s a n o t h e r b y p a s s key swi tch n e e d e d for v a r i o u s 
m o d e s of o p e r a t i o n : the r e b o i l e r - s t e a m - v a l v e ( P - l l D ) t r i p b y p a s s key 
s w i t c h . D e t a i l 107 i s the r o d - d r o p - p e r i o d - c o u n t e r a u t o m a t i c t i m e r and 
d e t a i l 108 is the s e l e c t o r swi t ch for s e t t i ng the p a r a m e t e r to be t i m e d . 

On c o n s o l e p a n e l 2 in d e t a i l B of F i g u r e 3 - 1 6 , d e t a i l 83 w a s m o v e d 
to the r i g h t . D e t a i l 104, r e a c t o r - p r e s s u r e - r e f e r e n c e s e t t i n g i n d i c a t o r 
for the c o n t r o l va lve to the r e b o i l e r h a s b e e n p l a c e d next to d e t a i l 83 . 
D e t a i l 105 i s the r e a c t o r - p r e s s u r e - r e f e r e n c e c o n t r o l s t a t i o n for t h e 
r e b o i l e r . When the r e b o i l e r p l an t i s in o p e r a t i o n , r e a c t o r p r e s s u r e 
r e f e r e n c e is c o n t r o l l e d by t h e s e d e t a i l s . 

Many c h a n g e s w e r e iiiade on the p l an t a n n u n c i a t o r s and shutdown 
a n n u n c i a t o r . The l egends of F i g u r e s 3 -17 , 3 -18 , and 3-19 give the t i t l e 
of e a c h a n n u n c i a t o r po in t . 
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Figure 3-20, the layout of reac tor auxi l iar ies 
control , panel 10, shows a new control station. De­
tai l 14 is the pur i f icat ion-system stop-valve control 
station added during the modification to control a 
moto r -ope ra t ed valve installed in the purification 
l ine. 

The reac tor auxi l iar ies control , panel 11, 
shown in Figure 3-21, was not changed during the 
modification. 

Figure 3-19 

Shutdown annunciator, 
panel 8 

RE-6-19005-A 

Figure 3-22 is the layout and legend of the 
reboi le r plant control , panel 12. The total panel 
is new to the control room and controls the r e ­
boiler plant and a i r -cooled condensers and heat 
exchangers . The legend conveys the purpose of 
each detai l . 

panel 
Figure 3-23 shows the annunciator points of plant annunciator 3, 

12. 

a «, c 6 a 
c- 0 

' 

Figure 3-20 

Reactor auxi l iar ies 
control , panel 10 
RE-2-17818-C 

Figure 3-21 

Reactor auxil iar ies 
control^ panel 11 
RE-2-17819-C 
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Figure 3-23 

Plant a l a r m annunciator 
No. 3, panel 12 
RE-6-33125-C 
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3.4 ELECTRICAL DISTRIBUTION* 

The operat ional cha rac t e r i s t i c s of the tu rb ine-genera tor plant 
remain as descr ibed in ANL-5607.' '^/ Modifications to the original plant 
a re negligible and new equipment has been added only where additional 
e lec t r ic power is n e c e s s a r y . 

P a s t exper ience had shown that operation of some auxi l iar ies fromi 
the same t r ans fo rmer that supplies the panel board was not advisable. 
A 15-kilovolt-amipere, 3-phase, 440/120-208-volt t r ans fo rmer has been 
instal led to supply the panel board only. In case of failure of this t r a n s ­
fo rmer , it is possible to switch to the original 30-ki lovolt-ampere 
t r a n s f o r m e r . 

Power for moto r -opera ted valves, control valves, and boric acid 
addition pumps inside the containment vesse l is supplied through an added 
c i rcui t b r eake r box. Power is supplied to the box by the 30-kilovolt-
a m p e r e , 3-phase, 60-cycle ,440/120-208-vol t t r ans fo rmer . This supply is 
on the emergency sys tem using the d iese l genera tor . 

Equipment has been added to supply the power necessa ry for the 
reboi ler plant. Refer to Figure 3-24 for a simplified line diagram of the 
EBWR e lec t r i ca l sys t em. 

,i2 m E&m PCtE LIME I "̂  

Figure 3-24 

Simplified line diagram of EBWR elec t r ica l system 
RE-8-17047-B 

*A. Hirsch 
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A fifth unit was added to the outdoor 4160-volt bus substation. The 
unit contains a 1200-ampere , 3-pole s ingle- throw air c i rcui t b r eake r . 
Power is fed to the 4160-volt, 60-cycle , 3-phase bus of the reboi ler plant. 
Four 1200-ampere indoor switchgear units in the reboi le r building control 
power to the two 350-horsepower r eac to r feedpumps (No. 3 and No. 4) and 
the two 250-horsepower in termedia te feedpumps (No. 1 and No. 2). 

An air c i rcui t b reaker in the 440-volt switchgear in the se rv ice 
building supplies 440-volt, 60-cycle, 3-phase power to the bus in motor 
control center No. 4 of the reboi ler building. This b r eake r was a spare 
in the original instal lat ion. 

Motor control center No. 4 contains combination s t a r t e r b r e a k e r s 
and air c ircui t b r e a k e r s for the twelve fans used on the a i r -cooled heat 
exchangers as well as combination units of this type for four condensate 
pumps and the p r i m a r y ventilation sys tem fan for the p r i m a r y - r e b o i l e r 
enclosure and connecting tunnel. Air c i rcui t b r e a k e r s for the 
30-ki lovol t -ampere 440/ l20-208-vol t t ransfe r and the 440-volt, 3-phase 
utility outlets a re also contained in motor control center No. 4. 

The 30-ki lowat t -ampere t r ans fo rmer supplies power to the 
auxi l iar ies in the reboi le r building. This includes motor -opera ted valves , 
control valves, radiat ion mionitors, l ights , and utility out le ts . 

3.5 INSTRUMENTATION* 

3.5.1 Nuclear 

A design study of the EBWR 100-megawatt sys tem revealed no 
significant excess demands on the nuclear ins t rumentat ion of the 
20-megawatt sys tem. Except for a few minor changes, the original nuclear 
instrumentat ion was incorporated in the 100-megawatt design. F igure 3-25 
shows the ranges covered by the var ious ins t ruments used to m e a s u r e the 
neutron level of the r eac to r . To prevent saturat ion of the neutron de tec to r s , 
the de tec tors were moved back in the tangential ins t rument holes to give 
approximately 20 m i c r o a m p e r e s at 100-megawatt operat ion. 

F igure 3-25 

Ranges of nuclear instrumentat ion 
RE-8-30197-A 
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P r i o r to 100-megawatt convers ion, the v ibra t ing- reed capaci tance 
e l ec t romete r of channel No. 3 had been replaced by a m i c r o m i c r o a m m e t e r 
of g rea t e r range than the e l ec t rome te r . This ins t rument can span the 
range from source level through the level of 100-megawatt operat ion. The 
minimum sensi t ivi ty is 10" a m p e r e s full sca le . 

The t r i p levels of the th ree safe ty- t r ip channels a re set for t r ip -out 
when the flux exceeds a percentage above the des i red flux. Since the heat 
load on the r eac to r is de termined by the exper iment in p r o g r e s s , the re is 
a maximum power for var ious modes of operat ion. The magnetic t r i p s 
and the e lect ronic t r i p s a re set 30 pe rcen t and 25 percent respect ive ly 
above the des i r ed level . 

3.5.2 Radiation Monitoring 

Radiation monitoring within the containment vesse l r emains un­
changed from the or iginal sys t em. Adjustable t r i p level and decade 
switching on the or iginal moni tors accommodates any inc rease in back­
ground level . The stack nnonitor will reflect a considerable inc rease in 
radiat ion level at 100-megawatt operat ion; an inc rease by a factor of 50 
is the expected max imum, which is within allowable l imi t s . High stack 
activity will init iate shutdown of the r eac to r and close the valves to the 
p r i m a r y sys tem external to the containment ves se l . 

The tunnel and shielding cubicle, built around the p r i m a r y sys tem 
externa l to the containment ves se l , is ventilated through the roof of the 
rebo i le r building. A moni tor , s imi la r to the or iginal stack monitor , is 
placed in the vent sys tem. The activity level will normal ly be very low. 
The t r ip level will be set about a factor of 10 above normal level . Should 
the monitor detect a high radiat ion level due to s team or condensate 
leakage, the t r i p c i rcui t will actuate the shutdown annunciator and init iate 
shutdown of the r e a c t o r . Shutdown of the r eac to r will automatical ly close 
s team valves P - l l D and G-339 and isola te the p r i ina ry r ebo i l e r s from 
the r e a c t o r . 

Five scint i l la t ion-type gainmia moni tors detect leakage from the 
p r i m a r y sys tem into the in te rmedia te sys tem or the circulat ing water 
sy s t em. Each ins t rument cons is t s of a sc int i l la t ion-detector head, a 
count - ra te m e t e r , and a t r i p c i rcui t for annunciator a l a r m . 

One of the scinti l lat ion de tec to r s is placed adjacent to the side of 
each p r i ina ry r ebo i l e r . Under s t eady-s t a t e nonleaking operat ion, the 
activity level will depend on power level and should become constant . The 
in te rmedia te water in the reboi le r will act as a shield to the detec tor . If 
a leak develops, the activity level of the in te rmedia te water will r i s e in­
tegrat ing the activity that leaks through. The effective shielding of the water 
will l e s sen as the activi ty becomes diffused into the water and c loser to the 
detector and the monitor count r a t e will r i s e . 
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The t h i r d d e t e c t o r , p l a c e d ou t s i de the ce l l nex t to the i n t e r m e d i a t e 
s t e a m l i ne , d e t e c t s r a d i o a c t i v i t y c a r r i e d o v e r by t h e i n t e r m e d i a t e s t e a m . 
The four th d e t e c t o r is p l a c e d nex t to the d r a i n t ank of the s e c o n d a r y r e ­
b o i l e r . The s e c o n d a r y - r e b o i l e r d r a i n t ank i s the p l a c e w h e r e c o n d e n s a t e 
of t h e i n t e r m e d i a t e s y s t e m is f i r s t he ld up , which should e n h a n c e a c c u r a t e 
i n e a s u r e m e n t of the r a d i a t i o n c o n c e n t r a t i o n of the c o n d e n s a t e . 

The fifth d e t e c t o r is l o c a t e d nex t to the c i r c u l a t i n g w a t e r ou t le t of 
the s u b c o o l e r . T h i s d e t e c t o r i s u s e d p r i m a r i l y to a s s u r e that the ac t iv i ty 
of the c i r c u l a t i n g w a t e r is low, r a t h e r than a m e a n s of l e a k d e t e c t i o n . 

The four i n t e r m e d i a t e - s y s t e m d e t e c t o r t r i p c i r c u i t s a r e c o n n e c t e d 
in s e r i e s and a r e a n n u n c i a t e d on window 1 of p lan t a n n u n c i a t o r 3. The 
s u b c o o l e r d e t e c t o r t r i p c i r c u i t i s connec t ed to window 45 ( s ee F i g u r e 3 -23) . 

3.5.3 T u r b i n e P l a n t 

The t u r b i n e p lan t is b a s i c a l l y the s a m e p lan t t ha t e x i s t e d b e f o r e 
m o d i f i c a t i o n . The m a j o r change is the mod i f i c a t i on of the w a t e r c o l u m n 
and i s d e s c r i b e d in s e c t i o n 3 .5 .3 .3 . F i g u r e 3-26 shows the s e n s i n g l o c a ­
t i ons of the p r o c e s s i n s t r u m e n t a t i o n . 

F i g u r e 3-26 

S impl i f ied p r o c e s s i n s t r u m e n t d i a g r a m 
R E - 1 - 3 3 1 8 9 - B 



3.5.3.1 P r e s s u r e 

1. Tes t s on EBWR had shown that the p rocess - type p r e s s u r e 
ins t ruments did not have sufficient accuracy nor sensit ivity 
for the exper imenta l work of EBWR. A 0 to 1000-psig Nor­
wood Elec t rosyn t r ansduce r with a Norwood Elec t rosyn 
prec i s ion indicator as the read-out device (Figure 3-16) was 
instal led. This t r ansduce r senses reac tor p r e s s u r e through 
a tap in the top of the water column. Suitable l ines and valves 
a r e provided so that cal ibrat ion with a dead weight t e s t e r is 
poss ib le . 

2. A differential p r e s s u r e gage was instal led to read the p r e s s u r e 
a c r o s s the feedwater f i l t e r s . As the f i l ters load up, the p r e s ­
sure will r i s e a c r o s s the f i l t e r s . An abnormally high p r e s s u r e 
could rupture the f i l t e r s . 

3.5.3.2 T e m p e r a t u r e 

1. The addition of a 6-inch feedwater ring to the r eac to r caused 
separa t ion of the feedwater and purification water re turning to 
the r e a c t o r . The purif ication water always r e tu rns through 
the 3-inch feedwater r ing. A new thermocouple was instal led 
in the 6-inch l ine. 

3.5.3.3 Level 

The following rev is ions and additions were miade in the turbine 
plant for level de te rmina t ions . 

1. The water column was extended to elevation 724 feet 9-| inches . 

2. Three new c r o s s - a r m s were instal led between the water column 
and r eac to r ve s se l . These a r e at elevations 719 feet 3 | inches , 
724 feet 5 §-inches, and from the top of the water column to the 
r eac to r vent l ine . This a r r angemen t allows bet ter c i rculat ion 
of water between the column and vesse l when operat ing at high 
water l eve l s . The inc reased circulat ion will heat the column 
and reduce the cold water leg e r r o r in the sight g l a s s . F ig ­
u re 3-27 is a d iagram of the water column ins t rumentat ion 
locat ions . 

3. A new sight g lass is instal led to show reac to r water level up 
to elevation 723 feet 1-|-inches; these levels a r e viewed through 
the te levis ion c a m e r a . 



4. Three new Magnitrol water level ins t ruments were added to the 
reac tor water column: one for high water level measu remen t 
and two for low water level measu remen t . The new high-level 
ins t rument is at elevation 723 feet and is used when operating 
with the core r i s e r . The two new low-level Magnitrol i n s t ru ­
ments a r e at elevations 720 feet 3 inches and 721 feet 3 inches 
and a re used with the core r i s e r and r i s e r extension r e s p e c ­
tively. The configuration of the core r i s e r and r i s e r extension 
will de termine which low-level ins t rument will be connected 
into the c i rcui t . Limit- type switches for annunciator a l a r m s 
were added to the three Magnitrol level devices installed on the 
water column. A la rms a r e nowavailable as shown in Figure 3-27. 

5. The water column taps of the level t r ansduce r s have been 
moved to include a 96-inch span between elevations 
715 feet 0 inch and 723 feet 0 inch. This allows full range of 
possible operating water levels without change of ins t rument s . 

6. The television c a m e r a has been mounted on a movable platform. 
The platform moves ver t ica l ly , allowang perpendicular scan of 
the extended sight g l a s s . 

Water column ins t rument locations 
RE-6-32769-C 
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3.5.3.4 Flo w 

An orif ice was added to the outlet of each feedwater f i l ter . The 
p r e s s u r e l ines froin these orif ices a re connected to a manifold so that 
they can be read on a common differential p r e s s u r e gage. This will make 
possible the reading of flow through each f i l ter . As the f i l ters load up, 
the flow will d r ip . 

3.5.3.5 Conductivity 

Revision of the purification sys tem caused some changes in the 
conductivity m e a s u r e m e n t points to be made . Cells a re placed to read: 

1. Ion Exchanger Inlet 
2. Anion Exchanger No. 1 Outlet 
3. Anion Exchanger No. 2 Outlet 
4. Ion Exchanger Outlet 

3.5.4 Reboiler Plant 

Modifications in the EBWR control sys tem to accommodate p a r a ­
m e t r i c measu re inen t - con t ro l ins t rumenta t ion of the reboi ler plant a re 
del ineated in the following p a r a g r a p h s . Table 3-2 l i s ts the reboi ler in­
s t rumenta t ion of the 10 0-megawat t -capaci ty sys tem. 

3.5.4.1 P r e s s u r e 

1. The r e a c t o r - p r e s s u r e - m e a s u r e m e n t sys tem includes a 250 to 
650-psig p r e s s u r e t r ansduce r for sensing reac tor p r e s s u r e . 
The t r ansduce r is connected to a tap at the top of the water 
column. The output signal of the t r ansduce r is compared to a 
p r e s s u r e re fe rence signal from the control panel and the dif­
ference is displayed on a f 5 0 - p s i , r e a c t o r - s t e a m - p r e s s u r e 
minus p r e s s u r e - r e f e r e n c e r e c o r d e r . A sl idewire in the r e ­
co rde r supplies a signal to the r e a c t o r - p r e s s u r e cont ro l le r . 
This sys tem is labeled P -11 in Table 3-2. 

2. The r eac to r feedwater p r e s s u r e from No. 1 and No. 2 feedwater 
pumps is m e a s u r e d by a 0 to 1000-psig p r e s s u r e t r ansduce r . 
The t r ansduce r is tapped into the feedwater line between the 
r ebo i l e r -p l an t r eac to r feedpumps and control valve (P-21E) . 
The p r e s s u r e is displayed on an indicator on the control panel . 
This sys tem is labeled P - 2 . 

3. To m e a s u r e the s team p r e s s u r e to p r i m a r y r ebo i l e r s , a 0 to 
1000-psig t r ansduce r was tapped into the reac tor s team line 
leaving the containment ve s se l . The tap is downstream of 



p r e s s u r e control valve P - l l D . The p r e s s u r e reading will be 
the sum of the condensing p r e s s u r e in the p r i m a r y r ebo i l e r s 
plus the p r e s s u r e drop over the piping. The sys tem is 
designated P - 1 6 . 

4. Deaera to r p r e s s u r e is m e a s u r e d by a p r e s s u r e t r ansduce r 
that ranges from -15 to +100 ps ig . The p r e s s u r e is p resen ted 
at the control board on an i n d i c a t o r - r e c o r d e r - c o n t r o l l e r ins t ru ­
ment . The sys tem is designated P - 1 2 . 

5. In termedia te s team p r e s s u r e is m e a s u r e d by a 0 to 500-psig 
t r ansduce r connected to the in te rmedia te s team l ine. The t r a n s ­
ducer t r a n s m i t s a signal to an i n d i c a t o r - r e c o r d e r - c o n t r o l l e r 
on the panel . The sys t em is designated P - 1 4 . 

6. The condensing p r e s s u r e of the seconda ry - rebo i l e r i n t e r ­
mediate s team is m e a s u r e d by a 0 to 500-psig t r a n s d u c e r . An 
ind ica t ing- record ing-cont ro l l ing ins t rument on the panel r e ­
ceives the s ignal . The sys tem is designated P - 1 3 . 

7. Secondary- rebo i le r feedwater p r e s s u r e is m e a s u r e d by a 
0 to 500-psig p r e s s u r e t r ansduce r that was tapped into the 
6-inch feedwater line from the Labora tory power plant to 
t r a n s m i t a signal to an indicator on the panel . This sys tem 
is designated P - 4 . 

8. P r i m a r y - r e b o i l e r feedwater p r e s s u r e is t r ansmi t t ed by a 
0 to 500-psig t r a n s d u c e r tapped into the line between the in t e r ­
media te feedwater pumps and the regulat ing valve. An indicator 
on the panel r ece ives the s ignal . The sys tem is designated P - 5 . 

9. The s team p r e s s u r e from the secondary r ebo i l e r s is m e a s u r e d 
by a 0 to 300-psig t r a n s d u c e r tapped into the 12-inch line be ­
tween the nonre tu rn valve on top of the reboi le r and the shut-off 
valve. The t r ansduce r will m e a s u r e the r e b o i l e r - s e c o n d a r y -
side p r e s s u r e minus the drop a c r o s s the nonre tu rn valve. When 
the reboi le r is not in opera t ion, the t r an sduce r will m e a s u r e 
Labora tory s team p r e s s u r e . The sys tem is designated P - 1 7 . 

10. F l a sh tank p r e s s u r e is m e a s u r e d by a 0 to 50-psig t r ansduce r 
tapped into the tank. The signal is read at the panel on an 
ind ica to r -con t ro l l e r ins t rument . The sys tem is designated P - 1 5 . 

T e m p e r a t u r e 

1. The t e m p e r a t u r e of the condensate from the subcooler is 
m e a s u r e d by an i ron-cons tan tan thermocouple . The indicat ing-
record ing-cont ro l l ing ins t rument on the panel supplies a signal 



to the c i rcu la t ing-wate r valve to control the t e m p e r a t u r e . The 
sys tem is designated P - 4 2 . 

Plant t e m p e r a t u r e No. 4 is m e a s u r e d and recorded by a 24 point 
ind ica t ing- record ing ins t rument . All thermocouples a re i ron-
constantan and the range is double scale , 0 to 600°F. The 
ins t rument and thermocouples a re designated P - 4 1 . 

The points a r e : 

a . Steam to p r i m a r y reboi le r 

b . Condensate from p r i m a r y reboi ler No. 1 

c . Condensate from p r i m a r y dra in cooler No. 1 

d . Condensate froin deae ra to r 

e . Feedwater to p r i m a r y dra in coolers 

f . Feedwater to p r i m a r y reboi le r No. 1 

g . In termedia te s t eam 

h . Condensate from secondary reboi le r 

i . Condensate fromi secondary dra in cooler 

j . Feedwater to secondary drain cooler 

k . Feedwater to secondary reboi ler 

1 . Heating steami 

m . Condensate from p r i m a r y reboi ler No. 2 

n . Condensate from p r i m a r y dra in cooler No. 2 

o . Feedwater to p r i m a r y reboi le r No. 2 

p . P r i m a r y rebo i le r No. 1 s team t empera tu re 

q . P r i m a r y rebo i l e r No. 2 s team t empe ra tu r e 

r . Secondary reboi le r s t eam t empera tu re 

s . Condensate from a i r -coo led condenser 

t . Condensate from a i r -coo led drain cooler 

u . Condensate from flash tank 

V . Condensate from a i r -coo led subcooler 

w . F lash tank vent s team 

x . Condensate from a i r -coo led flash condenser 



3.5.4.3 Level 

1. Deaera to r level is m e a s u r e d by a t r ansduce r with a span of 
0 to 100 inches of water and ins t rumented with an indicator-
r e c o r d e r - c o n t r o l l e r . The sys tem is designated P - 2 1 . 

3.5.4.4 Flow 

1. Reactor s team flow to the p r i m a r y r ebo i l e r s is m e a s u r e d by 
a flow nozzle and t r a n s d u c e r . The nozzle develops a differ­
ent ial p r e s s u r e of 100-inch water column at a flow of 
400,000 pounds per hour. The t r ansduce r ex t rac t s the square 
root of the water column head and t r a n s m i t s the signal to the 
panel board . The i n d i c a t o r - r e c o r d e r - c o n t r o l l e r r ece ives the 
s ignal . This sys tem is designated P - 2 2 . A re t r ansmi t t ed 
signal from the ins t rument is used in the t h r e e - p a r a m e t e r 
feedwater control sys t em. 

2. Flow through r eac to r feedwater pumps 3 and 4 is m e a s u r e d 
by a flow nozzle that develops a differential p r e s s u r e of 100-inch 
water column for flow of 400,000 pounds per hour . The indicator 
r e c o r d e r - c o n t r o l l e r ins t rument develops a signal propor t ional to 
flow ra te for the r eac to r power in tegra to r . The sys tem designa­
tion is P - 2 3 . 

3. In termedia te s t eam flow through p r i m a r y reboi le r No. 1 is 
m e a s u r e d by a nozzle that develops a differential p r e s s u r e of 
100-inch water column for 200,000 pounds per hour of s team 
flow and a t r an sduce r that ex t rac t s the square root of the water 
column head and t r a n s m i t s to an i n d i c a t o r - r e c o r d e r . This s y s ­
t em is designated P - 2 5 . 

4. In termedia te s team flow through p r i m a r y reboi le r No. 2 is 
m e a s u r e d as in i tem 3 above. The designation is P - 2 6 . 

5. In termedia te feedwater flow through the p r i m a r y r ebo i l e r s is 
m e a s u r e d by a nozzle that develops a differential p r e s s u r e of 
100-inch water column for 400,000 pounds per hour of feedwater 
flow and a t r an sduce r that ex t rac t s the square root of the water 
column head and t r a n s m i t s to an ind ica t ing- record ing in s t ru ­
ment in the control panel . The sys tem designation is P - 2 8 . 

6. Feedwater flow through the secondary reboi le r is measu red 
as in itein 5 above. The sys tem is designated P - 2 9 . 

7. In termedia te condensate flow through the secondary reboi le r is 
m e a s u r e d as in i tem 5 above. The sys tem designation is P - 3 1 . 
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8. Air -cooled condenser condensate flow is m e a s u r e d by a 
nozzle that develops a 100-inch water column differential 
p r e s s u r e for 300,000 pounds per hour of flow. A t r ansducer 
ex t rac t s the square root of the water column head and t r a n s ­
mi t s to an indica t ing-recording ins t rument . The sys tem 
designation is P - 3 2 . 

9. F lash- tank-ven t s team-flow measu remen t includes an orifice 
plate that develops a differential p r e s s u r e of 100-inch water 
column for a full flow of 15,000 pounds per hour. The flow is 
indicated and recorded . The sys tem is designated P - 3 3 . 

10. Steam flow from the secondary reboi ler is measu red by a 
nozzle that develops a differential p r e s s u r e of 100-inch water 
column at full sca le flow of 400,000 pounds per hour . The flow 
is indicated and r eco rded . The sys tem is designated P - 3 4 . 

3.5.4.5 Conductivity 

The or iginal conductivity ins t rument has been modified from a 
6-point to a 12-point r e c o r d e r . A conductivity cell is instal led in the con­
tinuous blowdown line from the secondary rebo i le r . The conductivity 
pr in ts out on points 6 and 12 of the r e c o r d e r . 

3.5.4.6 Posi t ion Indication 

It is n e c e s s a r y or des i r ab le to know the position of var ious valves 
and other devices . A s tandard c i rcui t is used for position indication. Valves 
and fan pitch devices having posit ion indication in the control room a r e : 

1. R e a c t o r - p r e s s u r e regulat ing valve P - l l D 
2. P r i m a r y rebo i le r No. 1 condensate control valve G-332 
3. ' P r i m a r y rebo i le r No. 2 condensate control valve G-332 
4. Reactor feedwater 3-inch stop valve FDW3 
5. Reactor feedwater 6-inch stop valve PS-12 
6. Feedwater pump No. 3 and No. 4 regulating valve P-21D 
7. D e a e r a t o r - p r e s s u r e regulat ing valve P-12D 
8. Subcoo le r - t empera tu re regulat ing valve P-42C 
9. Secondary- rebo i l e r i n t e r m e d i a t e - p r e s s u r e regulating valve P-13D 

10. I n t e r m e d i a t e - s t e a m - p r e s s u r e regulating valve P-14D 
11. F l a s h - t a n k - p r e s s u r e regulat ing valve P-15D 
12. Ai r -cooled condenser fan No. 1 
13. Ai r -cooled subcooler fan No. 1 
14. Ai r -coo led flash tank condenser fan No. 1 
15. Ai r -cooled dra in cooler fan No. 1 
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3.6 PLANT CONTROL* 

3.6.1 Mode of Operation 

EBWR ove r - a l l control-systemi design is based on four main 
operat ing object ives: (1) the r eac to r is operated at the power level r e ­
quired by the exper imenta l work in p r o g r e s s , (2) the power produced is 
supplied to the Labora to ry as useful e l ec t r i c power and heating s team, 
(3) during cold weather operat ion, some of the in termedia te s team is used 
to pro tec t the a i r -coo led equipment against f reeze-up and maintain the 
equipment in a standby condition to a s sume load if nece s sa ry and (4) power 
in excess of Labora to ry r equ i remen t s is diss ipated by the a i r -cooled 
equipment. 

Froim the standpoint of the Labora to ry heating sys tem, the EBWR 
plant is base loaded, and the Labora to ry coal-f i red boi le rs assume regula­
tion of Labora to ry sys tem s team p r e s s u r e . Changes in the Labora tory 
steami systemi a re not reflected back to the r eac to r . 

The reac to r and turbine plant can be operated, as descr ibed in 
repor t ANL-5607,(-'-) without operat ing the reboi le r plant. However, op­
era t ion of the rebo i le r plant is not poss ible unless the turbine plant is in 
operat ion. The turbine is not requ i red to accept s team, but the condenser 
mus t be in opera t ion . The condenser is the l ow-p re s su re sink n e c e s s a r y 
for the deae ra to r to opera te . Noncondensable gases fromi the deae ra to r 
will pass to the condenser and be removed by the air e jec to rs . Cooling of 
the air e jec tors is accomplished with condensate flow from the condenser 
and therefore r equ i r e s operat ion of No. 1 or No. 2 feed pump. To maintain 
water inventor ies in the r eac to r and deae ra to r , the condenser condensate 
mus t be re tu rned to the r e a c t o r . 

Auxil iary equipment in the rebo i le r plant r equ i res considerable 
e l ec t r i ca l power (possibly around 1 megawatt when dissipating at full 
capaci ty through the a i r -coo led equipment) . It is des i rab le , but not r e ­
quired, that the turbine plant be operat ing and producing e lec t r ic power . 

Normal operat ion of the turbine plant is descr ibed in repor t 
ANL-5607 and is not repeated in this publication. However, operat ion of 
the reboi le r plant that affects or miodifies the operat ion of the turbine 
plant is included. 

Operation of the tu rb ine -bypass sys tem is explained in repor t 
ANL-5607. This sect ion r e fe r s only to operat ion with the r ebo i l e r s in 
operat ion. 

Reference to the simplified control d iagram shown in F igure 3-28 
will show that r eac to r p r e s s u r e is control led by an ups t ream p r e s s u r e -
regula tor valve, P - l l D . This valve is operated in the same fashion as the 

*A. Hirsch 
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original s team bypass valve to maintain reac tor p r e s s u r e . During normal 
operation, the original bypass valve is closed and P - l l D opera tes , with 
r e s e t action, to maintain the p r e s s u r e at the des i red level. The p r e s s u r e 
re ference regulator for the bypass valve is set slightly above the des i red 
p r e s s u r e . In case of a p r e s s u r e r i s e at a ra te g r ea t e r than P - 1 ID can 
control, the bypass valve will open and aid in holding the p r e s s u r e down. 
As r e s e t action allows P - l l D to open further, the bypass valve will again 
close and r ema in in standby condition. 

UJfUD 

BYPASS PC PSESSyRE 

Figure 3-28 

Simplified control d iagram 
RE-8-33158-B 

Increased steam flow into the p r i m a r y reboiler tubes will r a i se 
the p r e s s u r e , and the t empera tu re difference ac ross the heat t ransfer 
walls will r i s e . Thus, inore heat will be t r ans fe r r ed to the in termedia te 
shell s ide. The increased s team flow will produce a corresponding in­
c rease in condensate flow and the dra in coolers will heat more in te r ­
mediate feedwater. 

Flashing the condensate into the deaera tor will cool the condensate 
to the saturat ion t empera tu re that corresponds to the deaera tor p r e s s u r e . 
The deaera to r p r e s s u r e wdll be maintained by an ups t ream p r e s s u r e 
regulating valve, P-12D, which d i scharges into the condenser . 



Fur the r cooling of the condensate is accomplished in the subcooler . 
The t empe ra tu r e of the condensate leaving the subcooler is regulated by 
P-42C which controls the flow of circulat ing water through the tubes of the 
subcooler . 

Since the r eac to r opera tes at a constant p r e s s u r e and recei\'-es 
feedwater at a constant t e m p e r a t u r e , the flow is a d i rect function of r e ­
actor power. 

When power del ivered to the p r i m a r y heat exchangers exceeds the 
power del ivered to the Labora tory heating sys tem and the power neces sa ry 
to protec t the a i r -coo led equipment, the excess heat is dumped through the 
a i r -cooled equipment. Valve P-14D will admit the excess s team to the 
a i r -cooled condenser to mainta in the set p r e s s u r e in the intermiediate 
sys t em. 

When the power del ivered to the p r i m a r y heat exchangers is l e ss 
than the power del ivered to the Labora tory heating sys tem and the power 
n e c e s s a r y to protec t the a i r -coo led equipment, the in termedia te p r e s s u r e 
regula tor , P-14D, c loses as the in te rmedia te p r e s s u r e d rops . ValveP-13D 
opens to maintain secondary reboi le r in termedia te p r e s s u r e . The in te r ­
mediate p r e s s u r e will drop until the t empe ra tu r e difference ac ros s the 
r ebo i l e r s is p roper for the amount of heat avai lable. Should the need a r i s e 
to keep the a i r -cooled equipment hot, it will be n e c e s s a r y to open P-14D 
to a fixed posit ion. The p r e s s u r e in the in termedia te loop will again adjust 
itself for the p roper t e m p e r a t u r e difference. 

The amount of heat t r a n s f e r r e d will be a function of the secondary 
p r e s s u r e and the tube condensing p r e s s u r e . The condensing p r e s s u r e is 
control led by valve P-13D, a down-s t r eam p r e s s u r e regula tor . 

3.6.2 Reactor 

3.6.2.1 Control Rods and Rod Drives 

New control rods and rod dr ives a re instal led in the 100-megawatt-
capacity r e a c t o r . Limit switches and e lec t r ica l ly operated position indicators 
for the new rod dr ives opera te in the same nnanner as the previous control 
rod dr ives except for two modifications: (1) limit switches LS-18 through 
LS-88 and the assoc ia ted h i g h - p r e s s u r e bor ic acid automatic injection s y s ­
tem a re disconnected and (2) since no latching device is used, l imit switches 
LS-17 through LS-97 a r e replaced by a cu r ren t re lay in s e r i e s with the 
clutch. Except for the h i g h - p r e s s u r e bor ic acid automatic injection systemi, 
the re is no difference in control sequence and operat ion between the new 
and the original control rods and drive s y s t e m s . 
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Latch magnets a r e not used on the new rod d r ives ; instead, e lec t r i c 
clutches engage and disengage the rod dr ives from the dr ive m o t o r s . Cur ­
rent re lays in s e r i e s with the clutch coils pull in when the clutch is energized . 
A 90-volt d-c source supplies cu r r en t to each of the nine c lu tches . Opera­
tion of the rods from the control console r ema ins the same as for the 
or iginal rod d r i v e s . 

3.6.2.2 Shutdown P a r a m e t e r s 

Inclusion of the reboi le r plant in the 100-megawat t -capaci ty EBWR 
design requi red that the shutdown sys tem be expanded to accommodate 
additional shutdown p a r a m e t e r s . The number of additional shutdown c i r ­
cuits exceeded the number of spa re c i rcu i t s provided in the or iginal shut­
down annunciator . To accommodate the requ i red number of c i r cu i t s , 
auxi l iary c i rcu i t s that act ivate a single annunciator window were insta l led 
in the shutdown sys t em. The auxi l iary c i rcu i t s have indicators to specify 
the c i rcui t causing shutdown. F igure 3-19 shows annunciator window 
ass ignment s . The p a r a m e t e r s and conditions of a l a r m of the new shutdown 
c i rcu i t s a re as follows: 

1. Reactor water level , high. A second high- level Magnetrol 
ins t rument was added to the water column (see Section 3.5.3.3). 
Choice of high level Magnetrol in operat ion allows l imit level 
at 78 inches above the top of a 4-foot core or 24 inches above 
the top of the 5-foot core r i s e r . 

2. Condenser p r e s s u r e , high (grea ter than 20 inches Hg absolute) . 
Keyswitch 100 bypasses this in ter lock and allows the r eac to r 
to be operated before nor ina l vacuum is es tabl ished in the 
condenser . Under these condit ions, r eac to r steami can be used 
to es tab l i sh the vacuumi by operat ing the s t eam-powered air 
e j ec to r s . 

3. Turbine thro t t le t r i p , c losed. Loss of e lec t r i c load automatical ly 
c loses the turbine thro t t le valve through an inter lock in the 
main genera tor b r e a k e r . The r eac to r will be shut down auto­
mat ica l ly by t r ipping of this valve to the closed posi t ion. Key-
switch 85 can be closed to bypass this in ter lock . 

4. Rebo i l e r -p lan t - r ad ia t ion monitoring r a t e , high. Alarm level 
is set at about a factor of 10 above n o r m a l operat ing background 
(see Section 3.5.2). 

5. H i g h - p r e s s u r e bor ic acid injection valve, open. Opening the 
valve by any means will a l a r m . 



6. Reac to r - feedwate r -pump 3 and 4 air c i rcui t b r e a k e r s , automatic 
t r i p . Automatic t r ip -ou t of the pumps causes the reac tor water 
level to drop rapidly if the reac tor is at high power. To prevent 
a low water level condition, due to automatic t r ip -ou t of the 
pumps, the r eac to r shuts down automatical ly. 

7. Reactor water level , low. Two additional low-level Magnetrol 
ins t ruments were added to the reac tor water column (see Sec­
tion 3.5.3.3). Depending on core r i s e r height, one of the th ree 
low-level instruiTients may be put into operat ion. The lower 
l imi ts then a r e : (1) water level less than 30 inches above the 
top of the 4-foot core , (2) l e ss tha,n the height of the 4-foot core 
r i s e r , and (3) l ess than the height of the 5-foot core r i s e r . 

8. P r e s s u r e relief valve No. 1 (Foster valve), open. In repor t 
ANL-5607 this valve is r e f e r r e d to as the auxil iary s team 
bypass valve. It is set to open at about 640 psig and p ropor ­
tionally banded for full-open at 695 psig. The valve is a s t e a m -
operated, b a c k - p r e s s u r e - t y p e regula tor . The shutdown c i rcui t 
is actuated whenever the valve unsea t s . 

9. P r i m a r y - s y s t e m - p r e s s u r e safety valves , open. Four pop-safety 
valves now protec t the p r e s s u r e vesse l . Two pop valves used 
on the or iginal plant and two new pop valves a r e set to open at 
700, 725, 750, and 775 psig in r is ing o rde r . A fifth pop valve 
on the deae ra to r will open at 100 psig. Opening of any one of 
these p r i m a r y - s y s t e m valves will shut down the r eac to r . An 
auxi l iary c i rcu i t indicates the open valve. 

10. I n t e r m e d i a t e - s y s t e m - p r e s s u r e safety valves , open. Two pop-
safety valves pro tec t each of the p r i m a r y r ebo i l e r s on the 
intermiediate s ide . One valve is set for 400 psig and the other 
for 410 ps ig . Opening of any of the four will shut down the 
r e a c t o r . An auxi l iary c i rcu i t indicates the open va lves . 

11. Reactor s team p r e s s u r e , high. A p r e s s u r e - t y p e switch set 
at 630 psig ini t ia tes shutdown of the r eac to r if the set p r e s ­
su re is exceeded. 

12. Conta inment - she l l - rad ia t ion monitoring ra te , high. Air ejector 
exhaust activity above no rma l will indicate a fuel element 
fai lure and will init iate shutdown. The normal level is set 
during opera t ion . As power is r a i sed in the r eac to r , the ac t iv­
ity i n c r e a s e s rapidly as t r ans i t timies dec rease from the r e a c ­
tor to the a i r e jec tor . 
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13. High-flux t r i p No. 1. A shutdown is ini t iated if magnet ic high-
flux No. 1 is t r ipped. The t r i p level is set for about 140 p e r ­
cent of r eac to r power. In case of an e lec t ronic t r i p , shutdown 
will not be initiated unless the t r ip is in coincidence with an 
e lec t ronic t r i p of e i ther high-flux t r i p No. 2 or No. 3. The 
e lec t ronic t r i p level is set about 125 percent of r eac to r power. 

14. High-flux t r i p No. 2. Same conditions as high-flux t r ip No. 1 
above. 

15. High-flux t r i p No. 3. Same conditions as high-flux t r ip No. 1 
above. 

16. Reactor per iod t r i p between 30 and 0.3 seconds . The r eac to r 
power can r i s e and fall on a per iod until power level is reached 
at which s team formation takes p lace . The per iod c i rcui t mon­
i to r s opera tor technique and preven ts the r eac to r power from 
r is ing on a per iod that is too short and poss ibly reaching ex­
cess ive peak va lues . Keyswitch 99 is used to bypass the per iod 
in ter lock after the r e a c t o r water has s t a r t ed to boil. Pe r iod 
information does not have any value during the boiling p r o c e s s , 
and false shutdowns may resu l t from the e r r a t i c var ia t ions in 
flux. 

17. R e b o i l e r - s t e a m - v a l v e t r i p ( P - l l D ) . Closing of valve P - l l D 
will ini t iate shutdown unless bypass keyswitch 103 is used. It 
is n e c e s s a r y to bypass this c i rcu i t whenever the reboi le r plant 
is not in operat ion. When operat ing the r ebo i l e r s at low powers , 
the bypass may be used s ince the condenser can accept a p p r e ­
ciable s t eam load. 

18. Reac tor water t e m p e r a t u r e , low (less than 325°F). The plant 
mus t be prehea ted with an ex terna l s t eam source and heat ex­
changer to c lear this in ter lock. 

3,6,3 Turbine Plant Control 

3.6.3.1 Steam Bypass 

No changes were made in the s team bypass sys tem for 100-megawatt 
operat ion of EBWR. The s team bypass sys tem ope ra t e s in the same way as 
in the or iginal plant for s ta r tup of the turbine plant and warmup of the new 
hea t -d i ss ipa t ing sy s t em. After the r ebo i l e r s begin accepting s team, the 
bypass s team is reduced to ze ro by increas ing the bypass sys tem p r e s s u r e 
r e fe rence point and s imul taneously set t ing the p r e s s u r e re fe rence point 
of the new s team p r e s s u r e cont ro l le r to take over regulat ion. Should the 
p r e s s u r e of the r e a c t o r r i s e , the bypass valve will a s s u m e load as soon 



as the r eac to r p r e s s u r e reaches the p r e s s u r e reference setting of the 
bypass sys tem. The exchange feature between turbine and bypass was 
re ta ined in the 100-megawatt sys t em. In case of genera tor load loss , 
the bypass sys tem would a s sume a comparable s team load. This helps 
the new s team control valve, P - l l D , and its associa ted control ler handle 
the t r ans i en t . 

3.6.3.2 Turbine Plant Feedwater 

The turb ine-plant feedwater control sys tem is essent ia l ly unchanged 
from the or iginal plant. P rov i s ions for choosing reac to r water level or 
hotwell water level as the controll ing p a r a m e t e r were originally available 
behind the panel . This choice is now made from panel 12 detail 70, the 
control level se lec tor in F igure 3-22. This se lec tor s imultaneously 
switches the r ebo i l e r -p lan t feedwater control (refer to Figure 3-34). 
The th ree posi t ions of the se lec tor a r e as follows: 

Posi t ion No. 1 

Turbine-p lant feedwater control on hotwell level 

Reboi le r -p lan t feedwater control on reac tor level 

Posi t ion No. 2 

Turbine-plant feedwater control on hotwell level 

Reboi le r -p lan t feedwater control on deae ra to r level 

Posi t ion No. 3 

Turbine-p lant feedwater control on reac to r level 

Reboi le r -p lan t feedwater control on deae ra to r level 

Since the turbine plant mus t be in operat ion whenever the r eac to r 
is producing power , the turb ine-p lan t feedwater sys tem must also be in 
operat ion. If the reboi le r plant is not operat ing, the r eac to r level is ma in ­
tained by the turb ine-p lan t feedwater control systemi. The operat ion r ema ins 
as desc r ibed in r epo r t ANL-5607. When the rebo i le r plant is in operat ion 
and handling power equal to or g r ea t e r than the turbine plant, the r eac to r 
level is maintained by the r ebo i l e r -p lan t feedwater control sys tem and the 
tu rb ine-p lan t feedwater control sys tem will inaintain the hotwell level . 

3.6.4 Reboiler P lant Control 

3.6.4.1 Reactor Steain P r e s s u r e 

Three valves were instal led inside the containment vesse l in the 
r e a c t o r s team line to the p r i m a r y r e b o i l e r s . Valve PS-1 is a m o t o r -
opera ted gate valve that is used as the r ebo i l e r -p l an t s team stop valve. 
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Control valve P - l l D and bypass valve G-339 follow valve PS-1 in s e r i e s . 
Valve G-339 bypasses s team to the reboi ler for heatup purposes . F ig ­
ure 3-28 shows the a r rangement of the valves . 

Valves P - l l D and G-339 a r e pneumatical ly operated; both have a 
solenoid valve in the con t ro l -a i r line to the diaphragm motor that must 
be energized to operate the valve. Power for operating both solenoid 
valves is taken from the 125-volt d-c bus through auxi l iary re lay C-10 
which is closed only when reac to r control power is avai lable. Upon 
shutdown, reac tor control power is lost and both va lves , P - l l D and G-339, 
will c lose . When control po"wer is available, G-339 may be opened and 
closed manually from the control room for heatup of the reboi ler plant. 
No automatic control is provided for G-339. Both manual and automatic 
control is provided for valve P - l l D . A control ler on the control panel 
positions P - l l D , through an electropneumatic t r ansduce r , to maintain a 
p re se t reac to r p r e s s u r e . See Figure 3-29 for a functional d iagram of 
the r e a c t o r - s t e a m p r e s s u r e control , P - 1 1 . 

A 250 to 650-psi t r ansducer 
. r,s.L".r,= is instal led to read the reac tor p r e s -

..ra»,T« s u r e at the top of the w a t e r c o l u m n . 
I ..»«, The output of t h i s t r a n s d u c e r i s c o m ­

p a r e d with a p r e s s u r e r e f e r e n c e 
s i g n a l ; the d i f f e r ence is d i s p l a y e d 
on a + 5 0 - p s i r e a c t o r - s t e a m - p r e s s u r e 

»~t,»i ,„„„..̂ ,„„,„ m i n u s p r e s s u r e - r e f e r e n c e r e c o r d e r . 
^ The r e a c t o r p r e s s u r e c o n t r o l l e r 

^°' "•"' o p e r a t e s off a s i g n a l f r o m the 
I r e c o r d e r . 
I 

3.6.4.2 Intermediate Steam P r e s s u r e 

™ir 

•"T"- t* 

j^SITUlli^l 

Figure 3-29 

Functional d iagram of 
r e a c t o r - s t e a m - p r e s s u r e 

control , P -11 
RE-8-33116-C 

The i n t e rmed ia t e - s t e am-
p r e s s u r e control valve, P-14D, th ro t ­
t les s team to the a i r -cooled condenser 
from the in termedia te l ine. A 0 to 
500-psig t r ansducer senses the 
in t e rmed ia te - s t eam- l ine p r e s s u r e 
and t r a n s m i t s a signal to the r e c o r d e r . 
The recorder develops ^ signal for 
the control ler which operates the 
dr ive unit of the valve. As p r e s s u r e 
i n c r e a s e s , the valve opens. The 
control ler has r e se t action so that 
the p r e s s u r e will r e tu rn to the set 
point. Figure 3-30 shows a functional 
d iagram of the in termediate p r e s s u r e 
control , P - 1 4 . 
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F i g u r e 3-30 

F u n c t i o n a l d i a g r a m of 
i n t e r m e d i a t e - s t e a m -

p r e s s u r e c o n t r o l , P - 1 4 
R E - 8 - 3 3 1 1 8 - B 

3 .6 .4 .3 S e c o n d a r y - R e b o i l e r I n t e r -
m e d i a t e S t eam P r e s s u r e 

L a b o r a t o r y hea t ing s t e a m 
p r e s s u r e is c o n t r o l l e d at the b o i l e r 
h o u s e at 200 p s i g . B e c a u s e the 
s e c o n d a r y r e b o i l e r d u m p s s t ea in 
into th i s l ine d u r i n g o p e r a t i o n , the 
s e c o n d a r y s ide o p e r a t e s at a fixed 
p r e s s u r e . By con t ro l l i ng the con ­
d e n s i n g p r e s s u r e on the i n t e r m e d i a t e 
s i d e , the t e m p e r a t u r e d i f f e rence 
a c r o s s the tubes is se t and, t h e r e ­
f o r e , the hea t t r a n s f e r r e d t h r o u g h 
the r e b o i l e r i s f ixed. 

The condens ing p r e s s u r e is 
s e n s e d by a 0 to 500 -ps ig t r a n s d u c e r . 
The s igna l is r e c e i v e d by the r e c o r d e r 
which in t u r n p r o d u c e s a s igna l for 
the c o n t r o l l e r . If the p r e s s u r e t ends 
to r i s e , the va lve m o v e s t o w a r d the 
c l o s e d d i r e c t i o n . The c o n t r o l l e r has 
r e s e t ac t ion and wil l m a i n t a i n the 
d e s i r e d p r e s s u r e . F i g u r e 3-31 
shows a funct ional d i a g r a m of the 
s e c o n d a r y - r e b o i l e r i n t e r m e d i a t e -
s t e a m - p r e s s u r e c o n t r o l , P - 1 3 . 

F i g u r e 3-31 

F u n c t i o n a l d i a g r a m of 
s e c o n d a r y - r e b o i l e r 

i n t e r m e d i a t e - s t e a i n - p r e s s u r e 
c o n t r o l , P - 13 
R E - 3 3 1 1 9 - B 

POSSTtOH 

Stj PANEL I9D J2 



3.6 .4 .4 D e a e r a t o r P r e s s u r e 

D e a e r a t o r p r e s s u r e i s m a i n t a i n e d by the p r e s s u r e r e g u l a t i n g 
v a l v e , P - 1 2 D , wh ich d i s c h a r g e s into the c o n d e n s e r . Both m a n u a l and 
a u t o m a t i c c o n t r o l is p r o v i d e d at the c o n t r o l p a n e l , 

A -15 to 100 -ps i t r a n s d u c e r i s i n s t a l l e d to r e a d d e a e r a t o r p r e s ­
s u r e . The d e a e r a t o r p r e s s u r e is p r e s e n t e d on a -15 to 1 0 0 - p s i r e c o r d e r . 
The r e c o r d e r h a s an ad ju s t ab l e s e t poin t and c o n t r o l s va lve P - 1 2 D to 
m a i n t a i n the d e s i r e d p r e s s u r e . T h i s s y s t e m is l a b e l e d P - 1 2 . F i g u r e 3-32 
shows a func t iona l d i a g r a m of the d e a e r a t o r p r e s s u r e c o n t r o l , P - 1 2 . 

3 .6 .4 .5 F l a s h Tank P r e s s u r e 

F l a s h t ank p r e s s u r e i s c o n ­
t r o l l e d by c o n t r o l l i n g the a m o u n t of 
f l a sh s t e a m a d m i t t e d to the f l ash 
c o n d e n s e r . Valve P - 1 5 D with the 
a s s o c i a t e d e q u i p m e n t c o m p r i s e s 
the sys t ena . A -15 to 100 -ps ig 
t r a n s d u c e r i s c o n n e c t e d to the 
f l ash t ank . The s igna l is r e a d by 
the r e c o r d e r in the c o n t r o l r o o m . 
The r e c o r d e r d e v e l o p s a s igna l 
for the c o n t r o l l e r , which o p e r a t e s 
the d r i v e un i t . I n c r e a s e of f l ash 
t ank p r e s s u r e m o v e s the va lve in 
the open d i r e c t i o n to a d m i t m o r e 
s t e a m to the a i r - c o o l e d f lash c o n ­
d e n s e r . The c o n t r o l l e r has r e s e t 
a c t i on and r e t u r n s the f l ash t ank 
to the p r o p e r p r e s s u r e . A func­
t i o n a l diagraiTi of the f l a s h - t a n k -
p r e s s u r e c o n t r o l , P - 1 5 , i s shown 
in F i g u r e 3 - 3 3 . 

3 .6 .4 .6 R e b o i l e r P l a n t F e e d w a t e r 

F i g u r e 3-32 

F u n c t i o n a l diagraim of 
d e a e r a t o r - p r e s s u r e 

c o n t r o l , P - 1 2 _p, ., ^ 4- r j ^ 
I h e l iow 01 r e a c t o r l e e d w a t e r 

R E - 8 - 3 3 1 1 5 - B , ,̂ , ^ . , ,, A u 
t r o m the d e a e r a t o r i s c o n t r o l l e d by 

va lve P - 2 1 E . B o t h m a n u a l and a u t o m a t i c c o n t r o l i s p rov ided . F o r a u t o m a t i c 
c o n t r o l , the cho ice of p r o p o r t i o n a l l e v e l c o n t r o l o r t h r e e - w a y c o n t r o l ( leve l , 
s t e a m flow, and f eedwa te r flow) is op t i ona l . The d e a e r a t o r l eve l o r r e a c t o r 
l eve l can be c h o s e n as a c o n t r o l p a r a m e t e r for P - 2 1 E . Th is s e l e c t o r a l so 
s w i t c h e s ho twe l l l eve l o r r e a c t o r l eve l as the c o n t r o l p a r a m e t e r for the 
t u r b i n e - p l a n t - f e e d w a t e r c o n t r o l s y s t e i n . The s e l e c t o r is so a r r a n g e d tha t 
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r e a c t o r l e v e l c o n t r o l can be app l ied to only one of the f e e d w a t e r r egu l a t i ng 
v a l v e s at a t i m e . F i g u r e 3-34 i s a funct ional d i a g r a m of the p r i m a r y 
f e e d w a t e r s y s t e m . 

An 8- inch s t e a m flow nozz l e 
wi th a c a p a c i t y of 0 to 400,000 pounds 
p e r hour is i n s t a l l e d in the s t e a m 
l ine be fo re p r e s s u r e r e g u l a t i n g 
va lve P - l l D . Th is s y s t e m is d e s ­
igna t ed P - 2 2 . Th i s m e a s u r e m e n t 
is one of the c o n t r o l p a r a m e t e r s 
for the r e b o i l e r - p l a n t - f e e d w a t e r 
v a l v e . 

A 4 - i n c h flow nozz l e with a 
c a p a c i t y of 0 to 400,000 pounds p e r 
hou r is i n s t a l l e d be fo re the r e b o i l e r -
p l a n t - f e e d w a t e r c o n t r o l v a l v e . 
F e e d w a t e r - f l o w r a t e is d i s p l a y e d 
on the f e e d w a t e r - f l o w r e c o r d e r . 
The flow r a t e is one of the c o n t r o l 
p a r a i n e t e r s for the f e e d w a t e r - v a l v e , 
P - 2 1 E , c o n t r o l l e r . Th i s s y s t e m is 
d e s i g n a t e d P - 2 3 . 

The d e a e r a t o r o p e r a t e s with 
the w a t e r l eve l be low the t r a y s . A 
0 to 100- inch t r a n s d u c e r is i n s t a l l ed 
a c r o s s the l ower p a r t of the d e a e r a ­
t o r . Th i s l e v e l is d i s p l a y e d on the 
d e a e r a t o r - l e v e l r e c o r d e r which has 
an ad jus t ab le se t poin t . The s igna l 
of dev i a t i on f r o m the s e t point can 

be app l i ed to the f e e d w a t e r - v a l v e , P - 2 1 E , c o n t r o l l e r as one of the con ­
t r o l l i n g p a r a m e t e r s . T h i s s y s t e m is d e s i g n a t e d P - 2 1 . 

3 .6 .4 .7 I n t e r m e d i a t e F e e d w a t e r 

^^^3--Si-

F i g u r e 3-33 

F u n c t i o n a l d i a g r a m of 
f l a s h - t a n k - p r e s s u r e 

c o n t r o l , P - 1 5 
R E - 8 - 3 3 1 1 4 - B 

E a c h p r i m a r y r e b o i l e r and d r a i n c o o l e r c o m b i n a t i o n h a s a l eve l 
c o n t r o l s y s t e m . The r e b o i l e r s o p e r a t e at a c o n s t a n t l eve l above the t u b e s . 
Since the l e v e l i s c o n s t a n t , no i nd i ca t ion of l e v e l is b r o u g h t to the c o n t r o l 
r o o m excep t for h igh and low annunc i a t i on . The c o n t r o l s c o n s i s t of 
d i s p l a c e r - t u b e f o r c e - t o - p n e u m a t i c t r a n s d u c e r s wi th r e s e t ac t ion . The 
a i r s i g n a l i s fed to the p n e u m a t i c m o t o r s d r i v i n g the v a l v e . The s y s t e m 
is l a b e l e d G-333 on F i g u r e 3 - 2 8 . 
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3.6.4.8 Secondary Feedwater 

The secondary side of the secondary reboi ler and dra in cooler 
receives feedwater that is pumped by the Laboratory boiler house. Valve 
G-335 and control ler , shown in Figure 3-28, admit feedwater to the s e c ­
ondary drain cooler and rebo i l e r . 

The control ler is of the d isp lacer - tube force- to-pneumat ic type. 
The valve is driven by a pneumatic opera tor . Reset action is used in the 
control ler to maintain sinall e r r o r in the level . 

No level indication nor valve position indication is t ransmi t ted to 
the control room. Annunciator points a l a rm on high and low water levels . 
Feedwater flow indication is presented in the control room (see Figure 3-22, 
detail 10). 

3.6.4.9 P r i m a r y Condensate Flow to Deaerator 

Two identical sys tems control the p r i m a r y condensate flow to the 
deaera tor from the two p r i m a r y r ebo i l e r s . Each sys tem is independent 
of the other . Since the rebo i le r s a re outside of the containment vesse l 
and the flash valves (G-332) a re inside the vesse l , the control signal is 
t ransmi t ted e lec t r ica l ly . The signal is developed by a d isplacer fo rce - to -
e lec t r ic t ransducer on the dra in tanks and routed through control room 
panel 12 (details 45, 46, 50, and 51 on Figure 3-22) and into the contain­
ment vesse l to e lectropneumatic conve r t e r s . The conver te rs change the 
e lec t r ica l signal into air p r e s s u r e signals for the pneumatic ope ra to r s . 
No level indication is presented in the control room. The valve position 
is indicated on panel 12, detai ls 44 and 49. Interlocks with the radiation 



monitor on the tunnel and shield cubicle vent will automatical ly close the 
flash valves in case of a high radiat ion t r i p . Manual control is pe rmis s ib l e 
through the use of the knobs, detai ls 47 and 52, on panel 12. 

Each flash valve is p receded in the flow pipe by a stop valve (PS-15). 
These valves a re control led by the control stations designated detai ls 48 
and 53 on panel 12. 

3.6.4.10 In termedia te Condensate Flow to F lash Tank 

Condensate from the secondary d ra in cooler and from the a i r -cooled 
dra in cooler flows into the flash tank. Condensate from the secondary dra in 
cooler is control led by valve G-334 and cont ro l le r . The control ler senses 
the level of the secondary dra in tank and opens and closes the valve to main­
tain a s t e a m - w a t e r interface in the d ra in tank. Since it is important only 
to mainta in an in ter face , the control ler opera tes as a propor t ional control ler 
No level or valve posit ion indication is p resen ted in the control room. 
Secondary- rebo i le r in te rmedia te condensate flow and high or low level 
annunciation is p resen ted (see F igure 3-22, detai l 11). 

The sys tem for the a i r -coo led condensate is identical to the above 
sys tem except that the valve and cont ro l ler is labeled G-336 and the flow 
indicator is detai l 12 of F igure 3-22. 

3.6.4.11 Rebo i l e r -P lan t Feedwater T e m p e r a t u r e 

The tennperature of the r eac to r feedwater is controlled by valve 
P-42C5 which controls the amount of c i rculat ing water pass ing through the 
subcooler . Both manual and automatic control is avai lable. F igure 3-35 
shows a functional d iagram of the condensa te - t empera tu re control , P - 4 2 . 

An i ron-cons tan tan thermocouple senses the t empera tu re of the 
feedwater as it leaves the subcooler . The t e m p e r a t u r e is indicated by the 
condensate t e m p e r a t u r e ins t rument (see F igure 3-22, detai l 19) and a 
signal is developed for the cont ro l le r . As t e m p e r a t u r e r i s e s , valve P-42C 
opens to allow m o r e c i rcula t ing water to pass through the subcooler . 

3.7 CORE HEAT TRANSFER* 

3.7.1 Internal Modifications 

The pe r fo rmance data of EBWR has been evaluated for operat ion 
at 20, 40, and 60-megawat t ( thermal) power leve ls . As a resu l t of this 
evaluation, the modifications to the r eac to r vesse l and in ternal components 
for operat ion at power levels up to 100 megawat ts were made . Modification 
of EBWR in te rna l components for higher power operat ion were di rec ted 

M. P e t r i c k and P . A. Lottes 
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p r i m a r i l y t o w a r d i n c r e a s i n g the 
r e c i r c u l a t i o n flow r a t e s wi th in the 
r e a c t o r and m i n i m i z i n g the s t e a m 
vo lume f r a c t i o n in the c o r e . A l ­
though the p e r f o r m a n c e p a r a m e t e r s 
of the r e a c t o r w e r e a l t e r e d con ­
s i d e r a b l y by t h e s e m o d i f i c a t i o n s , 
t he b a s i c o p e r a t i o n a l c h a r a c t e r i s t i c s 
of the r e a c t o r and c o r e r e m a i n 
e s s e n t i a l l y u n c h a n g e d . 

3 .7 .1 .1 R e d e s i g n of R i s e r 

In the 2 0 - m e g a w a t t - c a p a c i t y 
r e a c t o r , the c o n t r o l - r o d - g u i d e 
s t r u c t u r e a l s o funct ioned as a c o r e 
r i s e r to i m p r o v e the n a t u r a l c i r c u ­
l a t i on of r e a c t o r w a t e r . H o w e v e r , 
t h e e f f ec t i venes s of th i s r i s e r could 
not be a c c u r a t e l y defined s i n c e the 
benefi t of the i n c r e a s e d he igh t in 
the c e n t r a l r e g i o n , w h e r e it i s 
n e e d e d m o s t , t e n d e d to be nul l i f ied 
by the flow of s t e a m f rom the 
s h o r t e r p e r i p h e r a l s e c t i o n s . As a 
r e s u l t , the c o r e s h r o u d - r i s e r - r i s e r 
e x t e n s i o n s y s t e i n d e s c r i b e d in 
Sec t ion 4.1 .2 w a s i n s t a l l e d in the 
r e a c t o r . The g r e a t e r he igh t of the 

new r i s e r s y s t e m w a s n e c e s s a r y to b o o s t the r e c i r c u l a t i o n flow r a t e to 
m a i n t a i n an a c c e p t a b l e void l e v e l wi th in the c o r e . The new r i s e r a r r a n g e ­
m e n t shown in F i g u r e 2-2 c o n s i s t s b a s i c a l l y of an add i t ion to the o r i g i n a l 
s y s t e m . It r e t a i n s the d e s i r a b l e f e a t u r e s of the o r i g i n a l r i s e r g e o m e t r y 
of c o n t r o l rod gu idance and p a r t i a l s e l f - r e g u l a t i o n o v e r ind iv idua l s e c t o r s 
of the c o r e . The top n e c k e d - d o w n p o r t i o n of the r i s e r p r o v i d e s add i t iona l 
d r i v i n g head which i s unaffec ted by loca l c o r e - p o w e r f l uc tua t i ons . The 
t o t a l he igh t is a p p r o x i m a t e l y 7.5 fee t . The c r o s s s e c t i o n a l a r e a i s equ iv ­
a len t to the coolan t p a s s a g e a r e a t h r o u g h the c o r e p r o p e r . Th i s he igh t 
w a s c h o s e n as the p r o b a b l e o p t i m u m b e c a u s e of o p e r a t i o n a l c o n s i d e r a t i o n s 
for m a i n t a i n i n g t h e s t e a m - w a t e r i n t e r f a c e within a d e s i r e d l eve l r a n g e and 
m i n i m i z i n g the l iquid c a r r y o v e r . The top p o r t i o n of the r i s e r was n e c k e d 
down in the e x p e c t a t i o n tha t t he i n c r e a s e d d o w n c o m e r a r e a and r e s u l t a n t 
r e d u c e d w a t e r ve loc i ty would aid the d e - e n t r a i n m e n t of s t e a m in the 
d o w n c o m e r . 

F i g u r e 3-35 

F u n c t i o n a l d i a g r a m of c o n d e n s a t e -
t e m p e r a t u r e c o n t r o l , P - 4 2 

R E - 8 - 3 3 1 1 7 - B 



3.7.1.2 New Make-up Water Injection Ring 

The effectiveness of the r i s e r sys tem has been enhanced by the 
instal la t ion of a new feedwater injection ring just below the top of the new 
r i s e r . Any s team entrained in the downcomer is immediately mixed with 
the cold feedwater, which r e su l t s in quick quenching of the s team. As a 
r esu l t the maximum amount of the net na tura l -c i rcu la t ion driving head 
available is ut i l ized. The feedwater ring was designed so that water 
emerging from je ts would mix with the rec i rcula t ing water and resu l t in 
maximum dis tr ibut ion to provide naaximum downcomer coverage. The 
feedwater - r ing dri l l ing configuration that was most effective was a pat -
t e rn of 72 holes , g- inch in d i ame te r , spaced 5 degrees apar t along the 
c i rcumference of the feedwater ring and placed a l ternate ly at 30 and 
60-degree angles re la t ive to the horizontal plane. The feedwater analysis 
was based on a r eac to r power of 75 megawat t s . The d iameter of the 
feedwater ring was also inc reased to 4-inch p ipe-s ize to allow injection 
of the des i red water-f low ra t e s without excessive p r e s s u r e drop. 

3.7.1.3 Core Shroud Installation 

The core was enclosed with a cyl indr ical shell and a tight c losure 
was provided between the r i s e r and shroud to prevent possible short c i r ­
cuiting of fluid from the downcomer into the pe r iphe ra l r i s e r sections and 
core because of s tat ic p r e s s u r e differences that a re inherent in such s y s ­
t e m s . Such short c i rcui t ing of fluid may explain some of the d iscrepancy 
between m e a s u r e d and calculated coolant-flow r a t e s . The make-up water 
from the feed ring in the or iginal EBWR geoinetry was injected at the 
junction of the r i s e r and co re . Short circui t ing of colder water at this 
point would col lapse some of the r i s e r voids . Thus, the net driving head 
would d e c r e a s e concurrent ly with the rec i rcu la t ion flow r a t e s . 

3.7.1.4 Redesign of Steam Discharge System 

The or iginal s team-col lec t ing ring was removed and the 6-inch 
s team outlet was enlarged to accommodate a 10-inch d ischarge l ine. The 
l a r g e r outlet was n e c e s s a r y because of the increased s team flow at the 
higher powers ; at 100 inegawatts the s team-flow ra te can vary between 
300,000 and 360,000 pounds per hour, depending upon final feedwater t e m ­
p e r a t u r e . The s team is col lected from the top of the reac tor vesse l by 
means of a duct a r r angemen t as shown in Figure 2-2. The duct a r r a n g e ­
ment was needed to accominodate the t a l l e r r i s e r and higher liquid leve ls . 
The c r o s s sect ional a r e a of the duct is 112 square inches , or g r ea t e r , at 
any plant no rma l to the s team flow. The c r o s s sectional a r ea of the 10-inc 
d i scharge line is 74.7 square inches . The maximum steam velocit ies in 
the d i scharge line a r e approximately 144 feet per second at a power level 
of 100 megawat t s . 



As mentioned previously , the modifications were made to a s s i s t in 
boosting the core rec i rcula t ion-f low r a t e . However, by adding the t a l l e r 
r i s e r and ra i s ing the operat ing water level , the s team water separa t ion 
problem is grea t ly aggravated. The degree of p r i m a r y s team separa t ion 
that will take place within the v e s s e l is not known with any degree of 
cer ta in ty . The o v e r - a l l g ravi ty-vapor- l iqu id separa t ion problem can be 
broken down into th ree p a r t s : 

1. Steam ca r ryunder in the downcomer 

2. Liquid ca r ryove r in the effluent s team 

3. Vapor holdup in the two-phase mix tu re above the r i s e r 
d i scha rge . 

The s e r i o u s n e s s of the s team ca r ryunde r problem will be d e t e r ­
mined by the rapidi ty with which the remaining entra ined s team bubbles 
a r e quenched and, of cour se , by the quantity of s team entra ined. Although 
the feedwater r ing was designed to induce rapid mixing of the colder feed-
water and sa tura ted rec i rcu la t ing core coolant, it is poss ible that complete , 
thorough mixing is not attained, and s team bubbles a r e not collapsed i m ­
media te ly . Any s team ent ra ined over a substant ia l downcomer length 
reduces the net na tu ra l - c i r cu la t ion driving head and, hence, r eac to r 
pe r fo rmance . 

The problem of water c a r ryove r by the s team is acute due to the 
reduction in the volume of the s team dome with the use of the t a l l e r r i s e r 
which causes a sha rp i nc r ea se of the superf ic ia l s team velocity (based on 
reac to r ve s se l d iameter ) to 1.89 feet per second at 100 megawat t s . As the 
superf icial velocity i n c r e a s e s , g r ea t e r doine heights a r e requ i red to ma in ­
tain s team pur i ty . Some p re l im ina ry m e a s u r e m e n t s on liquid ca r ryove r 
were made in EBWR over a power range of 5 to 30 megawat t s . Ext rapola ­
tion of this data to 100 megawat ts shows that excess ive ca r ryove r would 
occur with the expected available domie height. The top 1-foot sect ion of 
the r i s e r was made detachable so that , in the event of excess ive liquid 
c a r r y o v e r , it may be removed if additional s team dome height is des i r ed . 
The 1-foot i n c r e a s e in s team dome could help the p r i m a r y vapor separa t ion 
if the controll ing var iab le is not the superf ic ia l s team velocity alone but 
also the volume of the dome. 

The height of the two-phase mix tu re above the r i s e r depends upon 
the init ial hot sa tu ra ted operat ing level and the vapor holdup. It is de ­
s i rab le to keep the interface height at a min imum to ensure the maximum 
poss ible s t eam dome. For the higher powers it is planned to s t a r t r eac to r 
operat ion with the sa tu ra ted water level jus t above the top of the r i s e r . 
Under such conditions the es t imated height of the two-phase interface at 
100 megawat ts will be approximate ly 2.5 feet above the top of the r i s e r . 
This would leave only 2.5 feet of s t eam dome height for p r i m a r y separa t ion . 



3.7.2 Pe r fo rmance Charac te r i s t i c s 

Figure 3-36 

Axial power density dis tr ibut ion 
RE-7-32963-C 

A performance analysis of EBWR was made for 100-megawatt 
operat ion. The analytical p rocedures used a re descr ibed in repor t 
ANL-6063.\^) The axial power dis tr ibut ion used for the analysis is 
shown in F igure 3-36. The core rec i rcu la t ion flow ra tes should more 

than double, provided the steam 
car ryunder is not excess ive . The 
calculated rec i rcula t ion flow rate 
is approximately 10 pounds per 
hour, as compared to the m e a s ­
ured value of 4 X 10 pounds per 
hour of the original core operating 
at 60 megawatts . The radial core 
inlet velocity profile is shown in 
Figure 3-37. The average inlet 
velocity to the core is approxi­
mately 7.4 feet per second. The 
high reci rcula t ion flow ra tes a re 
p r imar i ly due to the action of the 
upper portion of the r i s e r on the 
per iphera l fuel a s sembl ie s . The 
velocity, instead of dropping off at 

the core per iphery , remains high even though the power density dec rea se s . 
The reason is that the outer fuel a s sembl ie s have lower steam volume 
fractions and, hence, l e ss frictional r e s i s t ance , but still share the high 
driving head of the common r i s e r . The r i s e r will have a higher steam 
volume fraction than many of the outer fuel a s sembl ies . 

The velocity dip in the spike zone (see Figure 3-37) is p r imar i ly 
due to the equivalent d iameter of the spike fuel assembly being 0.45 inch 
as compared to 0.680 inch, the mean value of the thin and thick fuel 
a s s e m b l i e s . 

With the use of the new r i s e r , 
the problein of para l le l channel op­
erat ion normal ly associa ted with 
forced circulat ion sys tems is in t ro ­
duced, since in a sense the necked-
down port ion of the r i s e r b e h a v e s as 
a pump. The problein is less acute 
than might initially be suspected. 
The reason for this is that the net 
driving head in the individual fuel 
a s sembl ies consti tutes a substant ial 
percentage of the total driving head 
avai lable. As a resul t the driving Core inlet velocity versus core 
head for each fuel assembly is auto- RE-7-32964-A 
mat ica l ly var ied by any occur rence . 

i 

Figure 3-37 

radius 



s u c h as a l o c a l p o w e r s u r g e o r flow r e s t r i c t i o n , tha t m a y tend to i n c r e a s e 
the s t e a m v o l u m e f r a c t i o n wi th in the a s s e m b l y ; t ha t i s , e a c h fuel a s s e m b l y 
p o s s e s s e s s o m e d e g r e e of s e l f - r e g u l a t i o n . The p e r c e n t a g e of the t o t a l 
d r i v i n g head tha t e x i s t s wi th in the fuel a s s e m b l i e s a s a funct ion of r a d i u s 
i s shown in F i g u r e 3-38 for 1 0 0 - m e g a w a t t o p e r a t i o n . 

I.. 
I 
i 

The ax ia l and r a d i a l s t e a m - v o l u m e -
f r a c t i o n v a r i a t i o n s a r e shown in F i g u r e s 3-39 
and 3-40 r e s p e c t i v e l y . The r a d i a l void 
d i s t r i b u t i o n in F i g u r e 3-40 r e s u l t s f r o m 
the un ique v e l o c i t y p r o f i l e ob ta ined with 
t h i s type of r i s e r and f r o m the r a d i a l 
p o w e r d i s t r i b u t i o n . As e x p e c t e d , the p e a k 
vo ids o c c u r in the sp ike z o n e . The ax ia l 
void p r o f i l e s a r e g iven for po in t s at 7, 40, 
48 , and 57 c e n t i m e t e r s on the c o r e r a d i u s 
in F i g u r e 3 -40 . I n t e g r a t i n g and weighing 
the r a d i a l and a x i a l void p r o f i l e s y i e l d s a 
va lue of 0.197 for the m e a n c o r e vo lume 
f r a c t i o n at 1 0 0 - m e g a w a t t o p e r a t i o n . 

F i g u r e 3 -38 

R a d i a l d r i v i n g head d i s t r i b u t i o n 
R E - 7 - 3 2 9 6 5 - A 

Tab le 3-3 s u m m a r i z e s the p r o b a b l e 
p e r f o r m a n c e p a r a m e t e r s r e l a t i v e to the 
o p e r a t i o n of EBWR at 100 m e g a w a t t s . The 
t a b u l a t e d void and flow d a t a a r e b a s e d on 
c a l c u l a t i o n p r o c e d u r e s wh ich have b e e n 

deve loped f r o m L a b o r a t o r y e x p e r i m e n t s . The fuel e l e m e n t t e m p e r a t u r e s 
l i s t e d in the t a b l e a r e b a s e d on s c a l e - f r e e e l e m e n t s . The p r o b l e m of the 
s c a l e d e p o s i t s wh ich have o c c u r r e d on the EBWR e l e m e n t s and t h e i r effect 
on r e a c t o r o p e r a t i o n is d i s c u s s e d in Sec t ion 6.2 . 
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F i g u r e 3-39 

Axia l void p r o f i l e s at 
v a r i o u s c o r e r a d i i 

R E - 7 - 3 2 9 6 7 - A 

F i g u r e 3-40 

R a d i a l exi t void d i s t r i b u t i o n 
R E - 7 - 3 2 9 6 6 - A 



Table 3 -3 . Ca lcu la ted Heat T r a n s f e r Data at 100-Megawatt Opera t ion 

Des ign power of r e a c t o r 

Opera t ing p r e s s u r e 

Opera t ing t e m p e r a t u r e 

S team flow 

A v e r a g e s t e a m voids in r e a c t o r c o r e (based on coolant vol.) 

Equivalent d i a m e t e r of coolant channel in spiked e l emen t 

Equivalent d i a m e t e r of coolant channel in thin e le inent 

Equivalent d i a m e t e r of coolant channel in th ick e l emen t 

Equivalent d i a m e t e r of coolant channel in unsp iked e l emen t 

To ta l fuel hea t t r a n s f e r a r e a in c o r e 

Ave rage power dens i ty in C T E (Cen t ra l Thin Enr iched) zone 

Ave rage hea t flux in C T E zone 

Maximum hea t flux in C T E zone 

P e r c e n t of power r e m o v e d in C T E zone 

A v e r a g e power dens i ty in spike zone 

A v e r a g e hea t flux in spike zone 

Max imum hea t flux in spike zone 

P e r c e n t of power r e m o v e d in spike zone 

A v e r a g e power dens i ty in OTE (Outer Thin Enr i ched) zone 

Ave rage hea t flux in OTE zone 

Max imum hea t flux in OTE zone 

P e r c e n t of power r e m o v e d in OTE zone 

A v e r a g e power dens i ty in KE (Thick Enr iched) zone 

A v e r a g e hea t flux in KE zone 

Max imum hea t flux in KE zone 

P e r c e n t of power r e m o v e d in KE zone 

Max imum fuel c e n t e r l i n e t e m p e r a t u r e s ( a s s u m i n g no 
s c a l e deposi t ) 

Thin e n r i c h e d e l e m e n t s 

Thick e l e m e n t s 

Rod e l emen t (spike zone) 

A v e r a g e fuel c e n t e r l i n e t e m p e r a t u r e 

Thin e n r i c h e d e l e m e n t s 

Thick e l e m e n t s 

Rod e le inent (spike zone) 

Ave rage r e c i r c u l a t i o n r a t e 

Ave rage exi t s t e a m qual i ty 

Inlet subcool ing 

Ave rage c o r e inlet ve loc i ty 

10 mw 

600 ps ig 

489°F 

300,000 I b / h r 

19.7% 

0.45 in. 

0.781 in. 

0.653 in. 

0.68 in. 

2480 ft^ 

113.3 k w / L 

225,353 B t u / h r ff̂  

346,000 B t u / h r ft^ 

31.25 

130 k w / L 

147,160 B t u / h r ft^ 

246,100 B t u / h r ft^ 

23.27 

92.8 k w / L 

185,000 B t u / h r ft^ 

283,605 B t u / h r ft^ 

11.37 

77,1 k w / L 

118,000 B t u / h r ft ' 

172,000 B t u / h r ft^ 

34.11 

665°F 

587°F 

2000°F 

612°F 

5b4°F 

1250°F 

38.5 lb up/lh s t e a m 

2.6% 

9.81 B t u / l b or 8.5°F 

7.4 f t / s e c 
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3.8 CHEMICAL CONTROL* 

3.8.1 Purpose 

Though the concept of soluble poison control of nuclear r e a c t o r s 
has been known and used for some t ime , it has been applied in boiling water 
power reac to r design only as an emergency-shutdown control mechan i sm. 
The purpose of the emergency h i g h - p r e s s u r e and l o w - p r e s s u r e bor ic acid 
injection sys tems is only to provide a method of shutting down or holding 
down the reac to r when other methods have failed. An additional appl ica­
tion of bor ic acid in EBWR 100-megawatt design is for operat ional control 
of the r e a c t o r . Its p r i m a r y purpose is to hold down the highly reac t ive 
fuel loading during shutdown per iods , but soluble-poison shim control of 
the r eac to r will be fully evaluated during low and medium power operat ion 
of the r e a c t o r . Design advantages of soluble poison shim control a r e 
based on the following I-̂ J 4); 

1. Excess react iv i ty requ i red to compensate for fuel burnup is 
readi ly controlled with soluble poisons . 

2. Heat t r ans fe r considerat ions l imit the maximum power level 
of a r e a c t o r . Dis tor t ions of the neutron flux near control rods 
often cause hot spots which l imit the power from a given core 
configuration. A soluble poison shim uniformly d e p r e s s e s the 
flux and a l levia tes the hot spot p rob lem. 

3. Since the reac to r neutron flux is uniformly regulated (see 2 
above), fuel is m o r e economical ly used because uneven burnup 
is min imized . 

4. The p re sence of a soluble poison in the operat ing r eac to r 
should enhance r eac to r stabili ty by reducing the magnitude of 
the negative void coefficient in the boiling water r eac to r . 

With the information and exper ience gained from EBWR operated with 
soluble poison control , a more advanced core design may be possible 
with these additional advantages!-^): 

5. More compact and uniform fuel la t t ices can be designed if 
soluble poison rep laces space-consuming control rods . 

6. Less complex and probably cheaper controls can be used. 

The pa r t i cu la r advantages of bor ic acid as the soluble poison a r e 
as follows: (l) ready solubility in the range of in te res t , (2) sufficiently high 
t he rma l neutron c r o s s section (4020 ba rns for B^° which is 18.7 percen t 
abundant in na tu ra l boron), (3) ready availabil i ty in high puri ty at a 

*W. G. Knapp 



modera te cost , (4) stabili ty at the radiat ion flux and t e m p e r a t u r e s en­
countered in the operating r e a c t o r core (does not decompose, plate out, or 
form scale) , (5) re la t ive ine r tness (noncorrosive and has no effect on water 
decomposit ion r a t e s ) , (6) chemical ly anionic (simplifies chemical removal 
without in ter ference with usual r e a c t o r - w a t e r purification methods) , and 
(7) absence of gamma-emi t t ing activation product daughters of consequence 
in shielding cons idera t ions . 

The use of bor ic acid as the soluble poison in EBWR is p r imar i l y 
for control of excess react iv i ty , pa r t i cu la r ly in the cold r eac to r . To at­
tain the proposed high power levels it is nece s sa ry to provide a more 
reac t ive fuel loading than previously requi red . Additional react ivi ty mus t 
be available to compensate for that lost through increased voids and xenon 
concentra t ions at higher power leve ls . Thus, to balance the additional r e ­
activity in the cold sys tem and provide a sat isfactory safety marg in beyond 
the control possible with all nine control rods fully inser ted in the co re , a 
poison is added to the r eac to r water . 

The original design of EBWR specified shutdown of the cold con­
figuration by inser t ion of seven control rods ; i .e . , the sys tem would be 
subcr i t ica l with any seven of the nine rods inser ted. (5) This will no longer 
be the case with the modified EBWR. The 100-megawatt core loading will 
be subcr i t ica l in the cold condition without soluble poison only when all 
nine control rods a re fully inser ted . Additional control with soluble poison 
is provided to insure that the sys tem can be held subcri t ical in case of 
malopera t ion of one of the control rods , during rod-drop t e s t s , and during 
minor maintenance operat ions . 

Not only will the soluble poison be neces sa ry to guarantee an 
e ight - rod safe hold down c r i t e r ion for the cold reac to r , it will also be 
n e c e s s a r y during preheat ing of the r eac to r to 325°F, and even in the hot 
(489°F) r eac to r when nei ther voids nor xenon are presen t . Table 3-4 
shows the effect of var ious r eac to r p a r a m e t e r s on the effective react ivi ty 
and the probable bor ic acid management for each case . It will be noted 
that the r eac to r could become c r i t i ca l , in the absence of boric acid, due 
to the withdrawal of only one control rod throughout the t empera tu re 
range . The safety requ i rement of n ine - rod shutdown is never violated, 
however . 

Removal and addition of bor ic acid in the reac tor sys tem are both 
re la t ively slow p r o c e s s e s . Removal follows an exponential decay curve 
dictated by the volume of the sys tem and the flow ra te through the purif ica­
tion sys tem. About 30 hours a r e r equ i r ed to reduce the bor ic acid concen­
t ra t ion from 5 g r a m s (0.011 pound) per gallon to l e s s than 0.1 g ram 
(0.0002 pound) per gallon under no rma l conditions. The addition of bor ic 
acid is l imi ted by the total pumping ra te of the addition pumps so that a 
min imum of 39 minutes of pumping will be neces sa ry to bring the boric 



acid concentrat ion from 0 to 5 g r a m s (0 to 0.011 pound) per gallon. These 
slow ra te s a re compatible with the r eac to r s t a r t -up , operation, and shut­
down prac t ice in all except emergency situations in which the h igh-pressure 
boric acid injection sys tem mus t be activated. S tar t -ups a r e , of necess i ty , 
slow. The reac tor cannot be heated at faster than a p r e sc r ibed ra t e . The 
slow increase in negative react ivi ty due to r i se in t empe ra tu r e makes the 
gradual removal of boric acid possible during s tar tup. The presence of 
2 or 3 g rams (0.004 or 0.0066 pounds) of bor ic acid per gallon of reac tor 
water should not hinder the initial at tainment of full power, and this 
amount can be removed at a faster ra te than xenon fission product poison 
can build up to equil ibrium. Use of shim control at l e s s than full reactor 
power is readi ly possible , and t r a c e s of boric acid (~ 0.1 gram per gallon) 
will not hamper full power operat ion even with equil ibrium xenon. 

Table 3-4. Reactivity Conditions and Boric Acid Management for EBWR Core lA 

Power 

Zero 
Zero 

Zero 
Zero 

Zero 
Zero 

Zero 
Zero 
Zero 
Zero 

Initiai ful l , 
No xenon 

Equil. fu l l , 
Equil. xenon 

Temperature 

Cold 
Cold 

Cold 
Cold 

Preheat to 3250F 
Preheat to 325OF 

Preheat to i25°f 
Preheat to 325OF 
Hot i4890Fi. no voids 
Hot {4890F), no voids 

Hot. voids 

Hot, voids 

Control 
rods 

9 inserted 
8 inserted 

9 inserted 
8 inserted 

9 inserted 
8 inserted 

8 inserted 
8 inserted 
9 inserted 
8 inserted 

9 out 

9 out 

Boric acid 
cone, g/gal 

0 
0 

5 
5 

0 
0 

5 
3 
0 
0 

0 

0 

Effective 
reactivity, p 

0.995 
L015 - 1.045a 

0.925b 
0.945 - 0.975 

0.98^ 
1.00 - 1.03 

0.93 - 0.96 
0.96 - 0.99 
0.96 
0.98 - 1.01 

LOSf* 

1.01 

Suggested boric acid management 

Boric acid required for cold shutdown. 

Boric acid shutdown concentration, 
5 g/gal 

Boric acid still required at preheat 
conditions 

At least 2to 5 g/gal can be safely removed 
at preheat conditions - more likely re­
moval wil l occur while going to operating 
conditions. 

The presence of some boric acid will not 
hinder attainment of initial full power. 
The poison can be removed at a faster 
rate than xenon builds in . 

^Basedon experimental determinations with fuel follower control rods. Individual rod worths vary from 0.02 to 0.05. 
These may be up to 0.01 higher with Zircaloy-2 follower rods. 

''Experimental - 1 g/gal = kgff of-0.014. 

''Experimental - temperature coefficient from cold to hot, 9 inserted or 8 inserted, —0.035. 

'^Temperature coefficient decreases from ~-0.035 at 9 inserted to ~ 0.005 at 9 out. 

In the event of a shutdown, the slow addition of boric acid will 
suffice to maintain a completely safe condition if: (1) the reactor has op­
era ted long enough to build up shor t - l ived fission products , or (2) in the 
absence of fission products , no emergency occurs that would dictate sudden 
and complete shutdown of the r eac to r . In the event of a shutdown after 
power operation, the decay heat of the shor t - l ived fission products will 
continue to generate s team for some t ime. The cooling of the reac tor by 
blowing s team to the condenser will also cause s team formation in the core , 
so that voids in the core will contribute to lowering the effective react ivi ty 
of the core for some t ime , dependent on var ious reac tor operating and 
shutdown p a r a m e t e r s . Xenon will also lower the effective react ivi ty of 
the core so that the reac tor can be at leas t t emporar i ly held down with l e s s 
than nine rods and possibly with only six or seven. As each of these effects -
voids and xenon - decrease in their contribution to the control of the reac to r , 
sufficient t ime will elapse for addition of boric acid to a suitable concen­
t ra t ion to maintain an e ight- rod safe shutdown condition. 
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Several situations of an emergency na ture , such as loss of two or 
th ree control rods during operat ion, can probably be adequately handled in 
a controlled manner by boric acid additions with the addition punnps ra ther 
than by the ra ther ex t reme method of h igh -p re s su re injection of a large 
excess of bor ic acid poison. 

During the evaluation of soluble-poison shim control of the r eac to r , 
the bor ic acid concentrat ion will be maintained at a sufficiently high level 
so that only one control rod need be used. This rod will provide fine ad­
justment of the r eac to r power, since changing the gross inventory of the 
boric acid in the r eac to r as a f ine-control mechanism is not prac t ica l . 
Changing of the r eac to r water level and, consequently, the effective boric 
acid inventory in the r eac to r core by manipulation of the feedwater control 
valve will be evaluated as a f ine-control technique. Even this method would 
have a slow response compared to a control rod. During shim control 
studies all rods except the one used for control will be at some bank posi ­
tion, probably above the core . They will be inser ted in the normal manner 
for reducing the power or scramaning the reac to r . Depending on reac tor 
operat ing p a r a m e t e r s , shutdown and holddown may be possible with l e s s 
than eight rods . The presence of boric acid at all t imes in the reac tor 
would cer ta in ly enhance the control of the reac tor with Core lA. 

3.8.2 Chemical Control Systems 

Three sys tems a re requ i red for chemical control of EBWR 100-
megawatt sys tem: (1) boric acid prepara t ion and addition sys tem, (2) soluble 
poison monitor ing sys tem with associa ted a l a r m s , and (3) boric acid r e ­
moval sys tem which includes provis ions for reac tor water purification 
during operat ion. 

3.8.2.1 Boric Acid Addition System 

Boric acid additions may be made during normal operation to p ro ­
vide additional shim control , during shutdown to control excess react ivi ty , 

during make-up water additions to 
prevent dilution of the boric acid con­
centrat ion in the core , and in an 
emergency in which relat ively slow 
additions of boric acid will suffice 
to maintain a suitable marg in of shut­
down control. Figure 3-41 shows a 

-^ ..........,.......™ block diagram of the system. 

dSs. 

Figure 3-41 

Boric acid addition sys tem 
of 100-mw EBWR 

RE-8-32664-B 

The addition sys tem includes 
a 100-gallon mixing tank, a 200-gallon 
s torage tank, and three posi t ive-
displacement addition pumps, all 
located in the reac tor building. The 
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mixing tank, located on the s team dr ie r platform, is provided with a 3000-
watt Calrod hea ter and a va r i ab le - speed e lec t r ic s t i r r e r . Water from the 
plant deminera l ized-water sys tem is used. For ty pounds of C. P. bor ic 
acid are added to about 75 gallons of water in the tank and diluted to 
100 gallons. The mix ture is heated and s t i r r e d until the c rys t a l s a re d i s ­
solved. The solution is s tored in the mixing tank and in the 200-gallon 
s torage tank located on the eas t ins t rument platform. F r o m 200 to 300 gal­
lons of stock solution a r e kept on hand at all t imes . Concentrat ion of the 
stock solution is 182 g r a m s (0.4 pound) per gallon. 

The pos i t ive-d isp lacement pumps p r e s s u r i z e the stock solution for 
injection into the des i red addition points. Three such points a re available: 
(1) to the l o w - p r e s s u r e bor ic acid r ing, (2) to the 3-inch feedwater r ing, 
and (3) to the condenser hotwell . When not in use , the valve to the feed-
water ring is locked in the open position so that r emote operat ion of the 
addition equipment from the control room is poss ib le , pa r t i cu la r ly during 
an emergency. Normal ly , additions are made through the feedwater r ing 
except when make-up deminera l ized cold water is being added through the 
l o w - p r e s s u r e bor ic acid r ing. All water added to the reac tor must contain 
a boric acid concentrat ion equal to or g rea te r than that in the r eac to r water 
to prevent a hazardous condition from developing. Such a hazardous con­
dition might occur if the bor ic acid concentrat ion in the r eac to r core were 
reduced, by dilution or other means , to a level at which the reac to r could 
become cr i t ica l without the knowledge of the reac tor opera tor . A contin­
uous monitor instrunaent, desc r ibed l a te r , is provided so that this condition 
can be readi ly detected and co r r ec t ed . 

The addition pumps a r e Union Steam Pump Company units capable 
of pumping p r e s s u r e s in excess of 1000 ps i . The pumps a r e identical ex­
cept for their motor d r ives . Each pump has three cyl inders and each 
cylinder has a 0 .42-cubic- inch displacement . Two of the pumps a re driven 
at fixed speeds so that each de l ivers 1.41 gallons of stock solution per 
minute . The other pump is dr iven by a va r i ab l e - speed motor drive capa­
ble of del ivering from ze ro to 0.5 gallon per minute. A tachomete r , ca l i ­
b ra ted for actual pump del ivery, indicates the pumping ra t e of the 
va r i ab le - speed unit. Relief valves on bypass l ines pro tec t the pumps in 
the event that none of the valves to the addition points a re open when the 
pumps a r e s tar ted . The relief va lves , set for 1200 ps i , will automatical ly 
r e se t after rel ieving excess p r e s s u r e . 

The f ixed-ra te pumps a r e opera ted by switches located in the con­
t ro l room on the chemical control section of panel 7. The var iable-speed 
pump is operated locally. 

3.8.2.2 Monitoring Systems 

Two moni tors a r e used to de termine the soluble poison concentrat ion 
in the r eac to r water as na tu ra l bor ic acid. 



A manual moni tor is located on the pump floor of the reac tor building. 
This ins t rument is s imi la r to ins t ruments descr ibed in the literature(o5'' ') 
and incorpora tes a 16-gram Pu-Be neutron source (about 2 x 10° neutrons 
per second) and a s low-neutron detector with associa ted ampl i f iers , high-
voltage supply, and sca le r . The sample -ce l l well is surrounded by a water 
mode ra to r - r e f l e c to r - sh i e ld . Cons tan t - t empera tu re water is c i rcula ted 
through this shield, where the source is located tangent to the sample well. 
The detector is located in a tube cen te red in the sample well. Neutrons 
from the source a re modera ted in the water of the shield and the sample^ 
In the absence of a soluble poison in the sample-wel l water , a reproducible 
number of neutrons a r e detected, depending on the fixed physical geometry 
of the sample celL The p resence of a soluble poison in the water in the 
sample well will cause the t h e r m a l neutron flux to be attenuated. The de­
c r e a s e in neutrons detected has been found to be an exponential function 
of the concentrat ion of the soluble poison, in the range of 0 to 12 g rams 
(0 to 0.026 pound) per gallon as na tura l bor ic acid. 

The manual soluble-poison monitor is based on conventional 
proport ional-count ing techniques and is provided with an accurate p re se t 
t in ier . When background checks a r e made with demineral ized water im­
media te ly before a t es t run, the general accuracy is ±0.05 g r a m s up to 
10 g r a m s (0,00011 to 0.022 pound) of bor ic acid per gallon. 

The second raonitoring device, a continuous monitor , includes a 
sample cell located in the r eac to r building basement as a component of 
the water purification sys tem (see F igure 3-2). The cell is designed for 
operat ion at r eac to r p r e s s u r e and at water t empe ra tu r e s of 80° to 120°F 
normal ly flowing through the purification sys tem. The method is descr ibed 
in the l i tera ture . (8) A 110-gram Pu-Be neutron source produces about 
1.25 X 10 neutrons per second. The detector is a s low-neutron ion 
chamber . The associa ted e lec t ronic components m e a s u r e the cur ren t 
induced by the neutron flux. This cu r ren t is measu red continuously with 
a highly stable v ib ra t ing - reed e l ec t rome te r . A highly s table , t r a n s i s ­
tor ized , low-voltage power supply is used to offset the e lec t romete r zero 
so that the e l ec t romete r output ze ro voltage cor responds to a soluble-
poison concentrat ion of ze ro in the reac tor water flowing through the cell . 

The voltage output of the continuous monitor is indicated in several 
ways. A c i rcu la r char t r e c o r d e r located in the basement near the sample 
cell gives a continuous record ing of this information. The r e c o r d e r reads 
d i rec t ly in 0 to 10 g r a m s (0 to 0.022 pound) of soluble poison as natural 
bor ic acid per gallon of water . A me te r ' g ive s continuous indication in the 
control room. This m e t e r , located on panel 7, is ca l ibra ted di rect ly from 
0 to 10 g rams per gallon to cor respond to the r eco rde r . 

The continuous moni tor is also connected to an a l a rm which can be 
p r e se t to a des i red concentrat ion. A variat ion in actual concentrat ion from 



the p re se t value of j to - | -gram (0.00035 to 0.0011 pound) per gallon will 
flash the respec t ive high or low warning light, while var ia t ions of over 
— gram per gallon will sound the annunciator (Pana la rm No. 44). When 
additions of bor ic acid a r e n e c e s s a r y to mainta in a de s i r ed concentrat ion 
level, the addition pumps are manually act ivated for a p r e s e t period of 
t ime computed on an inventory bas i s . If the concentrat ion is high, the ex­
cess can be removed by the bor ic acid removal beds of the purification 
sys tem until the des i r ed concentrat ion is attained. 

3.8.2,3 Boric Acid Removal Systena 

The purif ication sys tem original ly designed and instal led in EBWR 
was modified for EBWR 100-megawatt operat ion to provide for bor ic acid 
removal . F igure 3-2 shows the modified sys tem. The pumps, coo le r s , 
and f i l te rs a r e connected so that e i ther sys tem No. 1 or No. 2, shown in 
the figure, may be used to c i rcula te water through the continuous monitor 
and the ion exchange units that may be in se rv ice . The two la rge units 
a re each filled with 9 cubic feet of s u p e r - r e g e n e r a t e d s t rong anion res in . 
P rov i s ion is made for bypassing both or ei ther of these uni t s , or operat ing 
them in s e r i e s with e i ther unit u p s t r e a m of the other . With this a r r a n g e ­
ment it is possible (1) to use the full capaci ty of the r e s in by expending 
one unit with a second re la t ively f resh unit being used to scavenge any 
leak- through boric acid, and (2) to rep lace the res in charge of e i ther unit 
while operat ing the other unit. Boric acid removal from the reac tor s y s ­
t em is very slow because the maximum circula t ion ra t e through this 
sys tem amounts to only about 7 gallons per minute. The removal r a t e of 
boric acid f rom the r e a c t o r sys tem d e c r e a s e s exponentially with concen­
t ra t ion of bor ic acid remaining in the r eac to r wate r . During removal , the 
smal l 1.2-cubic-foot unit filled with s tandard mixed r e s i n s is on the efflu­
ent side of the anion units and is used to remove any co r ros ion products 
from the water . During operat ion of the r eac to r with soluble-poison 
control , the r e a c t o r water is c i rcula ted only through the 1.2-cubic-foot 
unit filled with bor ic ac id - sa tu ra t ed mixed res in . This unit will remiove 
cor ros ion or f ission product ions without affecting the bor ic acid concen­
t ra t ion . In the absence of bor ic acid in the r eac to r wate r , the smal l unit 
filled only with s tandard mixed r e s in is used for purification. 

Whether the ion exchange units a r e in use or not, a flow of r eac to r 
water through the purification sys tem is maintained to provide sample 
water to the continuous monitor sample cel l . A low flow through the sys ­
t em is detected by the h i g h - p r e s s u r e flow detector on the effluent side of 
the continuous monitor cel l . An annunciator a l a r m (Panalar in No. 42) 
sounds when flow is l e s s than 3 gallons per minute. 

3.8.3 Operat ion with Chemical Control 

Chemical control of EBWR will be init iated with s tar tup of the 100-
megawatt r e a c t o r . Because of the complexity of the operating p a r a m e t e r s 
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involved, and since a p re l imina ry study(9) has shown the feasibili ty of 
using bor ic acid in EBWR, no prel inainary mockup exper iment was at-
tenapted. The operat ion and per formance of the equipment, m a t e r i a l s , and 
p r o c e s s e s have been evaluated during p re l iminary operat ions of EBWR 
pr ior to loading for 100-megawatt operat ion. 

A study of s imulated human e r r o r s and mechanical fai lures r e ­
ceived attention during the p re l imina ry tes t ing period. The design phi los­
ophy a s s u m e s that only the inadvertent l o s s of soluble poison can cause an 
unsafe r eac to r condition. This loss can only occur very slowly during 
reac tor operat ion. Three sources of e r r o r or failure conditions that could 
lead to this loss a r e : 

1. Misvalving of anion exchange units so that poison removal 
occurs when a fixed concentrat ion level is desired. The 8,5-
ga l lon-per -minute flow through these units makes removal a 
very slow p r o c e s s that is eas i ly detected by the continuous 
moni tor , the manual monitor on bi-hourly checks, the control 
rod posi t ions, and by conductivity cel ls on the effluent side of 
the anion units and the purification sys tem. 

2. Dilution with deminera l ized water without addition of bor ic 
acid during make-up opera t ions . The addition of deminera l ­
ized water to the operat ing reac tor through the condenser 
hotwell can proceed at up to 10 to 12 gallons per minute due 
to the capacity of the water deminera l ize r units. Dilution 
would occur very slowly and would be detected by the methods 
l i s ted above and by inc reased water inventory in the r eac to r 
or the hotwell. 

3. Rupture of a condenser tube during reac tor power operation 
would dilute the r eac to r water with cooling water . This con­
dition would cause the most sudden change in boric acid 
concentrat ion. However, the ra te of dilution would be l imited 
by the size of the rupture (each tube has a flow of about 10 gpm) 
and, in the case of mult iple rup tu res , by the capacity of the 
feedwater pumps. These pumps normal ly handle 120 gallons 
per nainute from the condenser hotwell but can handle up to 
180 gallons per minute on demand. In the case of a rup ture , 
the dilution would be detected by increased water inventory 
(par t icular ly in the hotwell), inc reased conductivity both at the 
hotwell and in the r eac to r water from the high chemical con­
tent of the cooling water , and by the normal removal-di lut ion 
indication explained above. At a dilution ra te of 60 gallons per 
minute, the ra te of change of the effective negative react ivi ty 
of the r eac to r water containing soluble poison is so smal l that 
detection and co r rec t ion can be readi ly accomplished. 



The probabil i ty of inadvertent dilution may be slightly g rea t e r when 
the reac to r is not operat ing, and pa r t i cu la r ly when the head is off. In ad­
dition to the e r r o r s l i s ted above, the possibi l i ty ex is t s that (1) Labora tory 
or demi re ra l i zed water could be run or dumped into the reac to r ves se l , or 
(2) water from the overhead s torage tank could be run into the r eac to r 
^-essel r a the r rapidly. Since the cold EBWR 100-megawatt sys tem will be 
safe with nine control rods inser ted , dilution or removal of bor ic acid 
would simply remove the des i r ed safety marg in . If a control rod were r e ­
moved purposely or inadvertent ly without sufficient soluble poison being 
present , the reac tor could go c r i t i ca l . It is n e c e s s a r y to continue to oper­
ate the moni tors and to pay pa r t i cu la r attention to changes in water inventory 
and sys tem valving during reac to r shutdown pe r iods . Labora to ry or de­
minera l i zed water is never run into the open reac to r through hose or other 
unmonitored piping. Any indication of water flowing to the reac tor vesse l 
from the overhead s torage tank or other source is sufficient cause to initiate 
bor ic acid addition while co r rec t ing the condition. 

3.9 PLANT SAFETY* 

3.9.1 Shutdown Cooling 

Immediately after r eac to r shutdown the core decay heat is approxi­
mate ly 6 percent of the full operat ing power p r io r to shutdown. Hence, 
after 100-megawatt operat ion the decay heat at shutdown amounts to 6 mega­
wat ts . The decay heat from the core dec r ea se s with t ime to about 3 mega­
watts after 5 minutes and to 1 megawatt after 7 hours . F igure 3-42 is a 
plot of decay heat v e r s u s t ime for 100-megawatt operat ion assuming that 
the r eac to r was at power for an infinite t ime. 

Normally , decay heat is removed by boiling for the f i rs t th ree hours , 
and the s team generated is d ischarged to the condenser until the r eac to r 
water r eaches about 263°F. This ra te of cooling of the r eac to r amounts to 
75°F per hour . Thereaf te r , the r e a c t o r water is c i rcu la ted through the 
secondary cooler of the r e a c t o r - w a t e r purification sys tem and re tu rned 
to the r eac to r at 120°F. During no rma l shutdown the condenser c i rculat ing 
pumps provide cooling water for the condensers . Reactor s team p r e s s u r e 
and flow a re regulated by the s team bypass valve which is adjusted by the 
p r e s s u r e re ference (PQ) setting so that the resul t ing p r e s s u r e drop is con­
sistent with a 75°F per hour t empe ra tu r e drop in the r eac to r water . 

If sufficient cooling is unavailable in the secondary cooler of the 
r eac to r -wa t e r purification sys tem, the secondary cooler in the standby 
r eac to r -wa t e r purification sys tem can also be uti l ized. Should the s team 
bypass valve become inoperat ive, the 4-inch by 8-inch s t eam-powered 

*J. F . Matousek 



p r e s s u r e regulator will automatical ly admit s team to the condenser and 
l imit r eac to r p r e s s u r e to 640 psig until the decay heat dec reases sufficiently 

to allow the reac tor p r e s su re to drop. In 
the event of a power fai lure, the normal 
shutdown sys tem cannot be used and the 
emergency cooler is utilized to dissipate 
decay heat. Operation of the emergency 
cooler can be initiated from the control 
room. Loss of instrument air or 125-volt 
d-c power automatically turns on the e m e r ­
gency cooler . 

3.9-2 Reactor Vessel Rupture 

In the event of a major ves se l -
nozzle rupture , a l imited amount of cooling 
is available to the core , provided complete 

loss of water does not occur and that the break is above the core . In t ro­
duction of the cooling water from the 15,000-gallon overhead tank through 
the spray ring is ei ther autonaatically or manually initiated. When both 
reac tor level and p r e s s u r e fall below p rese t l imi ts the system is auto­
mat ica l ly actuated. In p rac t ice , the new r i s e r will interrupt the spray and 
prevent efficient cooling of the co re . Therefore , whatever cooling is ob­
tained from the spray ring will be accomplished by the addition of water to 
the downcomer a rea . 

Should a major vesse l -nozz le rupture occur at the bottom of the 
vesse l , all the water will be lost from the reac to r vesse l . Under these 
conditions no cooling is available, and because of the new r i s e r , the spray 
ring will have l imited usefulness . 

A major rupture of the reac tor vesse l result ing in a loss of water 
and exposure of the core naay resu l t in melting of the fuel e lements . The 
high t empera tu re s reached in the fuel plates can cause the zirconium clad­
ding to oxidize, exposing the hot uranium fuel, and fission products can be 
r e l eased to the a tmosphere . Therefore , for a major rupture m e a s u r e s 
can be incorporated in the plant other than confining the fission gases and 
products to the vapor containment vesse l . 

A minor rupture of the vesse l cannot resul t in loss of all water 
from the vesse l since provisions have been incorporated to replace the 
leaking water . If the rupture occurs above the top of the core , flashing 
caused by p r e s s u r e drop will provide cooling and prevent overheating of 
the fuel e lements . When the reac tor p r e s s u r e and level drop to a p rese t 
point, water from the 15,000-gallon overhead tank will be injected auto­
matical ly . The core can also be flooded manually by water from the Labo­
ra to ry water system. If the rupture occurs below the core , the operator 

F igure 3-42 

Energy generation ve r sus 
t ime after shutdown from 

100-mw operation 
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can reduce the p r e s s u r e in the r eac to r by opening ei ther the s team bypass 
valve or the r e a c t o r - p r e s s u r e control valve, P - l l D , and dump the s team to 
the condenser or r e b o i l e r s . As in the previous case , low reac to r water 
level and p r e s s u r e will automatical ly cause injection of water from the 
overhead tank. 

3.9-3 Power Fa i lu re 

Following loss of power to the magnet ic clutch, the control rods 
drop to a position of max imum inser t ion in l e s s than 1.5 seconds (fail­
safe operat ion). A 25 percent i nc rease in length of the new rods cont r ib­
utes to a longer inser t ion t ime than for the original d r ives . If the control 
rods do not drop sufficiently to br ing the r eac to r subcr i t ica l , the opera tor 
may inject the h i g h - p r e s s u r e bor ic acid solution. Injection is init iated 
from the control board or manual ly through a r e l e a s e level located in the 
control room on the containment shell wall . 

Flow of water to the emergency cooler is automatic on loss of the 
125-volt d-c power or ins t rument a i r . Water from the overhead s torage 
tank can be admitted to the emergency cooler upon signal from the control 
room. 

In case of loss of power from the util i ty l ines , the r eac to r is auto­
mat ica l ly shut down and the tu rb ine -genera to r is t r ipped off. The r e a c t o r -
s t e a m - p r e s s u r e control valve, P - l l D , to the p r i m a r y r ebo i l e r s c loses 
automatical ly upon a lo s s of r eac to r control power. The s team bypass 
valve bypasses s team to the main condenser and prevents r eac to r p r e s s u r e 
from r is ing above approximately 610 psig. Without e lec t r i c power, con­
tinued operat ion of the tu rb ine-bypass sys tem is a s s u r e d through the use 
of an oil accumulator tank. Since the c i rcula t ing water pumps a re without 
power, the flow of cooling water to the condenser is obtained by natura l 
convection. The na tura l c i rcula t ion is obtained by the automatic opening 
of a bypass valve which allows water to flow direct ly to the s torage basin 
of the cooling tower. Unless this bypassing is done, the height of the cool­
ing tower r i s e r s would prevent c i rcula t ion. 

The ventilation openings in the containment building are closed 
automatical ly on power fa i lure . All p r i m a r y sys tem lines penetra t ing the 
containment shell a re isolated automatical ly on power fa i lure . 

3.9-4 Pump Fa i lu re 

The mos t probable reason for punap fai lure is the loss of e lec t r i c 
power. Safety m e a s u r e s to prevent fai lure of the c i rcu la t ing-water pumps, 
t u r b i n e - g e n e r a t o r - s y s t e m feedwater pumps, cool ing-water pumps, shield-
cooling pumps, and reac tor -pur i f i ca t ion pumps a re adequately descr ibed 
in repor t ANL-5607,'•'•) None of the sys t ems mentioned above have been 
changed, and operat ion still r ema ins as descr ibed in ANL-5607. 
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If the p r i m a r y feedwater pumps in the reboi ler sys tem fail because 
of power interrupt ion, an e lec t r i ca l in ter lock will automatical ly shut down 
the r eac to r . Reactor shutdown causes automatic c losure of the r eac to r -
p r e s s u r e control valve, P - l l D , and admiss ion of s team to the p r i m a r y 
reboi ler is in ter rupted . Fa i lu re of the reac tor feedwater pumps to supply 
feedwater even though e lec t r i c power is available will resu l t in a dec rease 
in reac to r water level; low water level will initiate reac to r shutdown. 
Should the deaera tor water level drop to a p re se t low level , a low-level 
pump-cutoff switch will automatical ly in ter rupt the power to the p r i m a r y 
feedwater pumipsi this action will r esu l t in automatic r eac to r shutdown. 

A fai lure of an in te rmedia te pump or dec rease in flow of in ter ­
mediate feedwater will cause the p r e s s u r e in the reac tor to r i s e since 
low level will dec rease the heat removal capacity of the r ebo i l e r s . As a 
resu l t , the s t eam bypass valve will begin to open between 602 and 6lOpsig 
to maintain p r e s s u r e in the r e a c t o r . The operator will have to s ta r t the 
standby in te rmedia te feedwater pump to r e s u m e normal operation. If 
the standby pump fails to s t a r t or flow is not resumed, one of the follow­
ing actions will occur : 

1. Reactor o v e r p r e s s u r e interlock will initiate reac to r shutdown 
at 630 psig. 

2. P r i m a r y - r e b o i l e r - s h e l l low-level a l a rm will warn the operator 
that water is being boiled away with li t t le or no make-up . 

3.9.5 Control Valve Fa i l u r e s 

The p r i m a r y s team sys tem is designed without any quick-act ion 
c losure valves with the exception of the turbine t r ip - th ro t t l e valve and 
s t e a m - p r e s s u r e control valve P - l l D . F o r 20-megawatt operat ion without 
the r e b o i l e r s , exper ience indicates that one of the following three events 
will occur because of sudden c losure of the turbine t r ip - th ro t t l e valve: 

The reac tor will be shut down by the turbine t r ip interlock. 

If the turbine t r ip in ter lock is bypassed with a key switchj the 
bypass valve will open fully. The reac tor will continue oper­
ating without sensing the interchange if the p r e s s u r e does not 
inc rease beyond 600 psig. 

Should the bypass valve fail to make the interchange in case 2 
above, control rods will be inse r t ed by (1) high-flux and over­
p r e s s u r e in ter locks or (2) o v e r p r e s s u r e interlock. EBWR has 
been shut down by the high-flux inter lock when the power ra te 
of i nc rease was approximately 1 miegawatt second. This co r ­
responded to a r a t e of i nc rease of p r e s s u r e of about 3 psi 
per second. 
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During reac tor operat ion at l e s s than 100 megawat ts in which the 
r ebo i l e r s a re accepting s team and the turbine t r i p in ter lock is bypassed, 
sudden c losure of the turbine t r i p valve will initiate opening of p r e s s u r e 
control valve P - l l D to mainta in reac tor p r e s s u r e at 600 ps ig . The addi­
tional s t eam will be d i rec ted to the p r i m a r y r e b o i l e r s . Since the secondary 
reboi le r is normal ly base loaded, the added heat load will be diss ipated in 
the a i r -coo led heat exchanger , this being accomplished by the in te rmed ia te -
s t e a m - p r e s s u r e control valve, P-14D. Once the design heat removal 
capacity of the p r i m a r y r e b o i l e r s is reached, r eac to r p r e s s u r e will r i s e 
and the s team bypass valve will open and dump s team to the condenser . 

Should the p r i m a r y r e b o i l e r s be operat ing at peak capaci ty (100-
Mw reac tor power) at the t ime of the incident, r eac to r p r e s s u r e will r i s e 
imnaediately. Since the p r i m a r y r ebo i l e r s cannot handle the ent i re load 
of 100 megawat ts at a r eac to r p r e s s u r e of 600 psig, the s team bypass 
valve will open and mainta in r e a c t o r p r e s s u r e slightly above 600 psig by 
dumping s team to the condenser . In p rac t ice , the t r ans fe r of 100 megawat ts 
of heat to the in te rmedia te sys tem r equ i r e s a prinaary condensing p r e s s u r e 
of approximately 635 psig. There fo re , the s team bypass will eventually 
take up the raajori ty of the load, a smal l par t of the load goes to the r e ­
bo i l e r s because of a slightly higher condensing p r e s s u r e . 

The s team bypass valve is norinal ly closed during operat ion of the 
new reboi le r plant since it is set to open slightly above r eac to r p r e s s u r e . 
There fore , the s t eam bypass valve will not compensate for the failure of 
the turbine admiss ion valve mentioned above until the r eac to r p r e s s u r e 
r i s e s sufficiently to open the valve. 

A fai lure resul t ing in full c losure of the s team bypass valve or 
failure to open when requ i red will not affect the operat ion of the turbine 
admiss ion valve which will continue to function in accordance with demand. 
However, any changes in r eac to r p r e s s u r e occur r ing thereaf ter mus t be 
fully compensated by p r e s s u r e control valve P - l l D , otherwise the p r e s ­
sure will continue to r i s e . If r eac to r p r e s s u r e exceeds 630 psig because 
of a subsequent incident, the control rods will automatical ly in se r t and 
the r eac to r is shut down. 

If the p r i m a r y r ebo i l e r s a r e in use and p r e s s u r e control valve 
P - l l D c loses suddenly, the r eac to r will be automatical ly shut down by 
the valve c losure inter lock. If the valve c losure inter lock fa i ls , the r e ­
actor will be shut down by the high-flux interlock. If this t r i p fa i ls , the 
r eac to r will be shut down by the o v e r p r e s s u r e inter lock. 

Fa i lu r e of the air supply to the r e a c t o r - p r e s s u r e control valve, 
P - l l D , r e su l t s in c losure of the valve which, in turn , automatical ly ini t i ­
ates r eac to r shutdown. As an added precaut ion, o v e r p r e s s u r e (630 psig) 
or high-flux in ter locks will automat ical ly in se r t the control rods . 



3.9.6 Control Rod Fa i lu re 

All nine rods a re requ i red to keep a cold, clean r eac to r subcri t ical . 
An e ight - rod holddown of a cold, clean r eac to r r equ i re s the addition of 
bor ic acid. To a s s u r e an e ight - rod holddown during rod withdrawal t e s t s , 
it is n e c e s s a r y to introduce bor ic acid as descr ibed in Section 3.8. 

Should a rod fail to i n se r t after a hot shutdown, a normal shutdown 
procedure can be followed if t ime p e r m i t s , this being dependent upon r e ­
actor t e m p e r a t u r e , xenon poison bui ld-up, and available void coefficient. 
During cooling, bor ic acid can be introduced from the chemical control 
sys tem. If conditions do not perrai t a normal shutdown procedure , boric 
acid can be injected through the h i g h - p r e s s u r e boric acid sys tem. The 
la t te r method will be used only as an emergency control naeasure. 

In the event a control rod does not inser t by force of gravity alone 
the overr iding clutch feature of the drive mechan ism may be used to help 
drive the rod into the fully inse r t ed position. 

3.9.7 Excess ive P r e s s u r e 

If the p r e s s u r e exceeds 630 psig, the reac tor is shut down auto­
mat ica l ly by an o v e r p r e s s u r e shutdown interlock. If the p r e s s u r e inc reases 
to 640 psig, the 4- inch by 8-inch s team-powered b a c k - p r e s s u r e regulator 
opens and dumps s team to the condenser . F u r t h e r i nc r ea se s in p r e s s u r e 
will t r ip the safety va lves , which a r e set to open at 700, 725, 750, and 
775 psig, and also cause s team to be dumped into the condenser . Opening 
of any of the valves will automatical ly shut down the reac tor since the 
control rods a re e lec t r i ca l ly inter locked with the valves . If the condenser 
p r e s s u r e exceeds 20 psig, which may resu l t if all s team valves open, two 
rupture disks in the condenser a re sized to burs t and discharge s team into 
the vapor-conta inment building. Consequent radioact ivi ty r e l ea se will auto­
mat ica l ly initiate closing of the ventilating valves in the building. 

3.9-8 Reac to r -Wate r Level and Tempera tu re 

Control rods cannot be withdrawn if the water level in the r eac to r 
is too low or too high. The rods will be inser ted automiatically if the water 
level exceeds p r e se t l imi ts during operat ion. Also, the control rods can­
not be withdrawn if the reac tor water t empe ra tu r e is below 325°F: hence, 
excess react iv i ty cannot be added to the cold r eac to r . 

3.9-9 Steam and Water Leaks from the External System 

The dominant radioact ivi ty in the external s team and condensate 
c i rcu i t s is caused by the fast neutron i r rad ia t ion of oxygen-16 to yield 
n i t rogen-16. Although the r eac to r water contains severa l radioactive 



cor ros ion products , the major one being sodium-24, no p rob lems or haza rds 
a re c rea ted by thei r p re sence because of thei r low c a r r y o v e r in the s team. 
Nitrogen-16 is not a problem because of i ts short half-l ife (7.4 seconds). 
This shor t per iod of t ime preven ts accum.ulation of this isotope in the vicin­
ity of e i ther a s team leak or a water leak. F u r t h e r , like sodium-24, the re 
is very littl'e c a r ryove r of 'n i t rogen-1 6 in the r e a c t o r . Even if all of the 
water in the external sys tem should flash to a tmospher ic p r e s s u r e , the in­
tegra ted exposure from ni t rogen-16 would not pose a se r ious haza rd to 
operating personnel . 

Development of leaks in condenser tubes will pe rmi t leakage of c i r ­
culating water into the p r i m a r y fluid in the condenser . An inc rease in 
e lec t r ica l conductivity of condensate or of r eac to r water will be the f irs t 
indication of major leakage in the condenser . Also, wa te r - l eve l indicators 
would eventually show an inc rease in p r i m a r y water inventory. With evi­
dence of a leak, the opera tor can isolate the half of the condenser involved 
by closing butterfly valves in the inlet and outlet c i rcu la t ing-wate r l ines . 
The water boxes and tubes on the leaking side can then be drained to a 
tank in the basement of the power plant a r ea . The remain ing half of the 
condenser can still condense the turbine exhaust and /o r bypassed s team, 
although, at a slightly higher back p r e s s u r e . The opera to r can open the 
desuperhea te r spray valve to admit spray water into the bypass desuper ­
hea te r to prevent damage to the condenser because of high t he rma l 
grad ien ts . 

Condenser tubes have failed by e ros ion in the or iginal condenser 
because of s team deflecting off condenser brac ing . The above sequence 
was followed for locating and plugging the faulty tubes ; the reaf te r , c i r ­
culating water was r e s t o r e d to both halves of the condenser . The ent i re 
operat ion took place without reducing r eac to r power from the 20-megawatt 
level . 

If a leak or tube b r e a k occurs in the p r i m a r y reboi le r or drain 
cooler , radioact ive fluid will enter the 350-psig in te rmedia te sys tem. This 
sys tem will be moni tored constantly for radiat ion, and if radioact ivi ty is 
detected, a leak or tube fai lure would be suspected. F u r t h e r verif icat ion 
of a leak can be made by observing whether the re a r e changes in liquid 
inventory in both the p r i m a r y and in te rmedia te s y s t e m s . By isolat ing the 
affected unit, operat ion can be continued in the pa ra l l e l unit under reduced 
power. 

The same analys is applies to the pr inaary subcooler , except that 
the cooling tower water leaving the unit is moni tored. 



3.9.10 Startup Accident 

The existing ant imony-beryl l ium neutron source, previously i r r a ­
diated to sa turat ion and mainta ined at full s trength by operat ion of the 
EBWR, will be used in the new core . 

A per iod naeter, set to r e l ea se control rods at per iods of l ess than 
5 seconds, will be used in all r eac to r s ta r tups . The use of a period t r i p 
me te r at full power is not des i rab le because of the short per iod var ia t ions 
of the neutron flux. 

Control rods cannot be withdrawn unless the flux-indicating gal­
vanometer is on its most sensi t ive scale and the water t empera tu re is 
325°F or above. The ra te of addition of react iv i ty by rod withdrawal is 
l imited to approximately 0.01 percent per second. With this ra te of r e ­
activity i n c r e a s e , the water will begin to boil as soon as the fuel plates 
reach a t e m p e r a t u r e just slightly higher than the boiling point of the water . 
The negative s team and t e m p e r a t u r e coefficient will automa,tically com­
pensate for the react iv i ty added by rod withdrawal. Since the burnout heat 
flux is at l eas t twice the maximum operat ing heat flux, this does not appear 
to be a dangerous si tuation. Burnout occurs at a s team volume fraction 
grea te r than 80 percent . 

Exper ience with EBWR has shown that the safety p rocedures em­
ployed during s tar tup are adequate. 

3.9-11 Fa i lu re of Steam System 

A fai lure of the main s team sys tem may occur by: (1) rupture of 
the s team piping, s team d r i e r , or a valve u p s t r e a m of any control mecha­
n i s m s , (2) rupture of the s team piping or valves downstream of the control 
mechan i sm, the turbine or condenser casing, a rebo i le r , or tubes in the 
rebo i l e r , or (3) internal mechanica l fai lure of turbine valves or control 
m e c h a n i s m s . 

Rupture of the main s team piping or s team dr ie r u p s t r e a m of the 
shutoff valves on the p r i m a r y reboi le r will pe rmi t the s team to escape 
into the gas- t ight building. In case of a ca tas t rophic fa i lure , the ra te of 
s team flow will be sufficient to reduce the r eac to r power instantaneously 
because of flashing. If the opera tor does not inse r t the control rods , they 
will automatical ly inse r t when any one of the following conditions occurs : 
(1) when the genera l level of radioact ivi ty in the building r i s e s above a 
p rede te rmined level , (2) when the water level in the r eac to r drops , or 
(3) when the water t e m p e r a t u r e drops to 325°F. 

The effect on the r eac to r of a fai lure of the condenser or turbine 
casing or other e lements downst ream of the control miechanisms would be 
s imi la r to that d i scussed in the preceding paragraph. 



In the event the EBWR turbine shaft or casing should fail, the re in ­
forced concre te lining of the s teel shell will prevent puncture of the shell 
by flying f ragments . The fai lure of the turbine will e i ther t r i p the throt t le 
valve or completely open the governor va lves , depending on the sequence 
and na ture of the fa i lure . Tripping the throt t le valve will shut off s team 
to the turb ine , and r eac to r p r e s s u r e will be maintained by valve P - l l D or 
the s team bypass valve. Inter locks will inse r t the control rods to shut 
down the r e a c t o r when any one of the following conditions occu r s : (1) high 
radioact ivi ty in the building, (2) low water level in the r e a c t o r , (3) loss of 
vacuum in the condenser , or (4) safety action by the o p e r a t o r s . Opening 
of the governor valves will i nc rease the flow of s t eam from the r eac to r 
and, in addition to the shutdown signals just mentioned, will reduce power 
in the r eac to r t e m p o r a r i l y because of flashing in the core . The r e a c t o r , 
after being shut down, will be cooled by one of the cooling sys tems p r e ­
viously descr ibed since the condenser will be inoperat ive. 

In the event a tube rupture occu r s in e i ther the p r i m a r y r ebo i l e r s 
or drain coo le r s , control rod inser t ion may be automatical ly ini t iated by 
the low water level in the deae ra to r which will cut off the r eac to r feed-
water pump and resu l t in r eac to r shutdown. If a tube rup tu re is detected 
before any of the in te r locks opera te , the opera tor can ini t iate r e a c t o r 
shutdown. Shutdown cooling is accompl ished by any one of the cooling 
sys t ems descr ibed in Section 3,2.4. 

A-|--inch tube rup ture in one of the p r i m a r y dra in coolers will r e ­
sult in a flow of approximate ly 250 gallons per minute of p r i m a r y fluid 
(at 482°F and a differential p r e s s u r e of 210 psi) into the in te rmedia te 
sys tem. The amount of p r i m a r y fluid enter ing the in te rmedia te sys tem 
is based on flow from two nozzles since this would be the case for a com­
plete rup tu re . The calculated flow is a s sumed to be 82 pe rcen t of the 
theore t ica l d ischarge from a long nozzle running full and without flashing 
p r io r to d i scharge . 

A change in inventory will occur in the flash tank since liquid level 
is control led in all the remain ing v e s s e l s of the in te rmedia te sys tem. The 
change in inventory will be equal to the p r i m a r y sys tem leakage. F o r a 
single tube rupture the leakage is l e s s than one-half of the total i n t e r m e ­
diate feedwater r a t e . A r i s e in r ebo i l e r level will cause valve G-333 in 
the line to the affected cooler to par t i a l ly close and d e c r e a s e the in te r ­
media te feedwater ra te by the amount of leakage. Hence, the r ebo i l e r 
assoc ia ted with the leaking dra in cooler is furnished feedwater equivalent 
to that p r io r to the rup tu re . Discounting the smal l amount of f lashing, the 
feed to the affected rebo i le r is sa tu ra ted and the s team genera ted sti l l 
r e m a i n s essen t ia l ly as before . There fore , for a single tube rup ture the 
inventory inc rease in the flash tank will be approximately 209 gallons per 
minute based on a t e m p e r a t u r e of 278°F. With the 1000-gallon flash tank 
normal ly opera ted at one-half of i ts volume capacity, the e lapsed t ime 
between rup ture and complete filling is approximately 2.5 minu tes . 



If m o r e than one d ra in -coo le r tube rup tures and the leakage is 
g rea te r than one-half of the total in te rmedia te feedwater r a t e , valve G-333 
in the line to the affected cooler will close completely; valve G-333 to the 
other cooler will operate normal ly . Under these conditions the flash tank 
will be filled in about 1.5 minutes at a ra te equal to one-half of the original 
pumping r a t e . However, in this case a r i s e in the affected reboi le r level 
will occur at a ra te equal to the difference between leakage and one-half 
of the or iginal in termedia te feedwater pumping r a t e . The other reboi le r 
will operate normal ly since it is i sola ted from the affected c i rcui t . Steam-
flow to each reboi le r will be unaffected by the rupture in one of the drain 
coolers because condensing ra te in each of the rebo i le r s will renaain 
essent ia l ly the same . Also, drain tank level on the affected c i rcui t is 
maintained, which l imi ts the amount of p r i m a r y leakage to one-half of 
the p r i m a r y s team flow to the r e b o i l e r s . 

Simultaneously, the p r i m a r y sys tem is being depleted by an amount 
equal to the leakage. An inventory change will occur in the deaera to r since 
it is the only vesse l in the p r i m a r y c i rcu i t where water level is not nor ­
mal ly control led. During operat ion, 1000 gallons is s tored in the deaera to r ; 
thus , the s tored water will be depleted in about five minutes for a single 
tube rup tu re . Low deae ra to r water level will r e su l t in punap cut-off which 
in tu rn will initiate r eac to r shutdown. In the event the pump inter lock fai ls , 
r eac to r level will begin to drop approximately five minutes after drain 
cooler tube rup ture . In approximate ly 7.25 minutes after a single drain 
cooler tube rup tu re , the water level drops 2 feet (575 gallons) which un­
covers the top shroud and causes the r eac to r low-water level to initiate 
r eac to r shutdown. 

Rate of inventory change in the deaera to r is di rect ly proport ional 
to leakage. However, ra te of change of inventory in the flash tank is d i rec t ly 
propor t ional to leakage up to, but not exceeding, the in termedia te feedwater 
ra te to the leaking drain cooler . 

A;|--inch tube rupture in one of the p r i m a r y r ebo i l e r s will resu l t in 
a max imum poss ible s t eam flow of approximate ly 210 pounds per minute 
into the in te rmedia te sys tem. Although the p r e s s u r e drop a c r o s s the rup­
tu re is 210 psig, the calculated flow is based on c r i t i ca l flow; the actual 
flow will be slightly l e s s . Since negligible leakage will occur from the 
direct ion of the water box, the amount of p r i m a r y s team escaping to the 
in te rmedia te systena is based on flow from a single nozzle. Steam leakage 
in the rebo i le r will cause the assoc ia ted valve, G-333, to close par t ia l ly ; 
as a r e su l t , the flash tank will fill up at a ra te equal to the leakage and the 
deae ra to r level will d e c r e a s e by a like amount. Changes in inventory a r e 
not as g rea t for rup tures involving s t eam as for rup tu res involving water . 
It is not expected that the in te rmedia te s team p r e s s u r e will r i s e because 
of one rebo i le r tube rup tu re . Other than radioact ive c a r r y o v e r , the main 
difficulty is the change in flash tank inventory; however, safety valves have 
been provided on the flash tank to re l i eve p r e s s u r e . 
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4 . NUCLEAR C O M P O N E N T MODIFICATIONS AND ADDITIONS 

4.1 R E A C T O R 

4 .1 .1 V e s s e l A l t e r a t i o n s * 

4 ,1 .1 .1 P u r p o s e 

O p e r a t i n g e x p e r i e n c e with EBWR i n d i c a t e d tha t e x p e r i m e n t s and t e s t s 
conduc ted a t p o w e r s above 20 m e g a w a t t s n o m i n a l would r e q u i r e c e r t a i n m o d ­
i f i ca t ions and add i t ions to the p l an t . C o m p o n e n t s t ha t h a v e been r e d e s i g n e d 
and a l t e r e d to a c c o m m o d a t e the new r e q u i r e m e n t s i nc lude the r e a c t o r p r e s ­
s u r e v e s s e l . R e a c t o r v e s s e l a l t e r a t i o n s a r e m o r e fully d e s c r i b e d in r e p o r t 
A N L - 6 1 6 2 . ( 1 0 ) 

E x p e r i m e n t s a l r e a d y c o m p l e t e d and o t h e r s a n t i c i p a t e d have i n d i c a t e d 
the n e c e s s i t y for the i n s t a l l a t i o n of five -^- inch n o z z l e s in the r e a c t o r - v e s s e l -
c l o s u r e c o v e r p l a t e and t h r e e 2 - i n c h n o z z l e s in the r e a c t o r - v e s s e l - c l o s u r e 
r ing f o r g i n g . O p e r a t i o n a t 100 m e g a w a t t s r e q u i r e d t h a t the r e a c t o r v e s s e l 
she l l be r e v i s e d to : ( l ) i n c r e a s e the s i z e of the s t e a m ou t le t f r om 6 to 
10 i n c h e s , (2) add a 6 - i nch f e e d w a t e r supply , and (3) add two l-~--inch w a t e r -
l e v e l - m e a s u r e m e n t c o n n e c t i o n s . O p e r a t i o n a l e x p e r i e n c e d i c t a t e d an i n c r e a s e 
f rom -J to 1 inch in the s i z e of the d r a i n c o n n e c t i o n s l o c a t e d at t h e bo t t om of 
t h r e e f o r c e d - c i r c u l a t i o n n o z z l e s in the r e a c t o r v e s s e l l o w e r h e a d . It w a s 
r e c o g n i z e d a t the t i m e when add i t ion of new n o z z l e s in the p r e s s u r e v e s s e l 
wal l a p p e a r e d n e c e s s a r y tha t i n s t a l l a t i o n p r o b l e m s would be un ique . The 
r a d i o a c t i v e b a c k g r o u n d i n s i d e the s h e l l would m a k e it n e c e s s a r y to p e r f o r m 
a l l o p e r a t i o n s in m i n i m u m t i m e and to p r o v i d e an i n i t i a l l y unknown a m o u n t 
of p e r s o n n e l s h i e l d i n g . C o n s e q u e n t l y a l l w o r k p r o c e d u r e s and too l s w e r e 
deve loped and t e s t e d b e f o r e s t a r t i n g w o r k in the v e s s e l . P r o v i s i o n s w e r e 
a l so m a d e to i n s t a l l the r e q u i r e d a m o u n t of sh i e ld ing on the sh i e ld and work 
p l a t f o r m s . 

The r e v i s i o n s a r e m o s t conven ien t ly r e p o r t e d a c c o r d i n g to t h e i r 
l o c a t i o n s in the v e s s e l , a s s u m m a r i z e d in Tab le 4 - 1 . The e a s t and w e s t 
i n s t r u m e n t n o z z l e s , a s wel l a s the n o z z l e s in the c l o s u r e c o v e r p l a t e , w e r e 
m a d e p r i o r to the f inal shutdown for the 1 0 0 - m e g a w a t t p l an t a l t e r a t i o n s . 

Table 4-1. Sunniary of EBWR Reactor Vessel Revisions 

Location in vessel Ccr.ponent Number and size 

Closure cover plate Instrument nozzles Five, 3f4-in. pipe-size 

Closure ring forqinq East instrument nozzle Qne, 2-in. pipe-size with thermal sleeve. Accom­

modates three 1/2-in. pipes and one 3i4-in. pipe 

West instrument nozzle One, 2-in. pipe-S'ze with therrr'al sleeve 

Northeast instrument nozzle One, 2-in, pipe-size *ith thermal sleeve 

Shell Steam outlet One, 10-in. pipe-size with thermal sleeve 

Feedwater inlet One, 6-in, pipe-size with thermal sleeve 

Water level rreasurerent connections TA'O, I-L2-in, pipe-size 

Nozzles in lower head Drain connections Three, 1 m, pipe-size 

* T . L . K e t t l e s 
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4.1.1.2 Nozzle Installation 

4.1.1.2.1 Closure Cove r -P la t e Nozzles - Five-|—inch pipe-s ize noz­
zle flanges were insta l led in the top cover . A slight amount of radioact ivi ty 
was detected on the in ter ior surface of the top cover flange during ins ta l la ­
tion, and as a safety m e a s u r e , welders wore air masks and other personnel 
were excluded from the a r e a during welding operat ions . 

The 80 -1-inch-diameter c losure cover plate is made of SA-105, 
8 

grade 11 carbon steel and is clad with submerged -a r c welded 308 s ta inless 
s teel on the bottomi surface which is exposed to the r eac to r a tmosphere . It 
is 9 i inches thick including the -|--inch cladding in the thickest section 
where the five -j--inch p ipe -s ize flanged nozzles a r e instal led. 

The nozzle flanges a r e located at the top surface of the cover plate . 
Each miating flange accommodates th ree ferule- type fittings for -^-inch-
diamefer tubing penetra t ions into the r eac to r vesse l , 

4.1.1.2.2 Closure Rmg-Forg ing Nozzles - The c losure r ing forging 
is made of SA-105, grade II m a t e r i a l and provides forty-four 2-y-inch studs 
on a 75-Y—inch-diameter bo l t - c i r c l e for bolting down the c losure cover plate . 
The mxnimuna inside d iameter of the forging is 66 inches and tapers down­
ward and outward at an angle of 27 degrees 18 minutes to a maximum inside 
d iameter of 84 inches , where it is welded to the vesse l shell . Three nozzles 
were instal led in the forging perpendicular to the inner face of the t rans i t ion 
sect ion. 

The east ins t rument nozzle consis ts of a 3-inch, schedule-80 carbon 
s tee l pipe at tached by d i s s i m i l a r - m a t e r i a l welding techniques to a s ta in less 
s tee l extension pipe and a loose s ta in less s tee l l iner . This nozzle accom­
modates th ree —--in-ch and one -^-inch pipe connections into the r eac to r 
through pipe couplings welded into an e l l ip t ical -head pipe cap by full pene­
t ra t ion welds. The pipes a r e continued through the r eac to r shielding in a 
6-inch pipe s leeve and a r e intended for thermocouples and for water a t -
tempera t ion of superheated steana. 

The west ins t rument nozzle is s imi la r in design to the east nozzle 
but provides one 2-inch pipe penetra t ion r a the r than a group of smal le r 
p ipes . The west ins t rument nozzle is designed for a p r e s s u r e of 800 psig 
and t empe ra tu r e of 800'^F, being intended p r imar i l y for use as a superheated-
s team tes t outlet. 

The nor theas t ins t rument nozzle is a lmost a duplicate of the west 
nozzle but is intended to c a r r y a la rge group of tubes and thermocouples 
into the r e a c t o r for var ious t e s t s assoc ia ted with 100-megawatt operat ion. 

Each nozzle r equ i r ed a 3 ̂ - inch-diamieter hole th rough- j inch of 
s ta in less s tee l cladding and 5 inches of carbon steel forging with a machined 
J -groove weld profile m,easuring 5 Y|- inches maxinaum d iamete r . 
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The eas t and west ins t rument nozzles were ins ta l led during the pe ­
riod from F e b r u a r y 23 to March 24, 1959, At that t ime the core was fully 
loaded and had undergone 195,331 megawat t -hours of operat ion. The water 
level was mainta ined at 10 feet above the top of the fuel e lements during the 
nozzle instal la t ion. 

Two pla t forms were used during the nozzle ins ta l la t ion, A lower 
platform was suspended jus t over the water level by rods from the top of 
the ves se l , and an upper platform was supported on top of the s team d ry -
pipe r ing . The lower platforna was sealed against the v e s s e l wall and was 
intended p r i m a r i l y to catch any debr is that might pass the upper platform. 
The upper platform was also sealed and was used to support the dri l l ing 
r ig . 

The nozzle holes were dr i l led to 2.— inches in d iamete r and machined 
with piloted boring ba r s to 3--• inches in diameter„ The J -groove was also 
machined with the boring b a r . The nozzle a s semb l i e s were fabricated, hydro -
s ta t ical ly tes ted , and he l ium- leak tes ted in the shops . They were welded into 
the forging with 200°F min imum prehea t . 

The nor theas t in s t rument nozzle was ins ta l led during the shutdown 
per iod for the 100-megawatt r ev i s ions , at which t ime , the fuel e lements and 
control rods had been removed from the r e a c t o r v e s s e l . The s team dry-pipe 
r ing, having been removed, was not avai lable to support the a i r -powered 
dr i l l as before; the re fore , a -|—inch-thick s teel working platform was used 
ins tead. This platform was supported with rods and was held r igid by a 
generous pa t t e rn of adjusting sc rews bear ing agains t the v e s s e l wall. 

Because of the difficulties previously exper ienced on breakthrough, 
the nor theas t hole was dr i l led to a 3-inch d iamete r and finished to a 3 - - - i nch 

16 

d iamete r with a piloted counte rbore . The J -groove weld profile was machined 
with a piloted boring bar as before . 

4,1.1.2.3 Shell Nozzles - The p rocedures and tools r equ i red for in­
stal lat ion of nozzles in the shell were developed by welding the three nozzles 
(one of each size) into a 4-foot-high by 8-foot-long curved tes t section of 
clad pl,ate which was fabr ica ted to duplicate the v e s s e l shel l . P r o c e d u r e s and 
tools for ins ta l la t ion of the s team and feedwater nozzles were s imi la r ly 
developed. 

After the th ree nozzles had been ins ta l led in the t e s t plate , they were 
cut to provide spec imens for Charpy V-notch, subs ize-weld tens i le , root 
bend, face bend, side bend, weld-profi le h a r d n e s s , and weld-profi le m a c r o e t c h 
t e s t s . The spec imens were tes ted and gave r e su l t s that m e t applicable ASME 
power boi ler code r e q u i r e m e n t s . 

The v e s s e l shel l i s made of 2 ^ - i n c h thick SA-212, grade B carbon 
s tee l clad with 0.109-inch thick type-304 s ta in less s tee l sheet spot welded 
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to the base m a t e r i a l . The inside d iameter of the vesse l shell is 7 feet 
0 inches and extends from the s tud- r ing forging 18 feet 5 inches down to 
the lower head. One 10-inch s t eam, one 6-inch feedwater , and two l-y—inch 
w a t e r - l e v e l - m e a s u r e m e n t nozzles naade for vesse l design conditions of 
800 psig and 650°F were insta l led in the vesse l shell (see F igure 2-2). Holes 
for these four new nozzles in the v e s s e l shell were made from the working 
pla t form. The p rocedures developed on the tes t plate as previously descr ibed 
were used. 

The s team nozzle is designed with a thermal sleeve because the upper -
vesse l t e m p e r a t u r e lags that of sa tu ra ted steana during s ta r tup , and because 
production of superheated s team through this nozzle may become prac t ica l at a 
l a te r date . The hole was re inforced by providing ext ra thickness in the carbon 
s teel nozzle . The nozzle was welded in the shop at i ts outer end to a ----inch-
thick loose s ta in less s tee l l iner and to a 10-inch, schedule-80S s ta in less s teel 
pipe penetra t ion. A- | - - inch- thick c i r cu la r s ta inless s tee l plate , welded to the 
inner end of the loose l iner and to the existing shell cladding, allows differen­
t ial expansion between the s ta in less and carbon s teels with minimum r e ­
s t ra in t , A "--inch pipeline connected to a p r e s s u r e gage outside the r eac to r 
shielding continuously moni to r s the integri ty of this construct ion during oper ­
ation. The nozzle was fabr ica ted in the shop and then welded into the shel l . 

The 6-inch feedwater nozzle is designed with a t he rma l sleeve because 
the feedwater is about 300°F colder than the vesse l wall at operating condi­
t ions . The design is the same as for the s team nozzle with the exception that 
the T-segment of the new 4- inch feedwater distr ibution r ing naust be rotated 
inside the ves se l to pe rmi t welding to the a r c segment . The dis tr ibut ion r ing 
was a s sembled and welded in two sec t ions . 

In the upper and lower w a t e r - l e v e l - m e a s u r e m e n t nozzles , differ­
ential expansion is provided by a diaphragm plate a r rangeraent but, as there 
i s no necess i ty for a t he rma l s leeve , the diaphragm is welded direct ly to the 
l-^^-inch pipe penet ra t ion . 

The completed instal la t ion of the nozzles and the distr ibution r ing is 
shown in F igures 4-1 and 4 -2 . 

The s team, feedwater , and water level m e a s u r e m e n t piping was con­
tinued from the nozzles to t e rmina t ions outside the reac tor shielding and 
plugged for a 1200 psig hydros ta t ic t e s t . After the tes t the shielding m a t e r i ­
als were instal led in the pipe tunnel. 
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Inside view of completed installat ion 
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Outside view of installat ion 
Neg. 111-8621 



4 .1 .1 .3 D r a i n C o n n e c t i o n s in L o w e r - H e a d N o z z l e s 

The EBWR r e a c t o r v e s s e l i n c l u d e s four 6 - inch p i p e - s i z e n o z z l e s 
which ex t end v e r t i c a l l y d o w n w a r d 6 feet f rom the l ower h e a d . The four 
n o z z l e s a r e i n t e n d e d to supply w a t e r to the r e a c t o r for f o r c e d - c i r c u l a t i o n -
type o p e r a t i o n . F o r n a t u r a l - c i r c u l a t i o n - t y p e o p e r a t i o n one of t h e s e n o z z l e s 
is u s e d for h i g h - p r e s s u r e b o r i c ac id supply and the o t h e r t h r e e a r e capped . 
To p r e v e n t c o l l e c t i o n of r a d i o a c t i v e w a s t e in t h e s e dead e n d s , a -^--inch 
va lved f lushing c o n n e c t i o n was o r i g i n a l l y p r o v i d e d on each cap . H o w e v e r , 
the -J—inch-size c o n n e c t i o n p r o v e d i nadequa t e to p r e v e n t w a s t e bui ldup so 
they w e r e r e p l a c e d with 1-inch va lve connec t i ons du r ing the shutdown for 
1 0 0 - m e g a w a t t r e v i s i o n s . The r a d i o a c t i v e w a s t e bui ldup in one cap is shown 
in F i g u r e 4 - 3 . 

F i g u r e 4 - 3 

Was te c o l l e c t i o n in f o r c e d - c i r c u l a t i o n t h i m b l e cap 
Neg . 111-8670 

4 .1 .1 .4 L o w e r Shock Shie ld 

The shock s h i e l d s e r v e s to p r e v e n t sudden ch i l l ing of the hot wal l of 
the p r e s s u r e v e s s e l in the event of in j ec t ion of cold w a t e r t h r o u g h the b o r i c 
a c i d d i s t r i b u t i o n r i n g . 

The o r i g i n a l shock sh i e l d was r e m o v e d to p r o v i d e an a r e a for the new 
f e e d w a t e r n o z z l e . Since the shock s h i e ld tha t was r e m o v e d r e q u i r e d a l t e r a ­
t ions and could not be d e c o n t a m i n a t e d below a r a d i o a c t i v i t y of 2.5 r o e n t g e n s , 
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a new two-part shock shield without louvers was installed, as shown in Fig­
ure 2-2. The lower section is bolted to the thermal-shield flange and rises 
to within 1 inch of the new 6-inch feedwater return line. The lower section 
is composed of four longitudinal plates of —-inch-thick type-304 stainless 
steel bolted together to form a 6Y-foot-diameter by 3-|--foot-high cylinder 
spaced 3 inches from the vessel wall. 

The top section of the new shock shield is described in Section 4.1.2. 

4.1.2 Internal Alterations* 

4.1.2,1 Core Shroud and Riser 

Operation at 100 megawatts requires an increased rate of natural 
circulation of coolant through the core to permit higher rates of heat ex­
traction while maintaining steam void fractions below the values that cause 
instability. A core shroud, riser, and riser extension were incorporated in 
the 100-megawatt-capacity design to produce the chimney effect necessary 
to obtain the higher flow rates. All three conaponents are fabricated of 
type-304 stainless steel. 

The core shroud, shown in Figure 4-4, is a -^-inch-thick, 62-g--inch-
OD by 96^-inch-long cylinder bolted to the core support plate in a fashion 

identical to the previous forced-
circulation shroud. A ring with a 

L I F T I N G lACHiNED SEAT l"inch by Sy-iuch cross section and 
b34-inches in outside diameter is 
welded to the top of the cylinder to 
provide reinforcement and a machined 

t metal-to-metal seat for the riser. To 
I insure parallel alignment of the ma­

chined seat and bolting surface, the 
cylinder was machined while in one 
piece. The cylinder was then cut in 
half to permit entrance through the 
containment building freight door. A 
circumferential band, bolted to both 
halves, fastens the two sections to­
gether. 

The riser, shown in Fig­
ure 4-5, is fabricated of 4--inch-

Fi'^ure 4-4 "̂  
^ thick plate rolled into a cylindrical 

Core shroud section 46 inches in inside diameter 
Neg. 111-7725 by 36 inches long and welded to a 

frustrum of a cone 1 8-|- inches high. 

*L. E. Genens 
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LIFTINS LUGS-

Figure 4-5 

The seat, which rests on the core shroud, is machined on an L-shaped 
section welded to the bottom of the cone. This results in a riser height of 

57-g- inches and a total core shroud-
riser height above the core support 
plate of 153-|~ inches. The conical 
section was incorporated to provide 
a larger downcomer area at the re­
striction of the large flange fixed to 
the top of the thermal shield. Use 
of the conical section also provides 
diametral reduction to the 46-inch 
inside diameter of the cylindrical 
portion, which is sized to equal the 
core cross sectional flow area. 

u m LOADED BAYONET L O C K S ^ j . ^ In the event of a temperature 
excursion, a pressure buildup in the 
core would exert a force on the con­
ical portion of the riser of sufficient 
magnitude to lift it off the seat. To 

•I-I..-ED SEAT prevent this, three spring-loaded, 
bayonet-type, holddown locks are 
welded to the riser and lock into lugs 

Core riser located on the inside surface of the 
Neg. 111-8772 core shroud thus, transmitting all 

the load to the core support plate. 
The locks are sized to withstand a 15-psi buildup, chosen as a possible 
value from BORAX experiment data. In normal operation, holddown is not 
required because hydrodynamic and weight forces act downward. 

To determine experimentally the effect of a 1-foot increase in over­
all shroud height, the top of the riser is designed to receive a 1-foot cylin­
drical extension. The-—-inch-thick, 46-inch-ID cylinder, shown in 
Figare 4-6, can be removed or added independently of the riser. Since 
hydrodynamic forces do not act on the extension, a locking device is not 
needed. Three bars welded to the inside surface, extending one foot below 
the bottom of the extension and bent in a U-shape at the top, facilitate in­
stallation and guide the cylinder back into place in the event it is forced 
out of position. 

Three guide rails are used to guide the riser into and out of the 
vessel. The primary purpose of the rails is to permit remote handling 
should contamination from radioactivity occur. Each rail is clamped and 
positioned on a head bolt and hangs into the vessel. The top 2-foot section 
of each rail extends above the vessel and is bent outward at 15 degrees. 
The bend provides a lead-in and makes the rails more visible from the 
operating floor during remote operation. 
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F i g u r e 4 - 6 

C o r e r i s e r e x t e n s i o n 
Neg . 111-8775 

4 .1 .2 .2 Uppe r Shock Shie ld 

The u p p e r shock sh i e ld , wh ich is l o c a t e d b e t w e e n the 6 - inch 
c o n d e n s a t e - r e t u r n l ine and the p o i s o n r i n g , s e r v i c e s two p u r p o s e s : ( l ) to 
p r e v e n t shock ing the v e s s e l wa l l if i n j ec t ion of d e m i n e r a l i z e d w a t e r w e r e 
to o c c u r when the v e s s e l i s hot and (2) to r e d u c e the w a s t e bu i ldup and 
r a d i a t i o n l e v e l on the v e s s e l wa l l . The uppe r shock s h i e l d is i l l u s t r a t e d 
in F i g u r e 2 - 2 . The sh i e ld is m a d e up of four 9 0 - d e g r e e s e g m e n t s f a b r i ­
c a t e d f r o m -g--inch t y p e - 3 0 4 s t a i n l e s s s t e e l and bo l t ed t o g e t h e r to f o r m a 
cy l i nde r 23-2- i n c h e s h igh by 78 i n c h e s in o u t s i d e d i a m e t e r . Suppor t i s 
a c h i e v e d by bo l t ing the sh i e ld to a t h r e e s e g m e n t m o u n t i n g r i n g w e l d e d to 
the 6 - i nch c o n d e n s a t e - r e t u r n l i n e . E igh t Z - s h a p e d b r a c k e t s a r e equa l ly 
s p a c e d a r o u n d the o u t s i d e d i a m e t e r of the sh i e ld to m a i n t a i n c o n c e n t r i c i t y 
wi th t h e i n n e r v e s s e l wa l l . 

4 .1 .2 .3 S t e a m Duct 

The h i g h - w a t e r l e v e l and l a r g e s t e a m quan t i ty p r o d u c t i o n r e s u l t i n g 
f rom 1 0 0 - m e g a w a t t o p e r a t i o n d i c t a t e s the foUowdng: ( l ) s t e a m t a k e off 
h igh in the v e s s e l to ob ta in the d r i e s t p o s s i b l e s t e a m and (2) an in l e t a r e a 
of suff ic ient s i z e to p r e v e n t e x c e s s i v e v e l o c i t i e s . T h e s e cond i t ions a r e 
a c h i e v e d t h r o u g h the u s e of a s t e a m duct . 

The s t e a m duct , f a b r i c a t e d of ^ - i n c h t y p e - 3 0 4 s t a i n l e s s s t e e l , i s a 
s h a p e d duct d e s i g n e d to c o n f o r m wi th the i n t e r n a l v e s s e l con f igu ra t i on on 
the b a c k s i d e wi thout r e s t r i c t i n g the m i n i m u m v e s s e l opening of 64 i n c h e s 
on the i n s i d e . The steana duct i s shown in F i g u r e 4 - 7 . To a l low a c c e s s to 
the w e s t i n s t r u n a e n t n o z z l e and u p p e r gage l i n e , the c e n t e r of the 1 1 2 - s q u a r e 
inch, r e c t a n g u l a r s t e a m - i n l e t a r e a i s d i s p l a c e d 90 d e g r e e s frona the s t e a m 
ou t le t and s u s t a i n s an a r c of 82 d e g r e e s . The bo t t om of the in le t i s l o c a t e d 
at the 72 6-foot 7 j ^ - i n c h e l eva t ion , which i s 3 feet j ^ inch above the c e n t e r -
l ine of the 10 - inch s t e a m l i n e . The duct i s s u p p o r t e d by two ang le b r a c k e t s 



bolted to existing shield ring lugs and to one end of the duct which is welded 
direct ly to the s team line. An L-shaped bracket , welded to the bottom of the 
duct and to the ves se l wall, is used to provide additional support and to min -
inaize vibration caused by the pulsating coolant entering the space between 
the duct and vesse l wall. To a s s u re a water- t ight assembly , the duct is 
welded direct ly to the s team l ine. This requi red fabrication in two pa r t s , 
i l lus t ra ted in F igures 4-7 and 4-8 , to pe rmi t sealing the duct after the weld 
on the s team line was secured . 

Figure 4-7 Figure 4-8 

Steam duct Steam duct extension and 
Neg. 111-8828 c losure box 

Neg. 111-8821 

A removable s team duct extension, fabricated of -|--inch type-304 
s ta inless s teel and shown in Figure 4 -8 , is provided to r a i se the inlet a r ea 
an additional 13 inches . The extension will allow installation of a wire mesh 
demis te r , at a la ter date, without modification of the duct assembly. Since 
the extension pro t rudes into the vesse l at the point of minimum inside di­
ame te r , a bolted connection secures the extension to the steam duct and 
pe rmi t s easy removal . The inlet a r ea is sized to produce the same flow 
velocity as that at the entrance of the duct. This resu l t s in a s team duct 
assembly with a minimum c ross sectional a rea of 1-|- t imes that of the 
10-inch s team l ine. 

4.1.3 Ins t rument Location Additions 

4.1.3.1 Water Column 

To obtain signals for adequate wate r - leve l control during operation 
using the r i s e r , the following modifications were naade to the existing water 
column (see Figure 3-27). 

The existing 6-inch column was extended 39-g- inches to an elevation 
of 724 feet 9-^ inches . The 39-|--inch extension was selected so that new 
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piping connections could be incorpora ted and p e r m i t continued support of the 
columm from the unders ide of the operat ing floor. Two new 1-|—inch r e a c t o r 
gage l ines , which penet ra te the biological shield at elevations of 724 feet 
5|- inches and 719 feet 3'|- inches , a r e connected into the column and a r e used 
in conjunction with the two existing gage l ines , A vent is instal led from the 
r e a c t o r vent l ine, outside of the biological shield, to the top of the column 
extension. Since the vent is located at the ex t reme top of the column, a tap 
is ins ta l led to provide a blowdown connection for radia t ion decontamination 
of the column. Five -—-inch instrunaentation taps a r e provided, one in each 
of the th ree upper r e a c t o r gage l ines and the remain ing two in the vent and 
poison l ine. The column connections of the 96-inch differential p r e s s u r e 
cells ( ins t ruments H-1A-D3 and H - I A - D l l ) have been moved up 3 feet. This 
pe rmi t s the existing instrunaentation to cover the ope ra t ing -wa te r - l eve l 
range for high and low power and moves the cons tant - level pot to the 
723-foot elevation. A 4-foot sight gage, s imi la r to the or iginal , has been 
added for visual inspect ion of water level when the r i s e r is ins ta l led. The 
4-foot range covered by the sight gage is from 719 feet 1— inches to 723 feet 
1™ inches . The unit is posit ioned so that the dis tance between its bottom por t 
and the top por t of the or iginal gage is equivalent to any two adjacent por ts 
on ei ther unit. The new gage is independent of the exist ing gage, the re fo re , 
e i ther unit can be opera ted as a 4-foot range or combined to give a total 
v isual range of 8 feet 2-^ inches . Three Magnetrol level switches have been 
added to provide a l a r m signals when the r i s e r is used, A high- level a l a r m 
set at the 723-foot elevation will allow the water level to r i s e to - | - inch b e ­
low the s team duct. Two low-level a l a r m s set at elevations 721 feet 3 inches 
and 720 feet 3 inches will prevent the level from dropping below the r i s e r , 
with o r without the r i s e r extension. The following ins t rument connections 
were r a i s e d to the top of the column (elevation 724 feet 7-|- inches): ex is t ­
ing p r e s s u r e t r ansduce r ( p r e s su re re fe rence) , Norwood prec i s ion p r e s s u r e 
t r a n s d u c e r , and p r e s s u r e gage G-101, Two new instrumients have been con­
nected at elevation 724 feet 7-|- inches : p r e s s u r e t r a n s d u c e r P - l l A and 
p r e s s u r e gage G-IOIA. Gage G-IOIA is located at elevation 720 feet 9 inches 
and provides a visual p r e s s u r e indication (viewed by r emote te levis ion c a m ­
era) when the upper sight gage is used. Shutoff valves located in all pipe 
l ines allow isolat ion of the r e a c t o r water column from the r eac to r or in­
dependent isola,tion of any a l a r m , t r ansduce r , p r e s s u r e cel l , or gage from 
the water column, 

4,1.3.2 Instrunaent Nozzles 

Two ins t rument nozzles (d iscussed in Section 4.1,1) have been in­
s ta l led to pe rmi t d i rec t en t rance to the ves se l from the operat ing floor 
The west nozzle is located on r e a c t o r axis W and is a t e m p o r a r y nozzle . 
The nor theas t nozzle , located midway between axes X and Y, is a p e r m a ­
nent nozzle . At each locat ion a 4Y- inch-d iamete r hole was co re -d r i l l ed 
through the concre te to allow nozzle instal lat ion with min imum s t ruc tu ra l 
weakening of the floor. 
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I n s t a l l a t i o n of the t e m p o r a r y n o z z l e , shown in F i g u r e 4 - 9 , was 
f a c i l i t a t e d by cu t t ing the p r e v i o u s l y i n s t a l l e d s u p e r h e a t - o u t l e t l ine and 
we ld ing to the ex i s t i ng v e s s e l n o z z l e . The s u p e r h e a t l ine was cut so 

N 

V 

t ha t suff ic ient m a t e r i a l r e m a i n e d 
for r e i n s t a l l a t i o n upon c o m p l e t i o n 
of the i n s t runaen t a t i on t e s t s and 
r e m o v a l of the i n s t r u m e n t n o z z l e . 
B e c a u s e the nozz l e i s i n s t a l l e d 
for t e m p o r a r y u s a g e , the 2 - i n c h 
pipe and the c o r e d hole a r e s e a l e d 
to m a i n t a i n the nega t ive p r e s s u r e 
enve lope a r o u n d the r e a c t o r with 
a t e m p o r a r y s e a l i n g m a t e r i a l . 

F i g u r e 4 - 9 

The n o r t h e a s t i n s t r u m e n t 
n o z z l e , shown in F i g u r e 4 - 1 0 , 
p r o v i d e s the only " s t r a i g h t - i n " 
opening to the v e s s e l . This g r e a t l \ 
s i m p l i f i e s i n s t a l l a t i o n of i n s t r u -
naents and i n s t r u m e n t l i n e s and 

W e s t i n s t r u m e n t a t i o n n o z z l e a l s o r e s u l t s in a p o r t to obta in 
Neg . 111-9022 m e a s u r e m e n t s of r a d i a t i o n emi t t i ng 

d i r e c t l y f rom the v e s s e l . The uppe r 
end of the n o z z l e t e r m i n a t e s in a f lange l o c a t e d in a d i anaond-shaped box 
t h a t i s sunk in to the o p e r a t i n g f loo r . Two -|--inch f i t t ings a r e p r o v i d e d on 
the uppe r end of the n o z z l e , one on the 
f lange to ven t the s y s t e m to the fuel 
s t o r a g e pi t and the o the r to r e c e i v e 
cool ing w a t e r for the i n s t r u m e n t a ­
t ion . A 3-|--inch c a r b o n s t e e l l i n e r , 
we lded at the b o t t o m to the r e a c t o r -
pit wa l l and a t t he top , t h r o u g h a 
b e l l o w s , to the 2 - i n c h p ipe , a l l ows 
expans ion of the i n s t r u m e n t n o z z l e 
and f o r m s the s e a l for the n e g a t i v e 
p r e s s u r e e n v e l o p e . 

The n o r t h e a s t n o z z l e e x t e n ­
s ion , f a b r i c a t e d e n t i r e l y of t y p e - 3 0 4 
s t a i n l e s s s t e e l and shown in F i g ­
u r e 4 - 1 1 , s i m p l i f i e s the i n s t a l l a t i o n 
and e x t e r n a l t e r m i n a t i o n of 26 i n s t r u - N o r t h e a s t i n s t r u m e n t a t i o n n o z z l e 
m e n t t u b e s . F i x e d to the n o r t h e a s t Neg . 111-9021 
n o z z l e , t h r o u g h the f lange p r o v i d e d , 
the e x t e n s i o n c r e a t e s a new h igh point in the s y s t e m and i s t h e r e f o r e s u p ­
p l i ed with a vent connec t ion l o c a t e d at the top of the i n s t r u m e n t - c o n n e c t o r -
h e a d a s s e m b l y . S ince the i n s t r u m e n t t u b e s o r i g i n a t e in the c o n n e c t o r h e a d . 
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a -J-inch cooling water tap is located at the upper end of a 2-inch pipe to 
furnish cooling over the ent i re tube length. The bulbous connector-head 

assembly is incorpora ted because 
w • • -I 

it provides m o r e convenient access 
to the Swagelok ternaination of the 
26 ins t rument tubes than that pe r ­
mit ted by the m o r e commonly used 
tube-shee t a r r angemen t . A support , 
in the form of a saddle located on a 
pedestal , e l iminates the bending load 
on the flange connection by guiding 
the nozzle extension just below the 
connector-head assembly . 

F igure 4-11 

Northeast ins t rument nozzle 
extension 

Neg. 111-9028 

An instrunaent connector box 
is located in the vesse l at an eleva­
tion (to bottom of box) of 724 feet 
3y inches and is in line with the 
nor theas t nozzle . The connector box 

acts as a water r e se rvo i r for ins t rument - l ine cooling and a junction point 
for disconnecting the removable instrunaentation in the vesse l from the 
permanent instrumentat ion in the nozzle . The angle-shaped box, 15 inches 
deep by 8-g- inches wide by approximately 22 inches long, is fabricated of 
^ - i n c h type-304 s ta inless s teel plate and fits in the vesse l without r e ­
s tr ic t ing the minimum 64- inch-diameter opening. The box is supported by 
four ^ - i n c h - d i a m e t e r bolts that sc rew into two ra i l s welded to the vesse l 
wall. A 150-pound flange is welded to the portion of the nozzle that p r o ­
t rudes into the vesse l and provides a connection for the water jacket that 
extends from the nozzle inlet into the connector box. 

4.2 CONTROL RODS AND DRIVES 

4,2.1 Operating Control Rod* 

4.2.1.1 Descript ion 

The control rods for 100-megawatt EBWR incorpora te severa l 
features which a r e improvements over the previous rods . The length and 
stroke of the absorber section were increased to 152 cent imeters (60 inches) 
to accommodate a future 152-centimeter core . The control rod is shown in 
Figure 4-12. The improvements consist of (l) new handling fixtures that 
enhance postoperation handling and (2) substitution of boron-s ta in less s teel 
for hafnium to reduce ma te r i a l cos t s . Postoperat ion handling of the new 
rod has been facili tated by design inaprovements. This provides for sep­
arat ion of the 25-cent imeter (10-inch) poison and follower c ros s from the 
balance of the rod. The poison and follower c ros s can then fit in the 

*V. M. Kolba 
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t ransfer coffin for removal to the s torage pit. The remaining portion of the 
rod is then handled by the handling tool, c rane , and a small c lamp-on shield 
can. Cost reduction was accomxjlished by use of 2 percent boron-s ta in less 
s teel in place of hafnium. 

POISON SECTION ZIRCALOY-2 FOLLOWER 7.62-W CROSS 

/ 

Figure 4-12 

Control rod assembly 
Neg. 112-1320 

As shown in Figure 4-13 the control rod is composed of the poison 
section, the Zirca loy-2 follower section, and the 7.62-centinaeter (3-inch) 

,y PoiiiT 

Figure 4-13 

Operating control rod with Zircaloy-2 follower 
RE-6-35284A 

c r o s s . The poison section is composed of nominally 2 percent natural 
boron-304 s ta inless s teel . Analysis of the naaterial is shown in Table 4-2, 
The boron-s ta in less steel labeled old heats and new heats were the m a t e ­
r i a l s of construction of Core I and Core lA rods respect ively. 

Table 4-2. Analvsis or Boron Stainless Steel^ 

c 
ffln 
SI 
Cr 
Ni 
S 
P 
B 

OIdh 
KA-272 

o.m 
1.81 
0 47 

18.33 
9 60 
0 009 
0.014 
2 02 

eatsb 
KA-274 

0 046 
166 
0 56 

19 06 
9 92 
0 011 

noil 
191 

KH-761 

0.014 
2.03 
0.64 

19.03 
9 70 
nno7 
noil 
2 20 

te. heats-
KH-762 

n.016 
196 
0.70 

18 91 
9 59 
0 006 
OQin 
2.19 

Desired 

155 mm 
0 5 n i l 
18-20 
18 - 10 

-
-

20 

^All values in percents 
bffiatenal of construction of original control rods 
'^Material of construction of ip proved control rods 
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4.2-1.2 Fabr ica t ion and Assembly 

The sheet m a t e r i a l is rece ived from the vendor in 0 .318-cent imeter" 
thick ( | - i nch ) stock, 25.4 cen t ime te r s (10 inches) wide and approximately 
178 cen t ime te r s (70 inches) long. The sheets a re hot formed to 90-degree 
angles with a 1.27-centinaeter ( - - inch) internal r ad ius . (Previous boron 
sheet had been cold formed; however, the new m a t e r i a l exhibited a g ross 
tendency to c rack on cold forming. Hot forming was investigated and found 
to be adequate. All remaining sheets were successfully hot formed at 
915°C.) Four of these angles a re spot welded together to forna a c r o s s 
25,4 cen t ime te r s by 25.4 cen t ime te r s (10 inches by 10 inches) with blades 
approximately 0.635 cen t imeter ( j inch) thick. 

Examination of i r r ad ia t ed bo ron- s t a in l e s s rods from Core I revealed 
c i rcumferent ia l c r acks approximately 0.635 cent imeter out froin the center 
of the spot weld in approximately 180-degree a r c s . This phenomenon was 
also noted in a sanaple Core I control rod which was autoclaved at reac tor 
conditions except for flux. However, a control blade that was fabricated at 
the same t ime as the other Core I rods but never autoclaved or operated in 
a reac to r did not show any c racks upon examination. Several methods for 
elinainating these c racks were invest igated. The method selected was to 
beat t r e a t the spot welded c r o s s e s . This cons is t s of a s t r e s s relief for 
6 hours at approximately 700°C followed by a furnace cool. All c r o s s e s are 
heat t r ea ted in this manner p r io r to final assembly with the follower unit. 

The follower section is composed of Zi rca loy-2 m a t e r i a l . Sheet 
ma te r i a l 0.159 cent imeter ( j^ inch) thick, 25.4 cen t ime te r s (10 inches) wide, 
and approximately 96 cen t ime te r s (~38 inches) long is cold formed to a 
90-degree angle having a 1.27-centimeter internal r ad ius . Sheets of 
0 318 cen t imeter th ickness a re sheared to 11.4-cent imeter by 89-cent imeter 
(~4-- inch by 35-inch) pieces to serve as spacer plates for the fol lowers. 
Four of the 0 .159-cent imeter - th ick ( ^ -inch) angles and four spacer plates 
a re spot welded together to form a c r o s s 25.4 cen t ime te r s by 25.4 cent i ­
m e t e r s (10 inches by 10 inches) with blades approximately 0.635 cent imeter 
(4 inch) thick. A 304 s ta in less steel t rans i t ion piece was r iveted between 
the thin Zi rca loy-2 angles at one end. Inconel r ive t s of 0.31 8-cent imeter 
( - - inch) d iameter a re used to join the Z i rca loy-2 followers and the stain­
l e s s steel t rans i t ion p ieces . 

After the t rans i t ion section is r ive ted to the fol lowers , the sections 
a re co r ros ion tes ted for two weeks at sa tura ted conditions of p r e s s u r e and 
t empera tu re (252°C). 

The poison c r o s s is welded to the follower c r o s s , at the 304 s tainless 
steel t rans i t ion , to form one integral unit and then machined to length. Holes 
a re machined in the blades of the Z i rca loy-2 follower to rece ive 
0 .317-cen t imete r -d iamete r ( j - i nch ) locating dowel pins which are in the 
lower t rans i t ion piece. A lifting lug is also welded to the poison section to 
pe rmi t handling in the t ransfer coffin. 
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The connector, 7.62-centinaeter (3-inch) c r o s s , lower t rans i t ion 
section, and 1,27-centimeter by 1.27-centimeter (i--inch by 2 - inch )ba r a re 
made of 304 s ta in less steel and welded together to form an assenably approx­
imately 482.6 cen t ime te r s (190 inches) long. The connector is machined from 
a piece of 304 s ta in less s teel . The 7.62-cent imeter (3-inch) c r o s s is made of 
four 0 .317-cent imeter - th ick (^-inch) sheets formed to a 90-degree angle and 
spot welded together to form the 7 .62-cent imeter (3-inch) c r o s s with 
0 .635-cent imeter - th ick ( j - i nch ) b lades . The renaovable handling tip is 
machined from 17-4 PH s ta in less steel to provide a ga l l - r e s i s t an t joint. 

The control rod is a ssembled by sliding the poison section and 
Zi rca loy-2 follower over the 1.27-centimeter (|--inch) bar and locating on 
the t rans i t ion section by means of the 0. 317-centinaeter (^-inch) dowel pins 
at each a r m ext remi ty . The removable handling tip is threaded on the 
lo27-cent imeter ( j - inch) bar and when tightened is tack welded to the lift­
ing lug. The rod is then loaded into the r eac to r for locking to the drive 
mechan i sm for r eac to r operat ion. 

A sample control rod was const ructed and tes ted in the con t ro l - rod-
drive t e s t r ig . The sainple rod was an exact dimensional mockup of the 
design, except for the naater ia ls of the Zi rca loy-2 follower and the poison 
section. Stainless steel was used to s imulate the poison and follower sec ­
t ions . This rod was cycled in inc remen t s of 5000 scramis and examined 
after each increment . The tes t unit was operated at EBWR p r e s s u r e but 
the water in the tes t r ig was at room temiperature. A p r e s s u r e of 600 psi 
was naaintained by ni t rogen o v e r p r e s s u r e . 

P o s t - t e s t examination revea led no indication of failure of any joints 
at the end of 15,000 s c r a m s . A few burnished a reas were noted in severa l 
of the blade radi i where the blade had rubbed the shroud. The amount of 
wear was negligible and not cons idered detr imental to the operat ion of the 
unit 

Using the samie sample rod, d i sassembly and handling techniques 
were a lso tes ted. The Core I con t ro l - rod handling tool was modified by an 
adapter . In the d i sassembly and handling t e s t s , the tack weld was broken 
between the handling t ip and the lifting lug and the handling tip unscrewed 
and removed. The s imulated poison and follower section was then removed 
from the balance of the control rod, the handling tip was replaced on the 
bar , and the balance of the control rod removed. 

4.2.2 Osci l lator Control Rod* 

4.2.2.1 Descript ion 

P r i o r to operat ing EBWR at 100 megawat ts , t ransfer functions of 
the r eac to r core must be m e a s u r e d to confirm empir ica l ly the stability of 

*J. F . Pohlman 



the core . The react ivi ty input signal for these m e a s u r e m e n t s is provided by-
oscillating a specially designed control rod through a wide range of frequen­
cies at various s t rokes and core elevations. In addition to good neutron ab­
sorption, a control rod used for power t ransfer-funct ion measurenaents mus t 
possess s t ruc tu ra l r igidity, physical s t rength, and light weight. The mos t 
severe loading of the rod occurs when the oscil lat ing frequency is 8 cycles 
per second, amplitude + 1 inch, and the rod withdrawn 40 inches frona the 
core . The maximum load occurs at the top and bottom of the stroke because 
of the iner t ia of the rod. 

The over -a l l dimensions of any control rod used in EBWR a re e s ­
sentially fixed by reac tor operating r equ i r emen t s . Control considerat ions 
dictate approximately 4 feet of absorber of 10-inch by 10-inch c ross section 
with the follower section full size to maintain a minimum water hold. 

In all r e s p e c t s , the osci l lator control rod closely r e sembles the 
original 20-megawatt EBWR hafnium control rod. The absorber section is 
made of four 5-inch by 5-inch by -^- inch angles of hafnium spot welded to -

' 1 

gether to form a 10-inch by 10-inch cruciform -g- inch thick and 46 inches 
long (see F igure 4-14). This produces an absorber section of 97 pounds 
which is the l ightest weight current ly avai lable. 

' O . ^ ^ « • "FHIM (»E«S SHE) , . 3t-ir.- ZUCMOV-Z j . JA . S l l l i )^ . / 

/ t 3 - M H U D ( H R SIDE) / ^ i . , , , - ZIBCH 0 » - ! ( f M SIOEl 

Figure 4-14 

Oscil lator control rod 
RE-6-35172-C 



The follower section is made fromi four 5-inch by 5-inch by j ^ - inch 
Zi rca loy-2 angles spot welded together to form a lO-inch by lO-inch by 
| - - inch cruciform section 38— inches long. The absorber and follower s e c ­
tions a r e joined by a combined spot weld and r iveted lap joint to insure the 
integri ty of the t rans i t ion . 

The lower end of the follower section is made of 304 s ta in less s teel 
since this section r equ i r e s both column s t rength and r e s i s t ance to f lexure. 
To provide sufficient stiffness of the follower during rapid oscil lat ion, the 
l a rges t possible c ruc i form section, 3~ inches by 3-^ inches , is used. The 
connection between follower and extension, as well as the Z i r ca loy -2 -
s ta in less s tee l t rans i t ion in the follower, a r e r iveted lap jo ints . 

The lower end fitting is s imi l a r to those of the lOO-megawatt opera t ­
ing control r o d s . However, it was n e c e s s a r y to inc rease the thickness of 
the end fitting from ~ inch to j inch to achieve the s t rength requ i red while 
osci l la t ing. A special c ro s s -gu ide connector is used for the osci l la tor con­
t ro l rod; this connector can also be used on any of the lOO-megawatt control 
rods or in conjunction with the lOO-miegawatt rack-and-p in ion dr ives . This 
design is d i scussed in Section 4,2,4, 

4,2.2„2 Test ing 

The osc i l la tor control rod is sim.ilar to the hafnium control rod used 
for the f i rs t s e r i e s of t ransfer - funct ion measurenaents , except for the change 
to r iveted jo in t s . This change provides a la rge m.argin of safety against 
fai lure from tens i le loading during oscillation^ 

P r i o r to actual t r ans fe r - func t ion -measu remen t exper iments , the rod 
is to be ins ta l led in the r eac to r and osci l la ted throughout i ts ent i re operat ing 
range . The rod will r ema in in place until the conclusion of the t r a n s f e r -
function expe r imen t s , since it mus t be des t royed upon remova l from the r e a c t o r . 

4,2„3 Opera t ing-Cont ro l -Rod Drive Mechanism* 

4.2,3,1 Descr ip t ion 

The con t ro l - rod dr ive m e c h a n i s m s originally instal led in EBWR were 
rep laced with units of a different design. Replacement was made for the 
following r e a s o n s : (l) i nc rease in s t roke length, (2) per formance improve ­
ment , and (3) el imination of was t -col lec t ing pockets . The change of core 
length from four to five feet r e q u i r e s i nc r ea sed control rod t r ave l . The 
or iginal 4 - foot -s t roke unit could not conveniently be converted because of 
i nc reased columnloading r equ i r emen t s and need for other major a l t e ra t ions . 
The or ig ina l units were subject to st icking, which was a t t r ibuted to se t t l e -
naent of waste into the seal r ings and shaft guide bushing. Due to design 
linaitations, it was not possible to remove the waste by flushing. The new 
rack-and-p in ion type units can be flushed, and the worth of this feature has 
been demons t ra ted . In addition, the original connector-dashpot pa r t used 

*D. J . Roy 
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for connec t i ng the c o n t r o l r o d to t h e d r i v e shaft was a n a t u r a l r e s e r v o i r for 
co l l e c t i ng r a d i o a c t i v e w a s t e tha t could no t be r e a d i l y r e c o v e r e d . 

The new c o n t r o l - r o d d r i v e 
m e c h a n i s m i n c o r p o r a t e s a c o n v e n ­
t iona l r a c k - a n d - p i n i o n d e s i g n which 
d r i v e s t h r o u g h a r o t a t i n g shaft f i t ted 
wi th a p r e s s u r e b r e a k d o w n s e a l ( see 
F i g u r e 4 - 1 5 ) . The o r i g i n a l un i t , with 
a 4 - foo t s t r o k e , was c o n s i d e r e d a s a 
b a c k u p d e s i g n for EBWR r e f e r e n c e 
d r i v e s . It was a d a p t e d f rom the o r i g ­
ina l A r m y P a c k a g e P o w e r R e a c t o r 
( A P P R ) m o d e l to m e e t EBWR o p e r ­
a t ing r e q u i r e m e n t s . D e v e l o p m e n t 
w o r k was con t inued o v e r the i n t e r i m 
and r e s u l t e d in e l i m i n a t i o n of o r i g ­
ina l ob j ec t ionab le f e a t u r e s and r e ­
duc t ion of c o s t f r om about $1Z,000 to 
l e s s than $4000 p e r un i t . The p r i n c i ­
pal i m p r o v e m e n t was the s u b s t i t u t i o n 
of g r a p h i t e b u s h i n g s and s l e e v e s for 
S te l l i t e a n t i f r i c t i o n b e a r i n g s in the 
p in ion shaft s u p p o r t a r e a . The h o u s ­
ing changed f rom a w e l d m e n t to a 
m o r e c o m p a c t and l e s s e x p e n s i v e 
c a s t i n g . W a s t e - c o l l e c t i n g pocke t s 

w e r e e l i m i n a t e d and p r o v i s i o n s for f lush ing i n c o r p o r a t e d . 

P r e v i o u s l y e s t a b l i s h e d r e a c t o r o p e r a t i o n r e q u i r e m i e n t s and e v a l u a ­
t ion of t e s t i n f o r m a t i o n have r e s u l t e d in the d e s i g n c r i t e r i a l i s t e d be low: 

F i g u r e 4 -15 

O p e r a t i n g - c o n t r o l - r o d 
d r i v e m e c h a n i s m 

R E - 6 - 2 3 9 7 9 - B 

1. O p e r a t i n g p r e s s u r e 

2. O p e r a t i n g t e m p e r a t u r e of s e a l 

3 . N u m b e r of c o n t r o l r o d s 

4 . Rod t r a v e l 

5. C o n t r o l r o d spac ing 

6. Rod s p e e d in r e a c t i v i t y 

M i n i m u m 

M a x i m u m 

7. M a x i m u m r a t e of l i n e a r t r a v e l 

8. P o s i t i o n ab i l i ty 

9. S c r a m s p e e d a t 200 p s i 

600 ps ig 

110°F 

9 

60 in . 

12-|- by 1 2 | - i n . 

1 X 10"^ k / s e c 

4 X 10"^ k / s e c 

28 i n . / m i n 

+ 0.025 in. 

56 in. in 1.35 s e c 



10. Decelerat ion distance 4 in. 

11. Maximum leakage ra te per rod 200 cc /min 

12. Complete fail-safe cha rac t e r i s t i c s 

13. Flushable during operation 

14. Removal of each control rod and drive unit without draining 
the reac tor ves se l . 

The cont ro l - rod drive mechanism consis ts of a drive unit and a 
power unit connected to each other by a shaft with two universa l joints for 
al ignment. The main components of the drive unit a r e : 

1. Dashpot housing assembly 

2. Pinion housing assembly 

3. Seal housing assembly 

4. Lower housing assembly 

A c ros s section of the drive unit a s sembl ie s is shown in Figure 4 - l b . 

F igure 4-16 

Cross section of control rod drive unit 
RE-1 -24670-F 

The dashpot housing is made of type-304 stainless steel and contains 
a removable f lash-chromium-pla ted 304 s ta inless s teel dashpot sleeve that 
is tapered for proper dashpot action. The combination dashpot piston and 
c ross connector is made of type-304 s ta inless steel with a Stellite inlay 
which is ground to the contour of the seat in the bottom of the dashpot hous­
ing. This feature enables removal of the portions of the drive below the 
seat while the r eac to r vesse l is full of water . 
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Although the valve seats do not normal ly leak, a tool (Figure 4-16) 
is used to prevent loss of water from the thimble while the mechan ism is 
removed from the operat ing posit ion. This tool also prevents inadvertent 
lifting of the connector when the control rod is r emoved from the core . 

The control rod is connected to the rack by the combination connector-
dashpot piston with a bayonet-lock joint. The rack cannot be disconnected 
from the control rod during operat ion. The rack is m a d e from 17-4 PH 
s ta in less s tee l heat t r ea t ed to condition H-llOO, and the end containing the 
connector-pin hole is annealed to improve impact r e s i s t a n c e . 

The pinion housing is made from type-304 s ta in less s teel cast ing 
and the combination pinion and pinion shaft is made from 17-4 PH s ta in less 
s teel heat t r ea t ed to condition H-llOO and flash plated with chromium. The 
splined end of the shaft is annealed to i nc r ea se impact r e s i s t a n c e . The 
Graphi tar s leeve bear ings and guide bushings a r e held in place by a shrink 
fit. B e a r i n g b o r e s a r e machined for s i z e - t o - s i z e shaft f i ts . Rotating shafts 
a r e allowed to seek na tu ra l cen te r s during p re l imina ry run - in . 

The seal housing, which is a type-304 s ta in less s tee l cast ing, con­
tains a 5-s tage , p r e s s u r e - b r e a k d o w n seal unit. The dr ive shaft, which 
extends through the sea l , is made from 17-4 PH s ta in less s tee l with the 
s ame physical p rope r t i e s as the rack and pinion p a r t s . It is suspended be ­
tween a Graphi tar bushing on the p r e s s u r e end and a combination r a d i a l -
th rus t ball bear ing on the a tmospher ic end, A Sirvene synthetic rubber lip 
seal is i n se r t ed between the ball bear ing and the leak-off connection. 

The rack housing tube is made of type-304 s ta in less s teel pipe and 
flanges and provides space for r ack t r ave l to the fully i n se r t ed position. 
The flanged joint in the lower port ion of the tube is n e c e s s a r y for ins ta l l a ­
tion of the mechanica l stop on the r ack end which is r equ i r ed to l imit upward 
t r ave l . The main components of the power unit a r e : 

1. 

2 . 

3 , 

4 . 

5, 

6, 

1. 

Gear motor 

Torque l imi t e r 

Magnetic clutch 

Synchro t ransmi t t e r 

Limit switch 

Indicating light l imi t switches 

"One-way" clutch 

The units a r e mounted as a package on wall b racke t s adjacent to the 
c o n t r o l - r o d - d r i v e - m e c h a n i s m acces s platform (Figure 4-17) . A plan view of 
the orientat ion of the nine dr ives is shown in F igure 4 -18 . 
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Figure 4-17 Figure 4-18 

Power unit mounting a r r angemen t Orientation of cont ro l - rod 
Neg. 111-9279 drive mechanismis 

RE-6-34892-B 

Normal operat ion of the power unit consis ts of energizing the mag­
netic clutch and driving the output shaft v.ith the gear motor through the 
torque l imi ter (set at 2-|- t imes the torque required to r a i s e the rod) and 
magnetic clutch. Posit ion indication is achieved through the synchro t rans ­
mi t t e r and r ece ive r , the t r ansmi t t e r being driven by a gear on the output 
shaft. 

The 5-unit, ro ta ry-ad jus tab le , cam-opera ted microswi tch assembly 
is also driven off the output shaft. A switch actuates the "Rod Out" light 
on the position indicator dial which should read in the 59 to 60-inch range 
at this t ime . Another switch actuates the "Rod In" light on the indicator 
dial when the rod is in the 0 to 4-inch range . Two other l imit switches a r e 
provided for "Rod In" and "Rod Out" l imi t s . These switches a r e mounted 
on an Arch Instrument Co. l imit device connected to the output shaft. The 
l imit device may be adjusted to a linnit oi + -^ inch. 

Rapid inser t ion of the control rods is effected by de-energizing the 
magnetic clutch and allowing the rod and rack to fall by gravity to the fully 
inse r ted position. Safety rec |uirements prevent re -energ iz ing the magnetic 
clutches until all nine rods a r e inser ted and inser t ion is indicated by signal 
lights connected to the "Rod In" l imit switches. Since the motor circui t is 
active and causes the motor to run for downward t r ave l , a one-way clutch 
is provided to apply downward force only. This feature provides additional 
thrus t in the event a rod does not fall in by gravitational force. An adjust­
able torque- l imi t ing clutch is provided in this t ra in to prevent excessive 
thrus t that might resu l t in damage to the mechanism. 
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4.2.3.2 Testing 

The test ing of developmental, prototype, and the nine operating 
cont ro l - rod drive mechan i sms was per formed in the facility shown in 
Figure 4-19. This r ig s imulated EBWR operating conditions of p r e s s u r e , 
t e m p e r a t u r e , and s t roke length. During the last s tages of development and 
test ing, the r ig was operated at 600 psi and room t e m p e r a t u r e . Gas p r e s ­
sure was used instead of s team because t empera tu re gradients along the 
vesse l length caused the mechanism to operate at low^ t empera tu re under 
all c i r cums tances . 

F igure 4-19 

Facil i ty for test ing cont ro l - rod 
drive mechan i sms 

Neg. 111-7344 
s 

Development of the rack-and-pinion drive mechan i sm was s t a r t ed in 
late 1955 as a backup effort to the re fe rence design. The rack-and-pin ion 
concept was selected as an a l ternat ive because of its s implici ty, performance 
cha rac t e r i s t i c s , and state of development. The APPR drive design, then 
under development, was adapted to mieet EBWR design r equ i r emen t s . Testing 
was continued after the commitment was made to develop the re fe rence de­
sign. Poss ib i l i t ies for design improveinent were observed and a s e r i e s of 
changes began. Tes ts were made for both 4- and 5-foot-s troke lengths. The 
design was thus available when the decision was made to inc rease rod s troke 
to five feet. 

The prototype model successfully demons t ra ted the feasibility^ of 
flushing out cor ros ion products in the tes t facility. Shortly after ins ta l la ­
tion on EBWR it was discovered that radioactivity was increas ing around the 
blowdown valve. When the level reached 1 roentgen at the pipe surface , the 
radioactivity level was reduced by blowdown to 20 mi l l i roen tgens . The p e r ­
manent effectiveness of the flushing sys tem can be deterrained only after 
prolonged operat ion. 

In addition to checking the flushability of the drive, extensive tes t s 
were conducted to determine the minimum rap id - inse r t ion time and life ex­
pectancy of the complete mechan ism attached to a control rod. The minimum 

4 
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inser t ion t ime for a full 56-inch stroke (the 4-inch dashpot was not includedj 
was found to be 1.25 seconds. This rap id- inser t ion time was recorded after 
the mechan ism had been through 9000 cycles at 28 inches per minute rack 

speed and 3000 rapid inser t ions . Inspection 
of all the wear surfaces after the tes ts in­
dicated negligible wear except that the bore 
of the Graphitar pinion bearings increased by 
0.013 inch. However, this wear did not af­
fect the performance of the mechanism. The 
pinion bear ings were replaced. The r ep l ace ­
ment bearings were originally sized to c r e ­
ate an in terference fit with mating par ts and 
run- in in water until free (approximately 
40 cycles run- in) . Inspection of the bearings 
after run- in revealed a glazelike contact su r ­
face which improved wear r es i s t ance . The 
naechanism was reassembled and the rapid-
inser t ion time for a 5t)-inch s t roke, as de­
te rmined with a Brush Company r eco rde r , 
was found to be 1.35 seconds (see 
Figure 4-20). 
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Figure 4-20 

Control rod rap id - inse r t ion 
curve 

RE-7-34893-A 
Design drawings and specifications 

were submitted to vendors for the purchase of nine complete drive packages, 
excluding seal r ings , d iaphragms, l an te rns , synchro t ransmi t te r and gear 
m o t o r s . The cost of each complete mechanismi including the par ts furnished 
by ANL was l e s s than $4400. As the dr ive mechanisms a r r ived at ANL each 
unit was assembled and checked in the tes t facility. The checkout consisted 
of assembl ing the drive mechanism and cycling until a 56-inch inser t ion in 
less than 1.35 seconds was obtained. A tabulation of run-in data is shown 
below: 

D r i v e 
m e c h a n i s m 

n u m b e r 

1 
2 

3 
4 

5 
6 
7 
8 

9 

C y c l e s 
r e q u i r e 

for r u n -

20 
2 4 5 
2 5 6 
195 

35 
2 8 1 

13 
20 
24 

d 
i n 

Rap id 
i n s e r t i o n 
t i m e , s e c . 

1.24 
1.26 
1.32 
1.24 
1.32 
1.28 
1.16 
1.32 
1.28 

Seal l e a k a g e 
r a t e a t 600 p s i , 

cc / m i n 

75 
175 

80 
123 

55 
48 
75 
4 8 
40 
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4.2.4 Control-Rod-Osci l la tor Drive Mechanism* 

4.2.4.1 Design Objectives 

- i - --'Ar' 

The con t ro l - rod-osc i l l a to r drive mechanism is used in experiments 
to m e a s u r e power t ransfer functions of EBWR. When linked to a control 

rod in place of the conventional 
rack-and-pin ion dr ive , the rod-
osci l lator drive mechan ism, 
shown in Figure 4 -21 , acts as 
a react iv i ty input function gen­
e ra to r . The center control rod, 
a specially designed lightweight 
(97 pounds) hafnium rod, is 
osci l la ted by this mechanism 
with approximately harmonic 
motion over a wide range of 
frequencies and ampli tudes; 
these oscil lat ions a r e possible 
at var ious conditions of r e ­
actor p r e s s u r e and power and 
at near ly any des i red core 

" ' " / • •".»=, position as shown in Table 4 -3 , 
Mechanical backlash, play in 
the l inkages, and vibration a re 
minimized to yield a very clean 
react ivi ty input signal. 

Basical ly , the osci l lator 
drive mechanism consis ts of a 
hydraulic drive unit, a crank­
shaft with an adjustable crank 
throw, a ver t ica l connecting 
rod, a piston rod, piston, and 
cylinder as shown in Figure 4-22. 
The control rod is at tached to 
the piston by an adjustable 
con t ro l - rod c ross -gu ide con­
nector which is pinned to a lead 
screw that engages an internal 
thread within the piston. The 
connecting rod is jointed so that 
the piston can be rota ted about 

its axis while under ver t ica l r e s t r a in t from the connecting rod. Thus, the 
lead sc rew mus t move up or down. In this manner , the control rod can be 
positioned at any setting. The rod position is read from a scale on the 
osci l lator housing. 

F igure 4-21 

Osc i l l a to r -con t ro l - rod drive 
miechanisin 

RE-6-34894-D 

*J . F . Pohlman 



Table 4 - 3 . Control-Rod-OsciUator Operating Range 

Frequency, Amplitude, 
cps by -g-ths 

Core position 
above seat , 

inches 

Reactor s team 
p r e s s u r e , 

psig 

i i 

n 

I ~ 

i~j 

1 

it 

Power level, 
mw(t) 

0.001 to 2.0 
2.0 to 8.0 

0 to + 5 
0 to + 1 

10 to 40 
10 to 40 

0 to 600 
0 to 600 

0 to 100 
0 to 100 

• s [ . 

rM E a' 

Figure 4-22 

Osci l lator housing assembly of oscil lator 
control rod 
RE-34895-D 

The cont ro l - rod extension rod passes through an a tmospher ic seal ; 
therefore , the piston mus t counteract both the reac tor p r e s s u r e and the 
weight of the control rod and connecting m e m b e r s . The lat ter force is con­
stant, but the r eac to r p r e s s u r e is var iable ; hence, a variable static ba lanc­
ing force is requi red . The balancing force is provided by pressur iz ing the 
unders ide of the piston with ni trogen. The nitrogen p r e s s u r e is regulated 
to a value proport ional to the r eac to r p r e s s u r e . For example, at 600 psig 
r eac to r p r e s s u r e , 140 psig nitrogen p r e s s u r e is requi red for static balancing. 



As the rod is osci l lated, the cylinder volume below the piston is con­
tinually changing, thereby varying the ni trogen p r e s s u r e within the cyl inder . 
To keep the p r e s s u r e fluctuations to a to lerable level , the cylinder volume is 
augmented by a r e s e r v o i r . The r e s e r v o i r is self-contained to el iminate any 
surging or pumping which might occur with an external r e s e r v o i r 

At low rod osci l lat ions the iner t ia force is negligible and only s ta t ic 
balancing is r equ i red . However, at osci l la t ions above 2 cycles per second 
the iner t ia becomes appreciable and mus t be reduced by a sys tem of dynamic 
balancing. Reduction is par t ia l ly accomplished bŷ  linking the piston and the 
cylinder with a coil spr ing . The spr ing ac ts both in compress ion and tension 
absorbing all or pa r t of the iner t ia force on both the upward stroke and the 
downward s t roke . 

The spr ing is permanent ly at tached to the piston but is detached from 
the cylinder housing at rod osci l lat ions below 2 cycles per second. With the 
dynamic balancing spr ing in operat ion, ampli tude is r e s t r i c t e d to + 1 inch 

In p rac t i ce , the spr ing balances the iner t ia at only one par t icu la r 
frequency (approximately 6 cps) . At osci l la t ions below this resonant f r e ­
quency, work is done on the spring; at higher speeds , the spring absorbs 
only a port ion of the iner t ia , which thus l imi ts the top operat ing speed of 
the osci l la tor to 8 cycles per second. 

4,2,4.2 Descr ipt ion 

The drive unit cons is ts of a se rvo-con t ro l l ed , va r i ab le - speed , hy­
draulic t r a n s m i s s i o n and a four-speed gear r e d u c e r . In the hydraul ic t r a n s ­
miss ion , a va r i ab le -d i sp lacement a i rc ra f t - type piston pump drives a 
f ixed-displacement a i rc ra f t - type piston moto r . The des i red speed is obtaine 
with a servo motor which posit ions the pump yoke by means of a worm gear 
and a rack-and-p in ion dr ive , the position of the pump yoke de te rmines the 
direct ion and r a t e of output flow from the pump. The usable range of this 
t r ansmi s s ion is from 200 to 2000 rpm. 

The gear r educer r ece ives the output of the hydraul ic pump and r e ­
duces the speed in a ra t io of 1 to 4. This shaft is joined to the gear r educer 
output by means of a pinned, solid-flange coupling. This provides a d i rec t 
drive for osci l la t ing frequencies in the range of 2 to 8 cycles per second, 
A s e r i e s of worms and worm gears provide th ree additional drive shafts 
with speed reduct ions of 10 to 1, 100 to 1, and 1000 to 1. These shafts a r e 
joined to the gear r educe r output by individual e l ec t r i c clutches which can 
only be engaged separa te ly , provided the pins fromt the d i r ec t -d r ive flange 
coupling a r e removed . 

Control of the hydraul ic t r a n s m i s s i o n and select ion and energizing 
of the clutches is accomplished in the r eac to r control room. Thus, all rod 
oscil lat ing frequency changes, except the t rans i t ion to the high range, a r e 
control led remote ly . 



All four drive shafts contain shear pins to protec t the r eac to r and the 
osci l la tor from possible damage due to binding of the control rod. 

The output flange of the drive unit is slotted and s e r r a t e d to accept a 
threaded and s e r r a t e d T-s tud which functions as a crank pin. Amplitude r e g ­
ulation is accomplished by matching the 8-pitch se r ra t ions at any^ crank r a ­
dius from 0 to 5 inches , A locknut s ecu re s the connecting-rod bottom end 
bear ing to the T-stud and locks the mat ing se r r a t ions in place. 

An amplitude m e a n - r e f e r e n c e slot is provided in the drive flange and 
a m e a n - r e f e r e n c e hole in the gear r educe r housing. When the slot and hole 
a r e aligned by inser t ion of a locking pin, the control rod is at the m e a n -
reference position, or zero posit ion, in the amplitude se lec tor . Whenever 
the t r a n s m i s s i o n is not in operat ion, the control rod is r e tu rned to the mean-
re fe rence posit ion, the s t roke is adjusted to zero ampli tude, and then locked 
in place with the locking pin. 

The connecting rod design is an economical optimization of l ightness 
and r e s i s t ance to flexure from column, bending, and iner t ia loadings. The 
rod is t ape red lengthwise in an approximat ion of the bending s t r e s s curve, 
it has a l a rge rec tangular c ro s s sect ion to yield a high radius of gy-ration, 
and is made of aluminum to achieve light weight, 

A un ive r sa l - rod end bear ing is used at the upper end of the connecting 
rod, but a caged needle bear ing is r equ i r ed at the bottom end because of the 
high speed of the crank pm. 

The spring housing contains the dynamic-balance coil spring which is 
in ternal ly th readed onto the clevis rod. The clevis rod at taches to the con­
necting rod and is an extension of the piston rod. The lower end of the coil 
spr ing is external ly threaded into an aluminum bronze bushing. Both the in­
s ide and outside surfaces of the bushing a r e used for bear ing sur faces . At 
low osci l la t ing f requencies , the outside surface of the bushing sl ides within 
the spr ing housing. At osci l la t ions above 2 cy-cles per second, the bushing 
is locked to the spr ing housing by means of a double- threaded nut (which 
locks the lower end of the spr ing) , and the clevis rod slides within the inside 
surface of the bushing. 

The outer support r ing on the outside of the housing is used to steady 
the osci l la tor mechan i sm by prevent ing horizontal movement during osc i l la ­
tion. 

The lower end of the piston housing contains the s ta t ic-balancing 
cylinder, piston, piston rod, and the self-contained r e s e r v o i r . The upper end 
of the cylinder is open to the atnaosphere; the piston is single acting. 

The lead sc rew has been machined for a 1-g- - 4-s tub Acme, Class 4C 
thread . A prec i s ion th read is needed to keep the pitch c lea rance between 
sc rew and nut to a min imum. Although a l e ad - sc r ew lockout is provided to 
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hold the sc rew and threaded piston solid, it cannot be re l ied on because of 
the coarse thread. This is the bas i s for the r equ i rement of the close fit 
between screw and threaded piston. 

The cont ro l - rod extension rod is made from AISI 4130 a i rc ra f t 
quality s teel hardened to a value of 48 on the Rockwell C scale and ch ro ­
mium plated to a minimum thickness of 0.002 inch. 

The lead sc rew is pinned to the cont ro l - rod extension rod. This 
juncture provides a means of r e s t r a in ing the lead sc rew from axial r o t a ­
tion. A notched a luminum-bronze sleeve is fitted over the joint of the lead 
screw and extension rod, and all three pieces a r e pinned together. This 
notched sleeve then r ides on a ver t ica l guide key which is fixed to the in­
side surface of the piston housing. 

A se r i e s of ver t ica l slots in the housing wall pe rmi t s access to a 
pointer located on the notched s leeve . Rod position is indicated by the 
pointer on a scale attached to the piston housing. 

The seal housing shown in 
Figure 4-23 provides the guide bush­
ing and a tmospher ic seal for the 
cont ro l - rod extension rod. The seal 
is provided by a stack of th ree Teflon 
V-r ings 1~ inches in inside diameter 
held in place by an externally threaded 
packing clamp and a split nut. The 
split nut, r e s t r a i n e d from ver t i ca l 
movement by the seal housing, forces 
the packing clamp upward against the 
V-r ings and is locked at the proper 
position. In an emergency, this de ­
sign allows the seal housing to be ­
come a stuffing box. 

Teflon V-r ings a r e used 
because of their low friction, although 
a mica-coa ted homogeneous V-r ing 
could be substi tuted. Wipers a re p ro ­
vided both above and below the sea l to 
keep the seal reasonably free of pa r ­
ticulate m a t t e r . The V-r ings can be 
easily replaced, if neces sa ry , when 

the osci l la tor drive mechanism is removed from the r eac to r at the comple­
tion of a t es t run. 

F igure 4-23 

Osc i l la tor - sea l -hous ing assembly 
of osci l lator control rod 

RE-6-34896-C 

The a luminum-bronze guide bushing is also provided with wipers 
above and below to keep out foreign m a t e r i a l . The bushing is longitudinally 



slotted along i ts per iphery to provide a p r e s s u r e bypass and to allow cooling 
of the bushing. Two tapped holes through the housing immediately below the 
bushing can be used for thimble cooling or back flushing. 

Instal lat ion of the solid connector used to join the boron-s ta in less 
s teel control rod to the rack-and-p in ion drive depends on c learance between 
the connector and the con t ro l - rod end fitting. Since any c learance is objec­
tionable in an osci l la tor application, the redes igned connector clamps tightly 
to the con t ro l - rod end fitting to el iminate end play. The l a rge r bear ing s u r ­
face of the redes igned connector great ly reduces the s t r e s s r e v e r s a l s occur ­
r ing in the rod end fitting during osci l lat ion. 

The adjustable c ros s -gu ide connector is fully interchangeable with 
the rack-and-pin ion drive or with the boron-s ta in less steel control r o d s . 

4,2.4.3 Test ing and Instal lat ion 

The osci l la tor drive mechan i sm rece ived l imited testing on the 
control rod mockup t e s t facility. Space l imitat ions prevented use of the full 
length connecting rod or the use of ampli tudes g rea t e r than + 2 inches . Lack 
of r igidity of the tes t stand prevented operating at high speed for any length 
of t ime . The tes t ing, although l imited, was ent irely sat isfactory and in­
formative . 

The mechan i sm was also tes ted in the reac tor during a shutdown 
per iod. The drive functioned sa t i s fac tor i ly throughout the entire range of 
f requencies , ampl i tudes , and elevations l is ted in Table 4 - 3 . Observat ion of 
the osci l lat ing control rod through the open top of the reac tor vesse l revea led 
that, although the rod rubs against the control rod channel, no appreciable 
vibration in the r eac to r ve s se l s t ruc tu re resu l ted . 

The gear reducer is bolted to an I -beam pad sunk into the subreac tor 
room floor to achieve sufficient r igidi ty; the ent i re drive unit is a s e m i ­
permanent fixture which will be removed only during extensive layoffs 
between t ransfer- funct ion m e a s u r e m e n t s or when the space is needed for 
other pu rposes . The housing as sembly will be instal led and removed as 
needed, since this involves only the steps requ i red to change a conventional 
rod dr ive . 

4.3 FUEL ELEMENTS* 

4.3.1 Fuel E lements For 100-Megawatt Core 

The spike fuel e lements a r e composed of two units: (l) a fuel e lement 
f rame and (2) the fuel rod as sembly which is removable from the f rame. The 
fuel assembly , shown in F igure 4-24, is a rec tangular boxlike s t ruc tu re 
226.7 cen t ime te r s (89 | - inches) long and 9.84 cen t imete r s (3~ inches) square . 

*V. M. Kolba 
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Figure 4-24 

EBWR spike-fuel- rod assembly and fuel element frame 

The components of the fuel elemient f rame, shown in Figure 4-25, 
a re the lower end fitting, the angles , and the top lifting pla tes . 

COMPLETE ASSEMBLY 

^ ^ 
W ^ 

LIFTING PLATES 

',;̂ r 
13^ i 

ANGLES ^ ^ | _ 

DE 

IVETS 

Figure 4-25 

EBWR spike-fuel-e lement frame and components 
Neg. 106-5283 

The end fitting is finish machined from a type-304 s ta inless steel 
cast ing. A tapered guide tip is provided on the bottom end to guide the 
assembly into the locating holes of the grid plate . A single chamfered 
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seat is machined on the per iphery of the casting to provide a seating a r ea 
for the a s sembly when in position in the support plate, A r e c e s s e d a r ea is 
machined in the upper surface of the fitting to provide a seating a r ea for 
the angles and to el iminate all project ions that might cause in terference 
during fueling opera t ions . 

The angles a re formed from 0.206-cent imeter (0,080-inch) Zircaloy-2 
sheet m a t e r i a l and provide the connecting link between the top lifting plates 
and the lower end fitting. In addition these angles form the basket which 
accepts the fuel rod assembly , A 0.103-cent imeter (-^-inch) deep r e c e s s , 
0.953 cent imeter (-|—inch) wide bŷ - 46.04 cen t imete r s (18-|- inches) long, is 
mi l led in the inside of each leg of the angles at the end connected to the 
lifting p la tes . 

The lifting plates a r e made of 0 .206-cent imeter - th ick (0.080-inch) 
Zi rca loy-2 plate . A 0 .953-cent imeter -wide (J--inch) 0 .103-cent imeter -deep 
(~-~-inch) lip is mi l led on each plate edge for the ent i re length of the lifting 
plate . An elongated hole and a slot a re punched in the top end of each plate, 
A l a r g e r hole is punched somewhat lower in the plate to provide for a leaf 
spring in the c o m p r e s s e d condition. 

Leaf spr ings for spacing the fuel spikes a r e sheared and formed from 
Zi rca loy-2 sheet m a t e r i a l . The leaf spring is spot welded to the lifting 
plate . Four of the lifting plates a r e lap joined, bŷ  spot welding, to the angles 
to form the top lifting p la te . These four angles a re r iveted to the end fitting 
to complete the fuel e lement f r ame . Four elongated holes in the top lifting 
plates provide lifting points for the pins of the fuel-handling tool. At a given 
tinae only two holes , those on opposite s ides , a r e used in lifting. Slots a r e 
provided adjacent to the ho l e s . These slots pe rmi t the pins to extend suffi­
ciently through the holes for proper lifting without engaging adjacent fuel e l e ­
ments since the pins will sl ide in the slots of adjacent e lements . 

The burnable poison s t r ips for the spike fuel e lements a r e fabricated 
from nominally^ 1.1 percen t na tu ra l boron-304 s ta in less s tee l . Each s t r ip is 
155.9 cen t ime te r s (6l-|- inches) long, 5.8 cen t ime te r s ( 2 ~ inches) wide, and 
0.159 cen t imeter {— inch) thick. A slight step is fornaed on one end of the 
s t r ip to p e r m i t posit ioning of the upper end of the poison s t r ip . A reduced 
section is provided at the center of the s t r i p to pe rmi t future remote r e ­
moval . The poison s t r ips a r e shown in the view of the fuel element frame 
in F igure 4-24, 

The s t r ips may be at tached in any of four positions on the fuel e le ­
ment f r ame . The s t r ips a r e supported on a 0 ,206-cent imeter (0.080-inch) 
ledge and tack welded to the end fitting cast ing. On assembly- the s t r ip is 
bowed out and the upper end is tucked into the space between the end fitting 
of the fuel rod bundle and the lifting plate of the fuel element f rame. The 
1.1 pe rcen t bo ron- s t a in l e s s s tee l is cor ros ion r e s i s t an t and has less notch 
sensi t ivi ty than the 2 percen t bo ron- s t a in l e s s s teel m a t e r i a l of the control 



rods . The react ivi ty worth of a boron-s ta in less s teel s t r ip has been de te r ­
mined bŷ  cold c r i t i ca l exper iments and is repor ted in ANL-6305,^-'-^) One 
s t r ip is worth approximately 0.09 + 0.035 percent reac t iv i ty . 

Since the s t r ip r e s t s on a ledge, no s t r e s s is exer ted on the tack 
weld by the s t r ip when in the r eac to r . With two s t r ips 180 degrees apar t , 
there is also a snug fit at the top of the fuel element between the s t r i p s , 
fuel bundle end-fitting box, and the lifting plate of the fuel elemient framie. 

This form of assembly makes possible the remote removal of the 
i r rad ia ted poison s t r ip in the s torage pit should this be des i red. 

The components of the fuel rod assembly a r e the two end-fitting 
boxes, the fuel rods , the two side p la tes , and the center spacer grid. These 
conaponents a r e shown in Figure 4-26. 

r " ̂ ^ ^ 
' COMPLETE ASSEMBLY N ^ 
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l - U t U KUUS> 

Figure 4-26 

EBWR spike-fuel- rod assembly^ and components 
Neg. 106-5282 

The end-fitting box is made of 0 .159-cent imeter- th ick (-ir-inch) 
16 

s ta inless s tee l . The sheet s teel is formed into a channel, and two channel 
sections a re he l ia rc welded together to forna a box section. The box s e c ­
tion is cut to length and one end is slotted to accept the fuel-rod support 
grids and the other end is slotted to accept the handling ba r . Two holes a re 
formed in the box sides to pe rmi t handling for inversion of the fuel unit. 
The fuel-rod support grid is a comb which spaces and guides the fuel rods . 



The comb is machined from 0.159-cent imeter- th ick (j^-inch) s ta inless s teel . 
Seven combs a r e requ i red for each end fitting and a re welded into the m a ­
chined slots to form the completed box. The handling bar is a flat 
0 .317-cent imeter- th ick (-^--inch) s ta inless steel sheet with the head slightly 
t apered to allow for seating on the fuel -e lement- f rame end fitting. One 
handling bar is requ i red for each end box. 

The side plates a r e made from Zircaloy-2 m a t e r i a l 0.159 cent imeter 
(-^ inch) thick with the ends stepped to permi t fastening to the inside of the 
end-fitting box. The longitudinal r ibs a r e formed in the side plates to sup­
ply additional r igidi ty. These plates a r e r iveted to the s tainless steel end-
fitting boxes and se rve to tie the end boxes together. The fuel rods slide 
freely and a r e mere ly guided on the support g r ids . 

The center spacer grid, which is made of Zircaloy-2 ma te r i a l , main­
tains proper spacing of the fuel rods . The grid is machined from a solid 
sheet of Zircaloy-2 m a t e r i a l by dri l l ing, mill ing, and filing. This el iminates 
the cor ros ion test ing requ i red for a welded assembly and permi ts more pos­
itive placement of the fuel rod. 

Fuel rods for the spike elements a re shown in Figure 4-27. The 
reference-design fuel rod consis ts of ce ramic pel le ts , cladding, and two end 
plugs. 

J END PLUG y CLAD y PELLETS 

Figure 4-27 

Typical spike-fuel rod 
Neg. 106-5281 

The ce ramic pellets a r e p repa red from urania , zirconia with low 
hafnium content, and calcia powders . The UO2, ZrOj, and CaO a re blended, 
cold p res sed , and s in tered to form a solid solution. The pel le ts , 
0.815 cent imeter OD by 1.27 cen t imete r s long (0,321 inch by 0,5 inch) a re 
used in the as s in tered condition. The end plug is machined from Zircaloy-2 
bar stock. Zircaloy-2 cladding m a t e r i a l is purchased as drawn seamless 
tubing of 0.978 centimieter (0.383 inch) outside diameter with a 
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0.064-cent imeter- th ick (0.025-inch) wall, and finish drawn to a 
0.95-cent imeter (-|—inch) outside dianaeter. An end plug is welded to the 
Zircaloy-2 clad tube and the pellets placed in the Zirca loy-2 tube. After 
inser t ion of the pe l le t s , the tubes a r e evacuated and backfilled with helium 
and the second end plug is welded in place. A helium a tmosphere is raain-
tained in the co re -c l ad gap. Slots a r e mi l led in the Zirca loy-2 end plugs 
for positioning in the fuel support grid. Before final assembly into the 
fuel boxes, a percentage of the fuel rods a r e cor ros ion tes ted for two weeks 
at 550*F sa tura ted conditions. 

T 
I % SORON-STASMLESS STEEL 
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Ĥ O 

UO2+ZrOg+CaO PELLETS 

P r i o r to final fuel rod assembly , the end fittings for the fuel rod 
bundle a re completed except for the handling ba r . The two side plates a r e 

r iveted to one of the end fittings and 
plug welded to the positioned center 
guide-spacer grid. For ty-n ine fuel 
rods a r e slipped through the center 
guide-spacer grid and into the grid 
of the end fitting. The second end 
fitting is then positioned at the op­
posite end, slid into place and r iv ­
eted to the two side p la tes . The 
final assembly operat ion consis ts 
of welding the handling ba r s to the 
end fittings. Thereaf ter , the r e ­
vers ib le fuel rod bundle is slipped 

„ . ^„ into the fuel element frame for load-
F i g u r e 4 - 2 8 . . . ^1. . A 

° mg into the r eac to r . A c ross s e c -
Cross section of spike-fuel tion of the spike element is shown 

element in Figure 4-28. All subsequent 
Neg. 111-9496 handling is done with the fuel rods 

in the fuel f rame. The method of 
assembly of the spike fuel pe rmi t s : 

U . - ^ 

^ZiRCALOY a 

1. Individual axial expansion of the fuel rods . 

2. No r ivet ing or fastening of the Zircaloy-2 clad fuel rods to 
the s ta inless s teel end-support g r ids . 

3. A removable and invertible fuel assembly . This also pe rmi t s 
the reuse of the f rame for sample element i r r ad ia t ions . 

4.3.2 Fuel Element Per fo rmance in 20-Megawatt Core 

Since going c r i t i ca l in December 1956, the EBWR core has operated 
a total of 11,164 hours , which r ep resen t s 211,509 megawat t -hours . The 
average power level was approximately 18.9 megawat t s . A great port ion 
of the initial operation was at re lat ively low power; however, both a s u s ­
tained operation of 40 megawatts was made and a short t ime peak output of 
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approximate ly 62 megawat ts ( thermal) was reached. The core contained 
nominally 5,508 k i lograms (12,140 pounds) of uranium during operat ion from 
1956 to 1959. The calculated average burnup of the U-Zr -Nb alloy fuel was 
approximiately 1600 megawat t -days per m e t r i c ton. 

The fuel e lements were visually examined severa l t imes . In January 
1958 a r a the r intensive invest igat ion of the core was made by gamma probe 
and fe r rous sulfate dosimetry,'•'•^^ This work revea led that the center 
36 fuel e lements were producing approximate ly 50 percent of the power and 
that the fuel e lement in the center of the cell of nine had the highest gamma 
flux and possibly was in the highest neutron flux. 

At this t ime it was also noted that there was considerable scale de­
posit on s eve ra l fuel e l emen t s . In one element , E T - 5 1 , this scale flaked off, 
and was m e a s u r e d to be about 0.0076 cent imeter (0.003 inch) thick. 

Two fuel e lements have been removed from the core and examiined 
metallurgically ' . (13) Table 4-4 p r e sen t s data of fuel e lements T-23 and 
E T - 5 1 . F igu re 4-29 shows the core location of the two e lements . 

Table 4 -4 . Fuel E lements Data 

Fuel e lement T-23 ET-51 

Posi t ion 

Da,te r emoved 

Megawatt hours 

Average core burnup, mwd/ tonne 

Fuel plate analyzed 

Measured burnup 

Average atomic percent 

Average mwd/ ton 

Maximum atomic percen t 

Maximum mwd/ ton 

129-53 101-266 

1/2/58 4 /20 /59 

72,963 196,091 

551.9 1,483.3 

No, 606 No. 828 

-0 .06 

-600 

0,11 

1,100 

-0 .21 

-2 ,100 

0,33 

3,300 

0.39^ 

3,900^ 

^Edge of plate values 

On January 2, 1958 T-23 , a na tu r a l -u r an ium-bea r ing thin fuel e le ­
ment , was r emoved from the core and sent to the hot cells for examination. 
There was no evidence of plate warpage , swelling, or excess ive scale deposit . 
The end fittings were f i rmly at tached and u l t rasonic tes t s indicated complete 
bonding of the clad and c o r e . 
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On Apri l 20, 1959 E T - 5 1 , an enr iched-uran ium-bear ing thin fuel 
element, was removed from the core and sent to the hot cells for examina­
tion. A foil probe had stuck in the channel of the element . This element 
occupied the center position of one of the inner cells of nine fuel e lements , 
and gamma probe and dosimetry m e a s u r e m e n t s had indicated maximum 
burnup. Hot cell examination of the element showed a high burnup compared 
to the calculated average value of the co re . Fuel element ET-51 was found 
to be in good condition with no ruptured cladding, good c l ad - to -co re bonding, 
and no excessive plate warpage or swelling. The clad was found to be duc­
t i le , but the core was ext remely br i t t le and hard (a ha rdness of 50 on the 
Rockwell C sca le) . Some evidence of hydrogen pickup was found in portions 
of the clad. Scale formation was observed in varying th ickness ; scale that 
spalled off was approximately 0.013 cent imeter (0.5 mil ) thick. Composition 
of the scale is nominally A1203-H20, boehmite , with some nickel and i ron 
also p resen t . 

At core operating conditions of 400°C and approximately 0.4 atomic 
percent burnup a volume inc rease of 6 to 7 percent per atomic percent 
burnup was found. Calculated in tegrated exposure of this fuel clad and 
core was approximately 1.6 x 10^^ nvt (fast) at a t empera tu re of 260-325°C. 

PUtI 

Figure 4-29 

Axial burnup of EBWR fuel 
RE-7-34897-A 
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The plot in Figure 4-29 of the axial burnup of the fuel in EBWR 
shows a dis tor ted flux pat tern with the bulk of the burnup being in the lower 
60 percent of the co re . On compar ison it appears that the maximum burnup 
point between T-23 and ET-51 has shifted slightly. This may be due to 
either (1) operat ing on reducing react ivi ty with the rods progress ive ly 
further out or (2) to a nonuniform axial flux pat tern in the rad ia l direct ion. 

The subject of scale formation on the fuel plates is d iscussed in the 
Appendix (Section 6.2). 
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4.4 FUEL ELEMENT AND CONTROL ROD HANDLING* 

4,4.1 Coffin Redesign 

The coffin shown in F igure 4-30 is a hollow, thick-walled, lead cyl­
inder 32 inches in outside d iameter . 

^1 

^4-

The diameter of the center cavity is 
stepped from H j - inches at the lower 
half to 13|- inches at the upper half. 
This la rge center opening permiits the 
coffin to be used for the removal of the 
control rod. A removable , lead-fil led, 
shield plug with a 6-|-inch in ternal 
diameter is inser ted into the coffin 
for handling fuel e lements . A rotating 
plug which c a r r i e s the fuel re t r ieving 
tool assembly is mounted at the upper 
end of the coffin opening. The lower 
opening is closed by a motor ized door 
which is provided with a watertight 
seal ; this pe rmi t s the center cavity 
to be flooded should cooling be n e c ­
e s s a r y during fuel t rans fe r . 

Although only^ 6 inches ta l ler 
than the original coffin assembly , the 
new coffin can handle i r rad ia ted fuel 
or a 94-inch-long section of a control 
rod. 

The only major change to the 
ca r r i age was to motor ize the br idge. 

4.4.2 Fuel Removal 

F igure 4-30 

Fuel t ransfer coffin 
RE-6-32077-E 

The fuel s torage rack is mon­
i tored by instrumentat ion during the 
entire fuel t ransfer operation. The 
neutron-count ra te is recorded after 

each fuel element is placed in the s torage rack and the rec ip roca l count ra te 
is plotted to detect any change in mult ipl ication. During the s torage of fuel 
from the 20-megawatt r eac to r no net i nc rease in the count ra te throughout 
the fuel additions was observed; this indicates that the boron-s ta in less s teel 

the fuel s torage rack [see descr ipt ion in ANL-5607,(1) p. 67] keeps the m 
s tored assembly of fuel subcr i t ica l . 

*W. J. Kann 
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4.4.3 Control Rod Removal 

P r i o r to making the extensive p r e s s u r e ves se l modifications delin­
eated in Section 4 .1 .1 , it was neces sa ry to remove the control rods from the 
r eac to r . To facili tate the remova l of the i r r ad ia t ed control rods and miake 
use of the new coffin cylinder, the rods were f i rs t cut into three pieces ap­
proximately 60 inches long. 

The saw shown in Figure 4-31 was used to cut the control rods . The 
commerc ia l , a i r -d r i ven guillotine 
saw, modified slightly to operate 
under water , was mounted on a 
platform which contained four 
knife-edge g r ippe r s . The gr ippers 
kept the control rod from r e t u r n ­
ing to the shroud during the cutting 
operation. Two hydraulic power 
cyl inders equipped w^th special 
locking jaws were used to position 
and hold the control rod during the 
cutting operation. 

The saw, g r ippe r s , and 
power cyl inders were put in a sheet 

_ . , ^, meta l box (chip collector) to min i -
Figure 4-31 . ^ . ^. .̂ •, . , 

mize contamination withm the r e -
Control rod cutoff tool ac tor . The cruciform slot in the 

Neg. 111-8202 box was covered by a flexible dia­
phragm, cut to fit tightly against 

the control rod, to deflect the cutting chips into the box. 
Each rod was handled essent ia l ly in the same manner . The saw was 

located over a control rod opening and set on the shroud s t ruc tu re . The 
control rod was then pulled up into the f i r s t cutting position using the 
cont ro l - rod handling tool (see ANL-5607,v^) p. 42), The power-cyl inder 
locking jaws were then clamped on the control rod. The handling tool was 
removed and a hydraul ic collet was at tached. The hydraulic collet was used 
to pull the cut pieces into the coffin. During the control rod removal , the 
telescoping fuel- re t r ieving tool was removed from the coffin assembly . For 
the second (last) cut, the hydraulic collet was used to pull the piece held by 
the knife-edge gr ippers into the cutting position. After the cutting, the 
pieces were brought into the coffin and t r ans f e r r ed to the fuel s torage pit. 

The removal of the nine control rods was accomplished with only the 
normal difficulty that had been anticipated. The number 9 rod was found to 
have separa ted at the Hf-Zr joint (see ANL-5607, Figure 21, p. 30), The 
separat ion was probably caused by the power t ransfer-funct ion exper iments 
in which the rod was cycled repeatedly at high frequencies . 



All of the rods were cut under 12 feet of water . The radiat ion back­
ground at the surface of the water was negligible. The maximum radiat ion 
fields around the r e a c t o r top and s torage pit during the t ransfer of a cut 
control rod section were : 6 to 25 roentgens per hour for t ransfer from r e ­
actor ve s se l to coffin, and 30 to 750 mi l l i roentgens per hour for t ransfe r 
from coffin to s torage pit . The major radiat ion hazard occur red during the 
cleaning of the saw after each control rod had been cut and s tored . The r a ­
diation level of the chips in the chip col lector was from 15 to 50 roentgens 
per hour , but the accumulat ion in the vacuum cleaner t r ap used for renaoving 
the chips gave readings as high as 100 roentgens per hour (hard) at 1 inch. 
The max imum dosage obtained by any opera tor during saw cleaning was 
70 mi l l i roen tgens . 

The ent i re removal operat ion r equ i red approximately 90 hours fromi 
the f i rs t cut until the l a s t control rod piece was s tored. 

4.4.4 Tool Redesign 

The 100-megawat t - reac to r fuel-handling tool is operated in the same 
manner as the original fuel-handling tool (see descr ipt ion in ANL-5607, 
p . 61). The lifting cables for ve r t i ca l t r ave l have been motor ized and the 
design of the t e lescoping- fue l - re t r i ev ing- too l head assembly has been mod­
ified slightly. The latch pins a r e not d iamet r ica l ly opposite, but a r e offset 
to match the holes in opposite s ides of the top lifting plates (see F ig ­
u re 4-24), The design of four holes and four slots in the top lifting plates 
e l iminates the need of aligning the tool for rotat ion since two holes for lift­
ing a r e avai lable at all t i m e s . 

The lower telescoping actuator tube has been keyed to pe rmi t locking 
or unlocking of the latch pins during any pa r t of its extension. This pe rmi t s 
use of the tool at var ious levels within the core or fuel s torage well. 

Since the or iginal fuel-handling tool and 100-m.egawatt-reactor fuel-
handling tool opera te in the same mianner, they can be interchanged easi ly 
by removing a pin at the bottom end of the lower telescoping actuator tube 
and exchanging tool heads . This easy exchange feature will be n e c e s s a r y 
during the per iod when both 20-megawat t and 100-megawat t - reac tor fuel a r e 
to be in u s e . 



5 REBOILER PLANT COMPONENT DESCRIPTION* 

5 1 PRIMARY SYSTEM COMPONENTS 

5 1.1 Reboiler 

The two p r i m a r y - s y s t e m reboi le r s a re located within the shielded 
cell mside the reboi ler building. The rebo i le r s a r e f loor-mounted, h o r i ­
zontal, single-effect type with a two-pass tube side s team condensing c i r ­
cuit (see F igure 5- l) The p r i m a r y s team from, the reac tor on the tube 
side of the reboi le r provides the neces sa ry heat to produce s team from 
the in t e rmed ia t e - sys t em water on the shell side of the reboi le r . 

12 « 6 ELLIPTICAL 
XANWAY ^ 

SAMPLE-
NOZZLE CONTROLLER (2) 

BOWNCOMER 

i TEMPERATURE 
0 75 OD » 0 035 WALL 

4 PRIMARY 
CONDENSATE 
OUTLET 

SECTION A A 

Figure 5-1 

P r i m a r y reboi ler 
RE-6-32683-D 

The reboi ler is a conventional kettle type with U-tube bundle con­
struction The shell is typical of heat exchangers designed for vapor 
generat ion since it provides a la rge volume over the boiling liquid This 
pe rmi t s the vapor to t rave l at a sufficiently low velocity toward the outlet 
so that entrained liquid set t les out before the vapor leaves the shell The 
shell outlet connection is located at approximately the center of the tube 

*E L Mar tmec 



bundle length. This location allows a maximum volume of vapor to leave 
the shell for a given vapor velocity since no vapor has to t r a v e r s e m o r e 
than half the dome a r e a to exit. Entrained liquid is further disengaged by 
a dry pipe which is at tached to the outlet nozzle and extends the length of 
the vapor space. The operating conditions and capacit ies of the reboi ler 
units a r e given in Table 5 - 1 . 

The reboi ler design conforms to the design requi rements of Sec­
tion VIII of the ASME Code and a lso , where applicable, with TEMA standard 
for Class A construct ion. The shell , tube sheet, and channel a r e welded 
together to form an in tegral unit without flanged joints . As indicated in 
Table 5-2, all construct ion m a t e r i a l s a r e carbon steel except where the 
p r i m a r y - r e a c t o r fluid is in contact with the surface ma te r i a l . All s u r ­
faces in contact with the p r i m a r y fluid a re s ta inless s teel . In the channel 
end all nozzles and channel par t i t ion plates a r e type-304 s ta inless s teel , 
and the inside surfaces of the channel shell and bonnet and the channel 
side of the tube sheet a r e clad with jg--inch-thick a rc -depos i ted type-304 
s ta inless steel . Access to the shell and channel end a r e made through 
two manways, one at each end of the vesse l . This permi t s inspection of 
the tube bundle for leakage at the tube-sea l welds at the tube sheet, co r ­
rosion or e ros ion of the ex te r ior of the tubes, and s t r e s s cracking at the 
tube bends. 

The tube bundle is of two-pass U-tube design. The tubes a re 
rol led and seal welded to the tube sheet to eliminate any leakage of the 
p r i m a r y fluid into the in termediate system. Any leakage past the tubes 
will cause contamination of the in termediate sys tem by radioactive co r ­
rosion products and other radioactive miaterials. 

Table 5-1. Operating Conditions and Capacities of the Priniary Reboiler 

Reboiler tube surface 
Heat exchanged • rpaximum 
Quantity of primary steam to tube side 
Tuiie side pressure - operating 

- design 
-test 

Tube side teirperature - operating (both steam 
inlet and condensate 
outlet) 

- design 
Quantity of intermediate steain leaving shell side 
Shell side pressure - oDerating 

- design 
-test 

Shell side temperature - operating (both water 
inlet and steaip outlet) 

- design 
Steam quality leaving shell dry pipe 
Fouling factor 
Shell side water capacity at normal operating conditions 
Weights - dry 

- operating 
- flooded 

4000 sq ft 
111 X # Btu;hr 132.5 mw) 
150,00n IWhrfmax) 
560 psig 
800 ps'g 
1500 psig 
482"F 

520°r 
140,500 Ib/hrlmax) 
350 psig 
400 psig 
600 psig 
435.7OF 

4480F 
98% (approxi 
0.0005 
1925 gal 
31,500 lb 
47.500 lb 
59,500 !b 



Table 5-2. P r i m a r y Reboiler Mate r ia l s of Construction 

Shell ASTM-A-212 Gr B 
Fi rebox quality s tee l 

Shell weld stubs ASTM-A-105 Gr 1 
Forged s teel 

Channel ASTM-A-212 Gr B 
Fi rebox quality s teel with minimum 
•J7 - in . - th ick a rc -depos i t ed AISI-304 
cladding on inside surface 

Channel weld stubs ASTM-A-240, Type AISI 304 

Tube sheet ASTM-A-212 Gr B 
F i rebox quality s teel with min imum 

3 

•r^-in.-thick a rc -depos i t ed AISI-304 
cladding on tube side 

Channel par t i t ion r ib and cover ASTM-A-240, Type AISI 304 

Tubes ASTM-A-249, Type AISI 304L 

Shell handholes and weld coupling Steel 

5.1.2 Reboiler Drain Tank 

Two p r i m a r y - r e b o i l e r d ra in tanks se rve as accumula to r s for the 
condensate f rom the p r i m a r y r e b o i l e r s . The design of the vesse l conforms 
to Section VIII of the ASME Code The 30-inch-ID by 6-foot-long tanks a r e 
horizontal ly mounted between each reboi le r and dra in cooler within the 
shield cell of the reboi le r house. The ves se l s a r e fabr ica ted ent i re ly of 
s ta in less s teel (ASTM-A-240 type 304). Two 6 - inch-d iamete r inspection 
openings have been provided: one on the top of the shel l and one in the 
south head. The 4- inch p ipe - s i ze inlet and outlet nozzles a r e located 
tangentially to the top and bottom of the shell respec t ive ly . Pipe couplings 
a r e provided for ins t rumenta t ion and operat ional pu rposes , such as level 
control , level a l a r m , vents , and d ra ins . 

5.1.3 Drain Cooler 

Two pr i ix ia ry-sys tem dra in coolers a r e located on opposite walls 
of the shielded cell in the rebo i le r building. Drain cooler No, 1 is against 
the wes t wall of the cel l and dra in cooler No. 2 is agains t the eas t wall . 
Each dra in cooler is compr i sed of two shel ls connected in s e r i e s , mounted 
one above the other (see F igure 5-2). The p r i m a r y - s t e a m condensate 
from the p r i m a r y - r e b o i l e r dra in tank flows through the tube side of the 
drain cooler and provides the heat n e c e s s a r y to r a i s e the t empera tu re of 
the i n t e r m e d i a t e - s y s t e m wa te r , on the shell side of the drain cooler , to 
the sa tura t ion t e m p e r a t u r e . Drain cooler operat ing conditions and capa­
ci t ies a r e given in Table 5 -3 . 
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Figure 5-2 

P r i m a r y dra in cooler 
RE-6-32686-D 

The p r i m a r y dra in cooler is s imi la r to a conventional horizontal 
l iquid-to-l iquid heat exchanger of two-pass shell side and two-pass tube 
side design. The tube bundle is of U-tube construction. The exchanger is 
of all welded construct ion, i .e . , in tegral shell, tube sheet, and channel end. 
The drain cooler design conforms to the design requi rements of Section VIII 
of the ASME Code and a lso , where applicable, with TEMA standards for 
Class A construction. The m a t e r i a l s of construction are given in Table 5-4, 

Each drain cooler unit consis ts of two separate shells and tube 
bundles with each being a two-pass design. The shells a re mounted ho r i ­
zontally, one on top of the other . A longitudinal baffle separa tes each 
shell into two p a s s e s . The baffle is constructed of two sheets of carbon 

3 

steel , Yj inch thick, re inforced by two 1-inch stiffener b a r s . Each sheet 
is welded along its per iphery to the shell and tube sheet to minimize leakage 
of fluid ac ros s the baffle. 

The tubes a re rol led and seal welded to the tube sheet to eliminate 
any leakage of p r i m a r y fluid on the tube side into the intermediate fluid 
on the shell side. An impingement plate at the shel l -s ide inlet prevents 
eros ion of the tubes in this region from the influent water . A handhole at 
the head end of the shell enables the inspection of the tubes at the tube 
bends for s t r e s s cracking. Handholes on the channel side of the tube sheet 
allows inspection of the tube ends for leakage at the seal welds. 



Table 5-3 . Operating Conditions and Capacit ies of the 
P r i m a r y Drain Cooler 

Drain cooler tube surface 
Heat exchanged - max imum 
Quantity of p r i m a r y s team condensate 

to tube side 
Tube side p r e s s u r e - operating 

- design 
- tes t 

Tube side t e m p e r a t u r e - operating (inlet) 
(outlet) 

- design 
Quantity of in te rmedia te feedwater to 

shell side 
Shell side p r e s s u r e - operating 

- design 
- t es t 

Shell side t e m p e r a t u r e - operating (inlet) 
(outlet) 

- design 
Fouling factor 
Weights - dry 

- flooded 

1080 sq ft 
35.4 X 10^ Btu/hr (10.4 mw) 
132,200 Ib /h r 

560 psig 
800 psig 
1500 psig 
482°F 
231°F 
520°F 
123,500 Ib /h r 

350 psig 
400 psig 
600 psig 
160°F 
435.7°F 
448°F 
0.0007 
10,000 lb 
14,200 lb 

Table 5-4. P r i m a r y Drain Cooler Mater ia l s of Construction 

Shell 

Shell nozzles 

Shell head 

Channel 

Channel nozzles 

Tube sheet 

Channel par t i t ion r ib 

Tubes 

Shell handholes and weld couplings 

Shell longitudinal baffle 

ASTM-A-106 Gr B 

ASTM-A-106 Gr B 
or ASTM-A-53 Gr B 
Seamless s teel 

ASTM-A-234 Gr WPB 
Seamless s tee l 

ASTM-A-240, Type 
AISI 304 

ASTM-A-312, Type 
AISI 304 

ASTM-A-182, Type 
AISI 304 - Forged 

Type AISI 304 

ASTM-A-213, Type 
AISI 304 

Carbon s teel 

Carbon s teel plate 



5.1.4 Subcooler 

The p r i m a r y - s y s t e m subcooler is located inside the EBWR con­
tainment ve s se l at the 696-foot elevation. The subcooler, as shown in 
Figure 5-3 , is a conventional shell and U-tube heat exchanger with con­
densate from the p r i m a r y sys tem on the shell side and cooling-tower water 
on the tube side. The condensate leaving the deaera tor can be cooled in 
the subcooler to any des i red t empera tu re before being pumped to the r e ­
ac tor . Also, cooling is available, if necessa ry , to increase the NPSH 
available to the pump, thus eliminating any possible cavitation. The oper ­
ating conditions and capaci t ies a r e given in Table 5-5. 

4 'X6 
ELLIPTICAL 
HANDHOLE 

Figure 5-3 

P r i m a r y subcooler 
RE-6-32681-D 

The subcooler is a conventional, horizontal , l iquid-to-liquid heat 
exchanger with a two-pass shell side and two-pass tube side design. The 
tube bundle is of U-tube design. The exchanger is an integrally welded 
shell , tube sheet, and channel, with a flanged channel c losure . The sub-
cooler design conforms to the design requi rements of Section VIII of the 
ASME Code and also, where applicable, with TEMA standards for Class A 
construction. 

The shell , being of two-pass design, is separated by a longitudinal 
baffle. The baffle design is s imi la r to the drain cooler baffles except that 
a 1-inch-thick Trans i te sheet is included as a the rmal b a r r i e r . The 
Trans i te is completely enclosed in a r^- inch- thick s ta inless steel sheath 
which is inser ted between two -g--inch-tMck stainless steel sheets welded 
to the shell . This provides two separa te b a r r i e r s to any leakage path. 
Leakage might leach out the Trans i te used as a thermal b a r r i e r between 
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the two pas se s and resu l t in contamination of the p r i m a r y fluid. Each en­
velope is helium tes ted for leakage to insure a leak- t ight weld joint. This 
type of baffle construct ion i n c r e a s e s the exchanger efficiency by eliminating 
any shor t circuit ing between shel l p a s s e s and by decreas ing heat conduction 
through the baffle. 

The tubes a r e ro l led and seal welded to the tube sheet to el iminate 
any leakage of p r i m a r y fluid f rom the shell side into the cooling-tower 
water on the tube side. An impingement plate , instal led at the she l l - s ide 
inlet, p revents e ros ion of the tubes in this a r ea . Handholes at the shell 
side of the tube sheet and at the shell head allow inspection of the ex te r ior 
of the tubes . The channel cover is removable for inspection of the tube-
seal welds and to give access to the tubes to plug any leaks which may 
occur . 

Table 5-5. P r i m a r y Subcooler Operating Conditions and Capacit ies 

Subcooler tube surface 1943 sq ft 
Heat exchanged - max imum 17.25 x 10 Btu /hr (5.05 mw) 
Quantity of p r i m a r y condensate to 235,570 Ib /h r 

shell side 
Shell side p r e s s u r e - operat ing 10 psia 

- design 100 psig 
- tes t 195 psig 

Shell side t empe ra tu r e - operat ing (inlet) 193.2°F 
(outlet) 120°F 

- design 338°F 
Quantity of cooling wate r to tube side 495,000 Ib /h r 
Tube side p r e s s u r e - operat ing 50 psig 

- design 100 psig 
- t e s t 150 psig 

Tube side t e m p e r a t u r e - operat ing (inlet) 95°F 
(outlet) 129.8°F 

- design 338°F 
Fouling factor 0.0022 
Weights - dry 8500 lbs 

- flooded 15,500 lbs 

5.1.5 Deaera tor 

The main function of the f lash deae ra to r is to separa te and expel 
any noncondensable gases that may be p re sen t in the p r i m a r y reboi le r 
condensate re turning as r eac to r feedwater . The deae ra to r also s e rves as 
a water -ho ldup r e s e r v o i r for the feedwater pump. In addition, since the 
operat ing wate r level in the deae ra to r is normal ly 30 feet above the feed-
wate r pumps, the NPSH available for the feed pumps is enhanced. 
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The deaera to r p r e s s u r e vesse l is built to conform to all r e q u i r e ­
ments of Section VIII of the ASME Code as well as ASME Code Case 
Rulings 1234 and 1224-1. The unit has a 10- inch-pipe-s ize tangential in­
let nozzle, a 12-inch p ipe-s ize s team-out le t nozzle at the top, a 6-inch 
p ipe-s ize wate r -ou t le t nozzle at the bottom, a 24- inch-diameter manhole 
at the side, and numerous 1-inch and -j—inch p ipe-s ize nozzles for instru­
mentation. F igure 5-4 shows the vesse l layout and nozzle locations. 

Figure 5-4 
Deaera tor 

RE-6-32673-D 

The p r i m a r y reboi ler effluent pas ses through two valves, G-332, 
where flashing occurs , and then flows into the deaera tor where it passes 
over a multiple layer of separat ing t r a y s . The flow labyrinth formed by 
the t rays provides sufficient dwell t ime for the noncondensable gases 
p resen t in the effluent s t r e a m to separa te from the water at a low par t ia l 
p r e s s u r e in accordance with the provisions stated by Henry 's law. 



Upon separa t ion the noncondensable gases pass up through the deaera to r 
vent via a 12-inch line to the main condenser where they a re moni tored 
and d ischarged through the stack to the a tmosphere . See Table 5-6 for 
the deae ra to r design specif icat ions. 

The deae ra to r is fitted with a Model 751 X Magnetrol high-level 
switch, a s imi la r Model 751X low-level switch, and a Model 751X low-
level pump-cutoff switch. In addition, two 20-inch gage g lasses a r e 
at tached to the v e s s e l for visual level inspection. 

Table 5-6. Deaera to r Design Specifications 

Capacity 
Design p r e s s u r e 
Design t e m p e r a t u r e 
Empty weight 
Operating weight 
Flooded weight 
Water s torage volume 
Shell 

Mater ia l 
Thickness 
Outside d iamete r 
Pla te length 
Over -a l l length (including heads) 

Heads 
Mater ia l 
Thickness 

Trays 
Numbe r 
Size 
Total a r e a 
Total effective surface 
Thickness 
Mater ia l 

300,000 Ib /h r 
100 psig and full vacuum at 100°F 
338°F 
10,000 lb 
21,000 lb 
30,000 lb 
1,000 gal 

304 SS ASTM-A-240S 
J inch 
59 inches 
13 ft 0 inch 
14 ft 9 inches 

304 SS ASTM-A-240S 
-J inch 

18 t ray cubes 
Each cube 15 in. x 15 in. x 15 in. 
405 sq ft 
5400 sq ft 
17 gage 
304 SS ASTM-A-240S 

5.1.6 Feedwater Pumps 

The two new r e a c t o r feedwater pumps a r e s ix - s t age , double-volute, 
sp l i t - case , centrifugal units as shown in F igure 5-5. The pumps a r e h o r i ­
zontally mounted and dr iven by conventional s q u i r r e l - c a g e induction m o t o r s . 
During no rma l 100-megawatt operat ion, one new pump is used in pa ra l l e l 
with one of the or iginal 180-gpm feed pumps; the other new pump is ava i l ­
able as a standby. The head-capaci ty curve of the new pumps is shown in 
F igure 5-6 and the operat ing c h a r a c t e r i s t i c s a r e given in Table 5-7. 
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Figure 5-5 

Cross section of p r i m a r y feedwater pump 
RE-6-32689-D 
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Figure 5-6 

Per formance curves of p r i m a r y feedwater pumps 
RE-7-32670-A 

The pump casings were manufactured in accordance with SectionVIII 
of the ASME Code, and full radiography was ca r r i ed out in accordance with 
Case Ruling 1234 of the Code. The ma te r i a l s of construction for the pumps 
a r e given in Table 5-8. 



Table 5-7. P r i m a r y Feedwater Pump Operating Charac te r i s t i c s 

Capacity 
Shut-off head 
Head (total dynamic) 
Suction head 
Developed head 
NPSH requ i red 
Design p r e s s u r e 
Design t empe ra tu r e 
Motor horsepower , (rated) 
Motor voltage (3 phase , 60 cycle) 
Motor speed 
Weights 

Total (pump and motor) 
Pump and basepla te 
Motor 

645 gpm at 320°F 
2200 ft 
2021 ft (not including fr ict ion losses) 
221 ft 
1800 ft 
30 ft 

900 psig 
320°F 
350 hp 
4000 volts 
3550 rpm 

7170 lb 
3350 lb 
3820 lb 

Table 5-8. Pr inaary Feedwater Pump Mate r ia l s 
of Construct ion 

Casing 
Shaft 

Shaft s leeves 
Impel ler 
Casing wear ring 

Impel ler wear ring 

Packing gland 
Suction nozzle s ize 
Discharge nozzle s ize 

11 -13 % Chromium -
11 -13 % Chromium -

(heat t rea ted) 
11-13% Chromium-
11 -13 % Chromium -
11-13% Chromium-

(Nitrided) 
11-13% Chromium-

(Stellited) 
11 -1 3 % Chromium -
6-inch, schedule 40 
3-inch, schedule 80 

steel 
steel 

steel 
steel 
steel 

alloy 
alloy 

alloy 
alloy 
alloy 

s tee l alloy 

alloy s tee l 
a 
a 

^The weld ends of these nozzles a r e "safe ended" with 
type-304 s ta in less s teel . 

The pump journa l bear ings a r e of self-aligning sleeve design, solid 
bronze , and ring oiled. The th rus t bear ing is the pivot shoe type. An oil 
pump, in tegra l with each feedpump and mounted on the end of the shaft, 
provides continuous p r e s s u r e lubr icat ion to the bear ings . F i l t e r s for the 
oil a r e located in a r e s e r v o i r mounted on the end of the basepla te . An 
auxi l iary oil pump is provided for standby se rv ice and for use p r io r to 
and during s ta r tup . Fo r s ta r tup operat ion, the auxi l iary oil pump is in te r ­
locked with the in tegra l oil pump and remains in se rv ice until the main oil 
pump i n c r e a s e s the oil line p r e s s u r e to g r ea t e r than 7 psig. Should the 
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integral oil pump fail, the auxi l iary pump takes over when the oil-l ine 
p r e s s u r e drops to 3 psig and should the oil-l ine p r e s s u r e drop below 
2 psig, the feedwater pumps a r e automatically shut down. The lubrication 
sys tem and cooling systenn a r e connected to suitable individual heat ex­
changers mounted adjacent to the pumps in o rder to a s s u r e proper lubr i ­
cation and cooling for safe operation. 

To minimize shaft seal leakage, the pumps a r e equipped with a 
modified Borg-Warner type-D mechanical seal utilizing a special leak-off 
and d i sas te r bushing. The genera l a r rangement of the seal is shown in 
Figure 5-7. A water jacket is provided m the casing casting for proper 
cooling of the nnechanical seal . In normal operation, any leakage through 
the seal is collected and drained from a chamber on the outboard end 
which is backed up by a floating-type throt t le bushing. In the event of a 
seal fai lure, pump leakage is controlled by a thrott le bushing on the inboard 
side of the mechanical seal which r e s t r i c t s the flow sufficiently to enable 
it to be collected and drained off from the collecting chamber. 
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Figure 5-7 

P r imary- feedwate r pump shaft seal 
RE-6-32672-C 

Each pump is provided with a warming line and a suitable b reak­
down orifice to maintain the standby unit at sys tem tempera tu re for ready 
se rv ice . The warming line breakdown orifice is sized to pass 8 gpm at an 
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operating head of 1800 feet. Each pump is also equipped with a min imum-
flow bypass line and breakdown orifice to a s s u r e a min imum flow of 30 gpm 
at the 2200-foot pump-shutoff head. 

Tandem basket s t r a i n e r s , located in the suction line of each pump, 
remove foreign m a t e r i a l from the operating fluid to prevent possible damage 
to the pump. I ron-constantan thermocouples continuously monitor pump 
bearing t empera tu re s . 

5.1.7 F i l t e r s 

For 100-megawatt operation, additional fil ter capacity is necessa ry 
to accommodate the higher flow requ i rements ; therefore , two new f i l ters 
a re connected in para l le l with the two existing f i l t e r s . The new fi l ter , 
shown in F igure 5-8, has the same flow capacity as the original f i l te rs , 
180 gpm at 120°F. 
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The new filter shells a r e fabricated ent i rely of type-304 s ta inless 
steel; the original f i l ter shells 
a r e carbon steel clad with s ta in­
less steel on the internal surface. 
The change in shell m a t e r i a l ne ­
cess i ta ted a redesign of the head 
c losure flanges, shown in F ig ­
ure 5-8, to attain proper bolting 
s t r e s s e s . The redesign changed 
the d iameter of the Viton O-ring 
seals and thereby precluded the 
possibil i ty of basket in terchange-
ability of the two sets of f i l t e r s . 
The internal design and a r r a n g e ­
ment of the new filter baskets a r e 
of the same design descr ibed in 
ANL-5607.(1) 

The four feedwater f i l ters 
a re equipped with orifice plates 
in the d ischarge line from each 
filter to m e a s u r e the flow through 
each f i l ter . The orifice plate taps 
a re manifolded to a cent ra l dif­
ferent ial p r e s s u r e cell which 
enables selective monitoring of 
the flow or p r e s s u r e drop a s s o c ­
iated with each filter to a sce r t a in 
the degree of fouling. To faci l i ­
tate easy removal of the filter 
cages , a monorai l is mounted 
above the f i l ter instal la t ions. 

F igure 5-8 

P r i m a r y feedwater fil ter 
RE-6-32682-D 
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The baskets a re removed by disassembl ing the closure r ings , removing the 
upper head, and ver t ica l ly lifting the basket from the fil ter shell by means 
of a chain-fall or suitable hoist . The genera l design specifications of the 
new feedwater f i l ters a r e given in Table 5-9. 

Table 5-9. Feedwater F i l t e r Design Specifications 

Capacity 
Dry weight 
Shell 

Mater ia l 
Thickness 
Outside d iameter 
Over -a l l length (including heads) 

Heads 
Mater ia l 
Thickness 

F i l t e r e lements 
Number 
Size 
Mater ia l 

P r e s s u r e drop 
Miniinum par t ic le size 

180 gpm at 120°F 
1900 lb 

ASTM-A-312, Type-304 SS 
5 . 
-r men 

1 
194" inches 
68 inches 

ASTAl-A-312, Type-304 SS 
•g- inch 

75 
3 3 

2-^ in. d iameter by 9-^ in. long 
Cotton thread 
5 psi 
2 microns 

5.1.8 Air Compressor 

A second comxaressor was added to the EBWR cont ro l -a i r supply 
sys tem to serv ice the requ i rements of the new controls of the 1 00-megawatt-
capacity plant. The new compres so r , shown in Figure 5-9, supplies all of 
the control a i r for the a i r -ope ra t ed controls within the containment shell, 
those within the reboi ler building, and the controls for the var iable-pi tch 
fans on the a i r -coo led heat exchangers . The original compressor is main­
tained on standby serv ice and will automatically pick up the load upon failure 
of the new comiDressor. The air supplied by the new compressor is entirely 
free of oil or oily vapors because of the nonlubricated construction of the 
compres so r . 

'sr 

Figure 5-9 

Instrument air compressor 
RE-6-34898-A 
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The compres so r is a s ing le - s tage , double-act ing, horizontal , 
s t ra igh t - l ine , wa te r -coo led , r o l l e r - b e a r i n g , nonlubricated type. The 
cylinder bore is 5 inches with a piston s t roke of 5 inches and piston d i s ­
p lacement of 46.75 scfm. The c o m p r e s s o r opera tes at 425 rpm with an 
a tmospher ic intake p r e s s u r e and d ischarge p r e s s u r e of 100 psig. The 
actual a i r del ivery as r e f e r r e d to intake conditions is 25.2 scfm. 

The c o m p r e s s o r components include a nonlubricated cylinder 
a r r anged with top intake and bottom d ischarge . The valve sea ts and 
guards a re N i - r e s i s t cas t iron. The piston, piston r ings , and piston 
rod packing a r e carbon. A special ex t ra- long open-type distance piece 
sepa ra t e s the cylinder and f rame . The distance piece is of sufficient 
length to prevent any pa r t of the piston rod that en t e r s the f rame from 
al ternate ly enter ing the cylinder stuffing box and thereby injecting oil 
into the cyl inder . The c rank case is the enclosed oi l - t ight type with a 
b rea the r and oil gage. 

The c o m p r e s s o r is equipped with dual regulat ion consist ing of: 
(l) regulat ion for continuous operat ion with lifting inle t -valve unloaders 
and a pneumatical ly opera ted pilot valve and (2) regulat ion for s t a r t - a n d -
stop control compr i sed of lifting inle t -valve un loaders , a th ree -way 
solenoid-opera ted pilot valve and d iaphragm-type p r e s s u r e regula tor , 
a th ree -way se lec tor switch and automatic water valve. The c o m p r e s s o r 
can be operated under e i ther naode of regulation. 

The c o m p r e s s o r dr ive cons is t s of grooved c o m p r e s s o r and motor 
sheaves and s tandard V-be l t s . The dr ive is protec ted by an expanded 
meta l m e s h guard mounted on the floor and supported by angle i rons . 
The motor is a 72 ' -horsepower , 1800-rpm, open, drip-proof, s l eeve -
bearing induction type with power station insulation, 40°C r i s e , a r r anged 
for 3-phase , 60-cycle , 540-volt cu r r en t . 

The a i r intake f i l t e r - s i l e n c e r is of the dry type. The air r ece ive r 
is an 18- inch-d iameter by 6-foot-high ver t i ca l type const ructed to comply 
with ASME Code r e q u i r e m e n t s . The a i r r ece iver is suitable for a m a x i ­
mum working air p r e s s u r e of 125 psig (maximum safety valve setting) 
and is equipped with a safety valve, p r e s s u r e gage, and dra in cock. 

The af tercooler is a hor izontal -pipel ine type complete with m o i s ­
ture s epa ra to r , automat ic mo i s tu r e t r a p , gage g lass and is built to ASME 
Code r e q u i r e m e n t s . The shell and a i r headers a r e of welded s teel con­
struct ion. The tubes and tube sheets a r e copper alloy. The af tercooler 
is capable of handling 100 scfm of f ree a i r compres sed from one a t m o s ­
phere p r e s s u r e to 100 psig (single stage compress ion) . The compres sed 
a i r leaves the af tercooler at a t e m p e r a t u r e within 15°F of the cooling 
water inlet t e m p e r a t u r e when supplied with not l e s s than 1-j gpm of 80°F 
cooling wa te r . 



The con t ro l -a i r c o m p r e s s o r is located at the southwest side of the 
condenser floor within the containment shell . The p r e s s u r e is reduced to 
30 psig for dis t r ibut ion within the containment shell and reboi ler building 
and is reduced to 90 psig for the va r i ab le -p i t ch fan con t ro l l e r s . The con­
tainment v e s s e l is equipped with a solenoid shut-off valve to cut off the 
a i r supply and to isolate the shell during a nuclear incident or per iod of 
a i r - bo rne radioact ive contamination. During an isolation period or low 
a i r p r e s s u r e (40 psig), the s e r v i c e - a i r compres so r will c a r ry the load 
of the reboi le r house and the a i r - coo led heat -exchanger controls . The 
se rv ice a i r is connected to the control a i r distr ibution line ups t r eam of 
the p r e s s u r e reducing station. 

5.1.9 P r i m a r y Piping 

To min imize the additional load placed on the existing water t r e a t ­
ment sys tem by the new s t eam plant, the added p r i m a r y piping is fabr icated 
of ASTM-A-312 type-304 s e a m l e s s s ta in less s tee l . All joints in the s ta in­
l e s s l ines a r e of welded construct ion and util ize type-308 s ta in less s teel , 
solid, consumable, i n se r t r ings with V-groove pipe-end p repa ra t ions . The 
ring is consumed by an iner t gas - tungs ten a r c roo t -pas s weld using helium 
for the purge a tmosphe re and argon for the cover a tmosphere . Every root 
weld was examined for integri ty with dye penetrant , and defects detected by 
the tes t were ground out, r epa i red , and then re -examined . This p rocedure 
was repea ted until the weld was sa t i s fac tory . In ex t r eme ca se s , the weld 
was cut out, the mating sur faces refaced, a new consumable i n se r t ring 
inser ted , and the welding p r o c e s s repeated . In addition to the dye pene­
t r an t tes t , all in te rna l joint sur faces w e r e individually checked by visual 
means using m i r r o r s and p e r i s c o p e s , where neces sa ry , in o rder to a s s u r e 
coinplete fusion of the r ing. Thus, a sinooth t rans i t ion between mating 
p a r t s was a s s u r e d and resu l t ed in a joint of high integri ty. 

Where joints w e r e made in exist ing l ines , such as the p lacement 
of the two m o t o r - o p e r a t e d globe valves in the or iginal feedwater-pump 
d ischarge l ines , rad iographs were used to de termine weld quality since 
visual methods w e r e not feas ib le . After the r o o t - p a s s weld was approved 
by the inspecting engineer , a second iner t gas- tungs ten a r c weld using 
type-304 s ta in less s tee l f i l ler rod was made , and the remaining welds for 
completion of the joint were accompl ished with a meta l l ic a r c using 
type-308-15 l i m e - f e r r i t i c coated s ta in less s teel welding rod. 

The genera l specifications for the p r i m a r y sys t em piping are as 
follows: 

1. F o r all l ines 10 inches and l a rge r , schedule-80S butt welded 

2. F o r all l ines 8 inches and smal le r but not l e s s than Z-^ inches , 
schedule-40S butt welded 



3. For l ines 2 inches and smal le r , schedule-80S socket joint, 
socket welded with at least one weld being of the iner t ga s -
tungsten a r c type 

The 6-inch line to the new reac tor relief valves and the 12-inch 
deaera tor vent line to the turbine condenser a r e fabr icated of ASTM-A-106 
grade B carbon steel . An E6015 weld rod was used for the metal l ic a rc 
method of welding the butt joint. It was considered feasible to fabricate 
these l ines of carbon steel since the relief line is essent ia l ly dead ended 
and will not place any additional burden on the water t rea tment system. 
In the case of the deaera tor vent, the flow through the 12-inch line is 
small and only a negligible amount of contamination will be introduced into 
the sys tem. The joints in these two carbon steel l ines were spot checked 
by radiography to a s s u r e integri ty and quality. 

5.1.10 P r i m a r y System Valves 

Twenty-eight new shutoff valves , designated PS-1 through PS-18, 
were added to the p r i m a r y sys tem. Table 5-10 is a tabulation of the 
quantity r equ i rement s , s e rv ice , maximum p r e s s u r e and t empera tu re , s ize , 
type, pa t te rn design, and m a t e r i a l for each valve. 

Table 5-10. Primary System Shutoff Valves 

Valve 

PS-1 
PS-2 
PS-5 
PS-6 
PS-7 
PS-8 
PS-9 
PS-10 
PS-U 
PS-12 
PS-13 
PS-14 

PS-15 
PS-16 
PS-17 
PS-18 
FW-3R 

Number 
req'd 

1 
2 
1 
1 
2 
2 
2 
1 
4 
1 
2 
1 

2 
1 
2 
2 
1 

Service 

Steam to primary rebel lers 
Steam to primary reboilers 
Condensate to subcooler 
Condensate from subcooler 
Reactor feed pump suction 
Reactor feed pumo 
Reactor feed purpp discharge 
Feedwater regulator valve bypass 
Feedwater filter inlet and outlet 
Feedwater to reactor 
Deaerator vent steam 
Deaerator steam press regulator 

valve bypass 
Condensate to deaerator 
Subcooler bypass 
Drain cooler bypass 
Condensate from drain cooler 
Feedwater to reactor (replacement of 

original manually operated gate 
valve). 

Maximum 
pressure, 

psig 

800 
800 
100 
100 
100 
900 
900 
900 
900 
900 
100 
100 

800 
100 
800 
800 
900 

Maximum 
temp. 

°F 

520 
520 
320 
320 
320 
320 
320 
320 
285 
285 
320 
320 

520 
320 
520 
520 
285 

Size. 
inches 

8 
6 
6 
6 
6 
6 
6 
2 
3 
6 
10 
6 

4 
4 
3 
4 
3 

Type 

Gate 
Gate 
Gate 
Gate 
Gate 
Check 
Globe 
Globe 
Gate 
Stopcheck 
Gate 
Globe 

Gate 
Gate 
Globe 
Globe 
Globe 

Design 
standard 

600 1b 
600 1b 
150 1b 
150 1b 
150 1b 
600 1b 
600 1b 
600 1b 
600 1b 
600 1b 
150 1b 
150 1b 

600 1b 
150 1b 
600 1b 
600 1b 
600 1b 

Mat'l 

316 SS 
316 SS 
316 SS 
316 SS 
316 SS 
316 SS 
316 SS 
316 SS 
316 SS 
316 SS 
CS 
CS 

316 SS 
316 SS 
316 SS 
316 SS 
316 SS 

All valves a re manually operated with the exception of valves P S - 1 , 
PS-9, PS-10, PS-12, and FW-3R which a re motor operated. The motor 
opera tors utilize 60-cycle , 208-volt, 3-phase c i rcui ts with 115-volt a-c 
control c i rcu i t s . Valves P S - 1 , PS-9, PS-10, PS-12, and FW-3R a re equipped 
with l imit switches connected to indicating lights at the control panel to in­
dicate the full-open and ful l-closed posi t ions. In addition, valves PS-10, 
PS-12, and FW-3R incorporate slide wi res and remote position indicators 
for continuous in termedia te-pos i t ion indication in the control room. 



All gate valves have removable sea ts and disks . Globe valve seats 
a r e faced with Stellite. 

Nonreturn (stop-check) valves a r e installed on the s team-out le t 
nozzles of the p r i m a r y and secondary rebo i l e r s . The purpose of a non­
re turn valve is to prevent flow between two s team sources in a para l le l 
sys tem when one s team source is t emporar i ly below the system p r e s s u r e . 

The nonreturn valves on the p r i m a r y reboi le rs a re flanged 10-inch 
globe type and on the secondary reboi le r a r e flanged 12-inch angle type. 
The m a t e r i a l of construct ion for these valves a re as follows: 

1. Body and bonnet - cas t carbon steel 
2. Stem and piston r ings - 13 percent chromium-s ta in less steel 
3. Disk - carbon s teel with s ta in less s teel seating face 

The nonreturn valves a r e equipped with a handwheel for manual 
operation: (l) to pe rmi t them to be closed during operation, or (2) if they 
have a l ready been closed automatical ly, to hold the disk in the closed 
position. There is no mechanica l connection between the disk and the 
s tem. When the s tem is r a i s ed to the open position by the handwheel, only 
the reboi le r p r e s s u r e can lift the disk. 

The control valves l is ted in Table 5-11 for the p r imary , in ter ­
mediate , and secondary sys tems include a i r -ope ra t ed and motor -opera ted 
types. 

Table 5-11. Control Valves for Primary, Intermediate and Secondary Systems 

Valve 

G-332 
G-333 
G-334 
G-335 
G-336 
G-339 
P-l lD 
P-12D 
P-13D 
P-14D 
P-I5D 
P-21E 
P-42C 

Service 

Primary-reboiler drain tank level 
Primary-reboiier shell level 
Secondary-reboiler drain tank level 
Secondary-reboiler shell level 
Air-cooled condenser drain tank level 
Primary-steam-control valve bypass 
Reactor steam pressure controller 
Deaerator pressure controller 
Steam to secondary reboiler pressure controller 
Intermediate steam pressure controller 
Intermediate flash tank pressure controller 
Reactor feedwater regulator 
Condensate from subcooler temperature controller 

Size, 
inches 

3 
3 
4 
4 
4 
1 
8 
10 
12 
10 
8 
4 
6 

fflat'l 

316 SS 
5 Cr-n.5 MQI' 
5 Cr-0.5 Wo 
5 Cr-0.5 Mo 
5 Cr-0.5 Mo 
316 SS 
316 SS 
5 Cr-0.5 m 
CS 
CS 
CS 
316 SS 
CS 

Design 
standard 

600 lb W.E.a 
300 lb flanged 
3^0 lb flanged 
300 lb flanaed 
300 lb flanged 
600 lb S.W.c 
600 lb W.E. 
150 lb W.E. 
300 lb W.E. 
300 lb W.E. 
150 lb W.E. 
6onibW.E. 
150 lb W.E. 

Direction 
of failure 

Close 
Close 
Close 
Close 
Close 
Close 
Close 
In position 
In position 
In position 
Close 
In position 
In position 

Operated 

by 

Air 
Air 
Air 
Air 
Air 
Air 
Air 
Elec. motor 
Elec. motor 
Elec. motor 
Elec. motor 
Elec, motor 
Elec. motor 

Fluid 

Water 
Water 
Water 
Water 
Water 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Water 
Water 

aw.E. - Weld end 

bThis material is a steel alloy containing 5 percent Cr and 0.5 percent Mo. 

cs.W. - Socket weld 

All of the valves l is ted a r e s ingle-seated design except valves G-339 
P - l l D , P-13D, P-14D, and P-42C which a re double seated. The valves a r e 
designed with flow-to-open construct ion. In addition to being automatically 
controlled, all valves a r e completely equipped for local manual control. 



The valves with the prefix P and valve G-332 a re also equipped for remote 
manual operat ion from the gage board panel. The a i r -ope ra t ed valves a r e 
actuated by air pilots with integral a i r - p r e s s u r e - r e g u l a t o r , f i l ter, and 
p r e s s u r e gages except valve G-332 which uses an e lec t r i ca l pilot and 
electropneumatic t r ansducer for actuation of the valve opera tor . The 
valves that regulate the liquid level in a tank or reboi ler a re controlled 
by l iquid-level cont ro l le rs of the displacement type that use a cylindrical 
float to sense level. 

The safety valves added to the sys tem a re all s tandard valves of 
conventional design for protect ion against o v e r p r e s s u r e in the various 
sys tems or v e s s e l s . The two p r i m a r y - s y s t e m and four p r i m a r y - r e b o i l e r -
s team safety valves a re constructed in accordance with the requ i rements 
of Section I of the ASME Code. The deae ra to r safety valve is constructed 
in accordance with Section VIII of the ASME Code. All the valves a r e of 
s imi la r construct ion and a typical c ro s s section of a p r i m a r y - s y s t e m 
safety valve is shown in Figure 5-10. 
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In the p r i m a r y s team system, 
one safety valve is set to open at 
750 psig and the second valve is set 
to open at 775 psig should the r e a c ­
tor p r e s s u r e exceed these set points. 
Each of the new p r i m a r y - s y s t e m 
safety valves have a ra ted capacity 
of 160,000 pounds per hour of s team. 
The valve relieving capacity is rated, 
according to Section I of the ASME 
Code, at 90 percent of full flow at 
800 psig inlet p r e s s u r e with 3 p e r ­
cent p r e s s u r e accumulation. 
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Figure 5-10 

Cross section of typical safety valve 
RE-6-32687-D 

Each of the two original 
p r i m a r y - s t e a m - s y s t e m safety valves 
have a relieving capacity of 
65,000 pounds per hour of steain 
and a set p r e s s u r e of 700 and 
725 psig. The total relieving capa­
city of the four p r i m a r y - s t e a m safety 
valves is approxinaatly 390,000 pounds 
per hour of s team and therefore is 
capable of relieving the total s team 
generating capacity of the reac tor 
at an operating level of 100 naegawatts 
and producing 361,600 pounds per 
hour of s team. 

Each p r i m a r y reboi ler has 
two safety valves; one has a set 



p r e s s u r e of 400 psig and a rel ieving capacity of 122,500 pounds per hour 
of s team, and the other has a set p r e s s u r e of 410 psig and a rel ieving 
capacity of 85,350 pounds per hour of s team. The relieving capacity is 
r a ted at 90 pe rcen t of full flow at 3 percent accumulation above set p r e s ­
su re as r equ i red by Section I of the ASME Code. 

The deae ra to r safety valve has a set p r e s s u r e of 100 psig with a 
rel ieving capacity of 84,700 pounds per hour. The rel ieving capacity is 
r a ted at 90 pe rcen t of full flow at 10 percen t accumulation above set 
p r e s s u r e as r equ i r ed by Section VIII of the ASME Code. All of the new 
safety valves have a 4 pe rcen t blowdown before the valve r e s e a t s itself. 

The valves a r e cons t ruc ted with a c a s t - s t ee l body, bonnet, and 
cap, type-304 s ta in less s tee l nozzle and disk inser t , S-Monel guide and 
disk holder , h igh-speed s tee l spring and Stel l i te-faced seating surfaces 
on nozzle and disk i n s e r t s . Each safety valve is equipped with a posi t ive-
action mic roswi tch device (see F igure 5-10) which senses the opening of 
the valve and ac tuates ce r t a in safety control devices which shut down the 
r eac to r . A packed lifting lever is provided on each valve to pe rmi t 
per iodic test ing of the mechan ica l act ion of the valve. All valves a re 
capable of being easi ly "gagged" for hydrosta t ic test ing of the var ious 
s y s t e m s . The safety-valve inlet flanges a re Amer ican Standards Assoc­
iation r a i s ed face except the p r i m a r y - s y s t e m safety valve which has a 
r ing- type joint. 

The p r i m a r y - s y s t e m safety valves d ischarge direct ly into the 
condenser . The deae ra to r safety valves d ischarge into the desuperhea t -
ing pipe connection to the condenser . The p r i m a r y - r e b o i l e r safety valves 
d i scharge to the a tmosphere through vent pipes extending through the 
roof of the rebo i le r house . 

5.1.11 Changes to Condenser 

To insure containment of p r i m a r y systenni s team should a r eac to r 
o v e r - p r e s s u r e occur during 100-megawatt operat ion, two relief valves 
were added to exhaust to the main condenser . In the event that all safety 
valves (the two new valves and the two original valves) were to s imul ­
taneously dump s t eam into the condenser while a fai lure or malfunction 
occurs in the condenser coolant sys t em associa ted with the outside 
cooling tower, the condenser p r e s s u r e would r i se above the 20-psig design 
p r e s s u r e and cause the rupture disk originally provided in the unit to 
rup tu re . Calculat ions have shown that under these conditions the original 
rupture disk does not provide sufficient a r e a to allow a rapid r e l ea se of 
p r e s s u r e f rom the condenser ; the re fore , an additional rupture disk 12 inches 
in d iameter was ins ta l led in the condenser wall to make the total flow ca­
pacity of the two rup tu re disks in excess of 400,000 pounds per hour, enough 
to prevent the condenser p r e s s u r e f rom r is ing above i ts design p r e s s u r e . 



The 12-inch deaera to r vent line is connected near the bottom of the 
condenser , at the far end of the 14-inch desuperhea te r line, to allo^^^ the 
noncondensable gases in the deaera to r effluent to be combined with the 
noncondensable gases emanating in the condenser hotwell. After suitable 
radiation monitoring, the combined gases a r e d i spersed to the a tmosphere 
through the air e jec tors and stack. 

Two 6-inch flanged nozzles a re attached to the side of the condenser 
for accommodation of the two new 4-inch by 6-inch r eac to r relief valves. 
In addition, the 1-inch vent line from the p r i m a r y r ebo i l e r s and drain tanks 
as well as the 1-inch effluent line from the m a i n - s t e a m - l i n e t raps and the 
r eac to r - r e l i e f - l i ne t rap a r e connected to the condenser . 

5.2 INTERMEDIATE SYSTEM COMPONENTS 

5.2.1 Feedwater Pumps 

The two feedwater pumps for the in termediate sys tem a re located 
in the southwest corner of the reboi ler building. The pumps a r e 2-s tage , 
horizontally sp l i t - case , centrifugal units, as shown in F igure 5-11, driven 
by conventional squ i r r e l - cage induction mo to r s . The pump suction comes 
from the flash tank above the p r i m a r y - s y s t e m shield cel l and the pump 
discharges to the shell side of the p r i m a r y drain coolers and rebo i l e r s . 
Only one puiTip opera tes at a t ime; the second pump is on standby serv ice . 
The specifications for the pump a re given in Table 5-12, the ma te r i a l s of 
construction a re given in Table 5-13, and the head capacity curve is plotted 
in F igure 5-12. 

F igure 5-11 

Cross section of in termediate feedwater pump 
RE-6-34899-C 



Table 5-12. Operating Conditions and Capacities 
of Intermediate Feedwater Pumps 
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Per fo rmance 
Capacity 
Shutoff head 
Total dynanaic head 
Differential head 
NPSH requi red 
Efficiency at ra ted capacity 
Design t empera tu re 
Brake horsexDower 

Motor 
Rated horsepower 
Speed, rpm 

Weights 
Pump 
Base plate 
Moto r 
Total 

600 gpm 
1152 ft 
1050 ft 
1038 ft 
12 ft 
66% 
260°F 
220 

250 
3570 

2000 lb 
800 lb 
2500 lb 
5300 lb 

200 S 
150 I 
100 u. 

WAT^R FLOW, gpra at £78°F 

Figure 5-12 

Performance curve of intermediate 
feedwater pump 
RE-7-34900-A 

Table 5-13. Mater ia l s of Construction of Intermediate 
Feedwater Pumps 

Casing 
Shaft, shaft s leeve, impel le r , casing 

and impel ler wearing ring 
Packing gland 

Suction nozzle 
Discharge nozzle 

Carbon steel 
11-13% chromium-s tee l alloy 

11-13% chromium-s tee l alloy 
with bronze bushing 

6-inch ra ised face 
4-inch ra i sed face 

The pump casings were manufactured in accordance with Section VIII 
of the ASME Code with an additional requi rement of 100 percent radiography. 
The punap has rigid s leeve-type journal bearings and ball-type thrus t 



bear ings . An oil sump with an o i l - sp lash ring lubr ica tes the bear ings . The 
cooling water en t e r s the pump-sha f t - sea l water jacket and then flows to the 
bear ing-housing jacket for cooling the lubricating oil. This method of piping 
e l iminates the possibi l i ty of water condensation in the bear ing housing from 
the cold cooling water because of heat absorbed in the shaf t -seal water 
jacket . 

Since this pump is a s tandard commerc ia l unit, the shaft sea ls a r e 
conventional solid packing. Any leakage past the shaft sea l that f lashes into 
steajm will be quenched by a flow of cooling water at the packing gland. The 
pumps a r e provided with warmup and minimum-flow ori f ices that mainta in 
flow through the pump at 5 and 45 gpm respect ive ly . 

S t ra iners located in the suction line of each pump prevent la rge 
pa r t i c l e s from enter ing and possibly damaging the pumps , 

5.2.2 Air -Cooled Heat Exchangers 

Heat supplied by the in te rmedia te sys tem in excess of the secondary 
sys tem requ i r emen t s is d iss ipated to the a tmosphere by four a i r -cooled 
hea t -exchanger uni t s . The heat exchangers a r e physical ly located in 
two a r e a s . The a i r - coo led s team condenser is located to the eas t of the 
reboi le r building; the a i r - coo led dra in cooler , the a i r - coo led flash con­
denser , and the a i r - coo led subcooler a r e grouped to the south of the 
building. 

The four heat exchangers a r e s imi la r except for var ia t ions in the 
number , s ize , and design ra t ings of the components indicated in Table 5-14. 
Ver t ica l -shaf t fans a r e mounted on a common fan deck and force ambient 
air upward through hor izontal banks of finned tubes containing the in te r ­
mediate sys tem coolant. Below the fan deck each group of heat exchanger 
units is enclosed on al l s ides by adjustable shut te rs to provide airflow 
regulat ion. Doors instal led in the shu t te r s provide an ent rance to the 
a r e a s beneath the fan decks . Each unit is separa ted from the adjacent 
unit by ve r t i ca l s t ee l - r ibbed enc losure panels placed below and above the 
fan deck. Each unit is enclosed with s t ee l - r ibbed enclosure panels which 
extend 4 feet above the heat exchanger sect ions to enhance protect ion 
against freezing. F u r t h e r pro tec t ion f rom freezing during per iods of 
nonoperation is provided by a manual ly opera ted dra in sys tem capable of 
draining all water from the tubes , h e a d e r s , and external piping. A typical 
a i r - coo led heat exchanger a r r a n g e m e n t is shown in F igure 5-13. 

Each fan a s sembly consis ts of a cons tan t -speed ver t i ca l - shaf t fan, 
a speed- reduc t ion gea r , and an e l ec t r i c dr ive motor . These three major 
components a r e al l mounted on a dr ive pedes ta l which is anchored to a 
single footing. 



Table 5-14 Design and Equipment Data of the Air-Cooled Heat Exchanqers 

Parameters 

Heat exchanger 
Number of sections 
Surface per section sqft 
Total surface sq ft 
Dosign pressure psig 
Design temperature "F 

intermediate coolant 
Flow Ib'hr 
Operating pressure psio 
Temperature in "̂ F 
Temperature out " f 
Pressure drop psi 
Heat exchanged Btu/hr 
Passes 

Air 
Hon Ib^hr 
Temperature in "F 
Temperature out ° t 

Components 

Tubes 
Total number 
Material 

Size and gaqe 
Pitch m 
Lavers 
Length m 

Fins 
Material 

Ki.iTber per in 
Tianeter in 
Thickness m 
lypebondina 
Design 

Headers 

Fan assenblies 
Fans (Hartzell Propeller Fan Co i 
Number of fans 

Variable pitch 
Fixed pitch 

"Hurber of blades 
Blade dianeters ft 
Blade nateriai 
Speed rpn 
Horsepo er per fan 

Gear reducers (Philadelphia Gear Corp i 
Model 
AGI\ A rating 

Motor drives 
Horsepower 
Speed rpm 
Electric rating 

Steam condenser 

8 
16 941 
135 528 
400 
448 

245 400 
310 
424 7 
424 7 
[Negligible 
196 5 X lO ' 
1 

3 4 x # 

95 
336 

736 
Admiralt> 

S B - I l 1 Type C 
Lin OD X 16 BWG 
2-5/8 by 2 11/32 
4 
359-1 2 

Aluminum 
Type 1100-0 

11 
2 M 
0 016 
Mechanical 
Grooved 

Steel 

1 
3 
6 
12 
Plastic 
292 
28 4 

3415-CT 
40 

30 
1750 
480 volt 
60 cycle 
3 phase 

Heat 

Dram cooler 

2 
16 941 8102 
25 043 
400 
448 

245 400 
310 
424 7 
2917 
16 7 
34 6 x 1 0 * 
4 

0 72 X 106 
95 
295 

136 
Admiralty 

S B - l l l T y p e C 
Lm 0 0 x 1 6 BWG 
2-5/8 by 2 11/32 
4 
359 1/2 

Aluminum 
Type 1100 0 

11 
2 1/4 
0 016 
fVlechanical 
Grooved 

Steel 

1 
2 
6 
7 
Aluminum 
500 
9 45 

3405-CT 
20 

10 
1750 
480 volt 
60 cycle 
3 phase 

exchanger 

Flash condenser 

1 
5 410 
5 410 
100 
338 

4 930 
19 8 
258 5 
258 5 
Negligible 
4 64 X 10« 
1 

0 6 X lOiJ 
95 
127 

46 
Admiralty 

SB 111 Type C 
Lin O D x B B W G 
2-5/8 by 2-11/32 
2 
3«0 

Aluminum 
Type 1100 0 

11 
2-1/4 
0 016 
Mechanical 
Mar ley 

Steel 

1 
2 
4 
7 
Aluminum 
500 
45 

3405-CT 
20 

5 
1750 
480 voit 
60 cycle 
3 phase 

Subcooler 

2 
25 780 
51560 
100 
338 

246 600 
19 8 
258 5 
160 
42 
245x106 
4 

1 2 X 10* 
95 
180 

280 
Admiralty 

SB-111 Type C 
Lm ODxlSBWG 
2 5/8 by 2 11/32 
4 
360 

Aluminum 
Tvpe 1100-0 

11 
2 1/4 
0 016 
Mechanical 
/Marley 

Steel 

1 
1 
4 
12 
Plastic 
292 
13 3 

3415-CT 
31 

15 
1750 
480 volt 
60 cycle 
3 phase 

Figure 5-13 

Typical a i r -coo led heat exchanger 
RE-6-32684-C 



One fan with each heat exchanger unit is a pneumatical ly operated 
var iab le -p i tch design and provides s tep less airflow regulat ion neces sa ry 
to maintain des i r ed operat ing conditions in summer and winter . Blade 
position is continuously moni tored by an e lec t romechanica l position detector 
which is di rect ly connected to the pneumatic ope ra t e r and which re lays in­
format ion to a posit ion indicator located at the control panel. The remaining 
fans v/ith each heat exchanger unit a r e of f ixed-pitch design. A vibrat ion 
cutoff switch mounted on the dr ive-uni t support pedes ta l p ro tec t s all fan 
a s sembl i e s f rom excess ive vibrat ion ar i s ing f rom imbalance . 

The tubes in all heat exchanger sect ions a r e made of Admiral ty 
meta l (ASTM-SB-111 type-C) rol led into s teel heade r s at each end. 
Grooved or Mar ley- type aluminum fins, depending upon the r equ i rement s 
of the par t i cu la r unit, a r e at tached to the outside or a i r side of the tubes 
by mechanica l bonding for max imum m e t a l - t o - a i r heat t r ans fe r surface. 

The a i r - coo led s team condenser opera tes in pa ra l l e l with the tube 
side of the secondary rebo i le r as shown in F igures 2-1 and 3-3. The chief 
function of this heat exchanger is to condense in te rmedia te s team that is 
not ut i l ized by the secondary rebo i le r . The unused steami mus t be d i s s i ­
pated if des i r ed r eac to r operat ing conditions a r e to be maintained inde­
pendent of secondary sys tem r e q u i r e m e n t s . The exchanger d iss ipa tes to 
the a tmosphere the heat of vaporizat ion of the in te rmedia te fluid flowing 
in the tubes. Flow to the a i r - coo led condenser is regula ted by control 
valve P-14D, the back p r e s s u r e regula tor for the in te rmedia te c i rcui t . 
Hence, the a i r - coo led s t eam condenser , in conjunction with valve P-14D, 
mainta ins the s team p r e s s u r e in the in te rmedia te loop at 350 psig by 
present ing a constant heat sink that is unaffected by fluctuations in 
s econda ry - sys t em demands . 

The a i r - coo led s team condenser cons is t s of eight equa l - s i ze , h o r i ­
zontal, s i ng l e -pas s , tubular , heat exchanger sect ions instal led in pa ra l l e l . 
The sect ions a r e designed to condense 245,000 pounds per hour of s t eam 
at 310 psig when the ambien t - a i r t empe ra tu r e is 95°F. Under these con­
ditions the heat r emova l is accompl ished by pass ing up to 3,4 x 10 pounds 
per hour of a i r a c r o s s the finned tubes. Four m o t o r - d r i v e n fans, one with 
var iab le pitch, c i rcu la te the a i r , which is heated to 336°F as it p a s s e s 
through the s t eam condenser . The va r i ab le -p i t ch fan, through regulat ion 
of airflow, and consequently by t e m p e r a t u r e differential , controls the 
p r e s s u r e in the condenser . Condenser p r e s s u r e mus t be sufficient to 
cause adequate s team-flow to the s team condenser f rom the in termedia te 
sys tem and prohibi t the development of back p r e s s u r e which would affect 
the in te rmedia te sys tem p r e s s u r e . Remote adjus tments to the angles of 
the va r i ab le -p i t ch blades a r e ini t iated manually by the plant opera tor . 
The in te rmedia te coolant, in flowing through the tubes of the s team con­
dense r , exper iences only a negligible p r e s s u r e drop. 



In the a i r - coo led port ion of the in termediate sys tem, the s t eam-
condenser dra in tank furnishes the location for the interface between the 
h i g h - p r e s s u r e s team and condensate . Maintaining a water level in the 
tank p e r m i t s operat ion of the in te rmedia te sys tem without conaplete or 
pa r t i a l flooding of the a i r - coo led s team condenser and, at the same tinae, 
a s s u r e s that no in te rmedia te s t eam will be condensed in the drain cooler 
or flow di rec t ly to the f lash tank. The dra in tank is equipped with a sight 
g l a s s , high and low water level a l a r m s , and a water level control ler . 
The des i r ed water level in the tank is maintained by control valve G-336, 
which regula tes the flow from the a i r -coo led drain cooler to the flash tank. 

The 300-gal lon-capaci ty , horizontal ly mounted, cyl indrical tank 
is located against the eas t wall of the reboi le r house. The 7.5-foot-long 
by 2 .75- foot - ins ide-d iameter tank is made of carbon steel and designed 
for a p r e s s u r e of 400 psig and t e m p e r a t u r e of 448°F in accordance with 
Section VIII of the ASME Code. The operat ing conditions a r e 310 psig 
and 425°F. 

The a i r - coo led d ra in cooler accepts all of the in termedia te coolant 
flow from the a i r - coo led s t eam condenser drain tank and further cools the 
condensate before it flows into the f lash tank. The t empe ra tu r e of the 
condensate leaving the d ra in cooler is es tabl ished as the t empera tu re 
n e c e s s a r y to provide sufficient flashing of the condensate in the flash 
tank to furnish adequate steana flow to the flash condenser for maintenance 
of f lash tank p r e s s u r e control . 

The dra in cooler unit cons is ts of two horizontal , f ou r -pas s , tubular, 
heat exchanger sect ions ins ta l led in pa ra l l e l . The sect ions a re of unequal 
s ize; one is designed for 67.6 percen t of the flow. 

The a i r -coo led f lash condenser functions to maintain the des i red 
operat ing p r e s s u r e in the in te rmedia te flash tank. To maintain operating 
p r e s s u r e , the n e c e s s a r y quantity of f lashed s team is pe rmi t ted to flow 
f rom the flash tank through a m o t o r - o p e r a t e d control valve, P-15D, to 
the flash condenser . In the f lash condenser the s team is condensed by 
t r ans fe r r ing heat of vapor iza t ion to the a tmosphere . The resul t ing con­
densate is r e tu rned to the f lash tank by means of the f lash-condenser 
condensa t e - r e tu rn unit. 

The flash condenser cons is t s of one s ing le -pass heat exchanger s e c ­
tion and th ree fan a s s e m b l i e s . The unit is designed to condense 4,930 pound 
per hour of s t eam at 19.8 ps ig . 

The a i r - coo led subcooler , ins ta l led between the f lash tank and 
in te rmedia te feedwater pumps , t r a n s f e r s heat energy from the flash tank 
dra ins to the a tmosphere . In operat ion, the t empe ra tu r e of the dra ins is 
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lowered below that of saturat ion conditions. The resu l t is an increase in 
the available NPSH of the in termediate feedwater pumps and constitutes a 
method of controlling feedwater t empera tu re on the shell side of the p r i m a r y 
drain coo le rs . 

Two equa l - s i ze , four -pass , heat exchanger sections installed in 
para l le l and two fan assembl ies constitute the subcooler . The unit is 
designed to subcool the in termediate coolant as much as 98°F. The in te r ­
mediate sys tem can be operated with full bypass of the subcooler and all 
flash tank dra ins passed direct ly to the pumps. 

5.2.3 F la sh Tank 

In the in termediate system, the flash tank se rves as a hold tank for 
the in termediate water and provides space for the flashing of condensate 
from the a i r -cooled drain cooler and secondary dra in cooler . Water level 
is maintained by the manual addition of make-up water . The p r e s s u r e in 
the flash tank is maintained by p r e s s u r e control valve P-15D which regu­
lates the steam-flow to the a i r -cooled flash condenser . As shown in F ig ­
ure 5-14, the flash tank is equipped with three safety valves , a sight g lass , 
high and low water level a l a r m s , and a pump cutoff switch for shutdown of 
the in termediate feedwater pumps at ex t remely low water level. Any change 
in water inventory in the in termediate sys tem will be noticed by a change 
in water level in the flash tank. 

Figure 5-14 

F lash tank (south side) 
Neg. 112-599 

The 1000-gallon-capacity, horizontally mounted, cylindrical tank is 
located on top of the shielded cell within the reboi ler building. The 102-inch 
long by 54- inch- ins ide-d iameter ve s se l is fabricated of carbon steel and 
has design conditions of 100 psig at 338°F. The tank is built in accordance 
with Section VIII of the ASME Code. 



5.3 SECONDARY SYSTEM COMPONENTS 

5.3.1 Heat Exchangers 

The secondary sys tem rece ives in termediate s team from the p r i ­
m a r y r ebo i l e r s on the tube side and genera tes s team on the shell side of 
the secondary rebo i l e r s for the Labora tory heating sys tem. The r ebo i l e r s 
genera te only the amount of s team requ i red by the heating sys tem. This 
l imi ts the amount of in te rmedia te steamt which is absorbed by the secondary 
sys tem. The r ema inde r of the in te rmedia te s team not absorbed by the 
secondary sys tem is d iver ted by p r e s s u r e regulating valve P-14D to the 
a i r -coo led heat exchangers . The amount of s team generated is es tabl ished 
by fixing the t empe ra tu r e differential a c r o s s the tubes of the reboi le r . 
This is accompl ished by select ing and maintaining the condensing p r e s s u r e . 

The in te rmedia te s t eam condensed in the secondary reboi ler is 
accumulated in the seconda ry - rebo i l e r d ra in tank and then passed through 
the secondary dra in cooler to the flash tank. The condensate accumulated 
in the dra in tank is maintained at a constant level by regulating the flow 
to the flash tank through control valve G-334 which rece ives its control 
signal from f loat-cage level cont ro l le r LC-334 on the dra in tank. 

The feedwater to the shell side of the secondary dra in cooler comes 
from the feedwater supply of the Labora tory heating sys tem boiler. The 
feedwater flow is governed by the s team genera ted in the secondary sys tem 
reboi le r and is regula ted by the wate r level of the reboi le r The reboi le r 
level cont ro l le r , LC-335, is a f loat-cage type that controls the feedwater 
flow to the dra in cooler shell through a i r - o p e r a t e d control valve G-335. 

5.3.2 Reboiler 

The secondary sys tem rebo i le r is located in the eas t end of the r e ­
boiler house . The r ebo i l e r s a r e f loor-mounted, horizontal , single-effect 
type with a two-pass , tube side, s team condensing c i rcui t (see Figure 5-15). 
Two l ine- type steara s e p a r a t o r s remove mois tu re from the s team to 
99.75 pe rcen t quality before it en t e r s the Labora tory s team sys tem. The 
in te rmedia te sys tem s team coming f rom the p r i m a r y rebo i l e r s to the 
tube side of the secondary reboi le r provides the n e c e s s a r y heat to produce 
the secondary s team on the shel l side of the unit. The operating conditions 
and capaci t ies a r e shown in Table 5-15, 

The secondary rebo i le r is a conventional ket t le- type s team genera tor 
with U-tube removable-bundle construct ion. The design of the reboi le r 
conforms to the design r equ i r emen t s of Section VIII of the ASME Code and 
a l so , where applicable, with TEMA s tandards for Class A construct ion. 
See Table 5-16 for the naater ia ls of const ruct ion of the secondary r ebo i l e r s . 
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Figure 5-15 

Secondary sys tem reboi ler 
RE-6-32680-D 

Table 5-15. Operatirg Conditions ana Capacities of the Secordarv Reboiler 

Rpboiler tube surface 
Heat exchanqed 
Quantity of intermediate steam to tune side 
Tube-side pressure - operating 

- aesign 
- test 

Tube-side temperature - operating (botii steam inlet 
and condensate outlet) 

- design 
Quantity of secondary steam leaving shell side 
Shell-side pressure - operating (inlet) 

loutleti 
- design 

Stean quality leaving reboiler after steam separators 
Fouiina factor 
Siieil-side water capacity at normal operating conditions 
ffieigiits - dry 

- operating 
- flooded 

Heat-up rate - normal 
- inaximum 

9340 sq ft 
193 X 106 Btu/hr 66.6 irv.i 
241,000 Ib'tir 
310 psig 
400 psig 
600 psig 
424.7OF 

448»F 
227,000 ib.'lir 
iJ63°f 
3880F 
406^ 
99.75'= 
0.0005 
2,525 gal 
45,900 lb 
54,000 lb 
64,500 lb 
20«Pmin 
aflOp'nin 

Table 5-16. Materials of Construction of tfie Secondary Reboiler 

Shell 
Cfiannel 
Shell and channel 
Shell and channel 
Shell steam outlet 
Relief valve flanges 
Shell and channel 
Tubes 
Tube sheet 

flanges 
nozzles 
nozzles 

flanges 

ASTH-A-212 Grade B, Firebo;.' quality 
ASTM-A-212 Grade B, Firebox quality 
ASTM-A-105 Grade 2, (30% max carbon) 
ASTM-A-106 G>-ade B 
ASTM-A-105 Grade 2, I30"» irax carbon) 
ASTM-A-105 Grade 1, (357» max carbon) 
ASTM-A-111 Grade 1, (357= max carbon! 
ASTM-B-Ul 80 Cu-ZO Ni, Type A annealed 
ASTM-A-212 Grade B, Firebox quality 

In reboi le r construction, the la rge shell d iameter (compared to the 
tube bundle d iameter) provides a la rge open volume, or disengaging a rea , 
over the boiling liquid. This pe rmi t s the vapor to t rave l at a sufficiently-
low velocity toward the outlet so that a majori ty of the entrained liquid 
droplets se t t les out before leaving the shell . Two s team outlets a r e located 



at the quar te r and t h r e e - q u a r t e r points along the length of the shell . This 
allows a max imum amount of s team to leave the shell without t r ave r s ing 
any grea t dis tance and also maintain a low velocity. An impingement plate 
is placed at the feedwater inlet of the shell to pro tec t the nearby tubes 
from eros ion by the influent wa te r . 

The tube bundle is a two-pass , U-tube design. The stat ionary tube 
sheet is clamped between the gasketed surfaces of the shell and channel 
flanges and is dr i l led to the same bo l t -c i rc le d iameter as the flanges. 
This enables the tube sheet to act as a shell c losure when the channel end 
has been removed for hydrosta t ic tes t ing of the reboi ler shell and tube 
bundle. The tubes a r e mechanical ly joined to the tube sheet by rolling 
the tube ends into two machined grooves in the tube sheet holes to provide 
a joint sea l and mechanica l integri ty. 

The select ion of copper-n ickel alloy tubes instead of Admiral ty 
meta l alloy tubes was governed by the p resence of 0.32 ppm of ammonia 
in the feedwater influent to the shell side of the secondary heat exchangers . 
Vendors of copper and copper alloy tubing have expressed the opinion that 
water containing slight amounts of ammonia may cause s t r e s s cor ros ion 
cracking 

Copper-z inc alloys containing m o r e than 15 percen t zinc should 
not be used with alkaline solutions such as sodium hydroxide because of 
the possibi l i ty of dezincification cor ros ion . The Laboratory condensate 
on the shell side of the secondary reboi le r may have a pH as high as 
11 depending on the amount of blowdown and the concentrat ion of solids 
due to the continual evaporat ion of liquid. Alkaline sa l t s , such as sodium 
phosphate used in water t r ea tmen t , a lso act like hydroxides but a re l ess 
co r ros ive and therefore l e s s likely to cause dezincification. The dezinc­
ification most apt to occur in alkaline or alkaline sal t solutions is the 
plug type, in which b r a s s dissolves as an alloy and the copper constituent 
redepos i t s f rom solution onto the surface of the b r a s s as a meta l , but in 
porous form. The zinc consti tuent is deposited in place as an insoluble 
compound. The plug-type dezincification proceeds in localized a r e a s . 
Arsenic added to copper -z inc al loys, as in Admiral ty b r a s s , is an excel ­
lent inhibitor of dezincification. 

Of the copper a l loys , copper-n icke l containing 1 percent zinc is 
the mos t r e s i s t a n t to dezincification and cor ros ion by ammonia or a m ­
monium hydroxide. Another factor considered in the selection of the tubes 
was that copper-n icke l is l e s s affected by the rma l cycling than Admiral ty 
meta l and therefore would reduce the tendency of the tubes to loosen in 
the tube sheet. The r ea son for considering Admiral ty meta l tubes for 
this application was the appreciable cost savings involved. 



Type-A copper-n ickel alloy, 80 Cu - ZO Ni with 1 percen t zmc, was 
chosen instead of type B (3-4 percen t zinc) because of its lower zinc con­
tent. Therefore , type A is l e s s vulnerable to dezincification in the event 
that adve r se water conditions occur . 

The channel or water box end of the exchanger is a two-pass , 
bonnet-type design with a par t i t ion plate welded in place and two flanged 
inlet and outlet connections extending radial ly from the channel shell . 

5.3.3 Reboiler Drain Tank 

The seconda ry - rebo i l e r dra in tank accumula tes the in te rmed ia te -
s team condensate f rom the tube side of the secondary r ebo i l e r . The dra in 
tank is located on the nor theas t side of the reboi le r house between the 
secondary reboi le r and the secondary dra in cooler . The ves se l is 36 inches 
in inside d iameter by 7 feet in ove r - a l l length, horizontal ly mounted, and 
fabr icated of carbon s tee l (ASTM-A-212 firebox quality). Two 6-inch-
d iameter inspection nozzles have been provided, one on the top of the 
shell and the other in the south head. The 6-inch p ipe - s i ze inlet and outlet 
nozzles a r e located tangential ly to the top and bottom of the shell . Several 
pipe coupling nozzles a r e provided for operat ion and for ins t rumenta t ion 
purposes such as l iquid- level cont ro l le r , high and low level switches, 
vents and d ra ins . The float cage for liquid level cont ro l le r G-334 senses 
the level of the condensate in the tank and controls the posi t ion of control 
valve G-334 which in tu rn regula tes the condensate flow to the flash tank 
to mainta in a constant level in the seconda ry - rebo i l e r d ra in tank. The 
design of the vesse l conforms to Section VIII of the ASME Code. 

5.3.4 Drain Cooler 

The s e c o n d a r y - s y s t e m dra in cooler is located outside the eas t wall 
of the shield cell within the rebo i le r building. The dra in cooler , as shown 
in F igure 5 - l 6 , is a conventional two-pass shell , two-pass tube side, h o r i ­
zontal, U-tube, w a t e r - t o - w a t e r heat exchanger . In te rmedia te condensate 
on the tube side r a i s e s the t e m p e r a t u r e of the incoming Labora tory con­
densate to the des i r ed or sa tura t ion t empe ra tu r e before it en te r s the 
secondary rebo i le r . The operat ing conditions and capaci t ies of the drain 
cooler a r e given in Table 5-17. The design of the dra in cooler conforms 
to the design r equ i r emen t s of Section VIII of the ASME Code where appli­
cable, o therwise to TEMA s tandards for Class A construct ion. The m a t e ­
r i a l s of const ruct ion a r e given in Table 5-18, 



177 

«" 8 " 
SECONDARY INTERMEDIATE 
FEEDWATER CONDENSATE 

)'VENT 

i 
fLEVEL 
' INDICATOR 

N 0 Z Z L E ( 2 ) > 

I80U-TUBES 
80Cu-20Nr 
0 625"«I8BW< .LONGITUDINAL 

BAFFLE 

0 
d'ORAIN 

Figure 5-16 

-PARTITION 
PLATE 

INTERHIEDIATE 
FEEDWATER CONDENSATE 

OUTLET INLET 

Secondary sys tem drain cooler 
RE-6-32685-D 

Table 5-17 . Opera t ing Conditions and Capac i t i es of Secondary Dra in Cooler 

Dra in cooler tube su r face 
Heat exchanged - m a x i m u m 
Quant i ty of i n t e r m e d i a t e s t e a m condensa te to tube side 
T u b e - s i d e p r e s s u r e - ope ra t ing 

- des ign 
- t e s t 

Tube - s ide t e m p e r a t u r e - ope ra t i ng (inlet) 
(outlet) 

- des ign 
Quanti ty of s e c o n d a r y s y s t e m condensa te to she l l s ide 
She l l - s ide p r e s s u r e - ope ra t ing 

- des ign 
- l e s t 

She l l - s ide t e i n p e r a t u r e - ope ra t i ng (inlet) 
(outlet) 

- de s ign 
Foul ing fac to r 
Weight - d ry 

- flooded 

1349 sq ft 
34.4 X 10* Btu/ 'hr (10 mw) 
241,000 I b / h r 
310 psig 
400 psig 
600 psig 
424.7°F 
289.8°F 
448°F 
227,000 I b / h r 
200 ps ig 
250 psig 
375 psig 
230°F 
376.5°F 
406°F 
0.0005 
7200 lb 
10,000 lb 

Table 5 -18 . Secondary D r a i n Cooler M a t e r i a l s of Cons t ruc t ion 

Shell 

Shell head 

Channel she l l and cove r 

F l a n g e s 

Nozzle necks 

Nozzle f langes 

Tube shee t 

Baffles and i m p i n g e m e n t p la te 

ASTM-A-106 Grade B 
S e a m l e s s 

ASTM-A-234 Grade WPB 

ASTM-A-212 Grade B 
F i r e b o x quali ty 

ASTM-A-182 Grade 2 
(30% m a x carbon) 

ASTM-A-106 Grade B 

ASTM-A-181 Grade 1 
(35% m a x carbon) 

ASTM-A-212 Grade B 
F i r e b o x qual i ty 

ASTM-A-283 Grade D 



The shell is fabr icated f rom seamles s carbon steel pipe with a 
flange on the channel end for removal of the tube bundle. A longitudinal 
baffle, which is welded to the tube sheet as pa r t of the tube bundle, divides 
the two-pass shell into two sec t ions . Leakage around the edges of the 
longitudinal baffle between the upper and lower shel l sect ions is p resen ted 
by a Lamiflex seal . The sea l is composed of eight l ight-gage s t r ips of 
s ta in less s teel sheet which leaves one side of the sea l held flat against 
the baffle by a bolting bar and other side flexed upward to conform to the 
contour of the shell inside surface when the tube bundle is inse r ted into 
the shell . 

The channel end is a flanged, two-pass , bonnet design. The chan­
nel head is a flat bil let welded to the channel shell . The par t i t ion plate is 
welded to the channel shel l and head, and the flanged inlet and outlet con­
nections extend radial ly f rom the channel shell . A pipe coupling is 
welded to the channel for the instal la t ion of a smal l relief valve to guard 
against o v e r - p r e s s u r e from t h e r m a l expansion of the liquid during i so la­
tion of the exchanger f rom the sys tem. The tube bundle is a two-pass 
U-tube configuration. 

5.4 INTERMEDIATE AND SECONDARY SYSTEM WATER 
TREATMENT AND BLOWDOWN 

In the in te rmedia te and secondary sys t ems , the solids enter ing each 
of the sys t ems with the feedwater or addition of chemica l wa t e r - t r ea t i ng 
agents accumulate in the shel ls of the p r i m a r y and secondary r ebo i l e r s 
since they normal ly do not leave with the s team. The total concentrat ion 
of solids in the rebo i le r wa te r is a function of the total solids in the feed-
wate r , amount of chemica l wa t e r - t r e a t i ng agents , co r ros ion products , 
and amount of blowdown. If a l imited concentrat ion is to be maintained, 
the solids introduced into the sys tem mus t be removed by ei ther continuous 
or per iodic blowdown. Blowdown is the p roces s of removing some of the 
concen t ra t ed - so l ids -bea r ing water and replacing it with feedwater to effect 
a genera l lowering of solids concentra t ion in the s y s t e m s . Excess ive 
solids in the water caused deposit ion of sludge in the r ebo i l e r s and may 
a l te r the surface tension of the water which could cause ca r ryove r of 
water with the s t eam due to excess ive foaming of the water . 

The in te rmedia te sys tem is a closed loop, and the concentrat ion of 
solids in the p r i m a r y rebo i le r shel l does not change appreciably with t ime . 
The makeup for the in te rmedia te sys t em comes f rom the deminera l ized 
water sys tem in the reac to r se rv ice building, which is used to fill the 
p r i m a r y sys tem. The accumulat ion of solids in the p r i m a r y reboi le r shell 
is mainly due to co r ro s ion products c rea ted in the in te rmedia te sys tem. 



The amount of dissolved gases in the water is negligible. However, 
vents a r e provided on the sys tem to bleed off any accumulated gases evolved 
after the init ial fill or after long per iods of operation. 

Chloride concentrat ion is maintained as close to zero as possible by 
using deminera l ized water for init ial fill and by providing deminera l ized 
water for makeup. The maximum chloride concentrat ion in the prinaary r e ­
boiler shell is at tained after s eve ra l weeks of operat ion and is equal to the 
chloride concentrat ion of the makeup water multiplied by the rat io of feed-
water flow to blowdown. A concentrat ion below 0.3 ppm can be maintained. 
Per iod ic analys is of the wate r is made to check the chloride content. 

The total dissolved solids a r e kept at a level of 100 to 300 ppm to 
prevent sealing of the heat t r ans fe r su r faces . Dissolved and suspended 
solids a r e control led by per iodic blowdown. P r i o r to blowdown of the 
p r i m a r y r e b o i l e r s , the water is checked for radioactivity. 

The secondary sys tem rece ives a constant supply of Laboratory 
feedwater and the s t eam produced is introduced to the Labora tory heating 
sys tem. The constant supply of f resh feedwater resu l t s in an accumulat ion 
of solids in the rebo i le r shell . Shown below is a typical analysis of the 
Labora tory feedwater in which components a r e given in pa r t s per naillion. 

9.7 p H 
P a l k a l i n i t y 
M a l k a l i n i t y 
CI a s N a C l 
PO4 a s Na3P04 
SO4 a s Na2S04 
NH3 
T o t a l d i s s o l v e d s o l i d s 

9.4 to 
1.8 
7.2 
<1 
<1 
29 .5 
9.32 
45.6 

The s e c o n d a r y - r e b o i l e r b lowdown is con t inuous and is m a i n t a i n e d 
at a p p r o x i m a t e l y 5 p e r c e n t of the f e e d w a t e r flow r a t e . At m a x i m u m f e e d -
w a t e r f low, the b lowdown is a p p r o x i m a t e l y 11,500 pounds p e r h o u r . The 
d i s s o l v e d s o l i d s , a s d e t e r i n i n e d by conduc t iv i t y m e a s u r e m e n t s , a r e m a i n ­
t a i n e d b e t w e e n 1000 and 2000 p p m . Al though the t y p i c a l L a b o r a t o r y f e e d -
w a t e r a n a l y s i s s h o w s 45 .6 p p m d i s s o l v e d s o l i d s , the d i s s o l v e d s o l i d s con t en t 
o c c a s i o n a l l y r e a c h e s 105 p p m and a c c o u n t s for the h i g h e r r a n g e of d i s s o l v e d 
s o l i d s c o n c e n t r a t i o n in the s e c o n d a r y r e b o i l e r . 

The c h l o r i d e c o n t e n t ( r e p o r t e d a s NaCl) in the s e c o n d a r y r e b o i l e r 
is m a i n t a i n e d a t a l e v e l of 1 0 to 20 p p m . C h l o r i d e s t end to a c c u m u l a t e in 
the r e b o i l e r s h e l l w i t h the c o n c e n t r a t i o n be ing equa l to the f e e d w a t e r c o n ­
t e n t m u l t i p l i e d by the r a t i o of f e e d w a t e r to b lowdown. 
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Ammonia introduced with the feedwater does not accumulate in the 
secondary reboi ler , because it is evolved with the s team and passes out 
to the Laboratory heating sys tem. The concentrat ion of ammonia in the 
secondary reboi ler is 0.32 ppm, essent ia l ly the same as the feedwater. 

The water in the secondary reboi ler is analyzed daily, and the 
water in the p r i m a r y rebo i le r s is analyzed twice a week. Conventional 
methods a r e employed for the chemical t rea tment of the p r imary and 
secondary reboi ler feedwater. The following t rea tment is performed by 
the addition of chemicals to the r ebo i l e r s . 

1. Sodium sulfite, Na2S03, is added to scavenge dissolved oxygen, 
thereby lessening oxygen attack. Oxygen is removed by con­
vert ing the sulfite to a soluble sulfate salt . The sodium sul­
fite concentrat ion is maintained at 25 to 100 ppm. 

2. Phosphates a r e added to the feedwater to maintain the pH in a 
range of 10.6 to 11.0. The mono- , d i - , and t r i sodium or tho-
phosphates a r e used and a r e maintained at a concentration of 
100 to 300 ppm. 

Figure 5-17 is a schenaatic d iagram of the chemical feed system 
for the shell side of the p r i m a r y r ebo i l e r s . The in termedia te chemical -

feed system is of the batch type 
TO SHELL SIDE OF 

PRIMiRy DRftl« COOLER 
_ A 

FROM FL«SH TANK 

INTERMEDUTE FEEOWATER PUMPS 

Figure 5-17 

Flow diagram of in termediate 
sys tem water t r ea tment 

RE-8-32725-A 

which uti l izes the p r e s s u r e drop 
a c r o s s ei ther of the in te rmedia te -
feedwater control valves (G-333) 
to inject the chemicals into the 
p r imary r ebo i l e r s . The feed tank 
is initially loaded with solid chemi­
ca ls , filled with water to dissolve 
the solids, and then closed and placed 
on - s t r eam. The intermediate system 
requ i res only an occasional addition 
of chemicals . 

The secondary chemical -
feed system is a continuous type 
consisting of a chemical solution 
tank and a smal l feed pump for 
pumping the solution into the shell 
of the secondary reboi ler . The 
pump has an adjustable stroke for 
varying the ra te of feed to c o r r e s ­
pond with the blowdown ra te . A 
schematic flow d iagram of the sys -
tena is shown in Figure 5-18. 
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Figure 5-18 

Flow diagram of secondary sys tem 
water t rea tment 
RE-8-32668-A 

A blowdown tank is provided in the reboi ler house for flashing the 
secondary- rebo i le r blowdown water to a tmospher ic p r e s s u r e before d i s ­
posal . The vesse l is fabricated of carbon steel and is located in the pit 
along the south wall of the reboi le r building. The capacity of the vesse l 
is 300 gallons, and it is equipped with an 8-inch vent that extends through 
the roof for venting any flashed s team to the a tmosphere and a 2-inch drain 
to the Laboratory sewer for the r emainder of the blowdown water . A 
manhole is provided to allow for periodic inspection. 

5.5 REBOILER BUILDING VENT AND EXHAUST SYSTEM 

Five thermos ta t ica l ly controlled unit hea te r s a r e located in the r e ­
boiler building. Four hea te r s a r e in the building proper and the remaining 
heater is located at the end of the piping tunnel adjacent to the containment 
shell . The four hea te r s mainta in the t empera tu re within the reboi ler 
building. The heater for the piping tunnel preheats the influent tunnel a i r 
to el iminate the possibil i ty of freezing the stagnant condensate water in 
the pipe l ines during winter operat ion when the plant is shut down. 

The piping tunnel and the concrete shield cell within the reboi ler 
building form a relat ively gas- t ight enclosure which surrounds the p r imary 
sys tem. A blower in the exhaust duct above the cell maintains a negative 
p r e s s u r e within the shield cell . The heater fan at the piping tunnel inlet 
draws 1400 scfm of f resh a i r into the enclosure . This a i r plus any inward 
leakage to the shield cell and tunnel is removed by the exhaust duct blower, 
which has a capacity of 2470 scfm at —-inch stat ic p r e s s u r e . A schematic 
d iagram of the reboi ler building ventilation system is shown in Figure 5-19. 
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6. A P P E N D I X 

6.1 PHYSICS C A L C U L A T I O N S O F EBWR* 

The o r i g i n a l p h y s i c s c a l c u l a t i o n s for EBWR'- » ' w e r e m a d e by 
t w o - g r o u p d i f f u s i o n - t h e o r y m e t h o d s j wi th a p p r o p r i a t e cho ice of the g r o u p 
c o n s t a n t s b a s e d on e x p e r i m e n t s on HgO-U l a t t i c e s . F o r m u l t i r e g i o n 
p r o b l e m s , UNIVAC w a s u s e d . 

The o r i g i n a l c a l c u l a t i o n s r e s u l t e d in an o v e r e s t i m a t i o n of the r e ­
a c t i v i t y by 3.39 p e r c e n t . The t h e o r y w a s then modi f i ed by d e s c r i b i n g the 
f a s t n e u t r o n l e a k a g e by exp . ( T B ^ ) i n s t e a d of (l + TB^) and by t ak ing the 
v a l u e of the r e s o n a n c e i n t e g r a l to be 1.209 t i m e s l a r g e r t h a n tha t u s e d 
or ig ina l ly . (1 '*) With t h e s e m o d i f i c a t i o n s , t h e r e was a g r e e m e n t b e t w e e n 
e x p e r i m e n t a l and c a l c u l a t e d v a l u e s . 

6.1.1 T h r e e - G r o u p T h e o r y C a l c u l a t i o n s 

The o r i g i n a l c a l c u l a t i o n s w e r e fo l lowed by the u s e of t h r e e - g r o u p 
s t r u c t u r e for the c r o s s sect ionSs a p p r o p r i a t e l y n o r m a l i z e d in s o m e 
i n s t a n c e s s to c o n f o r m wi th e x p e r i m e n t a l r e s u l t s . The t h r e e - g r o u p 
e q u a t i o n s a r e : 

=D,V^*i + 2 j# i = 6V(2^^#2 + 2^^4>3) 

w h e r e 

-D3V <̂S>3 + 2,<i)- = ^slz*^-

1 SI 1 

^^ = 2 s l 2 + ^ ( l A ) a 2 + ^ r e s 2 

•* as 

>. a s def ined by D e u t s c h j ^ ^ ^ ' 

2 / j / \ i n c l u d e s ( l / v ) a b s o r p t i o n by Û ^® 

res2 r> si 2 

H. P . I s k e n d e r i a n and J . A . Th ie 
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where p = resonance escape probabil i ty obtained in the usual way, using 
values of resonance in tegral (Rl)eff of U^^ ,̂ given by Shersl l^i with 
appropr ia te self-shielding cor rec t ions and with allowance for resonance 
in niobium. 

The energy groups used in the t h r ee -g roup equations a r e : 

Group 1 (fast) oo to 0.180 Mev 

Group 2 (epithermal) 0.180 Mev to 0.625 ev 

Group 3 (thermal) 0.625 ev to 0 

F a s t and ep i thermal c ro s s sect ions were obtained by use of the 
equivalence-fac tors method given by Deutsch.i^) Ep i the rma l c r o s s s e c ­
tion data for u ran ium was obtained from the OCUSOL 30-group c r o s s 
sect ion data (see ANL-5800(1''') p. 157). The rma l c r o s s sections were 
obtained using a Wigner-Wilkins spec t rum according to A m s t e r ' s com­
pilation, (1^) except that cP" = {o^/af) = 0.184 was used as in BNL-325. 
In obtaining cell c r o s s section va lues , P3 spher ica l harmonic approxi­
mat ions were used to de te rmine the disadvantage fac to r s . 

6.1.2 Volume F rac t ions 

Three types of fuel e lements compr i se the rev i sed EBWR core and 
include the two pla te- type e lements of the or iginal EBWR core . These 
two e lements differ in the thickness of the fuel plate only and a r e r e f e r r e d 
to in this sect ion as the thick (abbreviated to K) and the thin (abbreviated 
to T ) e l emen t s . The thi rd fuel e lement is the new, fully enriched, rod-
type e lement and is r e f e r r ed to as the spike e lement (abbreviated to S). 
Phys ica l constants of S given in this r e po r t were der ived from design 
specifications and not n e c e s s a r i l y from the const ructed spike e l emen t s . 

The basic data from which the volume fractions of the different 
e lements were calculated a r e given in Tables 6-1 and 6-2. Volunae f r a c ­
tions and isotopic dens i t ies for a fuel cell 12.75 inches, bound by the 
center l ines of the con t ro l - rod channels and including all r eac to r m a t e ­
r i a l s (guides, s p a c e r s , control rods or fol lowers, and total water) , a re 
l is ted in Table 6 -3 , The data in this table were used for making R Z -
geoinetry react iv i ty calcula t ions . 

Similar data for a cell with dimensions of 12.25 inches by 12.25 
inches, including nine fuel boxes and bound by the con t ro l - rod guides, a re 
given in Table 6-4. In this cel l the con t ro l - rod channels a r e cons idered 
as dist inct regions and data in the table a r e suitable for calculat ions of 
con t ro l - rod worth in XY-geometry , 



Table 6 - 1 . Areas Occupied by Mater ia l s at Room Tempera tu re 
in a 12.75-Inch by 12.75-Inch Cell Consisting of 
Nine Similar Subassembl ies 

u 
Nb 
Zr mea t 
Zr clad 
Zr s ides 
Zr guides 
Zr s p a c e r s 
Zr follower 
H2O between plates 
H2O in control channels 

Table 6 - 2 . Charact 

Area, 

Thin 
e lements 

25,06 
0.88 
3.86 

10.32 
2.93 
3.33 
1.25 
2.50 

104.12 
8.31 

162.56 

sq. in. 

e r i s t i c s of Fuel E lem 

Pla te type fuel 

Thick 
elements 

35,54 
1.24 
5,48 

11,38 
2,70 
3.33 
1.25 
2.50 

90,83 
8,31 

162,56 

ents 

e lements 

Thin Thick Thin Thick 
na tura l na tura l enriched enr iched 

Meat th ickness , inches 
Total plate th ickness , inches 

H2O volume 1 

0,172 
0.212 

0,240 
0.280 

0,172 
0.212 

0,240 
0,280 

U235 + u " 8 vo lumej 

Weight U^̂ ^ in 6-plate 
element , g r a m s 

4,116 2.597 

291.1 413,0 

4.116 

582.2 

2.597 

826.0 

Spike fuel e lements 

Composition, wt percen t 
Fue l d imensions 

Diamete r of pellet 
Diameter of rod 
Length of rod 

Zi rca loy th ickness 
Clad- to-pe l le t gap th ickness 
Weight U in spike e lement 

9 UO2 - 82.4 ZrOz - 8.1 CaO 

0,322 inch 
0.375 inch 
48 inches 
0.025 inch 
0.0015 inch 
864 g r a m s 



Table 6-3. Volume Fractions and Atomic Densities in a 12.75-Inch by 12.75-lncti Ceil at Room Temperature 

Materia 
o 

U235 

U23S 

U 

H2O 

Zr 

.Mb 

Ca 

Oin s 

Fe 

Fuel ele- A 
ment type ^ 

jike m eat 

Enr 

Volume 
fraction 

0.00244 

0.1598 

0.1623 

0.668 

0.134 

0.C0578 

0.0302 

Thin 

iched 

Atomic 
density 
(x 1024i 

0.0001156 

0.00756 

0.007675 

0.02239 

0.005650 

0.0003151 

0.00256 

elements 

Nat 

Volume 
fraction 

0.001276 

0.1610 

0.1623 

0.668 

0.134 

0.00578 

0.0302 

ural 

Atomic 
density 
fx 1024i 

0.0000604 

0.007615 

0.007675 

0.02239 

0.005650 

0.0003151 

0.00256 

Thicl<e 

Enriched 

Volume 
fraction 

0.00336 

0.2230 

0.2264 

0.588 

0.148 

0.00813 

0.0302 

Atom ic 
density 
(X 1024| 

0.0001592 

0.01055 

0.01071 

0.01970 

0.006245 

0.0004431 

0.00256 

iements 

Nat 

Volume 
fraction 

0.001739 

0.22474 

0.2264 

0.588 

0.148 

0.00813 

0.0302 

ural 

Atomic 
density 
(X 1024, 

0.0000823 

0.01063 

0.01071 

0.01970 

0.006245 

0.0004^31 

0.0O256 

Spike elements 

Volume 
fraction 

0.0036 

0.000262 

0.003862 

0.582 

0.250 

0.0365 

0.0302 

Atomic 
density 
(x 1024) 

0.0001702 

0.0000124 

0.0001826 

0.01950 

0.01057 

0.0003511 

0.00757 

0.00256 

Notes: 

1. The rod follower has a volume fraction of 0.0302. In the stainless steel fueled follower, N(U235| = 0.0001737 x 1024 and N(Fei = 0.0848x 10^4. 

2. The control rod has the same volume fraction as the follower. I n the rod WFei = 0.0765 x 1024 and N(B) = 0.00875 x 10^4 

3. U235 in the fueled follower is included with u235 in the cell. When Zircaloy-2 follower is used the required correction is then made. 

Per t inent volume fraction data on cont ro l - rod followers a re listed 
in Table 6-3. Included in the table a re data for con t ro l - rod followers 
composed of Zi rca loy-2 m a t e r i a l and fuel-containing s ta inless steel 
p la tes . The s ta in less steel fueled followers were tes ted in EBWR as a 
possible replacement for the Zircaloy-2 followers in the 100-megawatt-
capacity sys tem. When tes t objectives were not real ized, the fueled 
followers were abandoned in favor of the Zirca loy-2 followers. 

The physical dimensions of the followers a re the same as the con­
t ro l rods except that the followers a r e 14.37 inches long. 

Table 6-4. Volume Fractions and Atomic Densities m a 12.25-Inch by 12.25-Inch Cell at Room Temperature 

. l̂ateria 

U235 

U238 

U 

HjO 

Zr 

Nb 

Ca 

Fuel ele- A 
ment type^ 

OIn spike meat' 

En 

Volume 
fraction 

0.00253 

0.1735 

0.176 

0.683 

0.135 

0.00626 

Thine 

iched 

Atomic 
density 
(X 1024i 

0.0001196 

0.00819 

0.0083096 

0.02287 

0.005742 

0.0003414 

ements 

Natl 

Volume 
fraction 

0.001265 

0.1747 

0.176 

0.683 

0.135 

0.00626 

ral 

Atomic 
density 
(X 10«) 

0.0000598 

0.00825 

0.0083096 

0.02287 

0.005742 

0.0003414 

En 

Volume 
fraction 

0.00353 

0.24164 

0.245 

0.596 

0.151 

0.00881 

Thick 

iched 

Atomic 
densly 
(X 1024. 

0.000167 

0.01143 

0.0011597 

0.01995 

0.006386 

0.00480 

Iements 

Nat 

Volume 
fraction 

0.001765 

0.24341 

0.245 

0.596 

0.151 

0.00881 

jrai 

Atomic 
density 
(x 1024| 

0.00008454 

0.011513 

0.0011597 

0.01995 

0.006386 

0.00480 

Spike elements 

Volume 
fraction 

0.00378 

0.000285 

0.00407 

0.589 

0.262 

0 

0.040 

Atomic 
density 
(X 1024l 

0.0001789 

0.00001345 

0.00019235 

0.01973 

0.01107 

0 

0.000922 

0.00802 

In the soikes, the meat is in tne form of ZrO, 
Zr - 0.016233. Ca - 0.003924, and 0- 0.0380«. 

•UO2 and CaO fv'.itn a slight excess of 0). The number densities m the meat are (x lo24i: U-0.000818, 
The volume fraction of the neat in the cell is 0.2352. 



6.1.3 Three -Group Cross Sections 

Hot (485.6°F), clean c r o s s sect ions with voids as a pa rame te r are 
given in Table 6-5. These c r o s s sections correspond to their diffusion-
theory definitions as given by the th ree -g roup- theory equations given 
above. 

The c ross sect ions r e f e r r ed to above were normal ized to yield the 
c o r r e c t hot, clean react ivi ty of the original EBWR core . In view of the 
la rge uncertainty in the value of the effective resonance integral (RI ££), 
this pa r ame te r was chosen to be adjusted. The value of Rleffs calculated 
by Sher ' s formulal l" ) and cor rec ted for spatial self-shielding and for the 
contribution due to niobium, was increased by a factor of 1.096 in o rde r to 
match the exper imenta l react ivi ty . This correct ion is within the l imits of 
uncertainty in the p a r a m e t e r . 

Some loadings of the core , in which the outer region of the core was 
composed p r imar i ly of KE e lements , contained severa l KN elements as 
well. The KN elements were regarded as per turbat ions and their effect 
on the region was compensated for by multiplying 2 and 2 in Table 6-5 
by the factor 0.9603, and vZ^^ and vZ^^ by the factor 0.9385, 

Table 6-5. Hot Macroscopic Cross Sections 

Reactor 

Material constants 

TE, 0% voids 
TE, 30% voids 
TE. 60% voids 

KE, 0% voids 
KE, 30% voids 

Spil<e, 0% voids 
Spike, 30% voids 
Spike, 60% voids 

TN, 0% voids 
TN, 60% voids 

Reflector H2O 

SS-fueled follower 

Burnup- TE 

Burnup - KE 

cm 

1,492 
1.749 
2,107 

1.366 
1.550 

1.840 
2.171 
2.469 

1.492 
2.107 

2.067 

0 

0 

0 

^ 1 - 2 , 

c m ' l 

0.0356 
0.0247 
0.0144 

0.0319 
0.0224 

0.0344 
0.0285 
0.0285 

0.0356 
0.0144 

0.05117 

0 

0 

0 

D2, 

cm 

0.567 
0.669 
0.813 

0.509 
0.580 

0.9862 
1.292 
1.831 

0.567 
0.813 

0.7951 

0 

0 

0 

Sa2. 

cm ' l 

0.012015 
0.011850 
0.012075 

0.01428 
0.01493 

0.005506 
0.005411 
n.005316 

0.01550 
0.01068 

0.000553 

0.341 

1.17 

0.560 

^ 2 - 3 , 
cm'l 

0.0382 
0.0257 
0.0144 

0.0327 
0.0222 

0.0384 
0.0263 
0.0143 

0.0382 
0.0144 

0.0620 

0 

0 

0 

. I f , , 

cm'l 

0.004887 
0.004887 
0.004887 

0.006372 
0.006372 

0.00855 
0.00855 
0.00855 

0.002443 
0.002443 

0 

0.230 

0 

0 

D3, 

cm 

0,2778 
0,3912 
0,5848 

0,2947 
0,4167 

0.321 
0,434 
0.760 

0.2839 
0.6135 

0.2934 

0 

0 

0 

l a , 

cm ' l 

0,0603 
0,05766 
0.05470 

0.07382 
0.07122 

0.07213 
0.06730 
0.05965 

0.04100 
0.03506 

0.01138 

4.02 

6.70 

5.40 

vl fj, 

cm'l 

0,08586 
0.08647 
0.08783 

0.11199 
0.11130 

0.1313 
0.1255 
0.1139 

0.043870 
0.044820 

0 

3.807 

7,34 

6,94 

Notes: 

1. The cross sections for the TE andKE elements have been computed for the 12,75-Inch by 12.75-Inch sublattice containing 9 elements. Zircaloy-2 
control rod followers are assumed to be in the core, and all structural materials (guides and spacers! are included. 

2. The cross sections for the spikes have been computed for a 3.875-inch by 4.25-Inch elemental box, and include, besides the fuel rods, only the 
structural materials associated with the spike element itself (sides and corner anglesi. Since the spike elements are never clumped together 
and are always adjacent to other types of elements it would have been incorrect to consider a 9-element sublattice composed of spike elements 
alone. 

3. The slowing down cross sections are slightly dependent on the leakage from the reactor (that is, on the product T B ^ I . i n order to avoid an 
unnecessary multiplicity of materials, an average B2 of 0.00155 cm'2 was used for the quoted slowing down cross sections. 

4. The parameter exhibiting the largest nonlinearity with voids is p (the resonance escape probability, here included in the E a , of the TE, TN, 
KE, and KN eiementsl. It was approximated with two lines of differing slopes (from 0% voids to 30% voids to 60%) with a maximum deviation 
at 50 percent void of 1.2 percent. At all of the other void concentrations the approximation is more accurate. 



6.1,4 Control-Rod and Control-Rod Follower Cros s Sections 

In the calculation of con t ro l - rod and cont ro l - rod-fo l lower c r o s s 
sections for the operat ing reac to r , the effect of con t ro l - rod-bank inser t ion 
depth was s imulated. The problem of par t ia l ly inse r t ed rods was reso lved 
by including an equivalent cont ro l - rod poison in the c ro s s sections of the 
cont ro l - rod-conta in ing reg ions . Equivalent poison is defined as a uniformly 
dis t r ibuted poison that has the same exper imenta l reac t iv i ty effect as the 
con t ro l - rod bank. 

The rev i sed core , containing control rods with fueled followers, 
also had the problems a r i s ing from the fueled followers which added to 
the absorpt ion and fission c ro s s sec t ions . 

The c r o s s sect ions affected by the equivalent poison technique of 
calculation were 2a_ and 2 ^ only. The requ i red values were obtained by 
an i te ra t ive procedure that compared calculated reac t iv i t i es with the 
exper imenta l ly obtained control rod cal ibra t ion curve . The converged 
values of c r o s s sect ions for the original grouping of five hafnium and four 
boron control rods were: 

A2. = 0.000702 and A2^ = 0.0114 

These mac roscop ic c r o s s sect ions a r e simply added to the epi thermal and 
the rma l c r o s s sections of the regions containing control rods . They were 
found to be fair ly insensi t ive to control rod posit ion. 

A sepa ra t e exper iment to compare boron and hafnium control c r o s s e 
for the same location showed that j - inch- th ick bo ron- s t a in l e s s s teel was 
m o r e effective by a factor of 1.03 than | - inch- th ick hafnium. 

The c r o s s sect ions given in Table 6-5 a r e computed for a core with 
Zi rca loy-2 con t ro l - rod fol lowers . When this is not the case , as in a core 
with fueled fol lowers, the other m a t e r i a l s (control rods or fueled followers) 
a re a s sumed to have the same effect on neutron diffusion p rope r t i e s as the 
Z i rca loy-2 fol lowers, and only the absorpt ion and fission c r o s s sections 
need to be a l t e red . Therefore , these m a t e r i a l s were a s sumed to occupy 
negligible volume and a re specified c o r r e c t l y by giving them a volume 
fraction of 0.001. F o r problems in which control rods a re only par t ia l ly 
inser ted , the c r o s s sect ions contributed by the followers a r e added to the 
regions containing con t ro l - rod fol lowers . C r o s s section data on followers 
is given in Table 6-5 . 

6.1.5 Reactivi ty and Flux 

All exper imenta l react iv i ty m e a s u r e m e n t s repor ted here a r e based 
on the or iginal control rod calibration,(14) in view of the use of /3eff = 
0,00825 in the or iginal cal ibrat ion work, the exper imenta l m e a s u r e m e n t s 



w e r e c o n v e r t e d to d o l l a r v a l u e s a t 0 m e g a w a t t - d a y e x p o s u r e ($°) to m a k e 
the e x p e r i m e n t a l m e a s u r e m e n t s i ndependen t of /^gff- Subsequen t r e s u l t s 
for the ef fect ive d e l a y e d - n e u t r o n f r a c t i o n b a s e d on r e c e n t Keep in da t a 
(ANL-5800V-'-' / p , 23) and p e r t u r b a t i o n t h e o r y have shown: 

'^^eff " 0.00717 

1 '^^eff _ . , . - 5 _ , „ . - i = 1,42 X 10"^mwd"^ (Calcu la ted) 
A°eff d(<J)t) 

= 2 + 0.4 X lO '^mwd"^ ( M e a s u r e d ) 

T h e s e v a l u e s a r e u s e d to r e l a t e c a l c u l a t e d r e a c t i v i t y to d o l l a r s . 

The m e a s u r e m e n t of the chang ing d e l a y e d - n e u t r o n f r ac t i on due to 
b u r n u p was a c c o m p l i s h e d by c o m p a r i n g p e r i o d s l a te in c o r e life with t h o s e 
ob ta ined at 0 m e g a w a t t - d a y with the s a m e c o n t r o l rod s e t t i n g s . If th i s 
m e a s u r e m e n t i s c o r r e c t e d for a c a l c u l a t e d d e c r e a s e in c o n t r o l rod s e n s i ­
t iv i ty (due to an i n c r e a s i n g c o r e Z^ wi th burnup) , 

i£ 
1 Vd2 

d 2 . 

3-1 - n c ; , , i n - 5 ^ ^ „ , j - l 0.5 X 10"=' m w d 

a / 0 

the m e a s u r e d b u r n u p coef f ic ien t of [ZQH would be : 

1 d Aeff 
^eff d($t) 

= - 2 . 5 x l O ' ^ m w d " ^ 

F o r the p r o p o s e d load ing X of F i g u r e 6 -3 (sp iked c o r e with 8813 m e g a w a t t -
d a y s o p e r a t i o n ) , the va lue of jBgff was c a l c u l a t e d to be 0 .00655. 

F i g u r e s 6-1 and 6-2 show two a l m o s t i d e n t i c a l load ings in which 
m o s t of EBWR o p e r a t i o n took p l a c e . F r o m p e r i o d s and rod pos i t i ons when 
load ing c h a n g e s w e r e m a d e , the r e l a t i v e r e a c t i v i t i e s shown in T a b l e 6-b 
w e r e d e t e r m i n e d . T h e s e r e a c t i v i t i e s do not inc lude b u r n u p e f fec t s . 

Table 6-6 Measured Reactivities of EBWR Loadings 

Loading number 

46 
47 
48 
49 
50 
51 
52 
53 

Relative 

mot 

reactivity, J " ^ 

0 00 
0 92 
0 74 
0 76 
0 92 
0 58 

measured) 

0 85 

^Values given m terms of dollars at 
0 megawatt-day. 
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Loading 46 operated from 
4629 to 6667 megawat t -days 

Neg. 111-9125 

Theore t ica l react ivi ty calculations of these loadings were performed 
using zones of s tandardized composition, ra ther than attempting exact s im­
ulations of all of these mtinor changes. F igure 6-4 shows the basic zones, 
A reduced fuel enr ichment is used in the calculations in lieu of the few 
natura l uranium elements in the outer zone. Void and burnup nonunifor-
mi t i es a re adequately approximated by averages in these regions . 
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Figure 6-3 

Loading X, a possible spike-
fuel loading 

RE-6-35111-A 

Figure 6-4 

Zone pa t te rns used in 
EBWR calculations 

RE-7-35112-B 

Measurements of react ivi ty in voids were made at var ious powers 
and t imes during core life. These measu red values were obtained from 
differences in c r i t i ca l exper iment rod positions at power and zero power, 
and cor rec ted for possible difference in t empera tu re and xenon. The 
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prec is ion of the zero-power c r i t i ca l exper iment measu remen t s in the 
p resence of t rans ien t t empera tu re and xenon effects was ensured by 
actually measur ing the t rans ien ts (by determining their effect on a 
s e r i e s of reac to r per iods) . 

The resu l t s in Table 6-7 show the react ivi ty in voids to be insen­
sitive to minor burnup and loading changes. However, for a given power, 
the react ivi ty in voids was found to depend on the position of the control 
rods . Reactivity is reduced by about 0.035 $° for every inch upward in the 
location of the tips of the nine rods for the 20-megawatt , 600-psig con­
ditions encountered. This s tems from a reduction in power density and void 
coefficient magnitude. 

Table 6-7. Measured Values of the Reactivity in Voids at 600 psig 

Loading 
number 

46 
51 
51 
52 
53 
53 

Burnup, 
mwd 

0 
6987 
6987 
8150 
8450 
8450 

Distance of rod tips 
from top of fuel. 

inches 

15.2 
19.0 
16.5 

0 
14.4 

4.9 

Power, 
m w 

19.6 
13.5 
20,4 
42,7 
20.4 
38.4 

Reactivity in 
voids, $° 

2.67 
2.00 
2.67 
4.04 
2.68 
3.99 

Measurements of power and flux distr ibutions shown in F igures 6-5 
and 6-6 were obtained from g a m m a - r a y and cobalt-activation data r e s p e c ­
tively. 

'4 

Figure 6-5 

Axial power dis tr ibut ion at 
20 megawatts ear ly in core life 

RE-7-35113-B 

Figure 6-6 

Axial flux distr ibut ions obtained 
from bare cobalt wires 

Neg. 111-9127 



It can be seen that agreement with the th ree -g roup calculations descr ibed 
is sat isfactory. F igure 6-7 shows a determinat ion of the coolant void 
fraction from its theore t ica l effect on the raeasured cadmium ratio.X9) 

A number of void-dependent 
calculations were made to check the 
c ro s s sections and methods with 
exper iment . In par t icu lar , the ex­
per imenta l run on loading 51 given 
in Table 6-7 was well suited for 
theore t ica l ana lys is . It was p e r ­
formed after a long shutdown and 
was xenon free. 

The core was divided into 
eight regions and the void content 
of each region was represen ted by 
an appropr ia te average . The ca l ­
culation was per formed by the usual 
physics and heat t ransfer i t e ra t ions . 
The final void distr ibution converged 
upon is given in Figure 6-4, Two 
approximations present m this 
distr ibution a re : 

1. Hydraulic calculations assume voids to be produced only in 
coolant adjacent to fuel, whereas this void fraction is used in 
the water everywhere . 

2. Local boiling in the subcooled region is ignored. 

To some extent the e r r o r s in these approximations tend to cancel. The 
react ivi ty in voids calculated by this procedure was 2.67 dol lars for a 
power of 20 megawat ts . The agreenaent with exper iment is very close, 
for Table 6-7 indicates 2.67 dol lars for 20.4 megawat ts . 

The f iss ion-densi ty distr ibution along the centerl ine of the converge 
problem is given in F igure 6-5. An experimental ly obtained gamma-flux 
distr ibution is plotted alongside the calculated curve so that the two curves 
are normal ized at their maxima. As seen in the figure, the agreement is 
sat isfactory. The absence of end effects for the exper imenta l curve is due 
to the measur ing technique. The curve was obtained by a small gamma 
chamber moving between the plates of an element . As the chamber 
approached the fuel element end, its volume of integration extended be ­
yond the element where the flux dropped abruptly. F u r t h e r m o r e , the 
m e a s u r e m e n t is for a cent ra l e lement of a n ine-e lement sublatt ice. That 
i s , the e lement is as far away from a control rod as possible , accordingly 

Figure 6-7 

Cadmium rat io of cobalt wi res as 
a function of height 

Neg. 111-9129 



its flux is higher in the control rod region than for the theore t ica l curve 
which incorpora tes a homogenized control rod effect. 

6.1.6 Isotope Buildup and Burnup 

A boiling water r eac to r encounters uneven burnup for two r ea sons . 
F i r s t , the unavoidable power gradient is intensified by the presence of par t ly 
inser ted control rods , and second, the uneven void distr ibution strongly 
influences the resonance escape probabil i ty. To obtain adequately averaged 
values for these p a r a m e t e r s , the 20-megawatt EBWR core was divided into 
six regions as shown in F igure 6-4. Average power densi t ies and void 
content were calculated for each region, average concentrat ions of the 
self-shielding isotopes (Pu and Pu ) were es t imated and their 
concentrat ion-dependent c r o s s sections were obtained. Effective one-
group c r o s s sect ions were calculated by using the resonance and the rmal 
flux ra t ios available from th r ee -g roup calculat ions. Then the var ious 
isotope concentrat ions at a burnup of 10,000 reac tor megawat t -days 
were computed independently for each region. The isotope concentrat ions 
a re given in Table 6-8 . 

Table 6-8 . Isotope Concentra t ions^ at 10,000 Reactor 
Megawatts-Days Exposure 

Region^ 

Ii 

I2 

I3 

III 

II2 

lis 

AN^sC 

-2.309 

-2.54 

-0.824 

-1.25 

-1.38 

-0.403 

^26 

0.47 

0.49 

0.16 

0.22 

0.242 

-

N 4 9 

1.44 

1.66 

0.640 

0.91 

1.12 

0.28 

N"° 

0.192 

0.240 

0.093 

0.089 

0.11 

-

N « 

0.14 

0.148 

_ 

-

-

-

F p d 

2.87 

3.21 

0,927 

1,48 

1.66 

0.48 

^All units a r e t imes 10^' a toms /cm^. 

See F igure 6-4 for location of reg ions . 

^AN is the change in 25 concentra t ions . 

F P r e f e r s to genera l f ission products . 

The concentra t ions in Table 6-8 were t rans la ted into th ree -g roup 
operat ing t e m p e r a t u r e mac roscop ic c r o s s sec t ions . The changes in c r o s s 
sections a re given for each region inTable 6-9. The values as shown are 
f ine-s t ruc ture - f lux averaged values which can be added to the void-dependent 
c ro s s sect ions of Table 6-5 . 
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T a b l e 6 -9 . Changes in C r o s s Sec t ions with B u r n u p at 
10,000 R e a c t o r M e g a w a t t - D a y s O p e r a t i o n 

Reg ion 

Ii 

h 

h 
III 

112 

113 

A 2a 
3-2 

0 . 0 0 1 0 3 0 

0 . 0 0 1 3 2 

0 . 0 0 0 5 5 0 

0 . 0 0 4 8 2 

0 . 0 0 0 6 3 8 

0 . 0 0 0 1 2 8 

A 2a 
83 

0 . 0 0 6 0 4 

0 . 0 0 7 3 7 

0 . 0 0 3 4 6 

0 . 0 0 4 6 2 

0 . 0 0 6 1 8 

0 . 0 0 1 3 6 

hvZi^ 

0.00637 

0.00831 

0.00444 

0.00568 

0.00820 

0.00160 

N o t e s : 

Al l A2 v a l u e s a r e p o s i t i v e . AvZ^^ i s v e r y c l o s e to 
z e r o as the oppos i t e s ign c o n t r i b u t i o n s of - AN 235 
and + AN 239 c a n c e l e a c h o t h e r . Ai '2£, i s pos i t i ve 
b e c a u s e of the h i g h e r r e a c t i v i t y of Pu^^' . 

The r e a c t i v i t y change due to the c r o s s s e c t i o n s given in Tab le 6-9 
was c a l c u l a t e d by the t w o - d i m e n s i o n a l P D Q - 2 code and w a s found to be 
-5 .55 $ o r - 0 . 55 $ p e r 1000 r e a c t o r m e g a w a t t - d a y s . 

F i g u r e 6-8 shows the r e a c t i v i t y l o s s due to s a m a r i u m and l o n g -
t e r m b u r n u p effects as ob ta ined f r o m c o n t r o l r o d p o s i t i o n s at z e r o power 
d u r i n g c o r e l i fe . The l ower r a t e of l o s s at 489°F is a s s o c i a t e d wi th the 
t e m p e r a t u r e coeff ic ient b e c o m i n g l e s s n e g a t i v e as b u r n u p p r o g r e s s e s 
b e c a u s e of p lu ton ium bu i ldup . T h i s effect can be o b s e r v e d by m e a s u r i n g 
the t e m p e r a t u r e coeff ic ient a s i l l u s t r a t e d in T a b l e 6 - 1 0 . 

F i g u r e 6-8 

R e a c t i v i t y l o s s due to s a m a r i u m and 
b u r n u p in l oad ings 46 t h r o u g h 53 

Neg . 111-9244 



Table 6-10. React ivi t ies Due to Tempera ture Changes 

Burnup at t ime of 
measuremen t , mwd 

Apin $° 
Ti == 68°F 
T2 = 489°F 

Ap in $° 
Ti = 328°F 
T2 = 469°F 

6987 
8150 

3.55 
1.76 

1.82 

1.06 

As measured , the react ivi ty loss due to a t empera ture r i se is: 

Z(T2) 

Ap - I I I (T) dZ 
Z(T,) 

where dp/dZ (T) is the measu red react ivi ty per unit height at var ious 
t empe ra tu r e s and positions of the control rods (see Figure 6-9). 

6.2. RADIOACTIVITY AND CORRO­
SION PRODUCTS IN EBWR* 

Radioactivity and corrosion 
products a re formed in a wate r -
cooled, water-nnoderated reac to r . 
These contaminants cause problems 
of hazards to personnel, in terference 
of moving par t s , and fouling of heat 
t ransfer sur faces . All three of 
these problems have been encountered 
in EBWR.(20) 

6.2.1 Sources of Radioactivity 
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Figure 6-9 

Differential worth of a nine-control-
rod bank at room t empera tu re 

in loading 46 
Neg. 111-9230 The p r imary radioactivity 

originating from water in EBWR is 
N (half-life 7.35 seconds) produced from Q by a fast (n,p) react ion. The 
N nuclide decays with emiss ion of ^~ and gamma rays and is responsible 
for mos t of the radiation background around the external par ts of the sys tem 
during operation. Radiation levels at var ious components of the EBWR 
system, attributed to N at different reac tor powers, a re listed in Table 
6-11 . Because of the short half-life of N , this radiation disappears very 
quickly after plant shutdown. 

*C. R. Breden 



Table 6 -11 . Equipment Surface Activit ies Attr ibuted P r i m a r i l y to N 

Location 
10 mw(t) 20 mw(t) 40 mw(t) 61.7 mw(t) 

Mil l i roentgens per hour 

Air ejector af tercooler 
Condenser hotwell 
Steam d r i e r 
Turbine exhaust casing 
Feedwater f i l ters 
Plant air exhaust 

90 
10 
80 
2 
8 
6 

400 
40 
150 
4 
10 
12 

4000 
240 
600 
14 
50 
40 

7000 
580 
720 
20 
100 
120 

Small amounts of fission product act ivi t ies a r e usually p resen t in 
EBWR reac to r water and s team, but thei r source is often difficult to e s ­
tabl ish. In the ea r ly days of EBWR operation, f ission product act ivi t ies 
were believed to have been caused by about 50 mi l l ig ra ins of fuel that was 
assumed to be surface contamination on fuel p la tes . This contamination 
resul ted when two or th ree fuel e lements ruptured during p re l iminary 
autoclave t e s t s . Fue l e lements subsequently tes ted in these autoclaves 
picked up the contamination. Other sources of smal l amounts of fission 
products that have been suggested a re : (l) the repor ted p resence of about 
1 ppm of u ran ium as an impuri ty in Z i rca loy-2 and (2) diffusion of fission 
products through fuel e lement cladding. 

Large amounts of fission products resu l t from defects or rup tures 
in fuel e l ements . Exper iments with de l ibera te ly defected fuel e lement 
samples in EBWR showed that a high percentage of fission products that 
entered the water and s team were decay products of fission gases that 
diffused out of the fuel through the defect and into the water 

ease 

Cor ros ion products from EBWR s t ruc tu ra l i na t e r i a l s become rad io­
active because of exposure to the neutron flux and a r e t r anspor t ed by the 
water to external pa r t s of the sys t em. S t ruc tura l m a t e r i a l s in or near the 
core may become activated "in situ" and, through ei ther the cor ros ion proc 
ess or reco i l , a re r e l eased to the water to be c a r r i e d and deposited e l s e ­
where in the sys t em. Another source of nuclides is the cor ros ion products 
re leased in other pa r t s of the sys tem and ca r r i ed by the water into the 
high-neutron-f lux a r e a of the sys tem. A further developeraent of this 
condition occurs when the cor ros ion products originating in out-of-flux 
a r e a s a re c a r r i e d into the core , become deposited on fuel e lements , res ide 
for a t ime, and a re re leased again to the water to be c a r r i e d and deposited 
e l sewhere . This condition was encountered in EBWR when radioactive 
cor ros ion products were deposited in the rec i rcu la t ion nozzles and control -
rod-guide bushings below the r eac to r p r e s s u r e v e s s e l . As a resu l t the 
nozzles and bushings gradual ly reached activity levels as high as 
90 roentgens at contact with accompanying dose levels at head height above 



the c o n t r o l - r o d - d r i v e - m o t o r p l a t f o r m of 500 m i l l i r o e n t g e n s p e r h o u r . The 
h a z a r d to p e r s o n n e l r e s u l t i n g f r o m r e d e p o s i t e d r a d i o a c t i v e c o r r o s i o n 
p r o d u c t s n e c e s s i t a t e d c l e a n - o u t of the n o z z l e s and b u s h i n g s in May 1958 
to r e d u c e the a c t i v i t y . 

The d e p o s i t in the r e c i r c u l a t i o n n o z z l e s , shown m F i g u r e 4 - 3 , 
a p p e a r s to be l a r g e l y c o m p o s e d of f l akes spa l l ed off of fuel e l e m e n t s . 
C h e m i c a l a n a l y s i s showed r e s u l t s s i m i l a r to the a n a l y s i s of d e p o s i t s 
r e m o v e d f r o m fuel e i e m e r t s . The high a c t i v i t y l e v e l in the d e p o s i t s i n ­
d i c a t e s t ha t t he m a t e r i a l h a s b e e n s u b j e c t e d to v e r y high r a d i a t i o n f luxes 
for s i g n i f i c a n t p e r i o d s of t i 'me. The c h e m i c a l a n a l y s i s shows tha t the 
c o r r o s i o n p r o d u c t s o r i g i n a t e d , not on the fuel e l e m e n t s , but e l s e w h e r e in 
the s y s t e m , Thev then d e p o s i t e d on the fuel e l e m e n t s , r e m a i n e d for an 
u n d e t e r m i n e d p e r i o d of a c t n - a t i o n and s p a l l e d off to s e t t l e in low v e l o c i t y 
a r e a s . 

It i s of i n t e r e s t to no te t h a t the p u r i f i c a t i o n s y s t e m was the only 
o t h e r p a r t of the w a t e r S3/stem w h e r e s ign i f i can t a m o u n t s of r a d i o a c t i v e 
c o r r o s i o n p r o d u c t s w e r e found to a c c u m u l a t e . T h i s a c c u m u l a t i o n had 
b e e n p r e d i c t e d d u r i n g the d e s i g n p h a s e and w a s p r o v i d e d for by sh i e ld ing , 

Becaxise of the h igh d e c o n t a m i n a t i o n f a c t o r , about 3 x 10". b e t w e e n 
r e a c t o r w a t e r a r d s t e a m . onJv ver-v s m a l l a m o u n t s of r a d i o a c t i v e c o r r o s i o n 
p r o d u c t s have b e e n found d e p o s i t e d in the t u r b i n e , c o n d e n s e r , o r o t h e r c o m ­
p o n e n t s of the p r i m a r y s t e a m s v s t e m . R a d i a t i o n l e v e l s on i n t e r n a l s u r f a c e s 
of c o m p o n e n t s of the pr i - rnary s t e a m s y s t e m , m e a s u r e d af ter shu tdown 
fo l lowing one y e a r cf o p e r a t i o n (22) a r e l i s t e d in Tab le 6 - 1 2 . 

T a b l e 6-.12. Acti-«'ity L e v e l s iri C o m p o n e n t s of 
S t e a m S y s t e m af te r Shutdown^ 

C o m p o n e n t Ac t iv i ty , m r / h r " 

S t e a m d r i e r 20 
T u r b i n e 

S t e a m c h e s t 5.0 
B l a d e s 0.2 

C o n d e n s e r 
Top of tube bank 0,2 
Hotwel l 2.0 

^ F o l l o w i n g one y e a r of o p e r a t i o n 
" M e a s u r e d at 2 i n c h e s on i n t e r n a l s u r f a c e s 

To d e t e r m i n e the long-li^^ed a c t i v i t y l e v e l s r e a c h e d a f te r about 
2 J y e a r s of o p e r a t i o n , a r a d i a t i o n sur^^ey w a s m a d e on M a r c h 25 I960 , 
about n ine m o n t h s af ter r e a c t o r shu tdown for c o n v e r s i o n to l O O - m e g a w a t t -
c a p a c i t y s y s t e m . The l o c a t i o n and s u r v e ' / m e t e r r e a d i n g s of the h i g h e s t 
l e v e l s a r e g iven m T a b l e 6 - 1 3 . 



Table 6-13. Activity Levels Nine Months after Shutdown 

Location Activity level, m r / h r (hard) 

Steam d r i e r and emergency cooler 
Feedwater filter No. 
Feedwater fil ter No. 
Startup hea ter 

1 
2 

Feedwater pump filter No. 1 
Feedwater pump filter No. 2 
Retention tank No. 1 
Retention tank No. 2 
Pre f i l t e r No. 1 
Pre f i l t e r No. 2 
Ion exchanger No. 1 
Ion exchanger No. 2 
After fil ter No. 1 
After fil ter No. 2 
Regenera t ive cooler 
Secondary cooler No 
Regenera t ive cooler 
Secondary cooler No 

No. 1 
. 1 
No. 2 
. 2 

1.3 at 1 in. 
1.5 at 1 in. 
9 at 1 in. 
16 at 1 in. 
7 at 2 in. 
7 at 1 in. 
22 at 2 in. 
20 at 2 in. 
18 at 2 in. 
5 at 1 in. 
21 at 2 in. 
17 at 2 in. 
32 at 2 in. 
100 at 2 in. 
100 at 2 in. 
310 at 2 in. 
130 at 2 in. 
240 at 2 in. 

6.2.2 Deposition of Cor ros ion Produc t s 

The deposit ion of par t icula te m a t t e r in EBWR moving pa r t s has 
been a se r ious problein at t i m e s . In one instance, when this m a t e r i a l 
set t led in the control rod bushings the resul t ing mechanica l in ter ference 
prevented the control rod from moving c loser than two inches to the 
"In" position. As a resu l t of the co r ros ion product deposition difficulty, 
it was n e c e s s a r y to change the design of the bushings (see Section 4.2.3.1). 

During the June-July 1957 shutdown period, fuel element E T - 5 
in position 129-370 was t r a n s f e r r e d to the s to rage pit for examination of 
the scale deposi t . The fuel e lement had a nonadherent film which could 
be removed by wiping with a cel lulose sponge. In December 1957, after 
another six months of operat ion, e lement E T - 5 was r e -examined . A hard 
adherent sca le had formed on all the plates except in the high flux region 
of the outside plates where it had spalled off. This condition is shown 
in F igure 6-10. A piece of scale that flaked off was recovered and m e a s u r e 
to be 0.003 inch thick. At this t ime none of the other e lements showed 
flaking or spalling of the sca le . 

Another element , T-23, was removed at this t ime and subjected to 
des t ruc t ive examinat ion. Descal ing of sample coupons removed from a r ea s 
of different burnup along the plate showed good cor re la t ion between scale 
thickness and burnup as shown in F igure 6 -11 . The maximum sca le thick­
ness found was about 0.003 inch. 
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Figure 6-10 

Fuel e lement showing spalled off 
scale in high flux region 

Neg. 111-6082 

Figure 6-11 

Relation between scale buildup and 
fuel burnup after operation for 

about one year 
Neg. l lZ-1180 

A third element, E T - 5 1 , examined for scale thickness was removed 
Apri l 20, 1959, a few weeks before the final shutdown for lOO-megawatt 
conversion. A piece of scale removed from the element was found to be 
about 0.005 inch in th ickness . After shutdown of the reactor , pieces of 
scale were found which ranged from 0.004 inch to 0.008 inch in th ickness . 
A visual examination of all the fuel e lements during reloading in March I960 
showed that a high percentage exhibited a reas of spalling or flaking. 

P r e l i m i n a r y analyses showed the deposits to be largely oxides of 
iron, nickel, and aluminum with the relat ive proportions decreas ing in the 
o rder given. Subsequent analyses showed the deposits to be largely 
aluminum oxide with l ess amounts of i ron and nickel oxides. Relative 
amounts of iron and nickel have been reversed in some of the analytical 
r e s u l t s . This apparent r e v e r s a l may be because the spectrographic 
method of analysis was accura te only to within a factor of two. A recent 
wet chemical analysis , with a higher degree of accuracy, was conducted 
on a sample of fuel element scale deposit; the resul t is given in Table 6-14. 

Two possible sources exist for the aluminum oxide found in the 
scale: (l) the aluminum-nickel dummy fuel elements and (2) the aluminum 
condenser tubes . Several sources of nickel oxide a r e possible , and, in o rder 
of probabil i ty, a r e : (1) the alunninum-nickel dummy fuel e lements , (2) the 
Kanigen nickel from the turbine, and (3) minor amounts from the s ta inless 
s tee l piping and components. The iron oxide originates from the plain 
s tee l and alloy piping. 



Table 6-14. Composition of EBWR Fuel E lement Scale 

E l e m e n t 

A l 

N i 
F e 
S i 

A n a l y s i s , 
wt % 

36.3 
10.6 

3.7 
0 . 8 

A s s u m e d 
compound 

AI2O3.H2O 
NiO 
Fe304 
SiOz 

C a l c u l a t e d , 
wt % 

80.6 
12,6 

5.1 
1.6 

The exis tence of silicon in the fuel e lement scale can be accounted for by 
i ts p resence in the s teel piping and a luminum-nickel dummy fuel elemients. 
Another source of sil icon is condenser in - leakage . 

The aluminum, nickel , and i ron in the scale deposi ts were assumed 
to be p resen t as oxides. X - r a y diffraction studies have resul ted in positive 
identification of boehmite, aAl203-H20 in amounts es t imated at g r ea t e r than 
50 percent , and usually, an unidentified second phase is repor ted . Assuming 
that al l of the aluminum is p resen t as boehmite and that the other e lements 
a re as given, the composit ion of the scale as de te rmined by calculation is 
given in Table 6-14. The long-l ived radioact ive nucl ides found on a sample 
of scale removed from an EBWR fuel plate in January 1958 a r e given in 
Table 6-15. 

Table 6-15. Radioactive P a r t i c l e s in EBWR Fuel E lemen t Scale Deposit 

N u c l i d e 

("^58 Co 

Co^'' 

Fe59 

Mn^* 

H a l f - l i f e 

71 d 

5,3 y 

45 d 

300 d 

D i s i n t e g r a t i o n s 
m i n 

p e r 

p e r m g of s c a l e 

1.43 x 10^ 

1.66 x 10^ 

2,43 X 10^ 

2,08 x 10^ 

P r o b a b l e 
n u c l e a r r e a c t i o n 

Ni5^n,p)Co58 

Co59(n.7) Co6° 
Ni6°(n,p) Co^'' 

Fe5^(n,7) Fe^^ 

Fe^*(n,p) Mn^^ 

The possible effect of the sca le deposi ts on the operat ing t empe ra tu r e 
of the fuel e lements has been of concern, pa r t i cu la r ly with r e spec t to 
100-megawatt operat ion. The t h e r m a l conductivity of the scale, m e a s u r e d on 
as removed spec imens in the dry condition, was 0,44 t 0.09 B t u / h r - f t - ° F , 
Calculat ions based on a max imum heat flux of 485,000 Btu/ft^-hr and scale 
deposi ts ranging from 0.002 to 0.008 inch in th ickness predic t that the 
max imum cen te r - l ine t e m p e r a t u r e s of the fuel at lOO-megawatt operat ion 
will be as shown in Table 6 - I6 . 
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Table 6-16. Calculated Fuel Element Central Zone Tempera tu res 

Case 
Thickness of 
deposit, in. 

Assumed number 
of heat t r ans fe r 

surfaces covered 

Central t empera tu re , °F 

Ave Min Max 

1 
2 
3 
4 
5 

0.002 
0.004 
0,002 
0.004 
0.008 

1 
1 
2 
2 
2 

848 
909 
949 
1133 
1499 

834 
892 
919 
1070 
1375 

864 
935 
998 
1229 
1692 

The values in Table 6-16 a re believed to be conservat ively high 
because the calculations a r e based on thick plates , whereas thin plates 
occupy the cent ra l region of the reac tor core . It has been est imated that, 
with the alloy used, growth problems may occur at t empera tu res of 900°F 
or above. Assuming this to be correct^ the t empera tu re s in Table 6-16 
indicate a high probability that swelling problems inay be encountered at 
100-megawatt operat ion. Exper iments on fuel plate growth showed a 
17 percent inc rease in the volume of EBWR fuel plate (6-inch-long sections 
with mea t exposed at the ends) when heated for 45 hours at 111Z°F. 

The possibil i ty of maintaining low t empera tu res in the centra l zone 
of the fuel element by descaling the e lements before lOO-megawatt operation 
was investigated. Chemical removal of deposits on coupons with oxalic 
acid, ni t r ic acid, or hydrochloric acid failed, probably because of the high 
content of AI2O3. More d ras t i c chemical t rea tments were avoided because 
of possible adverse effects on the Zircaloy-2 cladding. 

The tendency of the scale to spall off the fuel elements in a r ea s of 
high heat flux suggested that heating in an oven might be an effective method 
of descal ing. An experiment , in which sca le -covered specimens from fuel 
e lement ET-51 were heated at 850°F for eight hours in an inert a tmosphere , 
resul ted in flaking off of the scale so that it could be removed by light 
brushing (see Figure 6-12). An at tempt was then made to descale a full-
size fuel subassembly by this method. 

Figure 6-12 

Fuel element ET-51 section showing 
scale deposit flaking off after heating 

for 8 hours at 850°F in argon 
Neg. 112-600 
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The heat t rea tment not only failed to remove the scale , which on this 
e lement was ve ry thin due to low burnup, but damaged the assembly to such 
an extent, by buckling the Zirca loy-2 side pla tes , that re inse r t ion into the 
core was imposs ib le . The r e su l t s of the unsuccessful descaling operat ion 
are shown in Figure 6-13. 

The re su l t s of additional 
-•«»-»-«-«—. hea t i ng t e s t s r e v e a l e d the g r o w t h to 

be e x p e c t e d a t e l e v a t e d t e m p e r a t u r e s . 
One p la te on wh ich the c l add ing had 

** •'• f a i l ed by ox ida t ion g r e w about 
2.3 p e r c e n t in l eng th when h e a t e d 
to 1292°F; t h i s r e p r e s e n t s a c a l c u ­
l a t ed i n c r e a s e in v o l u m e of about 
7 p e r c e n t . A n o t h e r p la te on which 
the c l add ing had not fa i led g r e w 
about 0 .3 p e r c e n t in l eng th . A s s u m i n g 
i s o t r o p i c e x p a n s i o n ( b e c a u s e the p la t e 
had b e e n quenched) , t h i s i n c r e a s e in 
l eng th c o r r e s p o n d s to an i n c r e a s e in 
v o l u m e of about 0.8 p e r c e n t . 

.: kled 
i •! 

Ves 

\ 

The low volume change ob­
served in the heating of a plate with 
cladding intact, as compared with the 
growth of plates on which cladding 

' had failed, suggests that intact clad-
I... . ding on EBWR fuel e lements offers 

considerable r e s t r a in t to growth 
F igure 6-13 tendencies of the fuel alloy. The 

Unsuccessful at tempt to descale growth exper iments mentioned above 
ful l-size element give added support to this view. The 

res t ra in ing effect of cladding on 
growth tendencies of the fuel, it is believed, will tend to minimize or r e ­
duce deformation in EBWR fuel e lements that may otherwise occur if the 
buildup of cor ros ion deposits produce increased cent ra l fuel t e m p e r a t u r e s . 

Another factor that may tend to al leviate the possible damage from 
cor ros ion product and buildup is the apparent tendency of the deposits to 
spall off in regions of high heat flux. This may be a self- l imit ing c h a r a c ­
t e r i s t i c . 

A survei l lance p rog ram will be conducted to find any excessive 
scale deposition or swelling, as indicated by dec rease in channel c lea rances , 
before dangerous conditions a re reached. 

I 



6.3. MATERIALS SURVEILLANCE AND POSTOPERATIVE EVALUATION* 

6.3.1 Austenitic Stainless Steel 

In the prepara t ions for the conversion of EBWR to the lOO-megawatt 
system, the removal of the complete core , control rods, shock shield, and 
6-inch s team ring was requi red . During the conversion period, a visual 
inspection of the upper half of the p r e s s u r e - v e s s e l cladding was conducted. 
The over -a l l appearance of the ves se l - she l l cladding is shown in Figure 6-14 
The per iphera l fernlike s t ruc tu re , located at approximately the normal 
water line, appeared to be bare meta l . The r e s t of the ves se l - she l l cladding 
was coated with the normal , tightly adhering, brownish-gray oxide. Al­
though visual ly different, mild scraping did not reveal any thickness v a r i ­
ations (l) between the bare and oxide-coated a r ea s and (Z) ac ross the 
boundaries of the a r e a s in both the cladding sheets and welds joining the 
cladding sheets . 

Figure 6-14 

View of p r e s s u r e vesse l cladding 
Neg. 111-8237 

When a number of support blocks of the segmental shield ring was 
removed from the ring forging to pe rmi t dril l ing for additional ins t rument 

*N. Balai 



nozzles , an opportunity was provided for comparing the unoxidized original 
weld-meta l cladding with the surface exposed in s e r \ i c e . General cor ros ion , 
as revealed by the contours of the machining m a r k s in the protected a r e a s , 
was negligible. A few minor pits were found in the ground fillet welds that 
at tach the sh ie ld- r ing support blocks to the cladding. F r o m their shape, 
these pits apparent ly were caused by minor slag inclusions that escaped 
detection by the dye-check p rocess during shop fabricat ion. 

Inspection during this period revealed that the or iginal r e s i s t a n c e -
welded 304 s ta in less s tee l cladding sheets and the s u b m e r g e d - a r c type-308L 
cladding of the ring forging were intact and free of damage . 

6,3.2 Boron-Sta in less Steel 

The four or iginal corner control rods were fabricated from type-304 
s ta in less s tee l containing 2 weight percent na tura l boron. After 9200-
megawat t -days exposure , all the or iginal rods were cut into th ree sect ions 
within the r eac to r ve s se l and t r a n s f e r r e d to the EBWR fuel s torage pit. At 
the t ime of thei r removal , the 2 weight percen t bo ron - s t a in l e s s s teel con­
t ro l rods showed no visible signs of g ross cracking, bowing, or sticking 
in the top shroud and control rod channels . Pos t i r r ad i a t i on examination 
of the 2 weight percen t bo ron - s t a in l e s s s tee l control rodss the hafnium rods , 
and the Z i rca loy-2 followers was in p r o g r e s s at the t ime of writ ing of this 
r epor t . 

The test ing and evaluation of bora ted s ta in less s tee l has included 
i r rad ia t ion of samples in MTR as well as operat ion in EBWR, P r e l i m i n a r y 
data from a cold i r r ad ia t ion in the MTR at 20 x 10 nvt ( thermal) of min ia ­
ture spec imens sealed in NaK filled conta iners show the following: 

1. The hel ium gas genera ted from the (n,a) reac t ion is contained 
within the lat t ice of the alloy as evidenced by the lack of 
swelling of the capsules and of the s ample s . 

2. The init ial ly no tch-sens i t ive m a t e r i a l ( impact energy of 1 foot­
pound) is further embr i t t l ed (impact energy of 0,1 foot-pound). 

3. The ni l -duct i l i ty t rans i t ion t e m p e r a t u r e of the i r r ad i a t ed 
m a t e r i a l is as high as that of the un i r rad ia ted alloy, i .e . , about 
+ 450°F. 

4. I r r ad ia t ed m a t e r i a l is stable dimensional ly at r eac to r operat ing 
t e m p e r a t u r e s . No d i ame t r a l changes were found in samples 
heated for one hour at t e m p e r a t u r e s below 1300°F, 

Two 1000-pound ingots of 2 percent bo ron - s t a in l e s s s teel r e s e r v e 
stock from the production of the f i r s t EBWR control rods failed to convert 
to-g-inch-thick sheet at a la ter da te . Pa r t i a l ly converted 1-inch and 2- inch-
thick slabs of the m a t e r i a l were found to be hard (values of 32 to 35 on the 



Rockwell C scale) , magnet ic , and r e s i s t a n t to softening by solution annealing 
at t e m p e r a t u r e s as high as ZIOO'^F. The chemical composition s ta t i s t ics 
from five previous heats of soft m a t e r i a l indicated that the two unworkable 
heats were deficient in both manganese and sil icon. Additional confirmation 
of the ANL s ta t i s t i cs was seen from the analyses of 18 heats of ma te r i a l 
produced for the General E lec t r i c Company.i^-^) F r o m the ANL and G-E 
data, it was apparent that the 2 weight percent modified 304 s ta in less steel 
r equ i red a min imum content of 1.5 percent Mn and 0,5 percent Si, 

The sensi t ivi ty of the alloy to chemical composition was also demon­
s t ra ted by remel t ing a port ion of the unworkable heat, KA840, and adding 
manganese and sil icon. F e r r o m a n g a n e s e and fer ros i l icon were added to the 
heat to r a i se Mn a,nd Si to 1.40 and 0.68 percent respect ive ly . The ma te r i a l 
was converted to "I--inch sheet by hot rolling; the resul t ing alloy was non­
magnet ic and soft (a value of 95 on the Rockwell B scale) . 

Tes t s of the 2 weight percent boron-modified 304 s ta in less s teel 
purchased for the fabricat ion of the new 60- inch-s t roke control rods 
revealed that c ross - roUing 'has a imarked effect on bending proper t ies of 
the m a t e r i a l . The bo ron- s t a in l e s s s teel cont ro l - rod m a t e r i a l of the 20-
megawat t -capac i ty sys tem was sheared from c r o s s - r o l l e d m a t e r i a l which 
permi t ted fabrication by cold bending to a-g- -inch corner rad ius . The m a t e ­
r ia l for the 5-foot-long bo ron - s t a in l e s s steel rods was s t ra ight -away rolled 
and requ i red hot bending at 1600°F to the required—--inch corner rad ius . 

The l - inch- th ick , 1 weight percent na tura l boron-s t a in les s steel 
thernaal shield of EBWR is sa t i s fac tory as far as can be ascer ta ined . Visual 
inspection showed the alloy to be br ight and free of the dark oxide coating 
tha,t developed on the boron-f ree alloy in adjacent a r ea s of the r eac to r . 

Similar to the 2 weight percen t alloy, NaK-filled samples i r rad ia ted 
to 20 X 10 nvt ( thermal) in the MTR showed no evidence of he l ium-gas 
r e l ea se from the lat t ice of the alloy. As in the case of the 2 weight percent 
bo ron - s t a in l e s s s teel , the impact r e s i s t ance of the alloy was severe ly i m ­
pai red by i r rad ia t ion . The i r r ad ia t ed 1 percent boron alloy is as stable 
diraensionally as the 2 percent boron composition. 

6.3,3 Radiation Damage to SA-212B Vesse l Steel 

At the t ime of construct ion of the EBWR p r e s s u r e vesse l , only a 
l imited amount of neutron i r radia t ion-ef fec ts data on construct ional carbon 
s tee ls was avai lable . Since the accumulated dosage during the lifetiine of 
the ves se l for all of the des i r ed operat ing modes would be substantial ly 
g r ea t e r than for the known dose-effects data, it was deemed prudent to 
execute a radiat ion damage survei l lance of the EBWR p r e s s u r e - v e s s e l 
s teel (SA-212B). The dose-effects region of in te res t was above 1 x 10^°nvt 
( > 1 Mev). F u r t h e r m o r e , these data were des i r ed well in advance of dosages 
that would be accximulated by the p r e s s u r e vesse l during normal operat ion. 
Therefore , i r rad ia t ion of s teel spec imens in the MTR was deemed n e c e s s a r y 
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For this i r radia t ion, two of the four cusp-shaped corner remnants 
of the 3-"ll- inch-thick, square lower-head plate were welded to each other 
by the submierged-arc p rocess by the Babcock and Wilcox Co., bui lders of 
the ve s se l . The welded tes t plate was then shop (B&W) furnace s t r e s s r e ­
lieved for 4 hours at 1125-1150°F and shipped to ANL where the plate was 
sawed into: (l) subminiature impact and tensi le spec imens , (2) Charpy V-
notch impact ba r s , and (3) s tandard 0 .505- inch-diameter by 2-inch-gage 
length tensi le b a r s . 

were 

tt - îfel..„. 

The subminiature impact and tensi le specimens shown in F igure 6-15 
divided into four groups of two capsules per group for i r rad ia t ion in 

the MTR at four levels of exposure . 
Type-304 s ta in less steel capsules , 
containing approximately 18 samples 
each, were then evacuated and filled 
with NaK to t rans fe r heat from the 
s teel back into the MTR process 
water . By this method of encapsu­
lation, it was es t imated that the maxi -

.......... mum tempera tu re attained during 
'.•;•.•.".'•.'.::•' the i r rad ia t ion would not exceed 250°F, 

blr^"'"" The base plate ma te r i a l is 
identified from the mil l t es t repor t 
data for the EBWR lower head plate 
as Lukens Steel Co. heat (melt) 
number 22789. The chemical and 
physical p roper t i es a re given in 
Table 6-17. The radiation his tory 

of the three groups examined is summar ized in Table 6-18. 

F igure 6-15 

Subminiature impact and 
tensi le specimens 

RE-6-34901-B 

Table 6-17. Chemical and Physica l P rope r t i e s of EBWR Lower HeadPla te 

Grade 

Grain size 
Chemical analysis 

Carbon 
Manganese 
Phosphorus 
Sulfur 

Mechanical p roper t ies 
Ultimate tensi le s t rength 
Yield strength (0.2%) 
Elongation 

SA-212B, silicon killed, 
aluminum treated, 
firebox quality 

7 (McQuaid-Ehn) 
(From mil l tes t report) 
0.26% 
0,75% 
0.018% 
0.029% 

76,000 to 77,000 p s i 
45,500 p s i 
35% 



Table 6-18. Summary of Capsule I r radia t ion Dosages I r radia ted in MTR at 40-Mw Power Level 

Group Capsule 
No. No. Posi t ion 

Neutron flux, TL/err? sec Integrated dose, n-vt 
Exposure , 

mwd Thermal Fas t (>1 Mev) Thermal Fas t ()1 Mev) 

L-47(9 in.) 

L,.47(ll in.) 

L-47(12 in.) 

L-47(17 in.) 

590 

1148 

1217 

1246 

2 . 0 x 1 0 " 

2.7x10^* 

3 .3x10 '* 

5 . 3 x i 0 " 

.7x10 0 

1.2x10 

1 

13 

. 4 x 1 0 " 

. 1 x 1 0 ' 32.2x10^° 1.3x10^" 

L-47(33 in.) 4201 3.0x10^* l . O x l O " 27.2x10^° 0.9x10^ 

II 

III 

1 

2 

1 

2 

L-49SW(11 in.) 

L-49SW(16 in.) 

L-49SW(25 in.) 

L-49SW(29 in.) 

L-49SW(17 in.) 

L-49SW(19 in.) 

L-49SW(5 in.j 

L-49SW(10 in.) 

L.49SW(19 in.) 

L-49SW(23 in.) 

L-49SW(28 in.) 

L-49SW(30 in.) 

L-47(22 in.) 

L-49SW(12 in.) 

L-49SW(5-|-in.) 

L-49SW(b in.j 

L-49SW(7iin.) 

L-49SW(8J-in.) 

L-49SW(l4iin.; 

L-49SW(23iin.) 

1,-47(28 in.) 

L-49SW(17-|-in.) 

L-49SW(ll^in.) 

L-49SW(13 in.) 

L-49SW(14 in.) 

L,-49SW(l9yin.) 

2955 

686 

560 

581 

1295 

2512 

2955 

686 

560 

581 

1295 

4708 

238b 

581 

669 

b26 

1288 

1204 

2641 

2319 

2386 

581 

1295 

1288 

1204 

3226 

0.9x10" 

1.4x10'* 

2.0x10'* 

l.bxlO" 

1.5x10" 

1.7x10" 

0.15x10" 

0.75x10" 

1.7x10" 

2.1x10" 

1.7x10" 

1.4x10" 

7.0x10" 

l.OxlO" 

0.15x10" 

0.2x10" 

0.38x10" 

0.50x10" 

1.3x10" 

2.1x10" 

6.0x10" 

1.6x10" 

0.95x10" 

l.lxlO" 

1.2x10" 

1.8x10" 

l.lxio" 

2.5x10" 

2.6x10" 

2.5x10'^ 

2.7x10" 

2.<?xl0" 

U.13x10" 

l.ixlO" 

2.9x10" 

2.9x10" 

2.5x10" 

2.4x10" 

7.0x10" 

2.0x10" 

0.25x10" 

0.35x10" 

0.72x10" 

0.95x10" 

2.7x10" 

2.5x10" 

6.0x10" 

3.3x10" 

1.8x10" 

2.2x10" 

2.5x10" 

3.3x10" 

25.8x10^" 

2 5.4x10^° 

57.7x10^° 

54x10'" 

4.0 xur" 

4.1x10^" 

7.2x10-" 

7.5x10" 

NOTES: 

1. Neutron fluxes reported by MTR a re : 
a. Peak thermal flux 
b. Es t imated unperturbed fast flux 

2. F a s t flux calculated (by MTR) from dis integrat ion rate 
(n,p) Co react ion. 

3. SA-212B i r rad ia t ion not monitored. 



208 

Impact - t rans i t ion t empera tu re data from the i r rad ia ted and un­
i r rad ia ted parent plate minia ture impact specimens a r e summar ized in 
F igure 6-16 for the three i r rad ia t ion exposures . These data show that the 
parent plate m a t e r i a l was completely embri t t led at the lowest exposure 
level . Data for the performance of the i r r ad ia ted weld meta l and heat 
affected zone, although not included on the figure, a lso showed a like em-
br i t t lement . Also plotted on the figure a r e four points that show how the 
i r rad ia ted m a t e r i a l responded to a conventional 1125-1150°F s t r e s s - r e l i e f 
heat t r ea tmen t in air , i .e . , the res to ra t ion of impact p roper t i es to u n i r r a ­
diated levels . 

0 ».0 ; 

t. 7 0 •• 

NEST TREATED 

SR8A3EATED 0.9 x m"^ l^i NE*) 

f I 2%" ! H £JR t! SIR 

PIBEIT I JE ' t l . 

UHiREADUTED 

HE'AL TErtSERATyRE, 

Figure 6-16 

The effects of lower t em­
pera tu re heat t r ea tments were 
studied on specimens from capsule 
2 of group II. Single-notch-impact 
data taken at room tempera tu re 
showed that i r rad ia ted SA-212B 
s tar ted to regain impact s t rength at 
t empera tu re s as low as 700''F. 
F igure 6-17 summar i zes the r e ­
sponse of SA-212B to heat t r e a t ­
ment over the range of 700°-1000''F 
for per iods up to 3 hours at t em­
pera tu re in argon. At the higher 
t empe ra tu r e s , 900° and 1000°F, the 
s teel appears to r e - embr i t t l e with 
a long holding t ime at t empera tu re . 
The data of F igure 6-17 shows a l ­
most complete recovery of the steel 
to the uni r rad ia ted impact values 

at 800° or 900°F with a holding time of one hour at t empera tu re . The 
limited mult inotch- impact t rans i t ion curves for hea t - t r ea ted i r rad ia ted 
SA-212B indicate that the lower t empera tu re , SOO'̂ F, is too low to r e s to r e 
the s teel to the lower ( t ransverse) impact s t rength of the uni r radia ted 
steel , as shown in Figure 6-18. F igure 6-19 data, from many b a r s , con­
f i rms that the 90©"̂ F heat t rea tment for one hour is effective in res tor ing the 
impact s t rength of the i r rad ia ted ma te r i a l to that of the uni r radia ted parent 
plate . 

F igure 6-17 

Effect of heat t r ea tment on 
i r rad ia ted and uni r rad ia ted 

SA-212B specimens 
RE-7-34903-A 

SA-212B impact res i s tance 
data summary 
RE-7-34902-A 
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1 1 r 

HBAOIATEB » ). 1 0 " nwt(5-1 WV) 

0 !69 

rjCTAj, 

i' 

G UHIRRAPIATED - LONGITUOISAL 
LE»t 

Figure 6-18 

Effect of one hour holding t ime on 
res to ra t ion of impact r e s i s t ance 

p roper t i e s of SA-212B meta l 
RE-7-34904-A 

Figure 6-19 

Restora t ion of impact t ransi t ion 
t empera tu re of i r rad ia ted 

SA-212B base metal 
RE-7-34905-A 

F igures 6-20 and 6-21 show that the i r radia ted , heat-affected zone 
and weld meta l also regain impact r e s i s t ance , vir tually equal to that of 
un i r rad ia ted parent plate, at the end of the 1-hour 900°F heat t reat ing cycle. 
The impact t rans i t ion data points for the hea t - t rea ted , i r rad ia ted weld 
meta l and heat-affected zone show less sca t te r than their unirradiated 
coun te rpa r t s . 

^ K se^o n v t ( 3 i NBV) -

Figure 6-20 

Res tora t ion of impact t rans i t ion 
t empera tu re of i r rad ia ted SA-212B 

heat-affected-zone ma te r i a l 
RE-7-34906-A 

Figure 6-21 

Restora t ion of impact t ransi t ion 
t empera tu re of i r rad ia ted SA-212B 

weld ma te r i a l to unir radia ted 
SA-212B base metal proper t ies 

RE-7-34907-A 

Most of the minia ture a s - i r r a d i a t e d tensile specimens were lost as 
a resu l t of a faulty behavior of the remotely controlled tensile tes t machine. 
All spec imens , however, showed at leas t a 10 percent elongation and an 
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undetermined reduction of a rea , es t imated from photographs at 30 percent . 
All samples failed by necking. 

The hardness of the base and weld meta l s was determined on the 
cylindrical portion of the spec imens . The Rockwell 15-N scale was selected 
because it conveniently m e a s u r e s this proper ty in the soft as well as the 
hardened condition of the steel - the Rockwell C scale readings a re m e a n ­
ingless below the C-20 value. 

F igure 6-22 shows that the p r e s s u r e - v e s s e l s teel reached a s a tu ra ­
tion hardness below the lowest dosage, i .e . , 1 x 1 0 nvt (>1 Mev) and then 
hardened to a slightly higher value above the 4 x 10 nvt (>1 Mev) dosage. 

^20 
The initially harder weld meta l r e s i s t ed hardening at the 1 x 10 " nvt 
(>1 Mev) exposure but la ter hardened to about the same level as did the 
base meta l at the higher dosages . 

The annealing studies summar 
post i r rad ia t ion heat t rea tments were 
iation hardness of the base meta l and 
plate meta l at t empera tu re s as low as 
and 1000°F,the hardness of the i r r a ­
diated s teel was reduced to that of the 
base plate m a t e r i a l after one hour at 
anneal t e m p e r a t u r e . 

1 
fL 

ized in Figure 6-23 revealed that 
effective in reducing the peak r ad -
weld meta l to that of uni r radia ted base 
700°F. At higher t e m p e r a t u r e s , 900° 

- % 

metal 
t treatea I nour 

Parent meUl 

(CMT8BL1 (am w m 

= 7 ( . 1 mvl 
= SS S<0'^ ev) 
(ami ! 

llBIRR»DI4TiD 

maUKTB 

ImADItTED AHRIItLED •ĵ  

• i I r 
Figure 6-22 

P r e - and post i r radia t ion hardness 
h is tory of SA-212B parent meta l 

and weld meta l 
RE-7-34908-B 

Figure 6-23 

P r e - a n d post i r radia t ion hardness 
his tory of group II SA-212B 

parent naetal 
RE-7-34909-A 
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The annealing studies also revealed that the uni r rad ia ted control samples 
had been slightly work-hardened during their p repara t ion (frona 51 to 56 on 
the Rockwell 15-N scale as shown in F igure 6-23). 

The r e su l t s from the study of ha rdness changes closely para l le l the 
r e su l t s of the changes in the t rans i t ion t e m p e r a t u r e s . The changes in ha rd ­
n e s s , however, do not revea l the r e -embr i t t l i ng effects of p ro t rac ted aDneals 
at the higher t e m p e r a t u r e s , 900° and 1000°F, which a r e shown in F igure 6-17, 

A fourth group (of two capsules) was i r r ad ia ted to about 1.5 x 10'''"' nvt 
(>1 Mev) and examination of r e su l t s shows no significant differences from 
the data shown on F igure 6-16. It was also shownthat this group of specimens 
responded to heat t r ea tmen t s imi la r to group 2 in F igure 6-19. 

As a r esu l t of this examination, it is apparent that the or iginal ob­
ject ive of the i r rad ia t ion - a survei l lance of damage to the EBWR p r e s s u r e 
ves se l - was not accomplished. F u r t h e r m o r e the r e su l t s of this i r rad ia t ion 
a r e d iamet r ica l ly opposed to those repor ted in the ea r ly l i t e r a tu re . Resul ts 
repor ted concurrent ly by other inves t igators a r e in agreement with the r e ­
sults repor ted here in . 

New i r rad ia t ion faci l i t ies a re instal led within EBWR for the s u r ­
vei l lance p r o g r a m . Capsules of "ba re " specimens (exposed to the r eac to r 
neutron spectrum) and "shielded'" specimens (surrounded by •^--inch-thick 
2 percent bo ron - s t a in l e s s s teel to harden the neutron spectrum) will be 
withdrawn at r egu la r in te rva ls of exposure , s tar t ing a.t the 5 x 1 0 " nvt 
( thermal) dosage level . 

6.4 F U E L DESCRIPTION AND CALCULATIONS* 

The EBWR spike fuel e lements were designed to approxiinate the 
ove r - a l l core in t e r m s of heat t r ans fe r a r e a and wa te r - t o -me ta l ra t io . 
Design r equ i r emen t s were : (l) an active fuel length of 121,9 cen t imete r s 
(48 inches) and (2) a power level of 100 megawatts (thermal) for the 
en t i re co re . 

The select ion of a fuel rod geometry was based on ease of fa.bri-
cation, proper s t ruc tu ra l capabil i t ies for the fuel and cladding, and ready 
adaptabili ty to a va r ie ty of fuel and cladding m a t e r i a l combinations. Soine 
of the combinations of co re - c l ad m a t e r i a l s investigated were : 

1. Z i rca loy-2 clad + UsOg in X-8001 m a t r i x (98,5 Al - 1.0 Ni - 0.5 Fe) , 

2. Z i rca loy-2 clad + ZrOg + UO2 + CaO pel le ts . 

3. X-8001 clad + UsOg in X-8001 ma t r ix . 

*V. M. Kolba 



The combination of co re -c l ad m a t e r i a l shown in number 3 above 
was el iminated as EBWR fuel because of: 

1. Cor ros ion p rob lems at high heat flux, 

2. The ra t io of a luminum content to the nonaluminum surface 
a r e a is d ispropor t ionate , and this would, theoret ical ly , in­
c r e a s e the co r ros ion ra te of the aluminum, 

3. Deposition ra te of scale on Zi rca loy-2 clad plates might be 
inc reased . 

The combination in number 1 was invest igated as the f i rs t re ference 
fuel; however, because of the p rob lems outlined in this section, the com­
bination in number 2 was ul t imately selected as the fuel composit ion. 

In the combination in number 1, Z i rca loy-2 clad was investigated 
because it is compatible with the ove r - a l l sys t em cladding and was pur -

"" ported to be readi ly available in tubing acceptable for r eac to r operat ion. 
The mea t X-8001 + UjOg was selected for investigation because this mix ­
ture had been used in Argonaut fuel p la tes , was extrudable , and cor ros ion 
r e s i s t an t in the event of clad fa i lure . 

The combination of Z i rca loy-2 clad and X-8001 + UsOg fuel offers 
the advantage that any smal l gap existing between the clad and core at 
room t empera tu re will close at elevated t e m p e r a t u r e and, thereby, allow 
int imate contact and a lower t he rma l r e s i s t ance during operat ion. 

The total d i ame t r a l expansion of the fuel and clad m a t e r i a l s for 
the t empe ra tu r e r i s e postulated a r e : (l) 0.0058 cen t imete r (~2,3 mils) 
for a luminum and (2) 0.0015 cent imeter (0.6 mil) for Z i r ca loy -2 . The 
calculated difference in expansion is 0.0043 cen t imete r (1.7 mi l s ) . 
However, tes t ing at elevated t e m p e r a t u r e has indicated the need for a 
0 .0051-cent imeter (2 mils) rad ia l (0.010 cm or 3.9 mi l s d iametra l ) gap 
between the mea t and clad to provide for differential expansion and also 
for clad var ia t ions which may cause grabbing of the U3O8 + Al mea t by 
the Z i rca loy-2 clad. 

The fuel mix ture U02-Zr02-CaO was invest igated as the fuel media 
to be used in combination with Z i rca loy-2 clad because this co re -c l ad 
combination is co r ros ion r e s i s t an t and the the rmal expansion of the 
U02-Zr02-CaO and the Z i rca loy-2 clad sys tems a r e compat ible . The 
second reason is an advantage over the U3O8 + Al and Zi rca loy-2 clad 
sys tem, which tends to grab during t he rma l cycling. 

Assuming that the cel l size ut i l ized is 10.16 cen t ime te r s (4 inches) 
square and that the w a t e r - t o - m e t a l ra t io (w/m) of the or iginal EBWR fuel 
e lements (fuel plates and side plates) is 1,449 for the thick plates and 
2.123 for the thin plates will yield an average of 1.786 for a one-half core 
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loading of each type. On this bas i s the new fuel e lements a re designed to 
be near the average value of the w / m ra t io . The total a r e a of a unit fuel 
cell may be expres sed by: 

A T = ^ f + Am + Aw • (1) 

Since the fuel e lement pitch in EBWR is 10.16 cen t imete rs from cen te r -
to -cen te r , Aq̂  - 103.2 square cen t ime te r s (l6 square inches) per cel l . 
The w a t e r - t o - m e t a l ra t io may be expressed in t e r m s of c r o s s sectional 
a r e a as : 

A „ A T - ( A ^ + Af) 

Using the average of EBWR Core I fuel: 

^ T - ^^m + %) 

m I 
1.786 . (3) 

By substi tut ion the nonwater c r o s s sectional a r ea i s : 

A + A. = 37.04 cm^ . (4) 
m f ^ ' 

The rod d iame te r requ i red for adequate surface a r e a is next eval ­
uated. Fo r this calculation Aj. applies to only fuel cell components (rods 
or plates) and includes only the fuel and clad but not the fuel e lement 
s t ruc tu r a l m a t e r i a l s ince, at this point in the calculation, no design features 
a re known. Fo r the sake of s implic i ty the following is used: 

A T = A^ + A ^ . (5) 

Total rod c r o s s sect ional a r e a in a fuel cell is expressed by: 

^ r = - T — • (6) 

The average heat flux may be exp res sed by: 

P 

^ A = - C 
Q« ^ - - ^ m w (7) 

Q ^ = 0.68 m w / c e l l . (7a) 

The surface a r e a requ i red per cel l to stay within an assumed average su r ­
face heat flux of 37,85 watts per cmi^ is given by: 

I 
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Q A 

F A ' 
S A = -^"- = (8) 

The surface area in the cell may also be written as: 

S^ = NrrLd . (9) 

Substituting (9) in (8) yields: 

Q A 
•̂ =F~= NrrLd . (10) 

^A 

Solving (10) for N the number of rods per unit cell required is: 

' ^ = ^ " • <"> 

Rearranging and equating (6) and (ll) yields: 

4A Q. 

™^. = N = ^-A-T- ' (12) 
TTd^ F^rrLd 

Solving (12) for d yields: 

4L F A A^ 
d = ^^L^. . (13) 

Q A 

2 Substituting F A - 37.85 watts per cm , A^ = 37,04 cm for fuel rods only, 
and L = 121.9 cm in equation (13) a value of 0.94 cm is obtained for the rod 
diameter. 

A commercially available die of 0.953 centimieter (—inch) diameter 
was determined to be sufficiently close to the above value. Using this 
number in equation (ll), a value of 48.6 rods is obtained for N. The closest 
integral number of rods for a square geometry is a 7 by 7 arrangement of 
49 rods. Using 49 rods and a diameter of 0.953 centimeter, the average 
surface heat flux becomes 38,06 watts per cm^. 

Mechanical design requirements to be considered in the design of 
the fuel rod assembly include: material strength, material compatability, 
and fabrication procedures and processes. To lower material costs, the 
end boxes and grids of the fuel rod assembly are made of 304 stainless 
steel while the fuel rods are all Zircaloy-2. Two problems encountered in 
fixing the ends of the fuel rods in the boxes are: (l) an adequate method of 
joining stainless steel and Zircaloy-2 and (2) the difference in thermal 
expansion of individual fuel rods. To circumvent these problems, the fuel 
rod ends are slotted to ride over a 0.159-centimeter-thick (-jj-inch) stainless 



steel grid space r . The thickness and s t rength of the grid spacer far exceed 
the support loads postulated for the m e m b e r . The weld a r e a a lso exceeds 
the thickness and s t rength requ i red to support these m e m b e r s . 

Two side plates hold the upper and lower end-fitting boxes together 
andj thus, contain the fuel rods between the end-fitting boxes and gr ids . 
Since these plates a r e in the active cores Zi rca loy-2 is used. Calculations 
show the plates to be adequate to susta-in the loads encountered, A force of 
2,932 k i lograms (6463.8 pounds) is requi red on each side plate before 
yielding o c c u r s . 

The r ive t s used to hold the side plates to the end-fitting boxes a re 
0 .635-cen t ime te r -d i ame te r (^ - inch) 304 s ta in less s teel . The load that 
each r ivet is capable of sustaining in shear is calculated to be 268 k i lograms 
or 590 pounds (based on Section VIII of the ASME Code), which is m o r e than 
adequate to sus ta in the load of the fuel. 

Tear out of the r ivet is also of concern because of the thinness of the 
m a t e r i a l s . The thickness of both the Zircaloy-Z sheet and the s ta in less s teel 
end box is 0.159 cent imeter ( j j inch). Calculations indicate that a pull of 
114 k i lograms (251 pounds) is r equ i red to pull a r ivet through the sheet 
s ta in less s tee l or Z i rca loy-2 , A s imi l a r condition exis ts in the fuel e lement 
f rame, where Zi rca loy-2 is also r iveted to 304 s ta in less s teel with sufficient 
s t rength of the r ive ts to a s s u r e adequate per formance . 

The top lifting plates of the fuel e lement f rame are lap spot welded to 
the angles . Pul l t e s t s conducted on sample spot welds required a 591-
k i logram (1303-pound) pull on each weld to cause fa i lure . 

Fuel rods have seve ra l additional problems associa,ted with m a t e r i a l s 
and operat ing conditions. One of these encountered in coinbination 1 above 
is the de terminat ion of the d i ame t ra l ga,p r equ i remen t s between the fuel 
slug and the Z i rca loy-2 clad. 

It can be a s sumed that the optimum condition would prevai l during 
operat ion of the aluminum slug jus t touching the clad; in which case , the 
t e m p e r a t u r e drop between the slug and the clad would not be apprec iable . 
In this case , if all d imensions a r e nominal , a 0 ,0043-cent imeter (l,7-iTiil) 
d i ame t r a l gap is requ i red to jus t cause the clad and fuel slug to touch at 
operat ing condit ions. Howeverj t e s t s showed that when rods having 
0 ,0051-cent imeter (2-mil) d i ame t r a l gaps were the rma l cycled^ grabbing 
of the fuel slug by the clad occu r r ed . Tes t r e su l t s showed tha.t because 
of the to le rances involved a d ia ine t ra l gap of 0,010 centimieter (3,9 mils) 
or a radia l gap of 0.0051 cen t imeter (2 mils) was requi red . Since exact 
center t e m p e r a t u r e s cannot be calculated until gaps a re known, the above 
calculat ions mus t now be r e i t e r a t ed when center t empe ra tu r e s a r e in­
dicated. The gap r equ i r emen t n e c e s s i t a t e s a fuel slug d iameter of 
0.815 cent i ineter or 0.321 inch (cold) in o rder that the aluminum slug jus t 
touch port ions of the Zi rca loy-2 clad at operat ing t e m p e r a t u r e s . 
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C e n t e r l i n e t e m p e r a t u r e s of the fuel a r e c a l c u l a t e d by equa t ion : 

1.9(12Q)^^^ 

r-T^.-^^.^i.^.^.^.^] . (14) 

B a s e d on the above equa t ion , t he a v e r a g e c e n t e r l i n e t e m p e r a t u r e for a new 
fuel r o d wi th a n o m i n a l 0 , 0 0 5 1 - c e n t i m e t e r ( 2 - m i l ) h e l i u m - f i l l e d gap i s 
(1) 410°C for the UjOg + X - 8 0 0 1 s lug and (2) 928°C for the UOz-CaO p e l l e t s . 
End g a p s w e r e a l s o p r o v i d e d in the fuel r o d d e s i g n to c o m p e n s a t e for un ­
e q u a l t h e r m a l e x p a n s i o n b e t w e e n the a l u m i n u m fuel s l ug and the Z i r c a l o y ~ 2 
c l ad . T h e s e gaps a r e a l s o r e q u i r e d in the c a s e of c e r a m i c p e l l e t s and 
Z i r c a l o y - 2 c l a d . H o w e v e r , in t h i s i n s t a n c e a p o r t i o n of the end gap i s 
r e q u i r e d to a c c o m m o d a t e g a s e o u s f i s s i o n p r o d u c t b u i l d u p . 

The g a s e o u s f i s s i o n p r o d u c t bu i ldup i s b a s e d on a s s u m p t i o n s for 
b u r n u p and l o s s to the tube f r o m the p e l l e t s . If 5 p e r c e n t b u r n u p and 
25 p e r c e n t r e l e a s e i s a s s u m e d , the p r e s s u r e in the tube i n c r e a s e s to 
a p p r o x i m a t e l y 1.9 k i l o g r a m s p e r s q u a r e c e n t i m e t e r . F o r a b u r n u p of 
50 pe rcen t^ the e n t i r e ga^seous f i s s i o n p r o d u c t r e l e a s e d i s r a i s e d by a 
f a c t o r of abou t 10, and the i n t e r n a l p r e s s u r e would r e a c h a p p r o x i m a t e l y 
18,8 k i l o g r a m s p e r s q u a r e c e n t i m e t e r (267,45 pounds p e r s q u a r e i nch ) . 
T h e s e c a l c u l a t i o n s m a k e no a l l o w a n c e for the i n i t i a l d i a r a e t r a l g a p o r 
the d e c r e a s e in v o l u m e c a u s e d by d i f f e r e n t i a l t h e r m a l e x p a n s i o n s i n c e 
t h e s e e f fec t s a p p r o x i m a t e l y c a n c e l e a c h o t h e r . 

A l i s t of de f in i t i ons of the t e r m s u s e d in the c a l c u l a t i o n s in t h i s 
s e c t i o n i s g iven be low. 

A£ - T o t a l c r o s s s e c t i o n a l a r e a of fuel r o d s in ce l l , c m 

A - T o t a l c r o s s s e c t i o n a l a r e a of m e t a l a s c lad , s u p p o r t S j e t c . in c e l l , 
c m 

A^ - T o t a l c r o s s s e c t i o n a l a r e a of fuel u n i t s in c e l l , c m 

Arp - T o t a l c e l l c r o s s s e c t i o n a l a r e a , c m 

A - T o t a l c r o s s s e c t i o n a l a r e a of w a t e r in c e l l , c m 

C - N u m b e r of c e l l s in c o r e , 148 p o s i t i o n s m i n u s 1 s o u r c e = 147 

d - Log m e a n d i a m e t e r , c m 

F « - A v e r a g e h e a t f lux, w a t t s / c m ^ 

K - T h e r m a l c o n d u c t i v i t y , c a l / c m - s e c - ° C 
p - p e l l e t 
sc - s c a l e 
c - c l a d d i n g 
g - gap ( p e l l e t - t o - c l a d ) 



L - Length, cm 

m - Metal (all nonwater) 

N - Number of rods per unit cell 

P - P r e s s u r e , k g / c m 

P - Reactor power 

Q - Heat flux per rod, watts 

Q A - A v e r a g e h e a t f lux p e r un i t ce l l , w a t t s 

SA - S u r f a c e a r e a , c m 

T - T e m p e r a t u r e 

Tg - S a t u r a t i o n t e m p e r a t u r e a t r e a c t o r p r e s s u r e 

w - W a t e r 

w / m - W a t e r - t o - m e t a l r a t i o 

X - T h i c k n e s s , c m 
sc - s c a l e 
c c l add ing 
g gap ( p e l l e t - t o - c l a d ) 

6 .5 . R E A C T O R - V E S S E L BLOWDOWN SYSTEM* 

In p a s t o p e r a t i o n , c o r r o s i o n p r o d u c t s g e n e r a t e d on the E B W R r e a c t o r 
v e s s e l and fuel e l e m e n t s u r f a c e s t e n d e d to s e t t l e in to the f o r c e d - c i r c u l a t i o n 
n o z z l e s and c o n t r o l - r o d - d r i v e t h i m b l e s a t t a c h e d to the b o t t o m of the s h e l l . 
T h i s c a u s e d a h igh d e g r e e of r a d i a t i o n a t t he b o t t o m of the r e a c t o r v e s s e l . 

The r e a c t o r - v e s s e l b lowdown s y s t e m p r o v i d e s a m e a n s of r e m o v i n g 
c o r r o s i o n p r o d u c t s t h a t s e t t l e and a c c u m u l a t e at t h e s e p o i n t s . To p e r m i t 
p e r i o d i c b lowdown d u r i n g o p e r a t i o n , t he d e s i g n i n c l u d e s an a c c u m u l a t o r 
and v a l v e a r r a n g e m e n t to l i m i t the a m o u n t of w a t e r w i t h d r a w n d u r i n g any 
i n d i v i d u a l b lowdown o p e r a t i o n . A flow d iagrami of the s y s t e m is shown in 
F i g u r e 6 - 2 4 . 

E a c h t h i m b l e o r n o z z l e is d r a i n e d i nd iv idua l l y to the accumiu la to r 
t ank . The a c c u m u l a t o r r e s t r i c t s the anaount of d r a i n a g e a t any one t i m e 
to 5 g a l l o n s of l i qu id . By an i n t e r l o c k v a l v e a r r a n g e m e n t , the c o n t e n t s of 
the a c c u m u l a t o r can be d r a i n e d to a s e t t l i n g t ank . Sludge which s e t t l e s 
f r o m t h e w a t e r in t h i s t a n k can be e m p t i e d into a s h i e l d e d c o n t a i n e r . The 
r e m a i n i n g w a t e r c a n be m o n i t o r e d for r a d i o a c t i v i t y and r e t u r n e d to the 
p r i m a r y s y s t e m t h r o u g h the v a p o r r e c o v e r y s y s t e m . T h i s w a t e r m a y a l s o 
be r o u t e d t h r o u g h a p o r t a b l e ion e x c h a n g e columin to r e m o v e any r a d i o ­
a c t i v e w a s t e no t e l i m i n a t e d by p r e v i o u s o p e r a t i o n s . 

*R, J , G a r i b o l d i 
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FORSED GiaCULflHOH HOZZLES 

CasSTEOt ROB DRUE MECHAHISMS 

Figure 6-24 

Flow d iagram of r e a c t o r - v e s s e l blowdown system 
RE-8-23942-C 

Figure 6-25 

Blowdown sys tem valve 
operating platform 

RE-8-23938-C 

The blowdown sys tem is op­
era ted from a semiremote platform 
to shield the opera tor in the event 
of high-level gamma radiation in the 
subreactor room. The operating 
platform is i l lus t ra ted in Figure 6-25. 

The blowdown valves of the 
cont ro l - rod dr ives , located on the 
bottom of each of the rack thimbles , 
a re at the lowest points in the r e ­
actor vesse l . The blowdown valves 
of the cont ro l - rod dr ives a re shown 
in Figure 6-26. Only eight valves 
were originally instal led because 
the cent ra l rod is an osci l lator rod 
which prohibits this type of installat ion. 
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Figure 6-26 

Blowdown valves on cont ro l -dr ive rack thimbles 

The blowdown valves a r e furnished with Stelli te-faced seats be­
cause considerable wire drawing is expected to occur during blowdown. 
The rod drive design pe rmi t s removal of these valves to reface the sea t s . 
Because of high radiation levels expected near the valves, the valves a r e 
to be operated by valve s tem extension rods from the shielded platform. 

Three of the four forced-c i rcula t ion inlet nozzles and the two 
forced-c i rcula t ion outlet nozzles have blowdown valves mounted on a 
manifold behind the shielded wall of the operating platform (see F ig ­
ure 6-27). These valves a re also operated by extension rods . The fourth 
inlet nozzle is not connected to this sys tem because it is in continuous use 
for the reac tor purification sys tem. 

Isolation valves a r e used between the fo rced-c i rcu la t ion-sys tem 
nozzles and the blowdown valves to pe rmi t removal and repa i r to the 
blowdown valves . 

Manifolds pipe the discharge from the blowdown valves to the 
accumulator . The manifold under the control - rod dr ives is a flanged 
design that pe rmi t s removal of any individual rod drive without the need 
of removing the blowdown connections to other d r ives . 



220 

Figure 6-27 

A second manifold connects the blow-
down valves of the forced-c i rcula t ion 
nozzles to the accumulator tank. A 
1-inch, 1500-pound, spring-loaded, 
piston-type check valve prevents 
back flow into the con t ro l - rod-dr ive 
manifold when flushing the forced-
circulat ion nozz les . 

An accumulator with two 
interconnected, pneumatically op­
era ted valves , prevents the poss i ­
bility of inadvertent re lease of large 
volumes of water from the reac tor 
ves se l . This is accomplished by a 
method analogous to a set of canal 
locks. 

The blowdown manifolds a r e 
piped to the inlet valve of the a c ­
cumulator . The outlet valve dra ins 
the contents of the accumulator to 

Forced-c i rcu la t ion-nozz le ^h^ settling tank. Both of these valves 
blowdown valves ĝ ê the normal ly closed, spr ing-

N e g . l l 1-9283 loaded type. A four way a i r valve 
pe rmi t s only one accumulator valve 

to be open at any t ime. The accumulator has a 5~-ga l lon capacity which 
l imits the d ischarge for each cycle to less than 5 gallons. An air l ine 
en te r s the top of the accumulator to: (l) supply 100-psi cushion air and 
(2) purge the accumulator . A-j--inch, 600-pound, spring-loaded, piston-
type check valve is used on the top of the accumulator tank to prevent 
back flow into the purge a i r l ine . 

The accumulator is fabricated of 6-inch, schedule-40, type-304 
s ta in less s teel pipe. 

The settl ing tank, fabricated of 12-inch, schedule-20, SA105 steel 
pipe, has a 45-gallon capacity. The bottom end of the tank reduces to a 
3- inch-diameter shielded pocket to collect cor ros ion products . A 1-inch 
ball valve d i scharges the sett led m a t e r i a l into a shielded can for disposal . 
The upper end of the tank is vented to the main retention tank by a 2-inch 
pipe. This vent also acts as an overflow line. The opera tor is warned of 
excess water in the settl ing tank by means of a 12-inch sight glass at the 
top of the tank, which is visible from the observat ion port . 

A Fulflo fi l ter . Model BR x 10 y-with W13R10C inse r t tube, f i l ters 
the water before it is pumped to the turbine condenser . The sett led water 

^ 



is moni tored before being pumped to the condenser to avoid t r ans fe r r ing 
radioact ivi ty . 

A s ta in less s teel pump moves settling tank water to the vapor 
r ecove ry sys tem. The pump has a capacity of I -gpm at 15-psi d ischarge 
head, is fabr icated of type-304 s ta in less steel , and is driven by a 
115-volt, 60-cycle , s ingle-phase motor . 

6,6 PRIMARY SYSTEM DECONTAMINATION* 

In the event of a fuel e lement failure it is possible for the fission 
products and f issi le m a t e r i a l thus l ibera ted to c a r r y throughout the r eac to r 
p r i m a r y sys tem. The degree to which the sys tem would become contami­
nated is dependent upon many fac to r s . Some of these a re : 

1. The ra te of fuel failure and the amount of fuel exposed in the 
fa i lure . 

2. The ra te of fission product d ispers ion into water and s team 
phases , 

3. The t ime requ i red for detection and the reac tor operat ing 
power at the t ime of fa i lure . 

4. The t ime requ i red to shut down and isolate the sys tem in o rde r 
to l imit the extent of contamination. 

5. The degree that f ission products c a r r y over and plate out on 
s t e a m - s i d e components . 

6. F i s s ion product l i fet ime. 

The l imited exper ience of BORAX IV, in which ce ramic fuel was 
clad with aluminum, indicated that major contamination with fission products 
is l imited to the r eac to r v e s s e l p roper and equipment that d i rec t ly handles 
r eac to r v e s s e l wate r . In the event of a fuel e lement failure in EBWR, the 
defective fuel e lement will be placed in a can while st i l l below water in the 
r eac to r so that f ission products will not contaminate the inside of the coffin 
during the t r ans fe r from the r eac to r vesse l to the s torage pit. 

The f i r s t operat ion in decontamination will therefore be to clean up 
the reac to r water to pe rmi t r emova l of failed fuel e lements . The r e a c t o r -
cleanup-loop ion exchange equipment will be used until the ion exchange 
r e s i n s a r e depleted. F u r t h e r ion exchange will be conducted as access ib i l i ty 
p e r m i t s . 

*R. J . Gariboldi 



It is assumed that l imited access to the main floor of the reac tor 
containment building will be possible by vir tue of the shielding afforded 
by the concrete floor. It is also assumed that p r i m a r y - s y s t e m equipment 
located outside the containinent shell will be isolated in t ime to prevent 
ser ious contamination with long-lived fission products . The s team flowing 
to the p r i m a r y sys tem is not dried and may contain up to 10 percent 
mois tu re during high power runs . All components within the containment 
building that handle only dry s team a re expected to be approachable within 
a reasonable t ime after shutdown. This is feasible since, in general , shor t ­
lived gaseous products a re ca r r i ed with the dry s team and long-lived 
products remain with the moi s tu re . 

The decontamination provisions incorporated m the EBWR system 
do not provide the ult imate coverage and access ibi l i ty under any and all 
c i r cums tances . The sys tem does provide fill, drain, and vent taps on all 
components for the introduction and circulat ion of decontaminant solutions. 
It also provides reasonable access ib i l i ty . The components most likely to 
be inaccessible and yet essent ia l for operation a re equipped for remote 
decontaraination. Components leas t likely to be ser ious ly contaminated or 
access ib le by other routes have their decontamination tap valves located 
adjacent to the component. The general provisions afforded by this sys tem 
a re : 

1. Cleanup of the reac tor water by auxil iary ion exchange beds. 

2. Renaoval of remaining residue from equipment surfaces by 
dissolving with decontaminant solutions. 

F igure 6-28 indicates the location of isolation and decontamination valves . 

The equipment and piping to 
be decontaminated a r e isolated by 
valves or by gravity. Water is 
drained from the component through 
the drain valves or, in the case 
where components may be located 
as much as 30 feet below the decon­
tamination equipment on the main 
floor, the water may be purged frona 
the sys tem by applying air p r e s s u r e 
to the vent l ines . The drained water 
IS t r ans fe r r ed to another par t of the 
p r imary sys tem. 

The f i rs t decontamination 
solution consis ts of 18 percent 
sodium hydroxide plus 3 percent 

F igure 6-28 

Flow char t of decontamination 
sys tem 

RE-8-32674-B 



potass ium permanganate . This solution is added, through a dra in valve, to 
the component to be decontaminated while venting a high point or by mete r ing 
a sufficient amount of solution to completely fill the sys tem. 

Circulat ing pumps on the main floor will draw the solution from the 
d ra in valves and r e t u r n it to the component through the vent line or a l te rna te 
l ine. This will a s s u r e c i rcula t ion through the ent i re component. The solu­
tion is heated by a smal l heat exchanger utilizing plant s team as the heat 
source . The f i r s t solution is to be c i rcula ted for 30 minutes at a t e m p e r a ­
tu re of 210°F. The component is then drained of the solution. If radioact ive, 
the solution will be t empora r i l y s tored in underground s ta in less steel tanks . 
A r inse of f resh water is r equ i red to completely remove the f i rs t solution. 

The same p rocedure is used with a second solution; 10 percent 
ammoniumi c i t ra te is c i rcula ted for 15 minutes at 180°F, This solution is 
then drained, and the component is filled with deminera l ized water , if 
r equ i red . 

In decontaminating the sys tem, the f i r s t a r e a of concern is the p r i ­
m a r y ion-exchange sys tem since it is used for the initial cleanup of water 
before removing the r eac to r ve s se l head. In the event that the ion-exchange 
beds becorae exhausted and a r e inaccess ib le for recharging, facili t ies a r e 
available for bypassing the beds and instal l ing auxil iary beds on the main 
floor. These auxi l iary beds a r e contained in shielded casks to minimize 
radiat ion. The tube side of the regenera t ive exchangers and af tercoolers 
a r e mos t likely to be highly radioact ive because of sludge sett l ing in the 
tubes . 

Many factors affect the decontamination procedure for the r eac to r 
ve s se l and no at tempt is made to es tab l i sh a fixed procedure in this ca se . 
Since m o r e than 6,000 gallons of solution would be requi red to follow the 
genera l p rocedure outlined above, it appears to be expedient to f i rs t use 
other means to apply spot decontamination that may be requi red for fuel 
handling. Immediate and complete decontamination of the r eac to r vesse l 
is not likely to be requ i red . Considera t ions that govern the procedure a r e : 

1, The vesse l is well shielded and need only be approached for 
fuel handling opera t ions , 

2, The ves se l may be filled with clean water to shield the contam­
inated v e s s e l walls during head removal and fuel handling 
opera t ions . 

3, The th ickness of the head provides shielding from the con­
taminat ion on the lower surface , 

4, It may be poss ible to use spray techniques to apply decontam­
ination solution to the vesse l in te r io r . 



The s team d r i e r is expected to collect cons iderable long-lived con­
taminat ion. The sc rubbe r s within the d r i e r p re sen t 820 square feet of 
surface a r e a for deposit ion of radioact ive m a t e r i a l c a r r i e d in the m o i s t u r e . 
Most of the mo i s tu r e is ex t rac ted from the s team at this point. The d r i e r , 
being also the emergency cooler, will be in operat ion even after the turbine 
and condenser have been shut down following a fuel fai lure incident. Oper ­
ating exper ience indicates that this component col lects contamination during 
no rma l operat ion. 

The cleanup of the s tar tup hea te r and l iquid- level column will be 
c a r r i e d out concur ren t ly with the p r e s s u r e ves se l decontamination in the 
event that radiat ion levels do not pe rmi t isolat ion of this equipment, A 
rough cleaning can be accomplished when the r eac to r is dra ined. Solutions 
pumped into the s t eam d r i e r will d ra in through the s ta r tup hea ter and then 
to the r eac to r v e s s e l . In the case of the l iquid- level column, the solutions 
can be injected into the vent line and drained back to the ve s se l . This will 
reduce the radiat ion levels sufficiently to allow isolat ion of the equipment 
for a more thorough cleaning p rocedure . 
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