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I BASIS OF DESIC;N ANALSSIS 

The major guideline f o r  t h i s  design analysis of a prepackaged nuclear 
power plant are: 

System re l i ab i l i ty  with minimum down time fo r  refueling. 
a 0 Bhnmam insta l led capftal  cost a t  a remote s i te ,  

Utilization of proven technology. 
. o  bhrmmm personnel requirements f o r  operati on and dn t enance ,  

Wjanunn of one year between ~ e f u e l h g  when operating a t  full power. 
Ease and simplicity of operation and maintenance,, 

6 
\ 

The pmer l eve l  of in teres t  i s  820 gW net e lect r ical  outpPt and 5 x 18 
BTU/hr heat load f o r  apace heating. 

The overall  scheduling require the ent i re  plant t o  be suitable f o r  fab- 
rication, h s t a l l a t i o n  and acceptance test ing within 21 months. W i t -  this 
period, only one c o n s t ~ c t i o n  season of approximately three months KPIl be avail- 
able f o r  ins ta l la t ion a t  a s i t e ,  Foundations will be eonstmeted during the  p u  
cedbg construetion period. Scheduling must be based upon a maxbm of 15 months 
available a f t e r  contract award and ppior t o  instal lat ion,  f o r  fabdcat ion and 
t e s t  a t  the  conaPactor~a plan% and shipnent t o  a s i te .  

It fs required that  the  ~ k f d  mounted packages be aiP transportatile. 

It ie assumed that  condenser cooling water i s  no% avaflablep however it 
sha l l  be Sndicated what equipment i s  in excess and the  expected increase in plant 
performance iX condenser molfng water were available. 

1.1 Basie Assumptiom f o r  the  Design Analysfe 

The design analysis i s  based on a permafrost ins ta l l a t i an  a t  a 
remote s i t e ,  using concrete a s  a secondarg shielding medium and it is assumedthat 
aggregate is  available a t  the s i te .  It i s  a lso  assumedthat service water and 
plant makeup water i s  available f o r  plant usage, 

The design of buildings and stpactares i s  not included a s  a part of 
t h i s  desfgn analysis and only the general requirements f o r  such are  indicated. 

The ambient a i r  temperatures t o  be encountered range from a - 78% 
t o  # ' 7 8 ' ~ ~  and i% %s assumed that  the max5mm temperatures t o  be encountered 
oeeprp f o r  only very few hours during the day f o r  only several days during the  
warmer months of the year. 

It is assumed that  standby power and heating f a c i l i t i e s  are  avail- 
able i n  the  form of diesel  generators which M s h  1W$ atandby. 'We standw 
f a e i u t i e s  are not included in t h i s  deaf- a n a l p i s  bat an area has been indicated 
on the overall s ta t ion ar~angement drawings f o r  the  location of this standbg pawe~. - 



1.2 Selection of k h a r g  and Secondary System Conditions 

On the  basis of e a r l i e r  studies carried out f o r  A P e 3 3 ,  2000 EIV 
Skid Mounted Power Plant, the pPSmalqg secondary eonditians of 2000 paia 
and 465 psia were selected. 

For these atudlies, a range of primary coolant i n l e t  tempe~akures 
were studied t e  determine the ppfmary system pressures required t o  meet the 
basie desim cr i terka  of no boil'fng in the core a t  steady s t a t e  f u l l  powep 
opepation. 

The. Ales code fo r  the ICBM 650 computer which determines maximum fuel 
element plate surface temperature was used fo r  this atu*. C m e a  of madnum 
surface tempe~ature versus flow r a t e  at various i n l e t  temperatures weFe plottedo 

Core heat transfer studies permitted the  association of a p h x y  system 
pressure with a r e q ~ r e d  c o o h t  flow ra te  and ~ e a c t 0 r  i n l e t  t&mperatUre, With 
a selection of range of steam generator t u b  sizes and coolant velocftg in the  
tubes plus a range of secondaqy system steam pressures, a group of steam gen- 
erators each capable of the duty imposed could be formulated, A program was 
written f o r  the IEM 650 t o  do the calculations. For a given s e t  of input para- 
meters, t h i s  code ealeulated the number of tubes required, and heat transfer 
area required. 

Along ~ 5 t h  the running of p1-3~~~z-y system programs, an IBM 6% p~cagmu 
on the effect  of pressure, feedwater heating and condenser back pressure an 
turbine performance was This was t o  stu4y the effect  of secondary steam 
pressures, use of various numbers of feedwater heaters and effect  sf condenser 
back pressure on turbine output. 

During the  overall analysis maay embinations of - parameter values codd 
be eliminated because of practical  reasons such a s  pbysical size, weight, etc. 
Even with tMs  weeding out process, a number of possible system8 could be used. 

The task was then t o  se lect  a system t o  best meet the c r l t e r i a  of 
portabilitg. 'Phis selection could not be based on one clear cut s e t  of cmd- 
i t ions ,  due t o  the  number of interrelated factors  involved. Such factors as 
accessibility, physical s ize  of samponents, vapor containment, problem of b o l t  
ing and gasketisg high pressme flanges, control rod drive seala, and overall  
r e l i ab i l i t g  had to be considered in making the  final selection operating em& 
it ions.  

The f i n a l  selection of a px=imap~ pressure a t  17% psia and a secondarg 
pressure of 465 psia a t  faill load r e d t a  i t i  a plant having good operating 
efficiency, low weight and conservative operating pressures, 



11 GENEF&U DESIGN FEATURES OF THE PLANT 

1.0 TYPE OF PLANT 

It i s  a nuclear power pressurized water st em-e lec t r ic  generating 
1 

plant  which i s  a i r  t ransportable  skid mounted and su i t ab l e  f o r  a remote s i t e  
i n s t a l l a h o n .  The plant design incorporates t h e  maximum degree of  r e l i a b i l i t y ,  
simplicity,  minimum maintenance and cost ,  within t h e  scope of t h e  design req- 
uirement s s ta ted  heretofore. 

1.1 Air Transportabi l i ty  

I n  order t o  meet t h e  l imi ta t ions  imposed by the a i r  transporta- 
b i l i t y  and r e l i a b i l i t y  requirements t h e  plant components a r e  preassembled and 
pretested p r io r  t o  shipment t o  a remote s i t e .  

The weight and dfmensional l imi t a t ions  a r e  based on t h e  use of . 
C-130 a i r c r a f t .  A l l  t ransportable  packages do not exceed 30 f t .  i n  length, 
9 f t  width, and 9 f t ,  height and 30,000 lbs .  i n  weight. 

,- . "  .:". . . .  .,. 
A l l  packages a r e  designed t o  meet t h e  permissible f l o o r  loading ';. I ,, I . .  i . .2 .' . .:.:..I j ,> . . 1.' : and center  of  grav i ty  locat ion of t h e  C-130 a i r c r a f t  and s t ~ c t u ~ a l l y  a b l e < t o  .' i; . . . , ,+ .. . : 

provide proper t i e  down connections t o  meet ex terna l  forces  encountered i q  '," :: ' . . *  
f l i  ght 0 

1.2 Generating Requirements and Heating Load 

The plant i s  capable of produoing a gross e l e c t r i c a l  output of .+ . 
1000 i(W and a ne t  e l e c t r i c a l  output of 800 KW and 5 x 106 B T U / H ~  f o r  space i ),, 

heating. - .'A 

The primary system generates a t o t a l  of 6.5 Mid of heat i n  order  .,;,: t.: .A). . .  
2. '"+, 

I' : 

t o  supply t h e  required e l e c t r i c a l  and heating load, 

1.3 Plant  Packages 

The t o t a l  n p b e r  of packages involved f o r  t h e  plant t o  meet 
a i r  shipment requirements a r e  a s  follows: - 

Reactor Vessel Skid 1 
Primary Shield Rings 1 
Steam Generator Skid i 
Vapor container with upper 

shield tank 
: - 

3 
Turbine Generatop 1 
Condenser 1 
Feedwat e r  1 
Heat Exchanger 1 
Air Blast Cooler 1 



Switchgear : 1 
Waste Stora;ge Tank and Spent 
Fuel .Pit Lining and Lab Equipment 1 
Shipping Casks . 9 
Interconnecting Piping 
Interconnecting Wiring 1 2 

1.3.1 Primary Skid 

The ppimapg system a s  shown on Drawing B9-42-1001 i s  shipped i n  
three sections, One section being the steam generator skid on which i s  mounted 
the steam generator, pressuPfzer and blowdawn cooler. The other section carries 
the reactor vessel and core support structure, the control rod drives and the 
primaxy coolant. pump. The primar~r shield r ings are shipped separately i n  order 
t o  keep a l l  shipping weights below the allowable 30,000 lb s  air sh ipen t  Mt- 
ations. The p r h a r y  piping i s  flanged and skid bases are flanged and doweled fo r  
ease of alignment when assembling the system i n  the f ie ld ,  

1.3.2 Vapor Container 

This design incorporates the use of a cylindrical vapor eon- 
t a iner  which #ill contain e i ther  the pPimary and secondary spstesns in the  case of 
a remote possibil i ty of a system rupture. 

In the event vapor containment is  not required modifications , 
can be made t o  the  general primary system arrangement as  indicated on D~g~B9-43- 

. 10050 

103,3 Instrumentation 

Due t o  s i t e  conditions assumed and in order -to minimize main- 
tenance requirements the use of air fo r  any purpose where instruments are con- 
cerned is  determined undes*able, Therefore, all instrumentation i s  e i ther  mech- 
anical or  e lect r icalo  

To p e d t  W u m  operating personnel a l l  plaat parameters d i e  
ect ly  affecting plant operation are  indicated on the  control console which i s  
located on the switchgear skid. The controls f o r  such items a s  pumps and lPod 
drives a re  also located on the console. Variables which affect  plant safety a re  
annunciated. 

I 
I All other instxumentation and controls are local  i n  order t o  
I insure visual hepeetion of equipment whm instnunentation information is  mq- , 

uired or control functions a r e  t o  be performed. 

Operations a t  APPB-1 have indicated the need fo r  complete 
isolat ion of instrument power from plant voltage +transients. The use of 
sol id  s t a t e  components has reduced the power required by the instrumentation and 
permitted the use of one isolated supply f o r  a l l  of the instrumentation. 



The use of t h i s  type of design will provide n w b u m  planrt 
re l f  abf U t y  , minimize mai ntenance and greatly improve overall plant p rformance. 

Operations a t  APPEb-1 indicate t ha t  tubes and relags contribute 
significantly t o  unreliabili.ty and maintenance probbms of nuclear instruments. 
Therefore, a nuclear instrumentation system containing only t ransis tors  and mag- 
netic amplifiers f o r  sending and control is  being developed f o r  APPB-U ixa which 
some amplifiers are card mounted and interchangeable. Relays are ut i l ized only 
t o  accomplish a 'function requiring a high current rating. Components of thfs  
transistorized system will be fully tested a t  APPa-3, p15or"to the fabrication of 

' 

t h i s  plant. 

Recorders and controllers specified f o r  t h i s  plant are  of t he  
l a t e s t  commercial design and pequire no vacuum tubes. !his equipment has been ' 
l&sroughly f i e ld  tes ted by the manufacturer a t  isolated stations, It can also 
be tested under plant .conditions a t  BPR-1 and UAk-%a before this proposed plant 
i s fabricated. 

1.3.4 Turbine Gene ra tor  

The turbine generator is  a 3,000 KW machine ~ a t e d  f o r  operation 
' 

. / 
a t  8 in. Hg. exhaust pressure with 425 psig steam delivered t o  the  t h ro t t l e  
which allows a 25 l b  pressure drop i n  the main steam l i ne  between the  steam gen- 
erator and turbine. 

The generator i s  rated a t  1250 WAS 1OOO Kid a t  .8 power factor 
and wound fo r  480 vol ts  nWgen connected, grounded neutral, 3 phase, 60 cycles and 
operates a t  1200 RFH, 

The t o t a l  weight of the turbine generator i s  32,000 lbs.. To 
meet a i r  t ransportabil i ty reqairements, the turbine, gear and generator i s  shipped. . .  ., 
as  a unit  on the  base weighing a t o t a l  @f 30,008 l b s  and auxkliaries such a s  lube 
o i l  cooler, pump etc. are shipped a s  a separate package weighing 2,000 1bs.z 

1.3.5 Heating %stem 

Due t o  the high quality of water desired in the  secondary system, 
supplying of bleed .steam for  heating load directly from the  cycle would require 
considerable water treatment of t he  heating system return draine. To eliminate 
the necessity of t h i s  water treatment and i t s  hi& cost the use of a closed hot 
water heating system was selected, 

1.3.6 Condenser System 

Due t o  Lack of cooling water available f o r  condenser cooling, 
a closed cycle using an air blast  cooler i s  u t i l i zed  with an etbylene glycol 
solut i  on as  the  cooling me&um. 



Consideration was given t o  the  use of a direct  air cooled 
condenser t o  remove the .latent heat from the  turbine exhaust st earn and a s  an 
al ternative the use of an intermediate glycol loop between a starface condenser 
and an air blas t  cooler. 

Investigation in to  the two types of cooling s y s t m  indicated 
that the di rect  air cooled surface condenser has three major problem arees, 

BtMmum experience t o  date 
Experience shows that  tempering of air t o  prevent 
f r e e ~ n g  of the condensate i n  the  tubes i s  an unreliable 
method. 

) I n  the case of plant shutdown the unit  should be 
immediately drained t o  prevent freesing. 

On the basis of t he  S i te  conditions f o r  this plant and ant- 
i e fpa t i  ng a continual rota t f  on of personnel on approximately a nine month basis, 
it was determined tha t  the  glycol intermediate loop arrangement would provide the 
highest degree of re l fabi l i ty ,  although it would msu l t  in a lower overall &sation 
thermal efficiency. With t h e  continual changing of personnel it is ra ther  obvious 
that  the  p o s s i b i l i ~  of the  dfrect  air blast  cooler being neglected during an 
emergency shutdown could freeze and damage the  condenser, The resul t  of this 
would prevent t he  etartup of the plant mtQ repairs could be made, Should such 
an emergency e lds t  d t h  t h e  glycol intermediate loop .arrangement no trouble w u l d  
be anticipated since dpafning the system w i l l  not be necessaqr. - 

!Phe plant design hcorporates the  mximm-degme of r e U a b U t y ,  sh- 
pliei tg,  minimum maintenance and cost within the  scope of the design requirements. 

The prbary  system design is  an improved design based on t he  successf'd. 
APW-1 unit, A s  a result ,  the systems and components u t i l i z e  proven techniques 
and in additicm wi l l  r e f lee t  the high degree of r e l i ab i l i t y  of the APFR-1. 

The reactor vessel, steam generator and pressurLzer are  of the  same 
type of design and materials which have been used h PWB programs w i t h  complete 
success. Each component w 5 l l  be tes ted in  accordance with design requirements. 

The pr%mrg coolant pmnp is  awcanned po t09  typk p\ipap which has been 
successfully used and proven i n  nwmeropls applicatfsns f o r  sevbral years. Thb 
type of pump is widelg used in  the  PkiE f i e l d  and i ts re l iable  perfora~lace record 
i s evident. 

The auxiliary systems are similar t o  those u t i l i zed  and proven in 
BPW-1 and designed f o r  APPB-la. A l l  equipat w i l l  be of the  commercial type 
which has been proven in sePvPce. 



The secondary system i s  designed t o  incorporate commercia1l.y 
available items which have been completely proven i n  service. 

A l l  auxi l iary .cooling systems throughout the  plant a re  closed 
systems. 

Successful operation of  the  ARPR-1 f u e l  elements and control rods 
p e d t s  the use of a pruven core f o r  this design, Development work i s  not 
required f o r  this core therebymaking it possible t o  a t t a i n  a high degree of 
operating r e l i a b i l i t y  and meet the overal l '  fabrication, erect ion and t e s t ing  
schedule. 

m e  steam generator design is  of t h e  horizontal evaporator type t o  
emply wi.th shipping dimensional l imitat ions on the  p r b a r g  s a d ,  The design 
takes' i n t o  cansideration maintenance fea tures  such tha t  the tubes can be plugged 
Lf necessary and i s  readily accessible t o  do this, This design w i l l  produce 
steam of 9@ purity delivering dry and saturated steam t o  the  turbine genepator 
through a moisture separator Qaast before the  turbine generator, 

. . 

This type of steam generator presents no d i f f i c u l t  fabricat ion proglen& ,.I:., . , 
and can be manufactured in a minimum of time. . . 

A natura l  convection coolfig loop has been profided in the  p r h a r y  system 
f o r  t h e  removal of heat generated 5n t h e  core following complete l o s s  of e l e c t r i c a l  
power 

The plant 2s kas ica l lg  designed t o  meet acceptable hazards requirements . 

cf pressurized water nuclear power plants  and a l l  necessary radiat ion monitoring 
devices f o r  saf e tg  of performance a,re incorporated, 

$ 9  In order t o  m a i n t a b  the continuity of operation, all pumps i n  t h e  
secondary system whose f a i l u r e  would cause shutdown are  duplicated. This p e w i t s  
r e l i ab le  perfo-rmance of the plant while repairs  a re  made, 

1.5 Operating Data, Weight and Dimensional Data 

k05 .1 Plant Performance 

Thermal power developed i n  reactor  6.5 BW . 
Reactor Lefe 8 MW years 
Gross E lec t r i ca l  power generated 1000 gW 
ElectricaP power required f o r  awcfl iar ies  200 KW 
Net elect.rica1 power delivered ~ 5 t h  8"Hg 800KW 
back pressure a t  turbine generator, 
Met e l e c t r i c a l  power delivered with 3"Hg 910 KW 
back pressure a t  turbine generator 
Net e l e c t r i c a l  power using 400 well  water 960. KW 
and operating a t  3-1/2" Hg back pressure 
a t  the turbine generator, 



Steam supplied f o r  outside heating purposes 5 x ~ Q ~ B T u / ~ P  

1,5,2 Thermal Data of Reactor a t  Full Power 

Operating Pressure 
Design Pressure 
Coolant flow 
Coolant i n l e t  temperature 
Coolant outlet  temperature 

1,5.3 Steam Generator 

Tube Side 
Operating Pressure 
Degiga lp~essure 
FSlm 
In l e t  Temperature 
Outlet ~ d ~ e r a t u ~ e  

, Operating Pressure 
Outlet Temperature 
In l e t  Temperature 
nm 
Blowdown 

1,5.4+ Pressurizer 

Operating Presswe 
Design Pressure . 
Desi- Temperature 
Number of Heaters 
Total heat output 
Steam v o l u ~ ~ e  (eu,ft.) 
Watervolume ( c a ~ f t * )  . 

me 
Rated Flaw 
Operating Head 

, Suction temperature 

1.5.6 h r y  Coolant Piping 

1750 p d a  
2000 p s b  , '  

2505 gpm 
5cWF 
519 -l0F 

1750 ps%a 
2 0 0  psfa 
650OF 
20 
30 $bb 
12.1 
5.9 

Canned Botor 
2505 gpgl 
24 f t e  
gwap 

304 Stainless 
&eel, sd~edule 
I20 
10' IoEb 



~ 5 . 7  vapor Container 

Design Pressure 
Material, 

Operating Temperature 

1.5.8 Core Desim 

Configuration 

Equivalent diameter-in 
Active core height-in 
Material content of core: 

S t a t i  onary Fuel Element 

'ow 
Number of Elements 
Plat es/element 
Active length-in 
Clad thickness-in 
Meat thickness 
Pleat Width 

Control Rod Fuel Elements 

WP 
Number of Elements 
Plat es/element 
Aeti ve length-5-n 

Internal  Flux Suppressor 
Material 
Wt. of ~u/su~pressor-gm 
Length-in 
thickness-%tl 
widt h-i n 

Clad thickness-in 
Meat thickness-in 
Meat wid tb in  

240 ps i  
Carbon s t ee l  
C;R-212 t o  SA-380 
12WF 

7 x 7 array-3 elements 
in each corner missing 
20.16 . 
22 

APPlb-1, Core II 
32 
18 
22 

0.005 
0,020 
2e5W 

515.16 
00A.64 

MER-1, Core II 
5 
16 
21-1/8 

Europium OAde 

:/8 
0.020 
2,281 
0,005 
0.020 
2,281 

4ol.U 
0.362 



Control Rod Absorbers 

s- , APPB-1, Core I s  LQW CoSS 
56 04 

Absorber plat es/Rod 4 
Travel - h 22 

Initial Reactivities -$ 
Cold (68'~) - no xenon 140J-l 
Hot (5U°F) - no mnon 7.65 
Hot (512O~) - Equilibrium lrenofi 5.15 

In i t i a l  Bank Position - inches from 
bottom 

Cold (689)  - ne xenon 5.0 
Hot (5320~) - no mnon 9.7 
Hot ( ~ W F )  - equilibrium xenon U.6 

Power - Peak t o  Average 
Hot (5120~) - no xenon 
c.94wseB 

Radial (center 1 1046 
Axial (center 1.65 

&.- 
Radial (center) 1.55 
Axial (ceater) 

2sec 1.47 
Average Thermal Flux-neutrons/an 

OEiWPB 
13 1.67 x 1Q 

8MWPR 2.33 x lou 
Expected Total Energy Release-BWYR 
Burnup8 10 M.wrEt 

Average Fuel - % 26 
~~~XLUUBL Fuel - % 49 

Ihxhm Control Rod -$ 27 

Temperature Coefficient 
Cold (68'~) - OF-1 -422 x lo-' 
Hot (5U°F) - OF-1 -3.4 x 1 r 4  

Pressure Coef f ie ient  
Hot (5UQF, 1750 psia)-psi-l b.1 x lo4 

Control Rod Worth 
Five Bod Bank 

Cold (68 F)-$ 19.9 
Hot (wO~)-% 19.5 

Center Rod 
Cold (68%')-% 4.5 
Hot (512'~)-% 4.0 



L5.9 Shielding Design 

D.esign Basis 
Access a f t e r  shutdown - h r  205 

Dose 5r1 Control Console and Turbine 1.19 
Generat or  - mr/hr 

Primary Shield 
Tspe 

H 0 and steel .  S t e e l  ring 
c L d  on both d d e s  with 
Boral, I m e r  surface of 
sh ie ld  tank and outer 
surface of Pressure Ves- 
s e l  support ring clad 
with  oral) - 

Number of S tee l  Rfngs 4 
lhickness - in 3-1/4 

l/$ Bopdl clad; thickness-in 
Water annuli; thickness-fn 1-1/4 
Dose r a t e  2.5 -hr. a f t e r  shutdm-/hr 33 m/hk 
Dose r a t e  M n g .  operation - ~ / h r  161 

Semndaaqy Shield 
m Concrete 
Thickness - Ft. 2-4 - 

Dose Rate on Surface; m r / h  2-3Q 

Core Shielding 
w e  Water 
S h u t d m  - days 1 
Thickness - Ft. ll 

Spent Fuel Shi p p b g  . Cask 
Element s/cask 
WeTg ht-Tons 
Thickness - i n  
Dose Rate one meter fmm source- 

m/b 
Demineralizer Shielding 

Tspe 
Shielding Material 
Thickness (Radial) -in 
Thickness (Axid) -3.n 
Dose Rate 

Surface of Shield - &hr 
One meter f m m  source - mr/hr' 

APm-1 
Lead 



Waste Tank 
Active Source Primary coolant and 

Normal Plant Waste 

Shield Thickness - F't. 
Concrete ( = 2.4) .2.0 . . 

Dose r a t e  on surface of shield - mr/hr 0.5 
Dose ,Rate on surface of APPR-1 
(waste tank with 'normal plant waste only-m~/hr=~20). 

1.5.10 Thermal Design 

l'ypa o f  flow . ~air'orm 
Enlet Temperature - OF 500° 
Outlet Temperature -OF' 519 1 
&ximum p la te  surface temperature -OF 610. 
Flow per fixed f u e l  element - g p  58.5 
Flow per control rod fue l  e l m n t  - gpm 56.0 
Lat t ice  flow - gpm 3 53 
Total core flow - g p  2505 

Fixed Fuel Element - 
Haximum operating heat flux Btu/hr-Ft2 1.149 x 105 
Burnout heat f lux  Btu/hr-F't2 9.984 x 105 
Haximum r a t i o  of operating t o  burnout 0 . 1222 
heat 

Contpol rod fue l  element 
Maximum operating heat flu# Btu/hr-Ft2 1.154 x lo5 
Burnout heat flux 1.015 x lo6 
lfaxbum r a t i o  of operating t o  burnout 0.1208 
heat f l u x  

Bfaxhum in ternal  p la t e  temperature OF 627 
Ratio of peak t o  average power 2.46 
Haximum s t r e s s  f n  fue l  elunents -psi Us 530 
Temperature difference across reactor 30.5 
vessel wall-OF 
Thermal s t r e s s  i n  reactor vessel - ps i  44s 
Thermal s t r e s s  in thermal shield - psi  40, 300 

q T h e 4  s t r e s s  i n  vessel flange - p s i  4,860 
Thermal s t r e s s  i n  out le t  integral, nozzle 3,500 
ps i  

Allowable thermal s t r e s s  i n  vessel, flange, 8,750 
and nozzle - ps i  
Total core pressure drops = control rod 2.12 
pressure 'drop - Ft of HZQ 
Pressure drop through fixed elements - 0.86 
Ft of Hz0 
Required fixed element or i f ic ing  - Ft of  1.26 



Maximum pressure d i f f e r e n t i a l  between f u e l  0.01 
p l a t e s  and l a t t i c e  - p s i  
Maximum allowable pressure d i f f e r e n t i a l  3.0 
between f u e l  p la tes  and l a t t i c e  - p s i  

1.5.U Weight and Dimensional Data of Major Items 

Turbine Generator 
Dimensions 
Total weight 

Shipping Sec t i  ons: 
Turbine, Gear, 
Generator and base 
D b  ensions 
Weight 
Auxiliary Section 

16@-l+n x 7 9 4 n  x 6"-2n high 
32,000 lbs .  

160-4" x '/@-On x 68-2n.high 
29,000 lbs .  
4,000 lbs .  

Condenser Package 
Dimensions 27@-0" x 61-6" x 9°-01' high 
Overall  Shipping Weight 29,070 lbs .  

Feedwater Packages 
Dimensions 25'-9" x 91-0" x 9q -0n  high 
Overall Shipping Weight 29,480 lbs .  

Heat Exchanger Package 
Dimensions 1 9 t - l ~ n ~ 9 t - O n x : 6 ~ - 6 ~ h f g h  . 
Overall  shipping. Wei ght 14,310 lbs .  

Air Blast Cooler 
Number of Sections Required 1 
Dimensions 30t-On x 9@On x 9t-0tt high 
Overall Weight 25,200 lbs .  

Switchgear Package . . 

Dimension s 26@-5'1 x 91-0" x 8@-10n high 
Weight 

.. . 24,190 lbs .  

Interconnecting Piping and 
. . 

Spare Pa r t s  
Total  weight - Pipe and Spec ia l t ies  40,000 lbs .  
Total weight of Spare Par t s  4,000 lbs .  
No. of shipping Sections Required 2 

. . . . 

Interconnecting Wiring and Miscellaneous 
Equf p e n t  

Total Weight of Wiring and Raceways 10,000 lbs .  
Total Weight of Miscellaneous 14,400 lbs .  
No. of Shipping Sections Required 1 



Primary package 
Beactor Skid sec t ion  

Dimens ions 
Weight 

Steam Generator Skid Sections 
Dimensions 
Weight 

Primary Shield Rings 

Vapor Container 
Total  weight i n s t a l l e d  
Dimensions i n s t a l l e d  
A s  shipped condition 

S h e l l  
Heads 
Upper Shield tank 

Waste Storage Tank 
Dimensions 
Weight 

Spent Fuel Cask 
7 Shipping casks ea. 

Chemistry and Health Physics 
Packaged Lab. 

lit-84" x 98-0" x.91-0" high 
28,388 lbs. 

Total  Estimated Number of Packages 
(Excluding Spent h e 1  casks) 

131-104n x 91-0" x 91-On high 
23,3ll lbs .  

60,000 lbs .  
131-OR Dia. x 38'-2" 

8 pcs. 
4 pcs. 

- l p c .  

7 ' 4 "  Dia. x 181-0". 
7,100 lbs .  

17,800 lbs .  

one package 

approx. 1 5  



2,0 RANGES OF PLANT OUTPW 

The plant  a s  described b this design analysis  is  ra t ed  a t  6.5 MW of 
, h e a t  output a t  t h e  reac tor  and 5 x 106 Btu/hr f o r  space heating purposes , 
with 1000 KW g r o s s , e l e c t r i c a l  output a t  the  turb ine  generator: 

A t  the  design conditions of 8g8 Hg back pressure a t  t h e  turb ine  gen- 
era tor ,  the  ne t  e l e c t r i c a l  output w i l l  be 800 KW. The auxi l ia ry  power 
a t  f u l l  load under design conditions including s t a t i o n  Ughting w i l l  be 
approxhate ly  200 KW. 

Under the same conditions, n i t h  t h e .  c;ndenser back a t  3-1/2" 
Heo the  ne t  electr5ical output w i l l  be 910 KW. ' . 

If condenser cooling water were avai lable  a t  @OF and eliminating t h e  
a i r  b l a s t  coolers and heat  exchanger c i rcu la t ing  pumps and operating a t  3-1/2 
inches Hg. back pressure a t  t he  condenser, the ne t  e l e c t r i c a l  orrtput m u l d  then 
be 960 mi. 

I .  2.1 System Modifications f o r  Higher Power Requirements 

2.1.1 P r h q  System 

The primary system i s  capable of producing a maximum of 10 Mld 
heat and t h i s  may be obtained by modffications t o  the  steam generator and primakg 
coolant pump. 

I 

The same reac tor  vessel  and core may be used at the  1W output 
a s  a t  the  6.5 MW. , ,  

For both power requirements, t h e  same steam generator s h e l l  
and nozzle s i z e  and configuration can be u t i l i zed .  The only change required 
w i l l  be a modificatiox~ in t h e  number of tubes required. - 

The primary coolant flow requirements be increased from 
2505 gpm f o r  t he  6.5 MW t o  approximately 4240 gpm f o r  t h e  10 MW, niaintdning 
the  same primaqy pipe s i z e  of 10'8 inches f o r  each case, 

The primary eoolaaat pump w i l l  require  modifications i n  going 
from one puwer l e v e l  t o  tihe other. FOP 2505 g p ,  a 30 HP, 3 phase, 60 cycle, 
1200 RPM motor i s  required while f o r  the  4240 g p  flow at the  10 MW power 
l e v e l  a 65 HE' 3 phase, 60 cycle, 1800 BPI4 motor i s  required. The impeller will 
necess i ta te  s l i g h t  revis ions ih going from one power l e v e l  t o  the  other. 

The secondazy system wl l l  require  more e h e n s i v e  modificat- 
fone than t h a t  required f o r  the  pPrimary s ince  a major increase i n  power out- 
put requirements would a f f e c t  a l l  secondary system components from the  turbine 
generator back through t h e  cycle. 



Depending on the power level  requirements, a 1500 Kbl or  
2000 KW turbine generator can be used t o  obtain a net e lec t r i ca l  ontput 
of approximately 1200 KW and 1700 KW respectively. 

2a .3  Procurement Schedule 

The averall time schedule a s  indicated fn Section II, sub- 
section 5.0 would not be radically affected by the modifications required 
t o  obtain higher plant power outputs, and the overall period of 21 months 
can be met. . 

3.0 STATION ARRANGEXENT (DRAHNG arOlKL5) 

3 J  Description 

The plant i s designed f o r  the placement of all component packages 
and htereonneeting wiring and piping on a f l a t  s lab i n  a building enclosure. 
The secondary sys tm packages, office, and laboratories are a l l  located i~ a 
single building 59 feet  by 65 feet ,  Piping and wiring connecting the  pack- 
ages i s  nm on the f loor  and deckedsover with grating a t  the .elevation of the 
component skid beams.. 

The primarg system. and vapor container provided with secondaq, . 
shielding in the  form of concrete along with a concrete spent fue l  p i t  and . 
chute fo r  transfer and storage of speni; fuel  elements; 

Thickness or concrete. required for .  shielding. of primary sysbmj 
spent fuel  pik and waste tank are detailed in the Reactor Analysis Section; . 

An enclosure isf provided: above the :uppr  shield tank and spent fuel '  
p i t  with space p r d d e d  fo r  the instal lat ion'  of an overhead crane t o  be- used , 

in conjunction with fuel  handling equi'pent. 

A bridge type crane m s  over the principal secondaxy equipment 
skids t o  f ac i l i t a t e  maintenance and i n s p e c t i ~ n  of equipment, Space i s  pro- 
vided f or  lapdown of turbine parts  duping inspections a s  well a s  other mint- 
enance and storage of spare parts. 

I1 the event t ha t  the  air blas t  coolers are  replaced by the deep wel l  
pumps, the heat exchanger skid would be eliminated and t h i s  bay of the building 
would be eliminated, The building would then be lengthened t o  accommodate the 
rearrangement of laboratory space, The building would then be approximately 45 ft. 
bgr 70 f t e  

The secondary system mechanical and e lect r ical  equipment ie included 
in the  following s b  packagesrthe turbine generator packagejthe condenser pack- 
age; the heat exchanger package; the air blast  cooler package; the feedwater 
packageg and the switchgeap package. 



4.0 TESTING OF PLANT 

The following t e s t s  a r e  proposed t o  'be performed by Alco Products Inc., 
and/or o ther  manufacturer0 s supplying equipment t o  Alco f o r  t he  Plant. 

1. Individual item t e s t .  
2. Components and Assemblies Test 
3. Plant  Factory System Test . 

4. Low and High Power Performance Test 
5. Plant Performance Test 

I 

I Tests  1, 2 and 3 w i l l  be performed d i r e c t l y  a f t e r  manufacture a'd assembly 
I 

I and pr ior  t o  shipment t o  a S i te .  

I 
I 

Tests 4 and 5 w i l l  be performed under Alco Products, Inc. supervision, 
I a f t e r  i n s t a l l a t i o n  of the  plant ' a t  a S i t e .  

The following out l ine  bas ica l ly  covers t h e  t e s t i ng  t o  be made s ince the  
spec i f ic  d e t a i l s  covering t h e  t e s t i n g  requirements and procedures t o  be followed,~ 
and how t h e  t e s t i n g  is  t o  be accomplished, w i l l  be developed by Alco Products, - ,  
Inc. during plant fabricat ion.  ,, .. : 2'. , 

I. . .. . . . 9.: i '. ... ,?. . 
.,..I .<. ,- 

I .  
. .  

4.1 Individual Item Tests  
-..- , .. ..',. ._ . , ,' i ., ..., 

I Alco Products, h c .  w i l l  be responsible and provide t o  t h e  Government 2% C .  

1 fop Alco fabricated items and where required from other suppl iers  t o  Alco Products, 2 '  % -:: 
a s  f o l l o w s  

aSHE c e r t i f i c a t e s  f o r  pressure vessels  and code stamps. 
Calibration curves f o r  instruments, gauges and meters. 
Performance curves and t e s t  r e s u l t s  on pumps. 
Rating curves and t e s t  r e s u l t s  o8 the turbine generator.. 
Test r e s u l t s  of cladding material. . - . I  

Core flow and o r i f i c i n g  t e s t  r e su l t s .  
Performance Test on Control Rod Drives. 
Fuel Element Test s . 
The t e s t i ng  of components w i l l  be performed a s  required by U c o  Products 

f o r  Alto fabricated components and by othep manufacturer's f o r  components purchased 
by Alco, p r i o r  t o  assembly on modules t o  demonstrate t h e i r  funct ional  in tegr i ty .  

I . 4.2 Components and Asseniblies Test 

Following fabr ica t ion  and individual  i t e m  tes t ing ,  these  items w i l l  be . 
assembled on t h e  plant modules and subjected t o  subassembly t e s t s  outlined a s  
follows s 

(1)  Xnspection of mountings and supports f o r  equipment on the  modules 
. t o  preclude damage due t o  vibrat ion and insure  proper securement. 

I 

(2) Valves and shutoff controls  associated with pressure vessels  and 
t h e i r  piping w i l l  be t e s t ed  f o r  funct ional  operation and leakage. 

. . 



, (3) Primary system w i l l  be helium leak tested.  

(4) ~ ~ d r o s t a t i c  t e s t  w i l l  be performed on the  assembled primary system 
module i n  accordance with appl icable  codes t o  insure i n t e g r i t y  

. of t h e  primary system piping and connections. 

(5) Leakage of f l u i d  from the  primary system w i l l  be checked fo r  
excessive amounts beyond design conditions. 

( 6 )  M a t i n g  machi-nery, pumps, mo.tors w i l l  be t e s t ed  f o r  proper 
, rotat ion,  operation and 'excessive vibrat ion.  

, 4.3 Plant Factory System Test 

P r io r  t o  preparation f o r  shipment, t h e  secondary system modules w i l l  
be t e s t ed  i n  t h e  assembled configuration a t  Alco Products, Inc. The primary 
system w i l l  be checked and t e s t ed  'separately. 

The plant modules w i l l  be asgembled i n  t h e  ove ra l l  configuration a s  
shown on drawing BOlHl5. The piping between t h e  primary and secondary system 
w i l l  be assembled and checked f o r  f i t  up and coding. 

It i s  proposed t o  t e s t  t h e  primary and secondary system separately. 
The secondary system w i l l  be supplied with steam from an  external  source and 
checked f o r  i n t eg r i t y ,  operation and performance. 

The secondary system modules including t h e  a i r  b l a s t  coolers and 
piping w i l l  be placed a s  shown i n  D w ~ .  MOlM15 and al l -  prefabricated in t e r -  
connecting piping and wiring i n s t a l l e d  t o  check proper f i t up ,  coding and 
in t eg r i ty .  

The .primary steam generator skid and reac tor  skid sect ions w i l l  be 
assembled and bolted together  and t e s t e d  f o r  i n t e g r i t y  and operation using a 
dummy core, 

An external  steam source w i l l  be u t i l i z e d  t o  supply steam t o  the  
secondary system, a t  the  design flow and pressure. 

The physical i n t e g r i t y  of t h e  piping and vesse ls  w i l l  be checked when 
simulating operating temperature pressure and flow conditions on t h e  primary 
system and t o  check instruments, controls  pumps and pressur izer  heating elements, 
cont ro l  rod drives and insure  t h a t  a l l  modules a r e  s t a b l e  and f r e e  from ex- 
cessive vibrat ion,  

The capabi l i ty  o f  t h e  sgstem t o  del ivbr  t h e  required amount of  e lectr-  , 

i c a l  power within the  required qua l i t y  limits s h a l l  be cheeked. 

Readings on a l l  necessary flows, temperatures and o ther  instruments 
w i l l  be made t o  record operating conditions such t h a t  a heat balance can be 
calculated. 



4,4 Low and High Power Performance Test a t  t h e  S i t e  / 

Pr ior  t o  pressurizing t h e  primary system, t h e  vapor container s h a l l  
be tes ted  f o r  leakage r a t e s  with a helium mass spectrometer t o  insure t h a t  
leakage w t e s  a r e  not exceeded. 

Core loading and unloading procedures and t r a n s f e r  of fue l  elements 
i n  t r ans fe r  casks s h a l l  be t e s t  demonstrated. 

The low and high power t e s t i n g  w i l l  include t h e  f o l l o u h g r  

1. Each control  rod s h a l l  be ca l ibra ted  over i t s  e n t i r e  length with 
various se t t i ngs  of other  control  rods u t i l i z i n g  suf f ic ien t  
combinations of rod se t t i ngs  t o  determine a l l  s ign i f icant  control  
rod e f fec ts .  

2. Individual rod scram w i l l  be checked with coolant flow i n  t h e  core 
a t  the design condi ti ons. 

3. Rod c a l i b ~ a t i o n  shaM be performed a t  temperatures from ambient t o  
design leve l .  

4. The temperatupe and pressure coef f ic ien ts  of r e a c t i v i t y  w i l l  be 
measured a t  several  points  ranging from room temperature t o  
design operating temperature while t h e  primary coolant temperature 

\ 

i s  r a i  sed a t  approximately 30°E' per hour. 

5 .  Safe plant  shutdown s h a l l  be t e s t ed  according t o  t h e  approved 
stuck rod c r i t e r i a .  

6 .  Tests and ca l ibra t ions  of process control  instruments and rad ia t ion  
monitors w i l l  be made t o  insure proper operation and accuracy f o r  
s a fe  plant  operation. 

7. Control mechanisms and c i r c u i t s  w i l l  be checked and t e s t e d  f o r  
r e l i a b l e  operation. 

A l l  instrumentation w i l l  be inspected and t e s t ed  f o r  proper i n s t a l l a t i o n  
and connection. Check l is ts  w i l l  be furnished t o  the  government covering ins t ru-  
mentation ca l ibra t ion  and performance check out ind ica t ing  t h a t  each instrument 
and instrumentation system has met performance t e s t  recommended by t h e  manufact- 
u re r s  

Instrument cahibra t i  on s h a l l  include t h e  following r 

a )  Continuity and s igna l  t e s t  of a l l  de tec t ing  components, recording 
c i r c u i t  and c m t r o l  c i r c u i t s  Kill be made a f t e r  i n s t a l l a t i on .  

b) Signals simulating high f lux l e v e l s  and sho r t  periods w i l l  be 
applied t o  t r i p  c i r c u i t s  t o  insure  approved design response. 

c )  Module rad ia t ion  detectors  w i l l  be t e s t e d  and ca l ibra ted  by means 
of standard rad ia t ion  sources. 



d) A l l  f a i l u r e s  t h a t  r e l a t e  t o  eafety of t h e  operating system w i l l  
be induced and response checked against  design requirements. 

e )  A l l  control  rod elements s h a l l  be loaded i n t o  the  r eac to r  vessel  
and f i l l e d  with water at design, temperature and pressure and the  
act ion of a l l  control  rod elements s h a l l  be i n i t i a t e d  s ingly and 
i n  bank t o  ' indicate freedom from binding. 

k.5  Plant  Performance Test a t  t h e  S i t e  

The plant performance t e s t  w i l l  include t h e  following items: 

1. The a b i l i t y  of t h e  plant  t o  de l iver  a minimum of 1500 gbl e l e c t r i c a l  
power, (depending on ex&ting camp loads a t  t he  time) a t  t h e  design 
condAtiona. 

a )  The procedures f o r  sh i f t i ng  and dividing of e l e c t r i c a l  and st- 
loads between t h e  nuclear plant  and the  camp standby power s h a l l  
be demonstrated. 

2, Demonstration t e s t  of t h e  radiat ion monitoring system will be made 
f o r  proper operation during f u l l  load operation of t h e  reactor. 
Three radiat ion surveys of t he  e n t i r e  camp w i l l  be made. 

3. Leakage r a t e s  of t h e  primary and secondary systens s h a l l  be made 
t o  insure  l imi ta t ions  within the  design conditions. 

4. Chemical ana lys is  of the  primary and secondary system water w i l l  
be made t o  check impurity content within t h e  design conditions. 

5. Decay heat removal from t h e  primary system following l o s s  of power 
without bulk boi l ing  of t h e  primary system coolant w i l l  be checked. 

6.  An endurance t e s t  s h a l l  be performed f o r  400 hours with l e s s  than 
21, hours t o t a l  planned and unplanned downtime and w i l l  include 
one 96 hour uninterrupted run with exis t ing camp loads, 

The construction progress schedule on the  following page ind ica tes  
manpower requirements and time requirements f o r  e rec t ion  and t e s t i n g  a t  t h e  s i t e .  

5.0 OVERALL FABRICATION, TESTING AND IPJSTALLATION SCHEDULE 

The bar graph schedule on t h e  following page shows t h e  overa l l  scheduling 
of major plant components including it ems requir ing the  longest lead  times. 
This schedule ind ica tes  t h e  f i n a l  engineering, procurament, fabricat ion,  and 
assembly, tes t ing ,  shipment t o  a s i t e  and final performance t e s t  a l l  within 
a 21 month period. 





6.0 PLAN FOR INSTALLATION OF THE PLANT AT A SITE 

The installat ion plan which i s  herein outlined assumes that  the building 
supportbg piers and foundations for  modules are installed by the government. 

In order t o  erect the vapor container it ~3.1 be necesssry t o  install the 
top of the mncrete shield after vapor container errection o r  i n s t a l l  the  
complete concrete shield a f t e r  vapor container installation. 

6.1 Vapor Container Erection Procedure (Refer t o  -267) 

a. Piece #l w i l l  be rolled o r  placed by mobile crane. 

b. Piece #2 w i l l  be placed and butted t o  Piece 8. 

c. The above pieces w i l l  be aligned, bolted, secured t o  base and 
welded together. 

d. So that there w i l l  be no holdup on t h e  other module installat ions 
the primary skid wil l  be skidded onto the vapor container bottom 
segment, aligned and secured. The reactor section with shielding 
w i l l  be skidded on segment f i r s t ,  t h m  steam generator section 
w i l l  be skidded into   lace. The bases of each section w i l l  be 
aligned, doweled, bolted and the piping assembled a t  the flanged 
joints. 

e. Pieces #3 and #4 opposite side wi l l  be installed using guide cl ips  
for  f i t t i n g  and aligning and the angle supports bolted to retain 
pieces in place. Use supports a s  shorn o r  where there is clear- 
ance. 

f.  Pieces #5 and $6 opposite side wil l  be installed using same 
procedure a s  in i t a m  (a). Use supports a s  shown, or  where there 
i s  clearance. 

g. The kro parts of t h e  access head wi l l  be welded together before 
insta l la t ion and the same w i l l  be done with the rear  e l l ip t ica l  
head. 

h. The top YO0 segment of V.C. w i l l  be installed and secured for  
welding. 

i. Rear e l l i p t i ca l  head wil l  be installed, f i t t e d  and secured for  
welding. 

j. Access head will be installed, f i t ted,  secured and welded. The 
upper shield tank wi l l  be installed completing th vapor container 
structure. 

k. Vessel shal l  be welded in accordance with A S 5  code for unfired 
pressure vessels. 



1. A 1 1  welds s h a l l  be 100% radiographed. . - 

m. A hel iumleak t e s t  w i l l  be placed on vessel in.accordance with 
t e s t  procedures. 

6.2 Package Ins t a l l a t i on  

During t h e  V.C. assembly the  main bui lding modules w i l l  be i n s t a l l e d  
i n  t h e  following order. 

1. Feedwater module w i l l  be skidded s t r a igh t  i n  from the  s ide  of 
building, the  s id ing  being l e f t  o f f  u n t i l  t he  module i s  ins ta l led .  

2. The f ron t  panels of building w i l l  be l e f t  o f f  o r  removed so t h a t  
the  remaining building modules can be skidded s t r a i g h t  i n to  
building. The off ice,  laboratory, and lavatory equipment and 
pa r t i t i ons  w i l l  be i n s t a l l ed  a f t e r  modules erected. 

3. The a i r  b l a s t  coo le r s ,w i l l  be i n s t a l l e d  on foundations upon 
. a r r i v a l  a t  s i t e .  

4. Interconnecting piping and wiring w i l l  be s t a r t ed  a s  soon a s  
modules a r e  ins ta l led .  

Af te r  completing t h e  assembly of t h e  vapor container t he  r igg ing  crew 
will i n s t a l l  the  waste storage tank. 

6.3 Erection & Hours, Time, Equipment and Materials Required , 

. It i s  estimated t h a t  approximately 8036 man hours w i l l  be required f o r  
t h e  i n s t a l l a t i o n  of t h e  plant. On t h e  basis  of using 24 men a s  a minimum f o r  
t h e  i n s t a l l a t i o n  crew, 334 hours w i l l  be required f o r  plant e rec t  ion. Assuming 
a 10-hour day, 6-day work week f o r  t h e  i n s t a l l a t i o n  of t h i s  plant,  t h e  t o t a l  
i n s t a l l a t i o n  time w i l l  be approximately 5.5 weeks. 

A breakdown of equipment and mater ia l s  required fo r  i n s t a l l a t i o n  of 
t h e  plant i s  a s  follows: 

Description - Time 

4 - 300 amp welding machines . Ful l  period 
1 - Air Compressor 315 CM Pul l  period 
1 - Air hoist  .Full period 
1 - 1 5  KW portable l i g h t  plant  Ful l  period 
1 - 1/2" t o  2" pipe cu t t ing  and threading Ful l  period 

machine 
1 - D-4 ~at/w/winch and doser , Ful l  period 
2 - 2-tm chain ho i s t s  

1 - 1-ta chain hois t s  
Mist. tools ,  jacks 



Description 

Misc lumber (cribbing) 

Cat crane 1 5  ton capacity 

Time - 

1 month 

Misc. angle i ron  211, 3", 4" random t o  20t-011 

Torches and burning equipment 

A breakdown by t rades  and hours t h a t  w i l l  be required. f o r  i n s t a l l a t i o n  , 

i s  tabulated on the  following page. 

7.0 NUMBER AND QUALIFICATIONS OF OPERATING PERSONNEL 

The following personnel a r e  estimated a s  being required f o r  t h e  operation 
of t h e  i n s t a l l e d  plant.. 

1. Plant superintendent 1 each 

2. S h i f t  engineers (plant super, w i l l  handle day sh i f t13  each 

3. Operator ( reac tor  console) 4 each 

' 4. Mechanic 

5. Instrument Technician 

6 .  Process Control (HI' & Chem) 

1 each 

1 each 

1 each 

7. Power Plant Elec t r ic ian  1 each 

The above will comprise the  complete operating crew and should be s e t  up 
by s h i f t s  a s  tabulated below: 

S h i f t  #1 Shi f t #2 S h i f t  83 Sh i r t  #&Relief 

Plant  Super-shift Shift '  Engineer S h i f t  Engineer . S h i f t  Ehgi neer 
.. Engineer . 

Operator ( reac tor )  Operator Operato r Operator 

Turbf ne operator Turbine Operator Turbine Operator Turbf ne Operator 

Instrument Tech. 

Process Control . % .  

(Health Physics & Chem.) 

Power Plant Elect. 

Mechase 



The du t i e s  of each of t h e  members of t h e  operating crew a r e  tabulated below: 

Personnel Duties 

Plant  Superintendent Overall  plant  respons ib i l i ty  

Shi f t  Fhgineers .Supelvision of s h i f t  persomiel and b h n t  operations 

Operators ( reactor)  Console operator-under s h i f t  engineer 

Turbine Operator Responsible f o r  t u rb ine  and misc. Turbine equipment 
operation 

Instrument Technician* Responsible f o r  Instru.  control  and on-call s t a t u s  

Process Con$rol , Responsible f o r  HOP. & water Chemistry and on-call 
s t a tu s  

Power Plant Elec t r ic ian  . Responsible f o r  a l l  power plant e l e c t r i c a l  equipanent 
- and on-call s t a t u s  . . 

m i l e  it i s  possible f o r  two men t o  operate t h e  plant under normal conditions 
which would preva i l  most of t he  time, we would recommend t h a t  t h ree  men be on 
duty at a l l  times, namely; s h i f t  engineer, console operator,  and a roving operator. 
The s h i f t  supervisor would be ab le  t o  r e l i eve  e i t h e r  of t h e  o thers  and be avail- 
ah le  t o  a c t  and a s s i s t  during periods of emergency operations. , 

k i n g  the day s h i f t  when t ra ined  maintenance men and t h e  plant superintendent 
a r e  around, t h i s  t h i r d  man may not be necessary. 

The s h i f t  supervisor should be more experienced than t h e  console operator 
but both should be well  t ra ined  i n  the  operation of the  equipment involved. Both 
should be capable of rapid in t e rp re t a t ion  of data  and capable of =king decis ions 
i n  an emergency. I 

The roving operator need not be so highly s k i l l e d  but should understand and 
car ry  out such tasks  a s  regeneration and checking of demineralizer, operate t h e  
o i l  p u r i f i e r  and operate t h e  valves and equipment. He should be capable of being 
t ra ined  f o r  console operator. 

, . ,  
7.1 Qual if icat ions of Operating Personnel 

The qua l i f ica t ions  of t h e  operating personnel a r e  l i s t e d  a s  followst 

Personnel @ U c a f  ions  

Plant  Superintendent Xech. and Nuclear Engineering 
. , 

S h i f t  Ehgineers Power P lan t  and Nuclear Plant Training , 

E l e c t r i c a l  Supervisor 'E lec t r ica l  engineering 



In s  t rumen% Sugerri  SOP 

ElectrSeal Technician 

Instrument Technician 

Qual if icat ions 

Elect., Electronic o r  Mech. Engineering 

Elect. and Electronic Training 

Elect.  and Electroni  c Training 

Process Control Health Physics and Chem. Engineering 

8.0 PIANT RELOCATION EBUOWING EXTENDED POWER OPERILTION 

The relocat ion of t h e  p lan t  can be accomplished without severe d i f f i c u l t y  
a s  f a r  a s  t h e  secondary system i s  concerned. The primary system w i l l  require  
spec ia l  equipment and handling procedures f o r  t h e  relocat ion,  depending on 
whether i t  w i l l  be a short  haul o r  a long haul. 

In order t o  re loca te  the reac tor  sec t ion  of t h e  primary module a spec ia l  
t ruck will be required t o  carry t h i s  sect ion which will include the  sh ie ld  r ings  
with a t o t a l  weight of approximately 60,OOW. It i s  necessary t o  include sh ie ld  
r ings  with r eac to r  sec t ion  due t o  possible high rad ia t ion  l e v e l  o f t h e  equipment. 

On a short  haul, this module can be relocated s a t i s f a c t o r i l y  with the  
spec i a l  truck. On a long dis tance relocat ion it may be more economical and 
p rac t ioa l  t o  repiace the  reactor sect ion of skid and vapor container. 

Plans for  relocat ion of t he  plant  t o  a short  haul sf t e  (within 1 mile) 
will require about t h e  same numbers i n  manpower, vehicles,  equipment, e tc .  a s  
were required f o r  t h e  i n i t i a l  i n s t a l l a t i o n  a s  described previously i n  sect ion 6 .  

The procedure f o r  handling modules and relocat ing t o  a new s i t e  w i l l  be 
t h e  i n s t a l l a t i o n  procedure i n  reverse Kith t h e  exception of t h e  primary system 
module which y i l l  require  spec ia l  a t t en t ion  and w i l l  be c l ea r ly  explained l a t e r  
a s  a separate  item. 

The n'ew s i t e  buildings and module foundations s h a l l  be completed before . 
disass&bly sf plant.  Hauling vehicles,  t ransport  equipment, hois t ing equipment, 
manpower and other  miscellaneous mater ials  and equipment s h a l l  be a t  t h e  dis- 
assembly s i t e .  

Disassembly and t ransport ing of secondary system modules t o  a new loca t ion  
w i l l  take place simultaneously. Three p ipe f i t t i ng  crews of two men each w i l l  
. s t a r t  disassembly of interconnecting piping and c l ea r ly  index same f o r  re- 

'' erection. Two rigging crews of  two men each plus two s l ed  crews w i l l  remove 
packages a s  they a r e  disconnected. The packages w i l l  be moved i n  t he  proper 
sequence of erect ion a s  explained i n  t h e  i n i t i a l  i n s t a l l a t i o n  procedure. 

In  order t o  re loca te  t h e  primary module the  fue l  elements w i l l  be unloaded 
and s tored i n  spent f u e l  tank. 



The steam generator sect ion of skid w i l l  be parted a t  flanged jo in t s  and . 
unbolted a t  skid p a r t i t i o n  point, skidded out of vapor container onto s l ed  and 
hauled t o  new location, 

If t h e  special s led  i s  ava i lab le  t o  car ry  the  reactop sect ion of sk id  
to t a l ing  60,0C~l#, it w i l l  be skidded onto s l e d  and moved t o  new s i t e ,  Personnel 
w i l l  avoid working around the  back end which w i l l  have a dose r a t e  somewhat 
higher than tolerance o r  about 2B. I f  the  special s led capable of ca rqdng  
60,000# i s  not avai lable  it i s  recommended t h a t  a replacement reactor  sect ion 
and vapor container be manufactured and shipped t o  the  new s i t e  f o r  i n s t a l l a t i on .  

For relocat ing t h e  plant  i n  excess of 25 miles t he  same procedure w i l l  be 
required a s  used i n  t he  shor t  haul with the  following exceptions 

-' l. This plan w i l l  require  su f f i c i en t  hauling vehicles t o  handle a l l  
packages so t h a t  l ags  w i l l  be prevented i n  case of  an exceptionally 
long haul. 

, . 
2. Packages w i l l  be securely t i e d  down on hauling vehicles  and equipment '., 

protected f r o m  t h e  elements by using ta rpaul ins  o r  other  covering, 

The breakdown .of men, materials,  vehicles,  equipment, and time required 
i n  each case a r e  as followss 

No , Time Required - 
Riggers b 6 

8 ' 6 
. . 

P i p e f i t t e r s  (4 welders) 

Elec t r ic ians  b 6 

Mechanics 4 6 

Hoisti  ng Engineers 2 5 weeks 

Mil l r ight  s 2 6. weeks 

Time Required 

1 - 15-ton capacity cat.  crane & crew 6 weeks 

3 - 30,00Q# capacity hauling vehicles 5 weeks 

1 - 60,000# capacity hauling vehicles  

4 - 10-ton hydra&c jacks 

Misc. lumber (cribbirig) 

depends on dis tance 
t o  be hauled 

depends on dis tance 
t o  be hauled 



2uipment  

2 - 300 amp. gas driven welding machines 

D-4 c a t .  &dnch, doser & F.E.L. f o r  u t i l i t y  

Air compressor 300 CF'M gas driven 

Air tugger (hois t )  

l - 15 EM portable l i gh t ing  plant 

.Time. Required 

6 weeks 

6 weeks 

6 weeks 

6 weeks 

6 weeks 



- Erection of Plant b d u l e s  - Manpower Breakdown 

Riggers Pipe- Insul. Hoisting 
M o H .  Fitters Elect. & En~rs,  Millright Tatal M.H.. 

2 Airblast coolers 

Turbo Gem. Module 

Condenser Module 

Heat a c h e  Module 1 .  ~ Feedwater Module 

I Switch gear Module 

Primary System & V.C. Module 700 425 3 50 128 '34 108 1795 

1 Spent ~ u e l P i t ,  H.Uaste Module 110 l l 0  50 128 42 42 482 

Trades and Hours Be~uired .for Erection of Plant a t  the S i t e  
#*He - 

4 - Riggers 2070 

8 - Pipef i t ters  (4 Pipef i t ter  
welders) . 

4 - Electricians 1508 

I 4 - Laborers or  Mechanics 1024 

. - 2 - Hoisting Bigineers 
24 

Misc 
IU 
V) 803 -9 



9.0 ESTIMATn, COSTS 

A s  per contract  requirements DA-44-009-ENG-3638 the  estimated cost of 
complete plant and packages excluding cost,  of shipment t o  a s i t e ,  cost  of 
s i t e  preparation, foundation and building costs,  erect ion and i n s t a l l a t i o n  
labor  o r  cost of overhead cranes and hois t s ,  plant  f a c i l i t i e s  such as l igh t ing  
ete .  is $1,955,000 F.O.B. Alco Plant, ~chenecta*, N.Y, 

The above cost includes the  cos t  of vapor containment and air b la s t  coolers. 
It i s  'estimated t h a t  delet ion of t h e  vapor container will deduct $25,800 frm. 
t h e  above t o t a l  estimated cost. 

Comparative costs  f o r  condenser coolfng systems using a i r  b l a s t  coolers 
and cost  of condenser cooling system using 400F w e l l  water i s  given in Section IB 
of t h i s  volume. 



I11 PRI!@RY SYSTE;M MECHANICU ,2ND ~ T R U M E N T A T I O N  DESIGN 

1.0 REACTOR VESSEL (DRAWING NO. AEL' 389) 

1.1 Description 

The reactor  vessel drawing AEL 389 has been designed in accordance 
with Case 1234 of the ASME Unfired Pressure Vessel Code which r e fe r s  t o  vessels 
subject t o  gamma radiation. The cover flange, s h e l l  flange, s h e l l  and nozzles 
are low a l loy  s t e e l  forgings overlaid with s t a in le s s  s t ee l ,  Dished s t a in le s s  clad 
heads provide the end closures, A removable cover a t  the top provides access t o  
the vessel core, The lower portion of the vessel  contains penetrations and 
mount- provisions f o r  the f ive  control rod drive mechanisms, 

The coolant nozzles are located below the ac t ive  core of the reactor,  
The mounting flange f o r  the core s t ruc ture  i s  located between the nozzles and, 
with the core structure, becomes the flow divider between the  i n l e t  and o u t l e t  
chambers of the vessel, The coolant enters  the  vessel  through the lower nozzle, 
flows upward through the core, down between the thermal sh ie ld  and the vesse l  w a l l  
and out of the vessel  through the upper nozzle, A cer ta in  port ion is  by-passed 
between the core and the thermal shield t o  provide adequate cooling of the thermal 
shield. The core support p la te  is  mounted on brackets attached t o  the  vessel  w a l l .  
Provision i s  made by dowels and bolting t o  properly secure the support plate,  s t i l l  
leaving freedom f o r  d i f f e r e n t i a l  thermal expansion between the vessel  and support 
plate,  

Low a l loy  carbon s tee l ,  clad with type 304 s t a in le s s  s tee l ,  has been 
selected f o r  the vessel  material, 

1.2 Design Data - ~ 
Design Pressure 
Design Temperature 
Design Stress  
W a l l  Thickness 
Overall Length of Vessel 
Overall Length of Vessel without Head 
Inside diameter of Vessel 
Insulation Thickness 

2000 p s i  
6000F 
17500 p s i  
2-3/8 h e  

2 in. 

A s ingle two inch thick thermal shield has been added t o  keep the  
thennal s t r e s s  a t  the vessel  w a l l  t o  a l eve l  cons is tent  with Code Case 1234 which 
allows thermal s tpess t o  be up t o  5% of the pressure s tress .  % \ 

1.4 Closure Design L 

The reactor  cover is  secured i n  place by 18 - 2-3/4 diameter studs 
and nuts. The pressure sea l  i s  made by use of an octagonal dead s o f t  s t a in le s s  
s t e e l  ring, This type of closure has been used on APPR-1 and has given excellent 
aervice, 



1.5 Control Rod Drive Penetration 

To provide penetrat ion of the  control  rod dr ive tubes through the 
sh i e ld  tank a water jacket i s  provided. This jacket ponsis ts  of 5 inch diameter 
tubes surrounding the  dr ive tubes with f langes a t  each end, These flanges a r e  
welded t o  the sh i e ld  tank inner  and outer w a l l s  a t  assembly of t he  reactor  vesse l  
in t he  shield ' tank.  This method of construction eliminates the need f o r  a 
separate  water box a s  used fB APPR-lo 

1.6 Insulat ion and Jacket 

The en t i r e  vesse l  and cover a r e  encased i n  a s t a i n l e s s  s t e e l  jacket  
t o  minimize heat losses  from the  vessel. The two inch space between the vesse l  
and jacket is  f i l l e d  with g l a s s  wool insulation. 

2.0 DESCRIPTION OF THE SKID  MOUNT^ CORE 

2.1 Core Description 

The skid mounted core is camp-osed of 32 f ixed  f u e l  elements of 
APPR-1 Core I1 Specifications,  5 cont ro l  rod f u e l  elements of APPR-1 Core I1 
Specifications,  and 5 boron absorber sections of APPR Core I Specification. 
These elements a r e  arranged in the  basic  7 x 7 element a r r ay  of APPR-1 with 
three  elements miss* in each corner. This r e s u l t s  i n  a core which has an 
equivalent diameter of 20.16 inches and an ac t ive  height of 22 inches, The arrange- 
ment of the  37 elements in the core support s t ruc ture  and control  rod baskets i s  
very s imi la r  t o  t h a t  of the AFPR-1 which has proven i t s e l f  from a l l  viewpoints, 

1 .  2,l.I Fuel Element Description 

Each s ta t ionary  f u e l  element cons is t s  of 18 f u e l  p l a t e s  
0,020" x 2.50" x 22" with 00005m1 th ick  s t a in l e s s  s t e e l  cladding on eaeh.s ide of 
the p la te ,  The water gap between p l a t e s  i s  0.133n. The control  rod f u e l  element 
p l a t e s  a r e  0.020" x 2,281" x 21.125" with OO005l8 s t e e l  cladding. There a r e  only 
16  p l a t e s  t o  a control  rod f u e l  element. The water gap is  a l so  0.133% A f lux  
,suppressor 0.020" x 2,281" x 0.875w is  above the cont ro l  rod f u e l  element meat, 
It cons i s t s  of  1 gm of europium i n  the f o m  of Eu2O3 dispersed i n  a. low cobal t  
s t a b l e s s  s t ee l ,  

I1 2.2 M a t e ~ i a l  and Nuclear Parameters 

The material  composition of the core includes 18.5 kg of U-235, 16.7 gm 
of ~ 1 0 ~  172.1 kg of So So, and 91.5 kg of H200 The core w i l l  provide 10th  MW of 
p m e r  f o r  one year a t  0.8 load factor .  There is a negative temperature coef f ic ien t  
of r eac t iv i ty  a t  all temperatures which keeps the  core s t ab l e  during changes i n  the 
power l e v e l  (-3,4 x 10-4oF -3 a t  512oF), The maximum r e a c t i v i t y  occurs a t  the 
beginning of operation and decreases with core l i fe t ime.  

' 

More extensive nuclear parameter da ta  is  given i n  the  p ~ e v i o u s  sect ion 
of the report. From the  wealth of experimental da ta  on the  APPR-1, the 
cha rac t e r i s t i s s  and core perfomance of t he  skid mounted reac tor  can be accurately 



2,3 Startup Neutron Source 

The s t a ~ t u p  neutron sources incorporated i n  the skid mounted core 
are  8 

1. a 15 cur ie  Po-Be source 
2, a 0.5" x 3" x 12" Beryllium block, a "photoneutronn 'source 

u t i l i z i n g  gamma radiat ion from f i s s i o n  products, 

The combination of these neutron sources will insure a su f f i c i en t ly  
la rge  count r a t e  a t  the neutron counters, In order t o  insure a safe s tar tup,  the 
sources are  designed t o  achieve 10 counts per second a t  all times, The Po-Be 
source gives 32 counts per second a t  the start of core l i f e ,  This falls off 
during core lifetime, and therefore a photoneutron source consisting of a 
beryllium block was added. The count r a t e  a t  1000 hours of operation and 10 days 
shutdown from the photoneutron source is  85 counts per second, A t  the end of 
core l i f e ,  t he  photoneutron source gives a count r a t e  of 28 counts per second, 

A new Po-Be source must be used everytime a new core is inserted i n t o  
the reactor,  

2,b Spent Fuel P i t  C r i t i c a l i t y  

Calculations were performed t o  determine the c r i t i c a l i t y  of a spent 
core in the spent f u e l  p i t ,  The r eac t iv i ty  in the spent f u e l  p i t  c r i t i c a l i t y  
must a t  no time be greater  than 0.70. 

To i n m e  subcr i t i ca l i ty  of the spent f u e l  p i t ,  the stored f u e l  
element should be placed i n  individual c e l l s  of a l a t t i c e  possessing the  following 
character is t ics .  

1, Minfmun height of l a t t i c e  i s  equal t o  t h a t  of the ac t ive  fue l  
element height with element i n  s tored position, 

2, Latt ice material consists  of I.$ boron s t e e l  i n  l / l r n  plates ,  
3, Center t o  center dimension of an, individual c e l l  i s  3,5n0 
4. For shielding and cooling purposes the en t i r e  p i t  is  f i l l e d  

with water, 

The r eac t iv i ty  of such a spent f u e l  p i t  loaded t o  maximum capacity 
(52 elements) with f r e sh  APPR-1 type elements Kill not exceed 0,70 and hence 
pose no c r i t i c a l i t y  problem. 

3.0 CONTROL ROD DRIVES (DRAWNG NO, ~9-ll-1018) 

The control  rod drive mechanisms are  iden t i ca l  with minor modifications t o  
those used so successfully in APPR-1 and being b u i l t  f o r  APPR-la. They a r e  of 
s imilar  tgpe t o  the Alco b u f l t  drives now in operation in ALPR and the back up 
proto~ype f o r  ENR which has been thoroughly tested a t  ANL. Alco i s  now building 
similar drives f o r  ACF f o r  the  Elk River Boiling Water Reactor, 

d Basically the drive consists  of a rack and pfniion with associated shaft ing 
inside the primary system, a mechanical sea l  t o  control  leakage of primary water 
where the dr ive  shaft  penetrates the reactor  vesse l  w a l l ,  and the  external  



assembly comprisbg the pos i t ion  indicat ion mechanism, emergency scram clutch, 
an accelerat ing spring and drive motor, The torque capacity of the clutch 
exceeds t h a t  necessary t o  r a i s e  the  cont ro l  rods by a f ac to r  of nearly 3. A 
shear element is provided a t  the motor t o  protect  the  mechanism from excessive 
torques resu l t ing  from possible malfunction of the l i m i t  switches, improper 
i n s t a l l a t i ons ,  e tc .  Torque capaci ty of near ly  ten times t h a t  necessary t o  r a i s e  
the  rods i s  provided a t  t h i s  point  and 611 other component s t r e s se s  have safety 
f a c t o r s  wel l  above th i s ,  

Driving speed of the rods, both up and d d ,  is 3" per  m i n u t e .  
RBlease time of the  scram c lu tch  is  approximately 50 milliseconds and acceleratfon 
of t he  rods the downward d i rec t ion  is  amp1e.b i n s e r t  negative r e a c t i v i t y  a t  
a r a t e  su f f i c i en t  t o  s h u t d m  the reactor  on an emergenq basis under buLh 
steady and t rans ien t  power conditions. 

AM accelerat ing spring has been added t o  the  basic  APPR-1 drive t o  
provide an additional. downward force  on the  control  rod during scram, Whfle the 
overa l l  cont ro l  rod weight has been reduced from the 72 l b s  of BPPR-1 t o  u.5 lbs ,  
there has a l so  been a considerable reduction i n  the  pressure drop across  the  
core which a c t s  against  €he rod in scrammbg. The ne t  r e s u l t  shows a s l i g h t  
decrease in scram time (,4 g f o r  APPR-l vs, ,37 g) f o r  a f r e e  f a l l i n g  rod, It 
was therefore deemed prudent t o  incorporate t he  accelerat ing spring mechanism 
of APPR-la but using a l i g h t e r  spring of approximately 20 lbs ,  t o  give a resu l tan t  
rod accelerat ion of appro&ately .7 go This type spring mechanism has been 
i n s t a l l e d  with good r e s u l t s  on the  Alco b u i l t  ALPR rod dr ives  now i n  operation a t  
Arco. 

Rod pos i t ion  indicat ion is  by means of 2 qmchroe uhich a re  gear 
driven on the rod s i d e  of the  scram cbutch, Thus, pos i t ion  i n d i c a t f 0 n . i ~  pos i t ive  
f o r  both normal operation and a f t e r  a scram, Rod pos i t ion  can be read within l e s s  
than 0.050", Limit switches a r e  provided t o  prevent overtravel  in both the  f u l l  
up and f u l l  down positions.  

The s e a l  i s  an al l -metal l ic  unit of the f loa t ing  ring labyr in th  type, 
Leakage under operating conditions is  approximately 3 lbs.  per  hour per  s e a l  and 
has remained e s s e n t i a l l y  constant over long operating periods fn APPR-% without 
n a ~ e n a n c e .  Fakeup water i s  provided under pressure t o  the reac tor  s ide  of the 
s e a l s  so t h a t  leakage from the  s e a l s  i s  e s sen t i a l l y  pure makeup water which i s  . 
returned t o  t h e  deminerabizers f o r  reuse in the system. , 

Ah1 elements of the dr ive system external  t o  the  reac tor  vessel,  
including the seal ,  can be removed f o r  mafnteqance OP replacement without draining 
o r  depressurizing the primary sy9tem. A l l  adjustment of t he  l i m i t  switches, 
synchros, etc,, can be made on the  bench p r i o r  t o  i n s t a l l a t i o n  t o  minimize the  
time required f o r  replacement of dr ive components in the p i t .  Drive motor is 
conventional, commercially avai lable  three phase unit with integral spur gear 
reduction. 

Be-fngs, motor, tear box and other components ex terna l  t o  t h e  
reac tor  vesse l  employ conventional lubr icants  and insulation. StructuPal p a r t s  
ex terna l  t o  t h e  reactor  ves se l  a r e  made of s t a h l e s s  s t e e l  OP other  corrosion 
r e s i s t a n t  mater ial  t o  permit operation in high humidity atmospheres without 
expepfencing damaging corrosiono A l l  pa;rts and components a r e  interchangeable 
without shimmwg or  fitting o r  ins ta l la t ion .  



4.0 STEAM GENERATOR 

4,l Description 

A s  shown in the accompa@.ng drawings, the steam generator is  a , 
, k e t t l e  type unit ,  a -U-bend, double pass, tube-%shell, heat exchanger, 

horizontally mounted. Overall dimensions a re  llu - 7 + s g  long and 48-2-5/8" wide 
(exelusive of s ide  nozzles and support attachments), Dry weight i s  17,600 lbs.  
and flooded weight i s  22,850 lbs,  

4.2 Selection of Horizontal 

The k e t t l e  type design has been selected because it employs f u l l y  
understood technology and poses no d i f f i c u l t  or unanticipated s t r e s s  concentration 
p~oblems, such a s  occur with r i s e r s  when a separating drum i s  used. Abo, 
fabricat ion i s  more economical. and quicker. The only other type worth considering ' 

i s  the ve r t i ca l  .type, and f o r  t h i s  par t icu lar  ins ta l la t ion ,  the 91 dimension . 
l imi ta t ion  does not make it pract ical .  Similarly, f i n a l  f i e l d  welding under. Brctgc' 
cond.itions did not seem pract ical ,  

. .  , . 

4.3 Operating and Design conditions 

Steam pur i ty  .from the steam generator is 98%, This readily 
accomplished i n  the k e t t l e  type and is  allowable here because of the l i n e  dryer 
being ins ta l led  frmnediately before the turbine t h r o t t l e  valve. The separator 
b u i l t  i n to  the generator i's the  simplest type of dry pipe, 

Tube side operating conditions are 1750 psig, 5180F0 in and S00.9 
out, Shel l  s ide operating conditions are  465 psia,  3060F0 i n  and 4630" out.. ' 

Vapor generation r a t e  is  24,OOO lbs. per hour with a continuous blowdown of about 
170 lbs. per hour, 

Tube side design conditions are  2000 psig and 6 0 0 ' ~ ~  Shell  s ide 
design conditions are 800 psig and 6000~. Test pressures are  a t  5% above design 
ratings, 

In general, f o r  the steam generator the following additional 
operating requirements hold: 

Heat Load 
Primary Flow 
Pressure Drop 

23,000,000 ~ u / h r  
2500 GPM 
13 . Ft. ( ~ u b e  s ide)  

4.4 Construction and Maintenance Features -., 

Material specif iea t ions  aree  shown on. Drawing No. &7210-3-2e A 
bolted cover is  used on the channel end and the primary f l u i d  i s  retained within 
a permanently welded gasket, a s swing  f u l l  i n t eg r i ty  of t h e .  sgstem. The advantage 

. of t h i s  bolted head over a welded one is  be t t e r  access t o  tubes f o r  inspection and 
repair,  since working through the small openings is Fmpractical both f o r  fabrica- 
t i on  and f i e l d  servicing, 



Finally, fur ther  esonomgr is  possible by f a b r i c a t h g  .the channels, 
tube sheet  and primary f l u i d  nozzles of carbon s t e e l  overlayed with Type 304 S.S. 
Welding the tube sheet t o  the she l l ,  and the tubes t o  the  overlay, is  then 
possible without encountering any bi-metallic weld problem. 

I 4.5 Revisions f o r  10 MW Operation 

The same steam generator can be used f o r  10 MW operation by modffying 
the  number of tubes i n  the steam generator, but maintaining the same nozzle 
configuration and size.  

For the 10 MW requirements which are l i s t e d  below, 263 tubes are 
required while f o r  the 6.5 MW 176 tubes are required. The tube lengths are  the 
same f o r  each case. 

This r e s u l t s  in a'weight of approximately n 6 0 0  lbs. f o r  the 6,s MW 
steam genepator and 17,600 lbs ,  f o r  the 10 MFJ steam generator, 

I Conditions f o r  the 10 MW steam generator ares 

Heat Load 
Primary Flow, 
P r e s m e  Drop 

I 5 00 PRDTARY LOOP PRESSURE DROP 

35 000,000 ~ t u / h r , .  
h 2 b  GPM . . 

13 Ft, (Tube Side) 

The fo .Uarbg  calculations have been made fo r .  the  t o t a l  pressure drop 
in the  primary coolant loop, Pressure drops f o r  the  act ive core and steam 
generator. tube*sect ion have been determined. elsewhere and, the  r e s u l t s  only are 
presented here, 

Pressure drops through the  various f i t t i n g s  and re s t r i c t ions  of the .loop 
were determined by obtaining veloci ty head l o s s  coeff ic ients  t o  apply t o  the 
l o c a l  veloci ty head. Sources used f o r  these coeff icients  were "The Reactor 
Handbook", Volume Two and J. KO Vennard "Elementary Fluid MechanicPo 

The primary loop can be divided in to  three major sections: piping, 
reactor  vessel, and steam gene~ator .  k summary of t h e l o o p  pressure los ses  i s  
presented in Table 5-1, 

Piping 

Flow of 4240 gpm in 10 inch schedule 120 pipe develops a veloci ty 
head of 6,90 f e e t  of f lu id ,  Piping losses  were subdivided i n t o  the f r i c t i o n  
loss ,  F i t t i ngs  included: 

1 - 90 de L.R. e l l ,  1 - 90~deg, S.R, e l l ,  2 - 45 deg, L.R. e l l s  
and l - 4fedeg . S.R. e l l ,  

5.2 Steam Generator 

Pressure drop through t h i s  steam generator was divided i n t o  
entrance and e x i t  losses  and tube f r i c t i o n  loss. The tube f r i c t i o n  l o s s  has been 



determined elsewhere. Entrance and ex i t  losses were based on abrupt expansion 
and contraction losses respectively, 

s03 Reactor Vessel and Core Pressure Drop 

Entrance: the  entrance loss  t o  the reactor vessel was exmrmined in 
two parts; the conical djff'user section and the abrupt expansion in to  the lower 
plenum chamber. The abrupt expansion loss  was assumed t o  be the t o t a l  velocity 
head a t  that  point.. 

Core: See Reactor Analysis Thermal. and Hydraulic Section. 

Annulus: The contraction outside the top of the thermal shield 
was treated a$ an abrupt entrance and a gradual enlargement with the pressure 
drop based an the loca l  velocity head, 

Exit: The reactor vessel e x i t  loss  was considered due t o  an 
abrupt contraction from an i n f i n i t e  area with a correction fo r  the rounded edges, 

5.4 Total Drop in Primary Loop 

Table 5-1 indicates a t o t a l  loop head l o s s  of 23,96 feet.  This 
resu l t  is  s l ight ly  conservative since no correction was made fo r  the close 
proximity of various f i t t fngs ,  Also the assumption of t o t a l  velocity head loss  
a t  the reactor vessel entrance may be s l ight ly  conservative since some velocity 
will be maintained in the plenum chamber. 

TABLE 5-1 

Pressure Loss in Primary Coolant Loop 

LOCATION HEAD LOSS ( ~ t ~ H 2 0 )  

F5pe Friction 
Pipe F i t t h g s  
Reactor Entrance Nozzle Cone 
Reactor Entrance Abrupt Expansion 
Reactor Core 
Thermal Shield Annulus 
Reactor Vessel Bit 
Steam Generator Entrance 
Steam Generator FXit 
Steam Generator !Pubes 

LOOP ~ o t a l  23.96 

6,1 Description 

Flow of the primary coolant is powered through an hermetically 
sealed, integral l i n e r  - motor pumpg engineered and manufactured f o r  zero leakage 



, in nuclear parer service, This uni t  i s  equipped with a double thrust  bearing 
assembly in the top of the motor, the uni t  being ver t ica l ly  mounted, All parts  
in contact with the f lu id  are fabricated of Type 304 stainless steel,, .The 
canned motor is a 30 HP, 1200 RPM, &O volt,  3 phase, 60 cycle unit,  Total 
weight of th is  equipment is 3700 lbs, 

6.2 Design and Operating Data 

-imary' coolant pump operation fo r  6.5 PIW primary system operation 
is a s  followsf 

Capacity 2505 GPPl 
Fluid Temperature SOOOF 
Pumping Head 24 f t ,  water 
Formal System Pressure 1750 p s i  

The pump i s  to be capable of pumping the l iquid  a t  a temperature of 
100'~ and the motor drive i s  sized acc6rdingly. 

6.3 Revision for  10 MW Operation 

The primary.coolant pump volute with i n l e t  and outlet  nozzle s ize  
and configuration can be used fo r  10 MW operating conditions which are l i s t ed  
below. 

The horsepower requirements are increased t o  65 HP for  the 10 MW 
condition. The same motor frame size is used for  both cases except that  the 
RPM required is 1800 fo r  the- 10 MW and .I200 for  the 6,s MWo 

Conditions for  the 10 MW-primary pump are: 

42hO GPM - Capacity 
5000F a Fluid Temperature 
.43 Ft. Water - F'umping Head 

1750 p s i  - System Pressure 

. 700 PRESSURIZER - -348 

The pressurizer is mounted in  a ver t ica l  position in the primary loop 
and has the function of maintainbig a constant system pressure, and t o  absorb 
the pressure variations,caused by the changes in load on the system. 

7.1 Description 

The pres'surizer is  a cylindrical pressure vessel with hemispherical 
heads. I t  is  designed in accordance with the ASE4E Unf i red Pressure Vessel Code, 
using a material of stainless s tee l  type 304. It has an inside diameter of 
25-1/2 inches with a nomfial w a l l  thickness of 2-1/8 inches in the cylindrical 
portion and a nominal thic%ess of 1-l/hw in the hemispherical heads. The design 
pressure is  2000 p s i  a t  650 F. The overall vessel length is  68-0"; 



Steam saturation temperature and pressure is  .maintained by cammercial 
type e lect r ic  heaters mounted i n  individual heater wells located in the lower 
section of the pres$urizer. The heater wells are sealed againat system water 
making replacement of heaters possible without having t o  drain the primary systsrms. 
Twenty heaters, are arranged in two banks of 10 heaters each, having a t o t a l  output 
of 30 KW, each heater produc'ing 1,5 KW, Clearance between heater element and the 
w a l l  of the heater well i s  held to  a miniarm t o  obtain a maximum heat transfer 
efficieneg. The heaters are seated' in the heater wells by weatherhead end 
connectors designed t o  withstand f u l l  system pressure should a- leak occur in the  
heater well, 

Normal operating pressure of the pressurizer is  1750 p s i  and 
operating temperature i s  approximately 6200F (saturation temperature), 

7.2 Volume Requirements 
I 

The steam volume of the pressurizer is  7.6 cubic feet,  and the 
liquid volume is  3,6 cubic fee t  under normal operating conditions, at  f u l l  load, 
The nonnal liquid water level  is  approximately twelve (12) inches above the ' 

centerline of the lower row 02' heater well tubes. The variations i n  steam and 
l iquid volumes, and transient conditions are covered i n  de ta i l  in the Reactor 
Analysis Section, 

8,X Description ' 1 

The components of the primary system are connected by 304 stainless 
s t e e l  pipe, Pipe runs and elbows are standard pipe with a nominal outside 
diameter s f  10,75 inches and a nominal inside diameter of 9,064, 

BU pipe flanges are standard ASA weld neck type, made of 304 
stabiless steel .  A l l  welded connections are made in the shop using the consumable 
inser& method. Ends of the pipe are machined and beveled on outside t o  permit 
fuff  penetration welds, Reactor vessel nozzles are made of carbon s t ee l  with a 
type 304 stainless s t e e l  overlay, A t  the point of pipe and nozzle weld connec- 
tion, the nozde has an extra heavy overlay so that  all weld connections in the 
primary loop involve similar materials, 

The pressurizer connection t o  the primary loop is made a t  the 
steam generator. This connection is a 2 4 2  inch schedule 80 304 stainless e teel  
p iwe 

The primary pump is  connected into the primary loop using stanaard 
ASA weld neck type 304 stainless s tee l  flanges. A l l  breaks in the primary piping 
for  skfd shipment KU take place only a t  the flanged connections a t  the stem 
generator, This involves two flange connections, one a t  the primary pmnp and one 
in the primaPg piping. Flange connections w i l l  eliminate a l l  f i e l d  welding of 
the re la t ively  large prfmary piping, 



8.2 Operating Conditions and Design Data 

' The primary piping design pressure is  2000 p s i  a t  6 0 0 ~ ~  and has 
been designed i n  accordance with the ASA code standards, The t e s t  pressure for  
the primary piping and flanging 2275 psi. The coolant f low r a t e  through the 
primary loop i s  2500 gpm, The actual operating pressure i s  1750 ps i  and the 
core outlet  temperature i s  5 1 8 ~ ~ ~  

8,3 Flwging and Gasket Description 

The three weld neck flange bolted connections use 12 - 1-7/8 inch 
bolts ,  The gasket mean diameter is  12 3/4 inches and i s  of the octagonal type, 
It has a width of 5/8 inch and is made of dead so f t  type 304 stainless s tee le  
This type gasket has been used with good success.for the top vessel closure'of . 
APPR-1. 

1 

9.0 SHIELDrnG 
I 

The following sections contain a detailed description of shielding which ' 

has been designed for  the skid mounted reactor. 

9.1 Primary Shielding 

The p r i m 7  shielding of the skid mounted reactor i s  made up of 
concentric annuli of s t e e l  and water with the s tee l  being covered with Boral. 
Boral is  a dispersion of B4C i n  aluminum; the boron absorbs thermal neutrons 
and therefore reduces activation and n- reactions of the steel .  In the i shield tank there are four 3-lA inch s e e l  rings sandwiched between 1/8 inch 
Boral sheets. The Boral s t e e l  sandwiches are separated by 1-1/4 inches of 
water. The outer surface of the pressure vessel support ring and the inner 
surface of the shield tank wall are also covered with Boral. Drawing No. ~9-46- 
1039 s h m  the  primary shielding. Table 9-2 contains a complete description of 
the primary shielding. 

9.101 Shutdown Dose Rate 

A 1 1  shutdown dose rates were calculated on the basis  of 
in f in i t e  operation a t  6.5 MWO In addition t o  the dose ra te  from the core and 
shield t a a  activation, activated corrosion products distributed throughout the 
primary loop contribute t o  the dose ra te  i n  the vapor container a f te r  shutdawn. 

Furthe; de ta i l s  and calculations covering pr- 
shielding are  covered .in the Reactor Analysis Section. 

902 Secondary Shielding 

Secondarg shielding is  provided in form of concrete sound the 
vapor container as  indicated on Drawing AEbdd.4. Further de ta i l s  and require- 
ments are worked out in the Reactor Analpis Shielding Design Section, 



9.3 Spent FneY Wi~ld-ing 

Provisions are made for  removing a spent core and storing un t i l  
shipment fo r  reprocessing, 

Shielding is  provided t o  protect personnel from 'the complete core 
whether i n  the pressure vessel or in the spent fuel  p i t  and protect personnel 
while s a l e  elements ape transferred from the pressure vessel t o  the spent 
fue l  p i t  through a transfer chute, 

903.1 Water Tank Above Core 

The water tank above the core performs the function of 
shielding personnel transferring spent fue l  elements from the pressure vessel t o  
the spent fuel  p i t  and also provides a medium for  removing decay heat from the 
spent core in the pressure vessel, The actual height of water above the core is 
determined from shielding eonsiderations, 

The water tank height above the core has been sized so 
that  during element transfer a minhum of seven f e e t  of water i s  always above the 
fue l  element, Through seven fee t  of water the dose ra te  one foot above the 

.surface of the water is  54,6 mr/hr, This calculation was made for  an average 
fuel  element removal 24 bows a f t e r  shutdown a f te r  in f in i t e  operation a t  6,s W, 

9,3,2 , Shielding Spent Fuel P i t  

A t  end of l i f e ,  the spent fue l  elements a.re transferred 
t o  a storage area where the elements are cooled d m  before being shipped for 
reprocessing, While the elements are 5n the spent fue l  p i t ,  shielding must be 
provided so that  personnel working above the p i t  do not receive excessive radi- 
ation, The shielding i s  5x1 the form of water piaced above the spent core, 

The dose ra te  was calculated for  n, 12 and 13 f ee t  of 
shield water, For ll f ee t  of shield water, the dose ra te  was n . 6  m/hr on top 
of the spent fuel  p i t ,  With 12 and 13 f e e t  of shield water, the dose ra tes  are 
2,59 and 0.59 m/hr respectively, The. resul ts  of the calculati  on are given in 
Fig, 4-1 or' the shieldfig design analysis. For a dose r a t e  not higher than 5 
m /h  on the top of the spent f ue l  p i t  24 hrs, a f te r  shutdown, approximately 
ll.5 f t  of shield water is required above the center of the core, 

9,303 Shipping Cask 

After the core burns out, the spent elements are shipped 
fo r  reprocessing, The shipment of radioactive sources is controlled by I.C.C. 
regulation. The required shielding fo r  the spent fue l  cask is  based on ttie 
regulation that  the dose ra te  one meter from the radioactive source be no more 
than 10 m/h0 

The shipping cask was designed to  hold s b ~  (6) spent 
fue l  elements 90 days3 after shutdown as  shuwn in D~go Nos. ~9-48-2036 and 
D948-2035, 

The required thickness of lead shielding t o  l imi t  the 
dose ra te  one meter *om the soupee t o  10 m/hP is  9,s inches* 



9.4 Demineralizer Shielding 

Although the ~1~ ac t iv i ty  in the primary system has a7.4 sec half- 
l i f e  and therefore quickly dies  a f t e r  reactor shutdown, corrosion products are  
activated and dis t r ibuted throughout the primary system constituting a source 
of radioact ivi ty  a f t e r  shutdown. In order t o  remove the corrosion products, a 
resin-f i l led demineralizer is  placed in the primary coolant blowdown line. 

Since the demineralizer removes the'activated corrosion products 
from the primary water and concentrates them, shielding must be provided around 
the demineralizer. Therefore, the skid mounted demineralizer w i l l  be operated in 
5.t.s ahipp- cask which is shown in Fig. 6-1  in the shielding design analysis. 

The demineralizer shipping cask a s  shown has 3 - ~ / 1 6  ir~cl~ea rjf 
lead around the s ides  o f . t he  demineralizer and 3 - 3/16 inches of lead on the top 
and bottom. In ad.dition, the lead is  contained between two 5/8 inch s t e e l  plates. 
This shielding w i l l  reduce the dose r a t e  on the surface of the cask t o  58 mr/hr 
during extended normal f u l l  power operation. I.C.C. regulations w i l l  be met a t  
a l l  times. 

9.5 Waste Tan& Shielding 

The shielding of the waste tank i s  based on normal expected ac t iv i ty  
in the tank. This radioactive source consists of ac t iv i ty  present i n  the normal 
waste of the plant. The measured ac t iv i ty  on the surface of the AFPR-1 waste 
tank containing normal plant  waste is  20 mr/hr. From this ,  it can be concluded 
t h a t  there is  no need of extra  integral  shielding on the waste tank. 

Two fee t  of concrete i s  provided a s  shielding f o r  the waste tank. 
fo r  normal corrosion product , ac t iv i ty  i n  the primary coolant, when the. primary. 
coolant. i s  diverted t o  the waste tank,. This results in a dose ra te  of 1/2 mr/hr 
on the outside surface. ,of the- concrete shielding.. 

9.6 Cooling Provisions in Reactor Lower Shield Tank 

During normal operation; gqma and thermal energy released by the 
reactor 'vessel  t o  the lower shield tank must be dissipated by an in te rna l  cooling 
coil .  

The gamma heat l o s s  has been evaluated as  71,000 Btu/hr maximum. 
The thermal heat loss  ordinari ly  is  through the a i r  space between the reactor 
and lower shield tank to the vapor container space. For the purpose under 
consideration, however, complete stagnation of t h i s  a i r  space is  assumed and on 
t h i s  basis the maximum possible thermal flow t o  the shield tank by conduction 
is  8700 Btu/hr. (See calculations t h i s  section) The t o t a l  design load of the 
cooling c o i l  is therefore 79,700 Btu/hr. Other design c r i t e r i a  are: 

1, Cooling c o i l  water temperature r i s e  = 100 - 1 3 0 ' ~  
2. Shield tank water temperature = 15;OoF 
3. Overall heat t ransfer  coefficient = 100 ~tu /hr / f t~ / 'F  
4. Coil pipe s i ze  = 1" type 304 S. S. 
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TOTAL B T U  RELEASE 



Cool ing  c o f l  calculat ion indicates:  

Po Total cooling water flow 
2, Velocity of flow 
3, Required c o i l  a rea  
4, Cooling c o i l  length 
5, Loss of Circulating head 

= 5039 rn 
2,O f t / sec  

= 24.1 f t2  
= 70 f t  
= 0.64 p s i  

10w0 PRIMARY SKlP DESIGN 

The prinary skid c a r r i e s  the reac tor  vesse l  primary shielding, pr inary 
pmp, p ~ e s s u r i z e r ,  steam generator, blowdown cooler and t h e i r  necessary piping. 
In order t o  mee$ air shipment requirements the  skid must be made on two halves, 

l 0 , l  Components on Primary Skid 

The sh ie ld  tank, sh i e ld  rings,  reac tor  vessel  and pr inary  pump a r e  
the main components on the reac tor  end of the skid, The s e a l  leakage pump, and 
s e a l  -leakage tanic a r e  a l so  located 0x1 this end of t he  skid, Because of shipping 
weight l i n i t a t i o n s  the pr inary pump and the removable sect ions of the shielding 
'will be shipped a s , a  separate packaged The reac tor  vesse l  cover w i l l  be removed . 
f o r  shipping t o  keep within the  height l i n i t a t i o n s  and .a  t h i n  cover p l a t e  ins ta l led ,  

The steam generator, pressurizer,  and blowdown cooier a r e  the m a b  
components located on the steam generator end of the  skid. The reac tor  vesse l  
cover is car r ied  on t h i s  skid during s h i p p b g i  

10,2 Design Features 

The m a i n  requirements of the  design a r e  t o  meet the s i z e  and weight 
requirements f o r  a i r  t r anspo~ ta t ion ,  but  y e t  be s t rong enough t o  withstand 
forces  or' 8 times gravi ty  d u r h g  shipment. Proper placing of the components on 
the skids  t o  insure acces s ib i l i t y  f o r  e rec t ion  and maintenance a r e  a l s o  necessary. 

10,2.L Provisions f o r  A i r  Transportabi l i ty  

In order t o  meet the s i z e  and weight requirements f o r  air 
shipment, the skid is  made in two halves, The part ing l i n e  is  d i r e c t l y  under the 
flanges of the pump and p r ima~y  coolant Pine near the  center  of the skid, The 
two halves of the skid a r e  bolted together, Provision f o r  l i f t i n g  each half of 
the skid separately or  a s  an assembly has been made. By using six points  of , I 

suspension after bol t ing  the def lec t ion  w i l l  be kept t o  an acceptable minimum, 

l0.2,2' Total Weights and Size of Complete Skid and Sections 

The ove ra l l  dimensions of the 'primary sk id  are, 23 f t s  
IJ. in, long, 9 f t ,  0 in. wide and 9 ft. 0 fn. high. The t o t a l  weight of the  
sk id  Kith the equipment in place is  91251 lbs. This does not include shielding 
water. 



The reactor end of the skid with a l l  its equipment in 
place weighs 64,619 lbs. and is U: f t ,  8.5 in, long, 9 f t .  0 in. wide and 
9 ft. 0 in. high. This weight does not include prim- or shielding water* With 
the shielding, cover and pump removed the reactor end of the skid weighs 28,388 
lbs. The steam generator end of the skid with all i ts  equipment in place weigns 
20,600 lbs. and is  13 ft. 10.5 fro long, 9 ft. 0 in. wide and 9 f t .  0 in, high. 
With the reactor vessel cover on t h i s  sk5d for  shipping the t o t a l  weight is 23,3ll 
lbs, 

10.2.3 Description of Skid Bases 

The basic construction of the skid maw- ~9-42-1001 
b c ~ u d e s  two 18 x 8-3/L x 64 lb, I1Hn beams a t  the sides joined by cross t i e s  and 
pa r t i a l  top deck. The weight requirement makes it necessary t o  build the skid in 
two halves. * R e  parting plane is a t  the center of the skid and directly under the 
flanges a t  the steam generator. Fit ted plates between the sections of the skids 
insure good f i e ld  alignment, The halves of the skid are held together Kith bolting 
plates and ream bolts, Jacking screws are provided for  leveling a f te r  ins ta l la-  
t ion of the skid in the vapor container. 

l l , O  VAPOR CONTAINER (me NOo A E L - ~ )  

11.1 General Description 

The vapor container is  a shop fabricated, cylindrical vessel made 
up of 3 segments and two heads which are welded together in the field. The size 
and weight requirements fo r  air transportability make t h i s  construction necessary. 
Welding of the rear dished head of the vapor container is  done af ter  ins ta l la t ion 
or' the primary skid. Stress relieving of the f i e ld  welds i s  not n e e e s s q  t o  meet 
the code requirements fo r  a welded vessel of t h i s  size and wall thickness. A l l  
welds are readily accessible for f i e l d  X-ray,, 

access hatch is  located in theahead a t  the steam generator end of 
the skid which i s  large enough t o  remove the primary pump or the steam generator 
bundle, Ff necessary. Most of the penetrations to  the vapor container are also 
m& i n  t h i s  head. 

11.2 Normal Operating Temperatures 

The operating temperature inside the vapor contaher is expected t o  
be 1200F and 95% rela t ive  humidity, The temperature of the water in both upper 
and lower shield tanks i s  expected t o  be 1500~. 

11.3 Vapor Container Design Conditions 

A vapor container 13 fee t  in diameter by 38 fee t  long is neceseary t o  
contain the primary package and provide proper access fo r  servicing, Subtraction 
of the primary component and shielding volumes leaves a neu volume of approximately 
4200 f 3  of , a i r  space available fo r  expansion of released coolant in  case of 
rupture, 



The vesse l  has been designed according t o  the A,% Unfired Pressure 
Vessel Code f o r  f a i l u r e  of e i t h e r  the primary or  secondary system. It has a l so  
been so designed t h a t  i n  case of the remote p o s s i b i l i t y  of both a primary and 
secondary system rupture t h a t  the s t resses  i n  the vessel  a r e  well be1or.r both the 
y i e ld  and ultimate s t rength of the materials. A design s t r e s s  of 25,000 p s i  which 
is  approximatelyone t h i r d  the ultimate and two-thirds the y i e l d  f o r  Grade 212-I3 
mater ial  was selected. This r e s u l t s  i n  a vessel  w a l l  thickness of 3/4 inch. 
Release of e i t h e r  the primary o r  secondary coolant r e s u l t s  i n  a s t r e s s  i n  the 
vesse l  of approximately 8% of the code allowable. 

ll.b Fabrication Features and Materials 

To meet the shipping requirements, the vapor contziner w i l l  have t o  
be sectioned and assembled on the s i te .  Each head w i l l  be i n  tvo pieces and 
the cy l indr ica l  port ion in 8 pieces. Erecting lugs  will be in s t a l l ed  a t  the 
fac tory  and the sect ions p r e f i t  t o  insure proper i n s t a l l a t i o n  i n  the f ie ld .  
The mater ials  of construction a re  carbon s t e e l  SA 212 f o r  the main cylinder and 
heads. The sh ie ld  tank w i l l  be carbon s t e e l  clad with 304 s t a in l e s s  s t e e l  on the 
inside. 

The wiring f o r  the motors and instrumentation w i l l  be car r ied  i n  a 
trough along the top of the  vapor container 2nd dropped d m  a t  the z p p r o ~ r i a t e  
locat ions f o r  connection t o  the primary components. 

ll.5 Upper Shield Tank 

The upper sh ie ld  tank i s  a cy l indr ica l  pressure vessel  having an 
ins ide  diameter of 91-10" and an- overa l l  length of 148-6". The primary 
function of t h i s  tank i s  t o  shield personnel while refuel ing the reactor  core. 

ll.5.1 Description and Material  

The upper shield tanlc i s  designed i n  accordance with the 
ASME Unfired Pressure Vessel Code using a design pressure of 1.50 p s i  a t  5 0 0 ~ ~ .  
The mater ial  f o r  the tank walls  and cover i s  SA-212 carbon s t e e l  with a 304 s ta in-  
l e s s  clad. A l l  f lange connections a r e  made of SA-212 carbon s t e e l  with a 1/8 hi. 
thick 304 s t a in l e s s  stee1,overlay. A l l  f lange bol t ing mater ial  i s  SA-193-B7 

- carbon s t ee l .  

The tank walls have a nominal overa l l  c lad p la te  thick- 
ness of 3/8 inches, and the 2:l e l l i p t i c a l  cover a l so  has a nominal overal l  c lad 
p l a t e  thickness of 3/8 inches. 

Cooling and decay heat  removal c o i l s  a r e  located i n  t he  
shield tank and pert inent  da ta  per taining t o  them i s  given a s  follows: 

Upper Shield Tank: 

1. Coil design based upon load = 150,000 ~ t u / h r  
2. Cooling c o i l  water temperature range = 100-130°1? 
3. Shield water temperature = 1509  
he Overall heat t ransfer  coef f ic ien t  = 108 gtu/ft2/hr/ 

F 
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Upper Shield Tank (Cont Id) : 

5. Coil  pipe s i z e  = 1 I I  Sched 
40 S.S. pipe 

6. External c o i l  a rea  = 42 f t 2  
7. Required cooling c o i l  length  = 124 f t .  

Decay Heat Removal Coils: 

1. Coi l  design based upon load 
2. Cooling c o i l  water Temperature range = 
3. Tank water temperature upper shie ld  = 
4. Overall  heat  t r a n s f e r  c o e f f i c i e n t  a 

5. Water flow 
6. Coi l  surface a rea  
7. Coil  length  
8. Coi l  pipe s i z e  

9. Loss of c i rcu la t ing  head ze 

351,000 ~tu/h.r  
300-5000~ ' 

212% 
150 Btu/hr/f t2/ 
OF 
4.1 gFan 
13.9 f t 2  
32.0 f t .  
1 1/Ltt  Sch. 
40 S.S. pipe 
0.21 f t  of 
6 2 O ~  water 

5 . 2  Reactor Vessel Cover Storage Provisions 

Provision has been made t o  permit r eac to r  vesse l  cover 
storage in the  upper sh ie ld  tank. 

3 Shielding Water Depth Requirements 

A minimwF. of 7 f e e t  of water i s  required above the upper- 
most p a r t  of the f u e l  element during any f u e l  handling operation. The normal 
depth of the  shielding water is 18t-6tt above the  core center  l i n e  which w i l l .  allow 
t h e  necessary water above the  f u e l  element while being t rans fe r red  from theG'core 
t o  the  t r ans fe r  cask. 

11.5.4 Provisions f o r  Cooling 

An upper sh ie ld  tank cooling c o i l  i s  required during 
normal operation t o  d i s s ipa te  the  heat  l o s s e s  from the reac to r  vesse l  head and 
flange. 

The top head of the  reactor  is  an e l l i p t i c a l ,  dished head 
which is  covered with a f i b e r g l a s  insu la t ion  i n s i d e  a 4/16": s t a i n l e s s  s t e e l  jacket. 
Average thickness of t h i s  covering is two inches. 

Based on ambient temperatures of 500O~ f o r  the  primary 
coolant ins ide  the  reac to r  head and 150'~ f o r  the  water reservoir  i n  the upper 
sh ie ld  tank, and using the  vesse l  dimensions shown i n  Dwg. No. 389, thermal 
conduction l o s s e s  through the insula ted sect ion of the  reactor  head a re  found t o  
be negl igible  (457 Btu/hr). , 

\ 
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Consideration of the 10s ses  from t h e  uninsulated flange, 
bol ts ,  and nuts,  reveals  a much grea te r  thermal flow through t h  ese portions of t h e  
vessel  t o  t h e  water r e s e ~ v o i r .  By graphic analysis  t he  flange shape fac tor  i s  
found t o  be 2, and from t h e  heat flow equation (p. 16, Heat Transmission by Wb H. 
~ c ~ d a m s ) ,  t h e  heat l o s s  "is found t o  be 128,000 ~ t u / h r ,  Allowing a 20% sa fe ty  
fac tor ,  so t h a t  t h e  design c r i t e r ion  i s  150,000 Btu/hr; t h e  required cooling c o i l  
area i s  found t o  be 42 sq. f t . ,  with a l'! schedule 40, SiS. pipe. The required 
minimum c o i l  length i s  124 f t .  

Finally,  evaluation of t h e  thermal drop across the  f r e e  
convection f i lm on' t h e  outs ide of t h e  flange, by taking t h e  t o t a l  exposed metal 
area a s  18 sq. f t .  and balancing t h e  conductive flow against  t he  convective flow, 
y ie lds  a surface temperature of 219OF: With a 1631 hydraulic head? giving a 
21.9 psia  pressure a t  the cap, t h e  boiling point i s  23j°F, considerably above t h e  
calculated metal temperature. 

U.6 Spent Fuel '6i;nk 

ll.6.B Description and. k t e r i a l s  

The spent f u e l  tank i s  located adjacent t o  the vapor container,  
but separated from it by concrete. The tank i s  approximately 18 f t .  Ugh, 9 f t .  
in  diameter and i s  made of 1/41! thick s t a i n l e s s  s t ee l ,  A storage rack of 1/4% 
boron s t e e l  i s  provided t o  s t o r e  a complete core. Space f s provided f o r  under 
water loading of two shipping casks. 

ll .6.2 Cooli ng Provi s ions 

Cooling i n  t he  spent f u e l  tank i s  required continuously 
during normal operation t o  remove the decay heat from stored elements. The 
maximurn condition assumed here i s an e n t i r e  spent core i n  t h e  tank 36 hrs. a f t e r  
shutdown, A t  t h i s  time, the  heat re lease  r a t e  i s  86,000 Btu/hr (Bf. Fig. 1, 
Section ll.6.2), and a design basis  of 100,000 &u/hr has been selected. 

Final  design calculat ions f i e ld  a c o i l  of 3/4 inch schedule 
40 s t a in l e s s  s t e e l  pipe, 110 f e e t  long. Circulat ion r a t e  i s 6.7 gpm with a 5.2 
p s i  pressure drop. 

11.6.3 Transfer of Spent Fuel Elements 

The t r ans fe r  of spent f u e l  elements t o  t h e  spent f u e l  tarik 
i s  accomplished by means of a spent f u e l  chute from t h e  upper s h i  e ld  tank using . 
a f u e l  handling system very similar t o  APPR-1, 

Detai l  procedures and equipment req;ufrements a r e  given i n  
Section 12 on Page 80. 



U.7 Vapor Contaher Penetration8 

The penetrations t o  the vapor container are made through the head a t  
the ateam generator end. There are, i n  t h i s  head, 12 water linea, & drain lines, 
one 4 inoh steam line,  and ll elect r ical  penetrationso The drab water and ateam 
l ines  will be of varying size, but a l l  require the same type of penetration, A 
nipple w i l l  be welded through the head and w i l l  be flanged on each end. The 
inside and outside prefabricated piping i s  attached to these flanged nipples with 
appropriate gaskets and bolts. 

The e lec t r i ca l  penetrations w i l l  also be a nipple welded through the 
head. A double ended cannon type plug w U l  be used to make quick connectfo~l on 
both the inside and outside of the vapor container. 

11e8 space Cooler Requirements 

Thermal heat loeses from the reactor vessel, the p r e s m i ~ e r ,  the 
steam generator., the primary loop piping, and the lower shield tank necessitate 
the instal lat ion of a space cooler inside the vapor container, To the above 
losses must be added gamma heat generatfon during operation outside the l w r  
shield tank. 

EOF t h i s  evaluation of the heat accumulation in  the vapor'container, 
radiation losses have been taken into a c c o ~ n t , ~  a temperature basis of.1200F in 
the space has been assumed, and no heat loss  from the vapor container* t o  tho 
outside i s  considered, a l l  heat removal t o  be through a f inned, nnit  cooler . - 

circulatfng ~OO'F water, 

Calculations shov t ha t  the following. heat buildup w i l l  exist. in tho : 
vapor container s 

Ganrma 3000 B h b  . 
Steam Generator 6700 

' Pre s swi zer 3020 
Reactor Vessel 9100 
~ p i m a r g  Piping 5430 
Lower Shield Tank (~ninsulated) 12560 - 

To handle t h i s  load a self-contained unit cooler with integral fan - 
has been selected, 

The vapor container i a  insulated t o  prevent excessive.heat losses 
t o  the mow (ambient temperature - 359) and t o  keep the metal w a l l s  a t  a 
temperature (100-1200F) which wi91 definitely be above the transit ion point, thas 
insuring maximMl strength fo r  a max crax condition, 
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1%,l0 Decay Heat Removal Analysis 

1 0 , 1  Decay Heat Removal Provisiom 

In the event of power fa i lu re  or primary pump breakd- 
the reactor is  scrammed autohatically as soon as  the primary coolant flow reaches 
9& of f u l l  flow value, However, heat generation due t o  f ission product decay 
constitutes a signfficant source of heat that  must be removed from the core to 
prevent overheating, This decay heat accumulation is  to  be dissipated in the 
water reservoir of the upper shield tank. Transfer of the heat is accomplished 
by a cooling COD ci rcu i t  that  u t i l i zes  natural convection induced by the thermal 
head resultfng from the decay heato This separate s y s t e m  is  necessary since the 
location of the horizontal steam generator below the reactor core level  prevents 
adequate natural convection in the primary loop alon6, The system is  shown in 
Figure 1 0  

The automatic valve as  shown i n  Fig, 1 prevents primary 
coolant from heating the upper shield tank during normal operation, In the 
event of pump faflure, t h i s  valve i s  actuated a t  the time of reactor scramming; 
f ,e,,when the primary coolant has dropped t o  94% of f u l l  flow value, The cooling 
co i l  wf lP  then be in operation when the primary f l o w  due t o  ine r t i a  has decayed 
t o  a negligible value. 

. . 
The cooling eoSa connections are as  shown in Fig. 1 giving 

a 9 ft. height in order t o  obtain the needed circulating head, 
q , 

After infinite hours operation, upon shutdown, the 
reactor decay heat accumulation during the f i r s t  hour is 351,000 btu ( ~ f ,  Fig, I1 
Section 19.10). Therefore, t o  accommodate t h i s  maximum condition o design load 
basis  of 351,000 btughp was used, This assumes tha t  the body of water is already 
a t  2 ~ 2 ~ ~  (boil* point) with the upper shield tank vented t o  the atmosphere. , 

!Phis i s  a condition that  could exist and during t h i s  emergency period it dl be 
necessapg t o  maintain a water feed to the upper shield.tank so tha t  the boued 
off water is  replaced and the decay heat cooling cof l  is  kept submerged a t  a l l  
times, In what follows the sizing of the cooling cofl has been based upon the 
requhements of the 6,s unit, For t h i s  unit, it was thought unnecessary t o  
conduct an analysis with the analog computer similar t o  that  performed in the 
case of t h g  10 MW unit, 

19,10,2 Siz- of Cooling Coil 

P r e l i m h a q  design calculations S e l d  a minimum co f l  
length requirement of 32 f t .  with 1 l/hsgl, schedule 40, S.S. pipe, The thermal 
head attainable under the specified conditions is 0,52 p s i  a t  a flow of 4.1 gpm, 
Calculation of the decay heat cooling co i l  are included in t h i s  subsection. 

ll,10.3 Analysis of the Decay Heat Removal System 

The sequence of events following fa i lu re  of the p r m  
coolant pump wme investigated assuming the pump impaller becamea frozen, 
h i t i a l l y ,  the reactor power is  constant while the coolant flow ra te  decreases. 



It was aamned that  the coolant entering the reactor remined a t  its ~ttiiidy &ate 
value during t h i s  period and tha t  the reactor power decreased orrly.due t o  the 
effect of the negative temperature coeff-icient of reactid*. The reactor kinetic 
equation8 were solved fo r  these circurastanet~s yielding values of the avbrage f a e l  
surface temperature and the average coolant temperatures as a function of time, 
The design of th i s  s y s t e m  provides for .a law coolant flaw scram ini t ia ted when . 
coolant flow decremes t o  94$ of its steady s ta te  value. It waa found tha t  boiling 
did not take place before reactor scram, 

By conservatively assuming a l055 second delay between 
pump fa i lure  and in i t i a t ion  of reactor scram, temperatures in the core were 
established, 

Symbols :: 

Heat Transfer Surface Area, f t2  
Speoif i e  Heat ,' ~-t;u/lbo~ 
Acceleration due t o  Gravity, ft/see 2 

Length of Component, Fto 
Power Output of Corep B t  sec 
Density of Liquid, lbs/f d 
Rate of Primary Coolant Flow, lb/sec 
T i m ,  sec 
Temperat~ire, OP 
Overall Heat. Transfer Coefficient, ~ tu / f  t 2 / 0 ~ / ~ e e  
Weight, lb 
Distance along tube, ft 
Vertical dfstincej f t  

Subscripts: 

c Mean Core Coolant Condition 
D Design Condition, Steady Sta te  
E Mean Exchanger Coolant Condition 
f FPiction Loss Term 
F Mean Fuel Plate Surface Condition 
i The i t h  Increment 
s Mean Heat. Sink Condition 

Parer was as-d t o  decrease linearly during the ~ m x t  
le4S seconds to  tha t  l eve l  predicted as a resu l t  of decay heat only, The 
following equations were numerically integrated fran seconds a f te r  ths  
accidents 



The r a t e  of decay heat generation i s  ,given by: (d 
P ( t )  = B (0) (0.05225 t -Oo2 - 0.05225 (ts 4 t~- '°~.)  

where: P(o) - Normal power generation r a t e ,  Btu/sec.. 

t o  = reactor  operating time, see. 

A t  t h e  end of 23 seconds a f t e r  pump f a i l u r e  t h e  average f u e l  surface 
temperature (TF) was found t o  be 600°F. The average coolant temperature (.Tc) 
was 570°F. These temperatures e s t a b l i  shed t h e  i n i t i a l  conditf ons f o r  t h e  analog , 

study of t h e  heat removal system. \ 

11.10.3.1 Analysis of the Heat R&oval- System 

The performance of t h a  heat removal system was analyzed 
by analog computer methods. X t  was assumed t h a t  t he  system. d id  not make appreci- 
ab l e  contributions u n t i l  23 seconds a f t e r ,  t h e  pump accident. This assumption 
i s  very conservative i n  l i g h t  of t h e  ana lys is  i n  sect ion 11.10.4 i n  .which t h e  
cooling loop i s  shown t o  operate almost immediately After pump fa i lure .  

l1010,3.1.b Analog Kinetic Model 

A lumped k ine t i c  model was used i n  which t i m  l ag?  i n  
weri neglected. (9) This i s  possible  because t h e  in t e rva l s  investfgated 

were long compared t o  t hese  delays. Equations representing t h e  temperature 
d i s t r i bu t ions  i n  t h e  system a s  well  a s  the:coolant  f l o w  r a t e  through the  heat 
removal c o i l s  were solved subject t o  t h e  i n i t i a l  conditions ex is t ing  a s  23 
seconds a f t e r  t he  pump accident. 

The r a t e  of  change of momentum of t h e  f lu id  c i  rculating. 
i n  t he  heat removal loop was equated t o  the sum.of forces  ac t ing  on it. This 
y ie lds  a d i f f e r e n t i a l  equation representing.t ,he coolant mass flow r a t e  i n  the  ' 
cool i  ng loop. 

Evaluating t h e  ex is t ing  thermal head due t o  t h e  posi t ion 
of t k s  heat removal c o i l s  equation (4) bacomes: 

' 



The f r i c t iona l  prassure drop i n  equation (4) has b o a  written aax 

Here ( A pfIo represents t h e  calculat d f r i c t iona l  pressure dmp 
i n  t h e  c i r cu i t  a t  an assumed flow r a t e  (Ro). Tne exponent 1.8 stems from a 
combination of basic turbulent flow relat ions,  By choosing B, la rger  than t h a t  
expected to  exist i n  t h e  loop t h e  axponent 1.8 can be conservatively replaced 
by 2. T h i s  function i s  simpler t o  generaGe on t h e  analog computer. 

Performing a heat balance on t h e  f u e l  elements the  lumped equation 
is: 

The 0.8 power dependence of the  heat t ransfer  coefficient  is  in 
accord with the  usual heat t ransfer  equation of Nusseltr 

By evaluating the  heat t ransfer  coefficient a t  an a rb i t r a ry  flow 
r a t e  (%) la rger  than t h a t  expected we may replace the  exponent 0.8 by 1. 

Similarly the  equations f o r  the  other temperatures i n  t h e  system ' 

becomes 

, Average Coolant Temperature 

Average Temperature of Coolant in thm H e a t  B ~ ~ l o v a l  Coils 



w e  Temnerature of ldater in the Upper Shield .Tails 

ws S d '  TS = (U&E) . (R ) (TE - T S  ) - U$Ls (Ts 'la) (u) 
T 0 - 

Ro 

. 11.1O03d1,2 Plant Operating Constants 

(2, = 1.29 

CE = 1.084 

4) = 466,8 (at  4238 gpm) 
'b ,P 

11,10.3.1,,2 Time and Amplitude Scaling Factors 

Xn order t o  keep the length of computing time a t  a 
minimum a time scale was chosen such that  one computer second would be equiva- 
l en t  t o  t en  real  seconds. Thus t he  problem was solved i n  a time scale t en  t h s  

I fas te r  that  it actually takes place. 
I 

/ 

67 , 



It was found tha t  r e s u l t s  a u l d  be more eas i ly  interpreted i f  a 
scal ing fac tor  of uni ty  was chosen f o r  problem amplitudes (one volt  i s  equivalent 
t o  one physical uni t ) .  The r e s u l t b g  amplitudes were generated i n  sub-multiples 
t o  prevent them from exceeding #- 100 volts.  A reference l eve l  f o r  temperatures 
was established a t  5000F. Temperatures were then generated above and below t h i s  
reference level ,  

Il.10.3.1.3 Potentiometer Set t ings 

Servo s e t  coeff icient  potentiometer values a r e  l i s t e d  
i n  Table 2. Both t h e  absolute magnitude of t h e  s e t t i n g  and t h e  physical symbols 
a r e  l i s t ed .  ' 

Table 2 

Number 
_I_ 

Value - 
7 0.0970. 

12  0.2604 

18 0,0200 

a9 0,7000 

38 0 . 3 N . .  

40 0 0 6337 ' 

Physical Quantitz 

~ o c / l O O  

4U, AE 103b$C$,: . 

1/93 ' ' 

70/100 

3 5/100 . 

1oo/hJ= 
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Table 2 (C0nt) 

Physical Qantity 

20 (=$F), h c C 8 0  

1/1w 

~(U+E)O hfwb 

1/5 

81/100 

11.10.3.1.4 Analog Circuit Diagraa 

The analog ci roui t  used i n  this study is shown 
in Pig. 3. The nota tbn  i s  the same as used i n  MAE-38. Feed-back connections 
have been shown i n  ord* t o  indicate the  coupled nature of the  problen. 

ll.10.3.2 Results of the  Analog Analysis 

Pigures 4 through 7 indicate analog solutions under 
different i n i t i a l  conditions and plant parameters. 

Run A most closely approximates the  design parameters envisioned. 
It i s  seen f r o m  Fig. 4 that the average fuel surface temperature increases by 
loop a f t e r  the decay heat r-val system takes over. W e r  a period of 30 sec- 
onds this temperature begins t o  decrease reaching 420°P approximately 1 5  minutes 
a f t e r  pump failure. Since the hot channel temperature i s  considerably higher 
than the average fuel  surface temperature, local  nucleate boiling w i l l  d s t  
there. The average coolant temperature never exceeds saturation. General 
boiling w i l l  not take place a f te r  pump failure. 

The analog results  were checked for  consistancy by performing a heat 
balance on the entire system. This accounted for  a l l  heat generated within the 
limits of error of the problem. 

ll.10.4 Reverse Flow Analysis 

During normal operation the antomtic valve i n  the woling co i l  
circuit  i s  closed. In the event of pump fai lure  the  valve opens when the  primary 
coolant flow has dropped t o  94% of fu l l  flow value. Valve is actuated by same 
signal that  scrams reactor. A t  t h i s  instant some water a t  steam generator exi t  
temperatures (500°P) will be forced into the cooling c d l .  Such f l o w  i s  in the 
opposite direction of that  intended f o r t h e  cooling cob circuit; also, the 
presence of 5000 F. water in the cold leg of t h e  cooling coi l  c i rcui t  will reduce 
the thermal head intmded f o r  the decay heat removal. 



However, analysis dll show that  i f  the valve is  opened as  early as 
the instant of pump failure, the undesirable flow w l l l  quiclily reverne its 
direction and the origiaal theraal head will re-establish i tself .  These condi- 
tions will be reached while there i s  still considerable flow due to p h r y  
coolant inertia. Heace, opening of the  automatic valve as designated above rill 
not interfere with the proper operation of the cooling coil. 

Analysis upon which this conclusion is based followa. 

The autoaatic valve w i l l  be assumed to open a t  t he  instant of pur~, 
failure. The amunt of 500°F water pushed into the cooling coi l  loop wil l  dopard 
on how fas t  t h e  prinary pmp driving head decreases. To be conservative i n  this 
computation it w i l l  be assumed that the  impeller is f r w  to rotate with coastdown 
following the  curve A of Fig. 2+. Also, the force tending t o  drive the  water 
into the  cooling coi l  will  be taken a s  that due t o  friction pressure drop of t h e  
p rha ry  cwlnnt between points A and B of Fig. 1. This friction head a t  given 
time wi l l  be baaed mr the flow a t  the givm time. 

The force tending t o  prevent water from entering the cooling m i l  
i s  due t o  the associated thereal head. A t  the instaat of valve opening, this 
thermal head wnsis t s  of a 13 foot c d d  leg  (150'3F) opposing a 13 foot hot leg 
530°F. However, as soon as hot water (WF) from the steam generator begins t o  
push i ts  way into the  cold leg (mith an equal amant of 1m. water forced into 
the  hot leg) the thermal head i s  reduced correspondingly. A parameter of tMa 
effect is the distance beyond point A of Flg. 1 that W F .  dug of water has been 
forced into the cooling coil. Pig. 8 given t h d  pressare a s  a h c t i o n  of t M s  
distance. 

A force opposing flow i n  either directien is the friction of the  coil 
circuit  i tself .  TRis force i s  negligible i n  this analysis unt i l  flow velooity in 
the co i l  has reached approxbatsly 1.6 rt/sec. A t  this point, it is taken into 
acc-t. 

Hewton's second l a w  i s  applied to the aasa of water in t h e  cooling coi l  
between points A and B of Fig. 1. "Up* is teksa as the positiva direction. Pipe 
s ize i s  1-l/4 inches. 

FT is the sum of the three forces previously discussed. 

This curve was based on methods given in reference (10). Coaatdom pa- 
incorporated follows: 

Blo-1 flow rate  . 466 lb/sec 

Total loop p r e s m e  drop - 39.31 f i e  

Bated pump speed = 91.8 rsd/sec 

BI0~1ent of inbia, plap r 55 l b  - ft2 
Bated efficimcy - - 65% 







Ff = driving force due t o  f r i c t i o n  drop of primary coolant between 
points A and B of Fig. b . 

- - 5.58 G~~~ l b s  (always posi t ive)  ' 

h s e d  on 10.6 f t .  head a t  f u l l  flow 

Fth= driving force due t o  thermal head 

- - values given i n  Figure 8 (always negative) 

I?? f r i c t i o n  force due t o  motion of cooling c o i l  fluid 

(assumed zero u n t i l  v = 1.6 f t /sec)  

G = normalized flow r a t e  6f primary coolant. Values a s  a function 
of time a f t e r  pump f a i l u r e  a re  given by Curve A Figure 2. 

B = veloci ty of flow i n  cooling c o i l  pipe (ft/secj,  

m EB mass of water i n  cooling c o i l  from point A t o  pofnt B of Fig. 1; 

= 1.19 slugs (assumed constant f o r  this analysis.) 

a - acceleration of mass m. (ft/sec2) 

Once an average acceleration #a" has been established f o r  a time 
in terva l ,  t, the  corresponding ve loc i ty  achieved (IT). and distance traversed ( s )  
during t h i s  in t e rva l  may be d e t e d n e d  from t h e  following formulas, 

v =  v O #  a a t  (21 

where 6. veloci ty a t  beginning of time interVal. 

By solvPng equations (11, (2), and (3) f o r  such .discrete  time inter-  
vals*, the  motion of water mass m was established. .Results are given i n  t h e  form 
of a graph (Fig. 9, Curve A) showing t h e  distance t h a t  t h e  slug of 500°F. feed- 
water has moved in to  the  cooling c o i l  a s  a fu&tfon'of time a f t e r  the  pump f a i l u r e  
and simultaneous valve opening. It can be seen t h a t  t h i s  water enters,  reaches 
zero velocity, and i s  driven back ~ u t  by the thqrmal head i n  about 7 seconds. 

. L 

* Time in te rva l  was taken t o  be 0.5 seconds. 



Comparison with Curve A of Fig, 2, indicates tha t  a t  this time there i s  s t i l l  
appro-tely 10% of f u l l  flow t h o u g h  t h e  main primary coolant loop. 

An ident ica l  type analysis  performed fo r  the  case of a frozen pump, 
(flow coast down given by Curve B of Fig. 2) shows t h a t  i s  a,negligiblq amount 
of'. steam generator exit water entering t h e  cooling c o i l  pipe. See Curve B of 
Fig. 90 

11.10.5 Results and Conclusions 

I n  t h e  event of primary pump f a i l u r e  t h e  decay heat ramoval 
system i s  suff ic ient ly  adequate t o  prevent generalized boil ing of t h e  coolant 
within the  core. The analysis  i s  conservative i n  tha t  it neglects heat l o s t  
through the  pressure vessel cap. 

The investigation was conducted both f o r  the  case of . a ,  f-zfsn pump 
impeller and f o r  the instance where normal e l ec t r i ca l  power i s  not available 
f o r  t h e  pump. 
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11.n Air F i l t e r ing  

A vent i la t ing  system f o r  t h e  vapor container a i r  space i s  provided 
f o r  t h e  primary sect ion of t he  plant. 

An external '  cen t r i fuga l  fan and f i l t e r  a r e  ins ta l led-wi th  duet 
connections t o  and from t h e  vapor container, A f r e sh  a i r  intake, a vent stack 
o u t l e t  and a f i l t e r  by-pass a r e  a l s o  provided with su i t ab l e  manual valving f o r  
t h e  v a r i  ous operat ions involved. 

The wemptyw volume of t h e  vapor container is 5184 cu. f t .  With 
a design air change of 100% every 1 5  mfns,, a fan capacity of 345 c,f.m. f s 
required. 

The f i l t e r  housing, i n s t a l l ed  on t h e  discharge s i d e  of t h e  fan, 
holds two Cambridge -1250 Absolute F i l t e r s  i n  ser ies .  D type f i l t e r s  a r e  
se lec ted  because they a r e  b u i l t  t o  operate i n  100% r e l a t i v e  humidity a i r  a t  
temperatures up t o .  250°E', Their e f f ic iency  i s  99.95% on 0.3 micron diameter 
par t ic les .  A specif icat ion s e t  by t h e  AEC f o r  whom they a r e  o r ig ina l ly  designed. 

The f i l t e r s  a r e  only used before t h e  vapor container is  t o  be 
entered, t o  bring the  i n t e r n a l  atmosphere down t o  a sa fe  rad ia t ion  level .  Under 
this condition, t h e  f i l t e r s  r a r e ly  become saturated according t o  APPR-1 experience. 



12.0 FUEL HANDLING TECHNIQUE 

12.1 Shield Tank Coves Removal 

Assuming t h a t  the  working area i s  c l e a r  t he  f u e l  handling technique 
covers the  operations of opening the  shield tank removing the  spent f u e l  tube 
sea l ,  opening the  reac tor  vesse l  and changing fuel .  

The f i r s t  operation i s  t o  remove and s to re  t h e  sh ie ld  tank cover. 
The cover is held i n  place by bo l t s  and can be removed with an ordinary box 
wrench o r  power wrench. The cover i s  l i f t e d  with the,overhead hois t  and s tored 
on the t i l t i n g  rack provided on t h e  outs ide r a i l  of t h e  working area. 

The r a i l i n g s  around the  s h i d d  tank a r e  s e t  i n t o  t h e  sockets pro- 
vided and a drop l i g h t  lowered i n t o  t h e  tank. 

12.2 Removal and I n s t a l l a t i o n  of Spent Fuel Tube Sea l  

The spent f u e l  tube sea l  w i l l  be removed next. Attach the  upper end 
of t he  sea l  handling rod t o  t h e  balancer and lower it i n t o  t h e  spent f u e l  tube. 
When the  operator can reach the  upper end conveniently a t t ach  the t e e  handle t o  
t h e  s e a l  handling rod, S l ide  t h e  toob down t h e  tube u n t i l  t h e  s e a l  i s  contacted. 
Rotate the  toob u n t i l  t he  cross  bar  en ters  t he  f i r s t  s l o t  i n  t h e  seal .  Botate 
t h e  t o o l  YO0 u n t i l  t h e  t o o l  enters  t h e  second s l o t  i n  t h e  sea lo  Rotate the t o o l  
fu r the r  u n t i l  t h e  c r a s s  bar  and t h e  locking stud p l a t e  a r e  engaged. Rotate t h e  
t o o l  counter clockwise approxhate ly  9 turns,  gull t h e  t o o l  out of engagement 
with the  locking stud p l a t e  and ro ta te  t o o l  u n t i l  it s l i d e s  through f i r s t  s l o t  
i n  seal .  Rotate t h e  t o o l  clockxise and l i f t  out of bayonet lock. L i f t  t o o l  and 
s e a l  up tube u n t i l  t e e  handle can be disengaged. Continue l i f t i n g  t o o l  and seal 
out of t h e  spent f u e l  tube. S tore  t he  t o o l  and s e a l  on t h e  in s ide  of t h e  sh ie ld  
tank, in the  socket provided. To r e i n s t a l l  t h e  sea l  reverse t h e  above procedure. 
The spent f u e l  tube s e a l  must b3 removed before t he  vesse l  cover i s  opened and 
put back i n  place a f t e r  t h e  vessel  cover i s  i n  place so  t h a t  no damage w i l l  be 
done t o  t he  core i f  it i s  dropped. 

12.3 Removal and Storage of Vessel Nuts and Cover 

Next t h e  Sweeney wrench w 5 l l  be used t o  loosen t h e  vesse l  cover 
nuts. Before lowering t h e  wrench in to  t h e  tank check t h e  d i rec t ion  of ro t a t ion  
of t he  wrench. Wen removing t h e  nuts t h e  socket t u rns  counterclockwise, and 
f o r  t ightening, clockwise. To change d i rec t ion  of ro ta t ion  t h e  wrench port ion 
of t h e  t o o l  must be turned over. The following method i s  used t o  accomplish 
this: Loosen the  two socket head cap screws t h a t  hold t h e  wrench t o  t he  bot'com 
pla te ;  remove the  snap r ing t h a t  holds t h e  socket i n  t he  wrench; r a i s e  t h e  input  
shaf t  c l ea r  of  t h e  wrench; l i f t  t h e  wrench, t u rn  it over and s e t  it back i n t o  
the  sockets on the  bottom plate;  t igh ten  the  two socket head cap screws; s l i p  
t h e  socket i n  place and r e i n s t a l l  t he  snap ring; lower t h e  input shaft  i n t o  i t s  
socket. 

'. 
With the  a id  of t h e  over head crane s t a r t  t o  lower t he  bottom half 

of t h e  t o o l  i n t o  t h e  tank. When t h e  operator has su f f i c i en t  clearance t o  t he  
crane r a i l s  t h e  top  half  of t h e  t o o l  can be slipped i n t o  i t s  sockets and t h e  t o o l  



can be lowered t o  the  vessel  cover. Position the  t o o l  across  t he  vessel  cover 
so t h a t  t he  twa anchors f i t  on two of t h e  nuts  and the  socket Is an t h e  nut being 
loosened. I f  t h e  socket does not l i n e  up with the  nut t h e  input shaft  should be 
ro ta ted  u n t i l  it does. Approximately 75 half  tu rns  of the  work handle w i l l  be 
required t o  loosen t h e  nut. The work handle should be used a t  a l l  times, except - 
f o r  f i n a l  t ightening o f .  t h e  nuts. 

When t ightening nuts  with t h i s  type of wrench t h e  socket tends t o  
become locked on the  nut, so a release pawl i s  provided. A "T" handle f i t s  i n t o  
t h e  socket of the  r e l ea se  pawl. To release t h e  socket, r o t a t e  t h e  input dr ive  
clockwise u n t i l  the  'fTt"andle can be ro ta ted  count erclockwise. While holding 
t h e  'TT" handle engaged r o t a t e  t he  input d r ive  counterclockwise t o  t h e  end of i t s  
t rave l .  

I n  the  case of l o o s e ~ n g  nuts no spec i f ic  pa t te rn  must be used, but 
i n  t ightening t h e  pa t te rn  should be a s  follows. Tighten two diametr ical ly  opposite 

, nuts  t o  about. 100 f t .  l b s  on t h e  tension indicator .  Then t igh ten  two nuts  a t  
r i g h t  angles t o  t h e  f i r s t  pa i r  t o  f u l l  torque o r  175 f t .  l b s .  Retighten the  f i r s t  

, p a i r  t o  f u l l  torque. From t h i s  point on no spec i f ic  pa t te rn  has t o  be followed. 
1 

After a l l  t he  nuts  have been tightened the  Sweeney t o o l  can be 
removed from t h e  tank and s tored i n  t h e  corner of t h e  f l o o r  extension. 

The nuts  must now be removed from t h e  vessel s tuds and s tored on the  
dummy studs. A 16  foot  Tee handle ~ 5 t h  a universal  jo in t  and a socket on t h e  
lower end i s  used t o  perform this operation. This t o o l  has a b a i l  on top  and 
must be suspended from the  over head balancer a t  a l l  times. The socket has two - 
detents  i n  it which l i n e  up with holes i n  t h e  faces of the  nut. After engaging 
t h e  socket on the  nut a s l i g h t  downward push w i l l  engage t h e  detent ba l l s .  The 
universal  has been provided t o  reduce t h e  bending moment imposed on t h e  threads 
by the  long handle. The t o o l  i s  merely turned u n t i l  t h e  threads disengage and 
t h e  nut l i f t e d  and moved t o  the  dummy stud. The nut need only be turned on the  
dummy stud 3 or  4 turns.  A s l i gh t  upward %ugtg w i l l  r e lease  t h e  socket from the  
nut. A s  t h e  nuts a r e  being stored t h e  3 stud caps must be i n s t a l l e d  on 3 studs 
approximately 120' apart .  One should be placed near each of t h e  l i f t i n g  lugs. 

~ A f t e ~  storage of t h e  nuts  i s  complete t h e  vessel  cover must be broken 
Loose from t h e  gasket. Using the  same long Tee handle, as  t he  previous operation, 
but without the  universal joint  , and the  small socket provided t u r n  t h e  4 jack- 
screws t o  l i f t  t h e  cover s l l g h t l y  of f  i t s  seat .  Back o f f  t h e  jack screws so t h e  
cover can be .reseated on t h e  gasket when it i s  put baek. 

Now t h e  s l i ng  can be attached and t h e  cover stored. With t h e  sling 
attached t o  t h e  overhead crane lower the  hooks t o  t he  cover, making sure t h e  
safe ty  bocks on t h e  hooks a r e  open. By grabbing t h e  cable the  hooks can be 
swung i n t o  the  pin and hooked i n  place. Apply s l i g h t  upward pressure with the  
overhead crane, enough t o  put s l i g h t  tension i n  t he  cables. With t h e  s tud  cap 
runner on t h e  t e e  handle engage the  square on t h e  end of t h e  locking pin of t he  
hook and close t h e  lock. The l e g  of t h e  s l i n g  with t h e  " tugi tH hois t  must be 
engaged with t h e  pin which l i e s  on t h e  r a d i a l  cen ter l ine  of t h e  vessel  cover. 
After a l l  3 hooks a r e  i n s t a l l e d  center t h e  overhead crane over the  center  of t he  



vessel .  L i f t  t h e  cover s t r a igh t  up about 3 fee t .  F l ip  t he  lever  on t h e  t u g i t  
ho is t  t o  the up posi t ion and r a i s e  t h e  cover t o  a v e r t i c a l  position. Raise t h e  
cover, with t h e  overhead crane u n t i l  it c l ea r s  the  rack and move t h e  cover over 
t h e  rack. Lower t h e  cover i n t o  the  rack. Release the  s l i ng  from t h e  overhead 
hois t  and a t t ach  t o  t he  r a i l .  

The ro ta t ing  platform i s  used t o  allow t h e  opera tor  t o  get  c loser  
t o  t h e  center  of t h e  core when i n s t a l l i n g  OP removing caps, control  rod absorbers 
and elements, and s ta t ionary  f u e l  elements. The platform i s  placed over the tank 
extension and l i ned  up with t h e  edge of the  main tank, The f lange of t h e  sh ie ld  
tank and t h e  f lange on the  bottom of t h e  platform i r t e r lock  when the  platform i s  
ro ta ted  from this i n s t a l l i n g  p o s i t i ~ n ~  The operator can mt.at.s t.he platform t o  
any posi t ion he desires  fo r  loading o r  unloading t h e  core. 

12.4 Control Rod Elements 

The control  md caps w i l l  now be removed and stored. The control rod 
cap t o o l  i s  f i t t e d  t o  t h e  t e e  handle and lowered i n t o  t h e  tank. The corner caps 
must be removed f i r s t  t o  avoid t o o l  in te r fe rence  with the  o ther  caps. The t o o l  
f i t s  over the  cap. A s l i g h t  downward pressure and 4S0 rotat ion,  counterclockwise, 
unlocks the  cap. Then by l i f t i n g  the  cap w i l l  come out of i t s  seat,  t o  be stored 
i n  t h e  dummy tubes on t h e  wall  of t h e  tank. Excessive lthorsingm o r  jerking of 
t h i s  t o o l  i s  not  a t  a l l  necessary. To re-apply t h e  cap t o  t h e  d u h y  tube o r  
cont ro l  rod reverse t h e  above procedure. Note - Always have t h e  core cover doors 
down when removing o r  replacing caps t o  prevent damage t o  t h e  lower pa r t s  of t h e  
rod o r  dr ive  mechanism. 

  he control  rod dement t o o l  i s  used f o r  i n s t a l l i n g  and removing t h e  
cont ro l  rod f u e l  elements and absorbers. To i n s t a l l  a new f u e l  element t he  t o o l  
i s  lowered down a wooden chute, which runs from t h e  t o p  of the  outs ide  sh ie ld  tank 
r a i l i n g  t o  t h e  top  of t h e  cement shielding, A fue l  element i s  attached and t h e  
t o o l  i s  locked from the top. T h i s  t o o l  must be suspended from the balancer a t  
a l l  times. The t o o l  i s  raised u n t i l  t h e  element c l ea r s  the  ra i l ing .  The t o o l  and 
element a r e  inspected f o r  c leanl iness  and proper marking. The funnel i s  placed 
over t h e  desired control  rod so t h a t  t h e  element w i l l  not be damaged during in- 
s t a l l a t i o n .  The t o o l  and element a r e  lowered i n t o  t h e  tank and inser ted  i n t o  t h e  
control  rod. The elunent i s  so designed t h a t  t h e  p l a t e s  w i l l  be properly orien- 
t a t e d  i n  t h e  core. If t h e  element is  90° out of phase, i f  two elements a r e  used 
o r  i f  2 absorbers a r e  used t h e  control rod cap w i l l  not lock i n  place. After t h e  
element is  seated i n  t he  control  rod, re lease  t h e  locking jaw on the  t o o l  by 
applying a s l i g h t  downward pressure t o  t he  handle. L i f t  t h e  t o o l  up and repeat 
t h e  above operation. 

12.5 Removal of Fuel Elements 

The removal of f u e l  elements and absorbers i s  accomplished with the 
same tool .  Lower t h e  t o o l  i n t o  t h e  desired control pod, keeping the t o o l  against  
t h e  s i d e  of t h e  control  rod. Release the  locking pin and lower t h e  t o o l  u n t i l  
contact  i s  made with t h e  pin. Push t h e  t o o l  down easy u n t i l  it w i l l  move no 
fur ther .  Move t h e  t o o l  towards t h e  center of t h e  control  md and l i f t  up s l igh t ly .  



' I f  t h e  t o o l  cannot be rotated then successful engagement with t h e  pin has been 
made. Lock the ' locking  pin and r a i s e  t h e  element v e r t i c a l l y  t o  c l e a r  t h e  spent 
f u e l  tube. 

Move the  element over t h e  spent fue l  tube and g.ently lower i n t o  the  ! - tube. Tip t h e  too l  over t o  l i n e  up the  a x i s  of t he  t o o l  with t h e  a x i s  of t h e  
tube, .Keep the  opening of t h e  hook towards the  top, so the  t o o l  w i l l  f a l l .  away 
when releasing t h e  element. Lower t o o l  u n t i l  element bottoms i n  t h e  hopper. 

, The operator a t  t h e  spent fue l  p i t  can not i fy  t h e  in s ide  operator of t h i s .  Also 
t h e  ears  f o r  the  b a i l  w i l l  be close t o  t he  mouth of t he  spent f u e l  tube. Release 
t h e  locking pin, apply a s l i gh t  downward pressure. Withdraw the  too l  and repeat 
t h i s  operation. When picking up an element i n  t he  spent fue l  tube t h e  procedure 
w i l l  be t h e  same, except t h a t  the open s ide  of t h e  hook should be down, so t h a t  
t h e  tapered nose w i l l  lead i t s e l f  on t o  the ehmentb The above s procedures dl1 
be .exactly t h e  same f o r  t he  absorber sections. 

Two t o o l s  a r e  required t o  open t h e  core cover doors. A hook t o o l  
t h a t  f i t s  on t h e  t e e  handle and a bo l t  clearance socket t h a t  f i t s  on t h e  universal  
jo in t  and t e e  handle. The socket t o o l  i s  t o  loosen o r  t igh ten  t h e  hold down nuts. . 

For e a s i  e s  operation the  two nuts  holding t h e  top  doors should be loosened f lrst . , 
The hook t o o l  engages the  U bol t  on t h e  door and the  door i s  l i f t e d  t o  t h e  open . 

posi t ion,  In t h e  case of closing the  doors t h e  lower doors a r e  lowered i n  place 
f i r s t .  and t h e  hook t o o l  f s used t o  hold t h e  door down while t h e  hold down nut i s ' 

. . 
turned i n t o  place. 

12.5 Stat ionary Fuel Elements 

The s ta t ionary  f u e l  elements can be handled over t h e  top  of  t h e  tank, 
i n  the  case of new fuel,  o r  thsu  t h e  spent f u e l  tube, i n  t h e  case of reclaimed 
fue l .  The t o o l  i s  lowered over t he  s ide of t h e  shield tank and down t h e  chute. 
This t oo l  must always be suspended from t h e  balancer. The man on t h e  lower deck 
i n s e r t s  t h e  t o o l  i n t o  the  f u e l  element and t h e  man above locks t h e  t o o l  i n  place. 
The too l  and element a r e  then ra i sed  t o  c l e a r  t he  outs ide r a i l i ng .  The t o o l  and 
element a r e  then checked f o r  c leanl iness  and proper marking. The element i s  
lowered i n t o  t h e  tank and gently .placed i n t o  t h e  specif ied spot of t h e  core, The 

. lower end of t he  f u e l  element has a pin and the  socket of t he  bottom p la t e  has a 
groove. The pin must f i t  i n t o  t h e  groove o r  t h e  element w i l l  not seat  and t h e  
doors w i l l  not close. This precaution i s  necessary t o  insure  t h a t  t he  fue l  p l a t e s  
a r e  properly or ientated in the  core. After  seat ing t h e  element t he  t o o l  i s  un- 
locked by turning the  T handle on top  of t h e  t o o l  approxhate ly  ll-1/2 turns  
counterclockwise. The t o o l  i s  then li f t ed  out  of t h e  core and t h e  procedure i s  
repeated . 

I When unloading t h e  core t he  t o o l  i s  lowered i n t o  t h e  tank v e r t i c a l l y  
and entered i n t o  the  desired f u e l  element. The t o o l  is  locked t o  t h e  element, 
The operator should t r y  and r o t a t e  t h e  t o o l  before l i f t i n g  t h e  element out o f  t h e  

I _ core t o  make sure t h e  tool. i s  securely locked. The t o o l  and element a r e  l i f t e d  
v e r t i c a l l y  t o  c l e a r  t he  top  of t h e  reac tor  vessel.  Hove t h e  element over t h e  
spent f u e l  tube and gent ly i n s e r t  t he  element into.  the tube.   he t o o l  i s  then 

- t ipped a t  an angle u n t i l  t he  a x i s  of the  tube  and t h e  axis of t h e  t o o l  a r e  l i ned  
up. Lower t h e  t o o l  u n t i l  t h e  element bottoms i n  t h e  hopper. The operator has 



two indicat ions t h a t  t h e  element i s  bottomed; t h e  t o o l  w i l l  go no fur ther  and 
t h e  ears  f o r  t h e  b a i l  w i l l  be very close t o  t h e  upper end of t h e  t r ans fe r  tube. 
Also t h e  operator a t  t h e  spent f i e 1  tank can see  t h e  tog of t he  e l a e n t  and 
no t i fy  t he  ins ide  operator when t h e  element i s  bottomed,. The t o o l  can be re- 
leased and withdrawn. 

The t o o l  used i n  t h e  spent f u e l  p i t  5 s exactly t he  same a s  t h e  t o o l  
used in s ide  t h e  vapor container. The reason t h e  two t o o l s  a r e  t h e  same is  i n  t h e  
event of one t o o l  fa i lure ,  i n s ide  the  vapor container, a replacement i s  readi ly  
avai lable .  The hopper i s  l i f t e d  to a v e r t i c a l  posi t ion and hooked i n  place. The 
s ta t ionary  t o o l  i s  entered i n t o  t h e  h e 1  element and locked a s  previously axplaihed. 
The e l m e n t  i s  l i f t e d  out and placed i n t o  t h e  storage rack f o r  a predetermined 
length of time. After t h i s  period the  f u e l  element i s  t ransfer red  from t h e  s tor -  
age rack t o  t h e  f u e l  cask, with the  same tool .  

12.6 Retrieving Tool 

A spec ia l  r e t r i ev ing  t o o l  was b u i l t  t o  pick up anything t h a t  may be 
accident ly dropped i n t o  the  tank. The t o o l  has clam she l l  type  jaws on t h e  lower 
end and 3 handles a t  t h e  top. By moving any one of t h e  handles along the  axis of 
t h e  too l  t h e  j a w s  can tie opened o r  closed. The 3 handles a r e  f o r  working a t  
d i f f e r en t  l e v e l s  i n  t he  tank. This t o o l  was used t o  i n s t a l l  t he  radiat ion t e s t  
specimens. Also the  npiblll was i n s t a l l e d  with t h i s  tool .  The wire on the  "p i l l "  
w a s  gripped with t h e  jaws of t h e  t o o l  lowered i n t o  t h e  tank, swung over t h e  tube, 
and lowered i n t o  the tube. 

12.7 Time Schedule 

The following time t a b l e  shows t h e  operations as i f  t h e  core would 
be completely ru-loaded. 

Remove spent Fuel Tube Sea l  10  #in, 

Loosen Vessel Nuts 72 f i n .  

Bemove & Store Nuts, 
I n s t a l l  Stud Caps 

I n s t a l l  S l ing  34 Min. 

S tore  Cover 13 Hn .  

Remove Control Rod Caps 14 Win. 

Unload & Load Control Rods 275 Hin. 

Replace Control Rod Caps l4 Mn. 

Open Core Structure Doors 12 Min. 

Unload Stat ionary Elements 309 Hin. 

3 H r .  8 Mn. 

5 Hr .  3 #in. 

Load Stationary Elements 184 Mn. 
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Close Core Cover Doors 3 0  Un .  9 Hr.  1 5  Ein. 

Position Cover 16  Min. 

Remove Sl ing 32 Min. 

'I Place nuts  & remove stud caps 56 #in. 

' Tighten Nuts 190 Kin. 4 H r .  54 Min. 

Replace Spent Fuel Tube Seal 10 Hin. 

Closing Shield Tank 1 ' H r .  

TOTAL 23 Hr .  38 Kin. 

It i s  assumed t h a t  some preliminary work could be done during t h e  
cool down period. The shield tank covers could be removed, t h e  l i g h t s  and 
r a i l i n g s  ins ta l led .  X t  i s  assumed t h a t  1 hour m u l d  be suf f ic ien t  t ime t o  
perform this par t icu lar  operation. Therefore 1 hour has been added t o  t h e  
above t o t a l  time t o  allow f o r  closing the  sh ie ld  tank. 



13.1 Design Considerations 

The controls  and instrumentation f o r  t he  plant incorporates a 
cent ra l ized  c;ontrol center  t o  monitor and control  t h e  package power plant with 
a minimum of operating personnel but with maAmum over-all control  efficiency. 
The u t i l i z a t i o n  of fully automatic and semi-automatic controls  has been inc- 
orporated t o  eliminate any possible  human ine f f i c i enc i e s  i n  operation a t  a 
cent ra l ized  control  center., This ccglsole design; r e f l e c t s  a l l  operating, main- 
tenance, design problems, and experience incurred in APPR-1 and APHL-1A, 

The control  console ca r r i e s  t h e  recorders and indica tors  necessary 
t o  keep t h e  plant  operator i n fowed  of per t inent  p lan t  parameters and t h e  min- 
imum controls  necessaxy t o  operate the plant,  The console i s  located on the  sk id  
~ 5 t h  t h e  instrument supply d i s t r i bu t ion  panel, secondary switchgear and motor 
cont ro l  centers  so t h a t  a l l  e l e c t r i c a l  controls  a r e  ea s i ly  accessible  t o  the oper- 
a tor .  The nuclear channels, radiation'monitoring, primaxy and secondaxy system 
r e  corders and indica tors ,  rod-drive controls, primary system pump controls, 
p ressur izer  heater  controls,  scram and t r i p  funct ionsO t r i p  valve controls  and the 
annunciator a r e  included on t h e  control  console. 

Instrumentation and cor,trols a r e  provided f o r  t he  complete nuclear 
pcwered steam source. They include instruments, controls  and safe ty  devices f o r  
t he  reactor ,  t h e  primary coolant gystem, the steam bo i l e r  feedwater system and the  
rad ia t ion  monitoring system. ?ye-fabricated units a r e  used t o  lower the  i n s t a l l e d  
cost  of t h e  equipment, whenever possible. The physical s i z e  of t h e  units i s  d l  
t o  minb ize  initial costs, space requirements, weight and t ransportat ion costs  t o  
a f fo rd  converiience of operation. The cent ra l  loca t ion  of equipment and t h e  use 
of maintenance a i d s  keep maintenance cos ts  t o  a minimum. 

Locally mounted cont ro ls  and indica tors  a r e  u t i l i z e d  only i n  cases 
where plant  operations a r e  not  affected,  These instruments a r e  monitored and 
any noff  - n o d "  conditions a r e  a'laxmed a t  the  control  center, Remote mounting 
of control,  recording and indicat ion instruments a r e  used where rad ia t ion  hazards, 
h e c e s s a b i l i t g  f o r  inspection and maintenance, and/or ease of plant  operation 
a r e  t he  deciding factor .  

The e l e c t r i c a l  indicat ing,  control  and recording instruments are of 
the  l a t e s t  e l e c t r i c a l  design and mina tu~ ized  instrument case dimensions. Ins- 
trument interchangeability of i den t i ca l  instruments has been incorporated f o r  
s implici ty ,  economgr, r e l i a b i l i t y  and a of plant operation. The use 
of t rans is tor ized ,  magnetic-amplifiers and/or pr in ted  circ-&try and t r i p  valves 
on l i n e s  from the  vapor container a r e  e l e c t r i c  solenoid o r  electro-hydraulic 
type f o r  maxhum r e l i a b i l i t y  and safety.  Where components of questionable 
r e l i a b i l i t y  cannot be eliminated mi l i t a ry  and i n d u s t r i a l  nruggedizedn long life 
types, hermetically sealed w i l l  be used. I n  t h e  more c r i t i c a l  applications,  
p a r a l l e l  and coincidence c i rcu i tpg  is  used so t h a t  f a i l u r e  of a component eannot 
cause system fa i lure .  



Operation r e l i a b i l i t y  i s  accomplished by the  maximum use of "plug- 
inn '  components which a r e  fac tory  pre-tested f o r  ease of maintenance and 
replacement. 

Pneumatic instrumentation has been eliminated f o r  s igna l  transducing, 
transmission, air loading of valves, and low temperature and moisture problams. 

- 

The elimination of pneumatic cod  r o l s  a l s o  eliminates t h e  need f o r  an air com- 
pressor t o  furnish instrument air. 

A rad ia t ion  mok.toring system i s  provided as a permanent in tegra ted  
pa r t  of the plant t o  detect ,  record a n d ' a l a m  the  presence and l e v e l  of po ten t i a l  
radiat ion hazards. It serves t o  a l e r t  t he  operating personnel of any abnormal 
s i t ua t ions  which may become hazardous t o  p r s o n n e l  and plant  operation both on 
and/or off the s i t e .  

The Nuclear Instrumentation and controls  consis t  of f i v e  nuclear 
channels, Safaty #I., 'Safety #2, Log N and Period, Linear Power, and Star tup  

and period) . A l l  t h e  nuclear instrumentation i s  located a t  t h e  cont ro l  
cen ("2 e r  located on t h e  sk id  so all controls  a r e  convenient t o  thk operator. 

. . 
I 

The seeondarg instrumentation i s  composed primarily of l o c a l  ind ica t ing  
instrument so Secondary cont.rols a r e  e l e c t r i c a l l y  monitored through the  cofit ml . 
console only where necessaw f o r  plant operations o r  plant  safety,  A l l  t h e  

, instruments used a r e  of the l a t e s t  proven design d u f a c t u r e d  a s  standard equip- 
ment by ,companies regular ly engaged in production of precis ion instruments. 
Instruments used i n  i den t i ca l  or similar appl icat ions a r e  interchangeable where 
possible f o r  ease of maintenance, reduction in spare pa r t s  requirements and 
ma2ch'u.m r e l i a b i l i t y  of plant  operation. 

The r e l i a b i l i t y  of plant operation i s  of importance second only t o  . 
safety.  Use of components of the  highest r e l i a b i l i t y  and components, requiPing 
frequent peplacement avoided. Semi-conductors, magnetic amplifiers,  so l fd  
diodes and other  high r e l i a b i l i t y  components s h a l l  be used i n  preference t o  
relays and vacuum tubes unless such design i s  uneconomical, 

Safety of plant  and personnel a r e  of utmost importance. Insofar  a s  
possible a l l  f a i l u r e s  s h a l l  occur i n  a s a f e  direction.Those f a i l u r e s  which a r e  
not i n  a sa fe  d i rec t ion  s h a l l  be annunciated, i f  possible, by opening a noPmally 
closed re lay  when the f a i l u r e  occurs. f a i l u r e  which i s  ne i the r  s a fe  nor 
conveniently annunciated s h a l l  have dupl icate  c i r c u i t r y  such t h a t  t h e  p o s s i b i l i t y  
of simulataneous f a i l u r e  of both wits i s  extremely remote, 

-2 Control Console 

I ,- 13.2.1 General 

The cont ro l  console i s  sized t o  provide -uninterrupted one-man 
operation of t h e  power plant.  Recorders and cont ro l le rs  f o r  t h e  steam an.d feed- 
water parameters a r e  included i n  the console. A s  indicated on the  layout of t h e  



switchgear control  skid, a s s o d a t e d  controls  f o r  operation of t he  power plant 
such a s  switehgear, turbine-generatop controls,  etc, ,  a r e  adjacent t o  t h e  
operator. A graphic panel i s  not used since t h i s  i s  packaged power plant. 

The control  console i s  funct ional ly arranged f o r  s implici ty  and ease 
of operation of the plant.  The nuclear recorders and c m t w l  rod dr ives  n e w  
essary t o  control  the pximaqy system a r e  on panels d i r ec t ly  i n  f ront  of the  
operator,  with t he  controls  mo-mted on an incl ined panel a t  desk top  level.  
The annunciator un i t  and associated t e s t  panel i s  d i r ec t ly  above t h i s  instrument- 
a t i on  within reach of the  operator t o  acknowledge alarms. Additional nuclear 
i n s t m e n t a t i o n  and r ad ia t i  on monitoring equipnent i s  at the  operator's l e f t .  
The i n s t m e n t s  and controls  f o r  the  primary system a r e  t o  the r i g h t  of t he  
operator. A l l  recorders and indica tors  of var iab les  a r e  mounted on v e r t i c a l  
panels in the console a t  operating eye level ;  controls a r e  on inc l ined  panels 
a t  desk top  leve l ,  Ektensive use of the miniaturized type recorders with a 
4 inch chart has been made i n  t he  primary, nuclear, and secondary $ n s t m e n t a t i o n  
f c r  space eossepvation and operational assistance t o  the  operating personnelo 

The annunciator w i l l  occupy the  v e r t i c a l  panels of t h e  console 
a d  w i l l  annunciate 96 variables.  It i s  designed f o r  28 vo l t  D. C. Operation 
with relays, lamps and horn mounted i n  t h e  same sect ion of t h e  control  unit .  
All ex terna l  connections w i l l  be of t h e  plug-in type, Relays s h a l l  be sealed, 
plug-in type used with c i r c u i t s  t h a t  a r e  designed with normally closed i n i t i a t i n g  
contacts. Two re lays  and two l i g h t s  w i l l  be used f o r  each annunciating s ta t ion ,  
The annunciator panel s h a l l  be hinged a t  t he  bottom t o  allow the panel t o  be 
ro t a t ed  around a horizontal  axis f o r  any maintenance t o  components located on 
the  r ea r  of t h e  panelo Wiring dll be accomplished i n  a manner t h a t  dll permit 
no s t r e s s  or  s t r a i n  on cables o r  d r e s  during opening and closing of t h e  annun- 
c i a t o r  panel, The a ~ m w c i a t o r  horn s h a l l  be provided with adjustable  volume 
cont ro l  and s h a l l  be a ~ d i b l e  a dis tance of 30 f ee t ,  Individual  audible alarm 
a r e  provided with r a ~ a t i o n  monitors i n  a reas  occupied by personnel. These 
audible  alarms can be heard above the noise l e v e l  of operating machinery. The 
operator i s  required t o  a.cknowledge both the  o f f - n o d  and the  re turn  t o  normal 
conditions of both the  l o c a l  and control  roam annunciation, 

The wnunci a top panel including the  annunciator t e s t  panel 
have been arranged so t h a t  the  panels can be bench wired and in se r t ed  i n t o  the  
console a s  pre-fabricated assemblies, 

33.2.3 Ppfmary System Instruments 

The v e r t i c a l  eye-level panels of t h e  console contain inst- 
ruments which record and/or ind ica te  all necessary system variables  and a r e  a s  
f ollswsr 

1. PPfmarg Coolant Mean Temperature C 



W r y  Coolant Temperature 
Primary Coolant Pressure 
Primary Coolant Flaw 
P ~ e s s u r i z e r  Level and Temperature 
V a p ~ r  Container Pressure 
PPimary System Temperature Monitor Indicator  
W r y  Coolant Pump Motor Ammeter 
Spare Position f o r  Additional. Recorder 

The r igh t  and l e f t  incl ined cont ro l  panels a t  desk top  l e v e l  contain 
switches and indica tor  l i g h t s  used i n  t he  control  of primary system pumps, press- 
u r i ze r  heaters  and t r i p  valves, 

13.2.4 Secondary Instruments 

The right. panel contains t he  hstrumemts necessary t o  record and 
control  steam output of the plant  t o  t he  secondaq system and a r e  a s  followas 

1, f i n  Steam Pressure Recorder 
2. Main Steam Temperature Recorder 
3. Mafn Steam Flow Recorder 
4. Steam Generator Level Recorde~Con t ro l l e r  
5 0  Feedwater Elass Recorder 
6 .  Feedwater Pressure Recorder 

13.2.9: Nuclear Instruments 

The v e r t i c a l  panels contain all nuclear recorders and are a s  
follows s 

1, Safety Channel Noo 1 
2. Safety Channel No. 2 
3, Period, 2-channel, high and low l e v e l  
4 LQg l-l 
5 .  Log Count Rate EF' 
6, Linear Power 3 

Spare pos i t ion  f o r  addi t ional  recorder 

Amplifiers used in conjunction with these instruments a r e  mounted 
i n  these  recorders. Any controls requiring a t t en t ion  of t h e  operator w i l l  be 
included on a panel on t h e  f ron t  of t he  unit. 

The center panel contains controls  and indica t ion  f o r  t h e  reac tor  
rod drives. The ind ica tors  a r e  dual  synchro receivers  using 60 cycle o r  400 
cycle power supply. The sho r t  needle i s  t h e  "coarsen ind ica tor  o r  rod posi t ion 
&king approximately one revolution f o r  f u l l  rod t rave l ,  The longer needle is  
the  "finen ind ica to r  making one reuolution f o r  each 3 inches of rod t rave l ,  The 
combined indica t ion  of t h e  two needles i s  the  rod posi t ion within 0.020 of a n  
in&. 



Each of the f i v e  rods dr ive posi t ions i s  indicated by a separate  
Sgncro receiver. Upper and lower limits of t r a v e l  a r e  indicated by red  and 
green l igh ts ,  respectively. A t  these limits of t r a v e l  the  c i r c u i t  t o  t h e  rod 
dr ive motor s t a r t e r  is  broken, preventing f u r t h e r  mator ro t a t ion  by e i t h e r  manual 
o r  automatic means. A double pole-double throw center  off-switch, located near 
each ind ica tor  contpols d i rec t ion  of individual  rod t rave l .  A ten-pole-double- 
throw-center off  switch is  used f o r  gang cont ro l  of t h e  regulat ing and shim reds 
so  t h a t  the rods may be mwed i n  unison. 

U.3 Radiation Monitoring 

A rad ia t ion  monitoring system i s  provided f o r  t h e  protect ion of 
personnel and plant  operation. Radiation l e v e l s  of 5 m / h r  w i l l  be alarmed 
both loca l ly  and i n  the  cont ro l  room t o  warn personnel i n  a pa r t i cu l a r  area 
and the control  room operator of a hazardous condition, The use of positioning 
detectors  in designated a reas  and any malfunction which would r e s u l t  i n  t h e  
re lease  of radioact ive waste is  detected and correct ive ac t ion  may be taken by 
the  operat,or. Two analyzers, monitoring plant  water and e f f luen t s  a r e  provided \ 

f o r  t he  protection of off-s i te  personnel and t o  double check the  in-plant mon- 
i t o r i n g  systems. These analyzers a r e  a l s o  provided with su i tab le  means of ind- 
i c a t i o n  and alarm. The in-plant monitoring systems i s  gamna sens i t ive  only s ince 
both primaxy and secondary reac tor  shielding contains a l l  neutrons and t h e  pipe 
w a l l s  a r e  of s u f f i c i e n t  thickness t o  contain beta radiat ion.  Both t h e  water and 
a i r  e f f luent  monitors a r e  beta  uld gamma sens i t i ve  because the  e f f luen t s  a r e  not 
contained. 

13 ,4 Nuclear Instrumenbation 

The nuclear instrumentation system has been s implif ied by Alco with 
the  experience gained on Am-1 and BPPR-U nuclear instrumentation systems. 
Neutron detect ing chambers used i n  s t a r t u p  operations and t h e i r  connectors have 
been a major problem. Our des ign  c a l l s  f o r  withdrawal of this chamber when not  
i n  use f o r  the  protect ion of these chambers and t h e i r  connectors. One s t a r t u p  
channel i s  eUminated a t  t h e  same time because this withdrawal w i l l  be made i n  
calfbrated s teps  providing the  usual two decade overlap of t h e  power channel. 
When t h e  reac tor  i s  a t  power the chamber w i l l  be Fully  withdraw11 t o  extend t h e  
l i f e  of the chamber and connectoro 

The safet$ l e v e l  chambers a r e  used in two out of two coincidenm 
c i r c u i t s  requir ing both chambers t o  i n i t i a t e  a scram a t  120 percent of design 
l e v e l  power, Fai lure  of one of the  f a i l  s a f e  safe ty  channels w i l l  be annunc- 
i a t e d  without scramming the  reactor  and w i l l  allow time f o r  a replacement of 
p a r t s  in the '  channel without a shutdown. But, if the  o ther  channel c a l l s  f o r  
a scram, ( legi t imate o r  not), before t h e  defectivri channel is  corrected, the  
reac tor  will be scrammedo 

Five (5) nuclear channels w i l l  be provided nsing six recorders. 
High and low. l e v e l  periods a r e  recorded on a dual channel i a a t m e n t .  



- 
1. Star tup  - BF3 counter with low l e v e l  period 
2. Log N and Period 
3* Linear Power 
4. Safety #L 
50 Safety #2 

The BF proportional counter channel with a minimum sensft . ivity 
, of 4 counts/m dl1 caver t he  neutron flux range from source l e v e l  t o  the  range 

where the Log N channel gives accurate indicat ion,  This s t a r tup  range corresponds 
t o  a parer l e v e l  of from about 0,01 watt  t o  about 100 watts. The Log N channel 
w i l l  cover the power range from about 10  watts  t o  over 10  megawatts. Associated 
with t h e  Log N channel i s  a period amplifier,  and a period of 3'seconds will 
cause a scram, A t  a period of 10  seconds rod withdrawal i s  stopped, 

A l i n e a r  power channel.w5th range se l ec to r  w5tch  is  provided ~ 5 t h  
the same operating range a s  the. Log N. 

The use of f i v e  nuclear channels, ~ 5 t h  a two out of th ree  coincid- 
ence scram eircuLt t o  t h e  two safety channel system with two out of two c o i n c i b  . *  

ence c i r c u i t  i s  based on the  follcwinge , - 
1, Usage of so l id  s t a t e  systems and elimination of vacuum tubes,  ' 

including so l id  s t a t e  preamplifiers f o r  t he  chambers which . 
increases  p e l i a b i l i t y  and s t a b i l i t y ,  

2. usage s f  regulated and i so l a t ed  parer  supplies reduces the 
chancre of f a l s e  scrams due t o  outside interference. 

3 ,  Usage of chamber wells extending t o  t he  outside of the 
vapor container ~ 5 t h  improved type connectors f o r  the  chamber 
leads 

4. Usage of a BF - 28 V.D.C. motor-operated l i f t i n g  mechanism 
t o  remove the  3~~ Counter tube from the  region of high f l u x  
l e v e l  during power operation, The BF l i f t i n g  mechanism 
will extend t h e  usable l f f e  of the t u  e and reduce tube 
eonne e to r  f a i l w e ,  

2 

u.5 Startup Considerations 

The f l u x  mentioned a t  s t a r tup  r e f l e c t s  t he  worst condition t h a t  poss- 
i b l y  can be ensountered. This condition can occur at the  i n i t i a l  s t a r tup  of 
t he  r e a c t o r  system. After t he  i n i t i a l  s tar tup,  t he  problem i s  eased somewhat by 
a photoneutron source which y i e lds  neutrons from a reac tor  involving gamma rad- 
i a t i o n  from f i s s ion  products and induced ac t iv i ty .  The source i s  in the  form 
of ~ e r ~ l l i u m - c o n t a i & n ~  s l a b  placed near t h e  core. The y i e l d  of neutrons from 
the  photoneutron source i s  considerably grea te r  than t h e  f i e l d  fmm t h e  Po-Be 
source, so t h e  counting r a t e  i s  well  within t h e  range of t h e  BF3-counter channel. 



The neutron f lux is  well within the range cif  the BF3 counter channel a f t e r  
reloading the reactor with fresh fue l  elements, A new source of PO-Be will be 
required a f te r  refueling the reactor. , 

13.6 Rod Travel Limit Switches 

Ihe rod t ravel  limit switches are the simplest interlocks prevent- 
ing t r ave l  of rods beyond predetermined U t s  thereby protectiw the rod drive 
s tar ter ,  and' motor from overheating and possible burnout, 

13.7 Rod Automatic Drive D m  

The contact in  paral le l  with the  "in11 centact UP Lhs "gagn cnviteb 
which i s  closed during an "scram" condition, energizing the rod drive motors "in". 
The main clutches are disengaged rshd the rod drive motors, when energized in this 
manner, operate through the overrunning clutches t o  break loose aqy rod that  m q  
nhang-.ql' during the "scram", Once broken loose the  rod will again f a l l  freely 
t o  complete the scram action. 

13.8 Nuclear Interlocks and Scrams 

I n  ei ther the low-power level  of the intelraediate power level  regions, 
a reactor pezclod ehorter than some predetermined value prevents rod withdrawal. 
Both period channels function continuously i n  the l a w  power region with the lw- 
leve l  channel losing; i t s  value above 10 watts. This interlock accomplishes i t s  
5' 
function by making it impossible t o  apply power t o  the rod drive motor s ta r te r s  
when any attempt i s  made t o  withdraw rods, 

A rod minimum star$up count ra te  interlock i s  used t o  guard against 
reactor ruuaway during startup bemuse of lack of neutrons when achieving a 
c r i t i c a l  mass. 

A lou-level protection by-pass in the  log N channel by-paases both the 
short period and minimum count ra te  interlocks a t  some predetermined higher paver 
level. This by-pass i n t e ~ l o c k  protects against fa i lu re  of e i ther  of the in te lc  
locks described above which would prevent rod withdrawal a t  high power levels. 
Actuation of t h i s  interlock w i l l  be annunciated by a moment- audible alarm and 
switching on of a yellow warning l ight  on the annunciator panel. This procedure 
i s  reversed during shutdown of the reactor. 

The period scram i s  automatically by-passed when the following cen- 
ditions have been sa t is f ie& 

1. himaw Coolant Average Temperature 480'~ . Powel: Level Sop 

If ei ther  o r  both of these parameters drop belaw 480'~ and a parer, 
respectively, the period scram i s  automatically activated. Deactivatiaa of tho  



by-pass i s  c l ea r ly  annunciated t o  a l e r t  t he  operator, 

13.9 R e a c t o ~  Rod Control and Indicat ion 

Individual  rod posi t ion i s  indicated on a s ingle  ind ica tor  un i t  
utiEz-Eng two independently mounted and geared synchro t ransmi t te rs  e l e c t r i c a l l y  
connected t o  t h e i r  respective receivers.  The receivers a r e  connected mechanic- 
a l l y  t o  two concentrically driven pointers  and contained in the  ind ica tor  unit. 
The coir&e indica tor  pointep t r ave l s  appro-tely 360' f o r  t h e  f u l l  rod t rave l .  
The shor t  po in te r  and smaller d i a l  i s  used f o r  t h i s  indication. The f i n e  in& 
i c a t o r  pointer,  which is the longer of the  two, t r a v e l s  3600 f o r  each th ree  inches 
of rod t r a v e l ,  Rod p s i t i o n  may be read t o  a t  l e a s t  within 0,02 of an inch, 
The receiver d i a l s  a r e  mounted on the  cont ro l  console d i r ec t ly  in f ron t  of t h e  
operator together with associated rod dr ive control  l eve r s  and indica tor  l i gh t s ,  
Rod posi t ion a t  e i t h e r  extreme of t r a v e l  i s  indicated by l i g h t s  mounted d i r ec t ly  
t o  the  r igh t  o f  the  qynchro ~ d i k a t o r s ,  A green l i g h t  f o r  Ndownu o r  " i n n  
posi t ion and a red  l i g h t  f o r  ffup" or  "out" position, The l i g h t s  a r e  "push-to- 
testtQghts allowing periodic t e s t i n g  of l i g h t s  l o c a l l y  ins tead  of remote 
controk, 

Each reac tor  rod i s  rack and pinion driven by a 3-phase, 44.0 vol t ,  
6CLeycle motor. The power i s  t ransmit ted through a main clutch and a smaller 
over-running clutch when t rave l ing  i n  the  ndownw o r  "inn d i rec t ion  and through '. 

the  main clutch only i n  t he  floutat o r  llupst direction. The overmmnfng clutch 
drives any rod "down" which may not fall  f r e e l y  a f t e r  a '?scramsg has been init- 
i a ted .  The clutch actuat ion will continue u n t i l  the  f u l l  ftdownm o r  w i n n  pos- 
i t i o n  i s  reached. 

\ 

A l l  f i v e  rods may be controlled from t h e  cont ro l  un i t  individual ly 
through t h e i r  respe c t ive  three-position l e v e r  switches. The three-position 
.switches have spring r e t u r n  t o  t h e  neutral-off position. When e i t h e r  " i n n  o r  
noutjg contactor i s  energized by correct ly  posi t ioning the  three pos i t ion  l e v e r  
switch, 3-phase power i s  supplied through t h e  s t a r t e r  t o  t he  motor, The motor 
then drives t h e  rod '!upw orfadownsf thmugh a gear  box and rack and pinion assembly, 

I n  order  t o  speed up addi t ions of negative o r  posi t ive r eac t iv i ty  
during s ta r tups ,  etc. ,  all f i v e  rods may a l s o  be control led i n  a p u p  o r  "gangst. 
A switch f o r  controklLng t h e  "gangtt of f i v e  rods i s  located below t h e  panel of 
the console ecntaining the  i.ndivid-xd rod drive controls. The handle of t h i s  
switch i s  of d i s t i nc t ive  color and shape t o  f w t h e r  deemase the  chance of 
operator e r r o r  and a t  an o f f s e t  location. 

The limits of rod t r a v e l  a r e  control led by "inff and woutw limft 
h t c h e s  loca ted  on the  a c t u a l  m d  drive, These switches prevent t r a v e l  beyond 
the  normal rod t r a v e l  ~ t s ,  Upon actuat ion of e i thep  U t  switch, t he  res- 
pective limit l i g h t  i s  energized and a l l  paver through t h e  i n d i d d u a l  and gang 
e o n t ~ o l  switches t o  the  motor eontactor i s  cut off ,  preventing M h e r  rod t rave l .  



The results  of analog computer studies t o  date indicate that  any 
rod withdrawal above the temperature and pwer  conditions l i s t ed  abme w i l l  
resul t  in a power level  scram before a period scram. The same studies also 
indicate that a t  other power levels of power and temperature it i s  possible 
t o  l i m i t  rod withdrawal i n  conjunction with a period serant by-pass. However, 
this has not been incorporated in our designs because normal operation of a 
plant i s  usml ly  nearly design power, I n  a special case, however, circuitry 
t o  by-pass the  period scram a t  lower levels  may be incorporated in the design. 

A primary coolant pump interlbck prevents rod withdrawal when the 
pump i s  not operating. This prevents reactor startup and overheating of the 
primary system because of lack of primary coolant flow, The closure of t h i s  
interlock on the pump motor s t a r t e r  allows withdrawal, Since there  i s  a backup 
low flow scram action, s t a r t e r  actuation i s  considered satisfactory evidence 
that  the pump i s  running, 

Whenever conditions sa t is fg  any or a l l  of the  rod withdrawal inter- 
locks specified above, rod withdrawal is prohibited. It i s  then not possible 
t o  energize the rod withdrawal permissive rekys .  The operator i s  warned 
of this condition by the turning on of a rod (not permissive) light, and the 
extinguishing of the green (pemissivk) l igh t  on the control console panel, 
The reverse is  t rue  when rod withdrawal is  pennitted, 

The rod drive "In" contactor K i l l  always override the "outn con- 
tac tor  i n  the event tha t  both of the contactors are energized s,imultaneaslsly. 
This is a fail-safe interlock which would a s s i s t  in shutting down the reactoro 

The rod transfer lock switch requires in i t i a t ion  of reactor operations 
by a keyed switch, Also, i f  an attempt is made t o  s t a r t  up in the noffn or  nzersw 
positions, the reactor w i l l  scram, 

During sero power operations verg l o w  limits must be maintained since 
the  reactor pressure vessel cover may be off as i n  c r i t i c a l i t y  tes ts .  A scram 
contact i s  provided in the log N channel s e t  a t  some predetermined level, such as  
1 m  

Routine power operation recpired by-passing the zero power scram 
'through the transfer lock switch. However, the safety channels r d n  in the 

- protective circuitry. A power level  of 12059 w i l l  i n i t i a t e  a scram action 
thmugh the safety channels, 

High rate8 of flux increase in the  reactor coinciding with incwaered 
ra te  ef heat production, are detrimental t o  the noxmal operation af the power 
plant and can cause serioue damage. Therefore, the  ra te  of f l ux  increaee is 
monitored and the  reactor i s  scrammed if too high a period is  reached. Two 
period channels with overlapping ranges are  used as  monitors and scram8 are  
affected by opening contacts i n  t he i r  signal c i rcui ts  t o  the  f i n a l  output stage 



of the  safe ty  channel. !L%e l o w  l e v e l  period scram u t i l i z i n g  t h e  BF3 channel. 
i s  only i n  e f f e c t  a t  low-period l eve l s  and is  by.-passed by the same log N 
contacts spec i f ied  above, 

1 

The intermediate l e v e l  scram channel remains in the  circuit t o  scram 
the  reac tor  on a prescribed period below those encountered during normal system 
load t rans ien t  so 

There a r e  seven scrams which do not depend upon nuclear channels , 

f o r  t h e i r  scram signals ,  The th ree  scrams whfch depend upon a pressure A-gnal 
a re  made up of three pressure switches f o r  each scram. The three  pressure 
switches a r e  connected i n  coincidence so  t h a t  i f  any two of t he  three switches 
a r e  actuated a scram i~ i n i t i a t e d ,  A l a r m s  a r e  a lso  provided through the  same 
pressure switches., The alarms w i l l  a l s o  de tec t  a defective pressure switch 
when an erroneous alarm Is made. 

1. Law primary coolant pressure will f i r s t  alarm and then scram 
the reactor, . . 

2. .High p r i m a ~ g  coolant pressure w i l l  first alam and. then scram .. 
the reactor.  Together with this scram the  power t o  the  . !. 
pressurized heaters  i s  cut off  s ince the  condition of high . . 

pressure may be caused by the  heaters  r a t h e r  than the  r e a c t o ~ .  

3 , High pressure secondary steam w i l l  alarm and scram t h e  reactor.  
This cont ro l  implies a primary coolant breakthrough in t he  
steam generator, 

4. Low p r h a q  coolant flow i s  alarmed at approximately -3% and 
1 

a scram occurs a t  approxbnatelg -6%. This control  guards 
against  boi l ing in t he  reactor,  

During zero power operation there  i s  no necessi ty  f o r  prdma coolant 
flow and low pressure controls because (a) t he  low power developedg (b 7 t h e  
pressure vesse l  cover may be off. Because of t h i s  t h e  low flow and low pressure 
alarm and scram specif ied above a r e  by-passed by t h e  t r a n s f e r  l o c k - d t c h  located 
in t h e  control  uni t .  

' 5. High reac tos  ou t l e t  temperature of primarg: coolant i s  alarmed 
and scrammed. A high reac tor  ou t l e t  temperature i nd ica t e s  higher 
r a t e  of heat generation than t h e  steam generator and pPPmary 
coolant system a r e  capable of handling. 

6, High teinperature steam i s  alarmed and scrammed. High steam 
temperature &sts when t h e  secondary system i s  inc.apable of 
removing heat from ' the  primary system, 



7, High Primary coolant flow is  a l so  alarmed and scrammed. 

13 J 0  Console ~onstxwction 

The cont ro l  console s t r u c t u r a l  members w i l l  be s t e e l  channeling, 
using U-shaped channels welded i n  a manner so  a s  t o  serve a s  both s t r u c t u r a l  s u p p  
o r t  f o r  the control  u n i t  equipment and wiring duct. f o r  e l e c t r i c a l  l eads  from 
t he  main i n t e r n a l  wiring ducts. Using t h e  channel a s  wiring duct reduces the 
mount  of harnessing necessary, speeding production, improves appearance and 
f a c i l i  t a t e s  maintenance by allowing easy iden t i f i ca t ion  of cables, t h e i r  rout ing 
and replacement. 

The inc l ined  panels containing equipment cont ro l  w i l l  be mounted 
individual ly and hinged a t  t h e  bottom so t h a t  they may be opened from the  f ron t  
f o r  any maintenalee o r  r e p a i r  t h a t  i s  necessarg. The upper o r  top  s ix teen  
inches of the  three  v e r t i c a l  panels of t he  cont ro l  console containing the  annun- 
c ia to r  uni t  and t e s t  panel may be inc l ined  forward t o  about 60' from t h e  vert-  
i c a l  t o  allow eas i e r  reach t o  t h e  annunciator switches. 

The instrument d i s t r i bu t ion  panel w i l l  be b u i l t  i n t e g r a l  with t h e  
console and w i l l  a l s o  have s t r u c t u r a l  channels t o  f o m  wiring ducts  similar ts 
t he  c o n s t ~ u c t i o n  described f o r  the  console. The unit s h a l l  be completely enc- 
losed and provided d t h  access doors. Power and cont ro l  cables w i l l  be corm- 
ected t o  v e r t i c a l  t e w i n a t i o n  boards in the  lower sect ion of the d i s t r i bu t ion  
panel. 

The annunciator panels w i l l  be t r ea t ed  the  same a s  t h e  equipnent 
cont ro l  panels. They w i l l  be hinged a t  t he  bottom s o  t h a t  t h e  panel may be 
ro ta ted  sxposfng the  c i r cu i t ry  f o r  repair .  The panel and associated equipment 
w i l l  be accessible  from t h e  r e a r  f o r  minor r epa i r s  and maintenance, 

A l l  ,cablea and wires enter ing the  cont ro l  console from t h e  vapor 
container, nuclear rack and other  locat ions w i l l  be plugged i n t o  connectors, wired 
t o  t he  termination boards i n  t he  d i s t r i bu t ion  panel sec t ion  of the  control  
console. These cables s h a l l  en te r  t h e  d i s t r i bu t ion  panel v i a  overhead raceway 
except f o r  power suppl ies  from t h e  cont ro l  sk id  o r  nuclear panel. The leads 
from t h e  d i s t r i bu t ion  terminal boards w i l l  en t e r  the cont ro l  console through 
three.wire-ways i n  the r e a r  base of t h e  console, acessible  from t h e  r e a r  of t he  
console. The th ree  sec t ion  wireways wfll segregate s ignal ,  high power and 
luw power cables f o r  ease of t rouble shooting and t o  insure no s igna l  distor- 
t i o n  due t o  pickup caused ky proximity t o  unshielded power leads. Cables ui31 
be placed d i r e c t l y  i n t o  the  llchan.neln construction members from t h i s  wireway. 
Wires, and cables from the  controls  and equipment i n  t h e  console will be p e m -  
en t ly  wired t o  connectors mounted on the  terminal boards. 

13.11 Cables 

A l l  instrumentation cables used t o  connect t h e  panels and units are 



cut  t o  length a t  the f a c t o w  and wired i n t o  plug-in type  connectors a t  each 
end and e0mp1et~el.y coded. The resu l t ing  leads  a r e  t e s t e d  a t  t he  factoxy and 
pr ior  t o  i n s t a l l a t i  on f o r  continuity and insu la t ion  resistance. The cables 
w i l l  be l a i d  i n  wireways i n  which provisions a r e  made f o r  segregating signal and 
power leads and plugged i n t o  the  correct  receptacles  a t  t h e  plant s i t e .  A l l  
cables have waterproof jacketing t o  s u i t  t he  required temperature and humidity 
conditions and s h a l l  be te rmhated  i n  water r e s i s t a n t  connectors. 

13.12 External Wiring and Wireways 

A l l  instrumentation cables, wires, power and cont ro l  cables ex t e rna l  
t o  the  panels and u n i t s  w i l l  be carr ied in standard wireways with hinged and 
gasketed areas. These will  be bolted or  screwed together  t o  form wireways 
interconnecting the  panels and uni ts .  ?he wireways will be run i n  two sect ions 
so t h a t  low-level and s igna l  cables can be i so l a t ed  from power and control  cables. 

I l3.U Distr ibut ion U n i t  

The instrument d i s t r i bu t ion  panel wfll be b u i l t  i n t e g r a l  t o  t he  console 
and dl1 a l s o  have s t r u c t u r a l  members of s t e e l  m i s t r u t  channel t o  form wiring 
ducts s imi la r  t o  t he  construction described f o r  t he  console. The unit  s h a l l  
be completely enclosed and provided with access doors. 

The d i s t r i bu t ion  sec t ion  w i l l  have openings i n  t h e  base t h a t  w i l l  mount 
over and enclose t h e  power cable conduit o u t l e t s  in t h e  top  of the skid. 

The power and control  cables  w i l l  be connected'to v e r t i c a l  t e rmina t im 
boards i n  t h e  lower sec t ion  of the  d i s t r i bu t ion  panel. The power suppl ies  
terminal board w i l l  contain c i r cu i t  breakers not mounted i n  the  switchgear sec- ,. 
t i o n  of t he  skfd o r  in t he  control  consoleo 

A l l  cab les  and wires entering the  cont ro l  console from t h e  vapor container, 
nuclear rack and other loca t ions  w i l l  be plugged i n t o  t h e  termination boards in  
the  d i s t r i bu t ion  panel sept ion of t h e  cont ro l  console. These cables shall en te r  
the  d i s t r i bu t ion  panel v i a  overhead raceway except f o r  pouer suppl ies  f m a  the  
control  sk id  o r  nuclear panel, The leads from the  d i s t r i bu t ion  terminal boards 
wil l  en t e r  the  control  console through t h r e e  wire-ways in t h e  rear base of t h e  
console, accessible  from the  r e a r  of t h e  console. The three  sect ion wire-ways 
w i l l  segregate s ignal ,  high power and low power cables f o r  ease of trouble- 
shooting and t o  insure no s igna l  d i s to r t i on  due t o  pickup caused by prorrimfty t o  
unshielded power leads. Cables w i l l  be placed d i r ec t ly  i n t o  the  n&annel" con- 
s t m e t i o n  memebers from t h i s  wfrewey . Placement of these  channel s t r u t s  w i l l  
allow use a s  ducts a l t e rna t e ly  f o r  s igna l  end power leads. A t  a point ba t e ra l ly  
opposite the  termination point  of t h e  cable, it w i l l  e x i t  from the  channel f o r  
.connection.Cables and d r e s  w i l l  be contained i n  the  channel bg using sec t ions  
of a spring s t e e l  cover mounted a t  s t r a t e g i c  points  along t h e  channel. 



The d i s t r i bu t ion  terminal boards w i l l  be mounted ve r t i ca l ly  i n  t h e  
lower sect ion of t he  d i s t r i bu t ion  unit .  ' Wires and cables  from the  controls  
and equipment i n  the console w i l l  be permanently wired t o  connectors mounted 
on t h e  terminal boards. 

Conditions of temperatureo h m i d i t g  and a i r  purity within and 
surrounding the  contpol u n i t  must be r~laintained a t  l e v e l s  which insure operation 
of a l l  e q u i p e n t  within t h e i r  respect ive specif ied accuracies. Thermal emmission 
devices s h a l l  normally have t h e i r  filament a t  operating voltages except during 
prolonged shutdowns. 

13.14 Electro-I$draulic Control Valves 

Elect~o-Hydraulic control  valves a r e  used i n  t h e  a l l  e l e c t r i c a l  
instrumentation system i n  l i e u  of air operated valves. An e l e c t r i c a l l y  operated 
valve i s  approximately two t o  three  times t h e  cost  of an air control  valve, there- 
f o r e  overa l l  p h t  cost i s  l e s s  be muse fewer valves a r e  needed and the  complete 
instrument air system with i ts  associated piping i s  eliminated. The ellmination 
of air type control  i s  a l so  highly desirable  f o r  t h i s  plant t o  prevent t h e  poss- 
i b i l i t y  of freezing of moisture in the  air supplg m d  control l ines .  

Self-contained e l e c t r i c a l l y  powered hydraulic pis ton type  cont ro l  
valves position with a high order of accuracy and have excel lent  frequency res- 
ponse, The s t a b i l i t g  of positioning i n  t h i s  type valve i s  superior  t o  a pneu- 
matic diaphragm operator t h a t  i s  a r e s i l i e n t  assembly moving in response t o  

- 

dynamic forces  t ransmit ted from t h e  valve o r  plug proper on the  f l u i d  stream. 
The h y d r a a c  p is ton  i s  positioned by a non-compressible f l u i d  t h a t  dampens 
v ibra t ion  and prevents jumping of the  inner  valve with resu l tan t  rough cont ro l  
and wear inherent i n  t h e  pneumatic operatoro 

The electro-hydraulic valves a r e  self-contained requiring no inputs  
o ther  than the e l e c t r i c a l  control  s i g n a l  and a.c, power from t h e  d i s t r i bu t ion  
l i ne .  

Electre-bdraul ic  t r i p  valves w i l l  "fail-safen on l o s s  of power and 
close. Control valves w i l l  lock i n  posi t ion and annunciate t h e  condition, o r  
c lose on l o s s  of power. 



14.0 PRIMARY PURIFICATION AND MAKE-UP SYSTEM 

14.1 Functional Requirements 

In  conventional power and u t i l i t y  plants ,  t h e  pur i ty  of t h e  bo i l e r  
water i s  controlled by a continuous schedule of blowdowri and make-up., The 
same pr inc ip le  was followed i n  design of t h e  pur i f ica t ion  system f o r . t h e  APPR-l., 
t he  APPR-la, and t h i s  skid mounted nuclear power plant. The Fort Belvoir Plant . 
was t h e  f i r s t  pressurized water reactor  t o  u t i l i z e  a low-pressure pur i f ica t ion  
system; because of i t s  many advantages and proven performance, this type of 
system has been used i n  most succeeding land-based plants ,  including Indian 
Point, Yankee, Savannah, &c. Xn t h e  WPR-1 design, a small portion of water 
i s  continuously withdrawn from t h e  main primary system, pur i f ied  by mixed-bed 
demineralization, and reintroduced a s  make-up t o  the  primary system and control  
rod sea ls ,  Advantages include s implici ty  of operation, minimum cap i t a l  invest- 
ment, and elimination of any waste disposal problems with normal operation. 

' 

The pur i f ica t ion  and make-up system i s  designed t o  perform t h e  
following functions: 

1 )  Continuously remove dissolved and suspended impurities. 

2) Control system pH. 

3) Scavenge dissolved owgen from t h e  coolant by t h e  addi t ion 
of su i t ab l e  chemicals (e.g. hydrogen during operation o r  
hydrazine during start-up). . . 

I 4) Prevent deposition on heat tpansfer  surfaces. 

5) Minimize poss ib i l i t y  of fue l  element f a i l u re s .  

6)  Minimize corrosion. 

7) Protect  moving p a r t s  and s m a l l  o r i f i c e s  from clogging o r  
s t i c k i  ng . 

I1 8 )  Minimize rad ioac t iv i ty  b d l d u p  on primary system components. 

9 )  Attempt t o  el iminate  radiological  hazards t o  operat ing 
pepgonnel and t.he environment. 

I 14,2 Summary Description of System 

The pur i f ica t ion  and make-up system contains f i v e  basic  components: 
1 )  a non-regenerative heat exchanger (blowdown cooler),  2) a pressure seducing- 
flow cont ro l  s t a t i o n  cons is t ing  of o r i f i ce s ,  a s e l f  contained pressure reducing 
valve and an electro-hydraulic valve, 3) a non-regenerative disposable mixed-bed 
demineralizer, 4) a make-up tank, and 5) a pos i t ive  displacement make-up pump, 



In  addi t ion,  t h e  system contains valves, instruments, and auxi l i -  
a r y  equipment required f o r  operation and i so la t ion .  The blowdown cooler, a s  
shown on R9-47-1013 - Primary System Skid Arrangement - i s  located on t h e  
steam generator skid. The o ther  components a r e  located on the  feedwater skid 
a s  i l l u s t r a t e d  by drawing M02M3 - Feedwater Package General Arrangement. 

The basic  flow diagram f o r  t h e  pur i f ica t ion  and make-up system 
of t h i s  skid mounted nuclear power p l an t  i s  diagramed on drawing R9-47-10U - 
Primary System P.&IoD. Primary water en ters  t h e  pur i f ica t ion  system a t  
approximately 510°F and 1750 psia. The temperature i s  reduced t o  about llOoF 
i n  t h e  blowdown cooler t o  protect  t h e  demineralizer res ins  from thermal damage. 
A pressure reducing flow control  s t a t i o n  consis t ing of o r i f i ce s ,  one se l f -  
contained pressure reducing valve and one electro-hydraulic valve reduces the 
pressure t o  l e s s  than 100 ps ia  before t h e  water i s  processed through a mixed- 
bed demineralizer. Flow through the  pur i f ica t ion  system i s  regulated a t  about 
1 gpm, although instantaneous flow i s  controlled by pressurizer  leve l .  Demin- 
e r a l i z e r  in f luent  a l s o  includes a small amount of control  rod s e a l  leakage 
water, and a s  required, make-up condensate t o  replace system o r  sampling losses. , 

A rad ia t ion  monitor located on t h e  demineralizer constant ly monitors 
rad ioac t iv i ty  buildup i n  t h i s  un i t .  Should rad ia t ion  l e v e l s  exceed preset  
values - a s  would probably occur during f u e l  element f a i l u r e  - an alarm i n  the  
control  room s igna ls  t h e  plant operator t o  discontinue pur i f ica t ion  flow, When 
t h e  source of a c t i v i t y  is analyzed, flow may e i ther  be diverted t o  t h e  hot waste 
tank o r  processed through t h e  demineralizer. 

The demineralizer funct ions both a s  a f i l t e r  and an exchanger. 
Actual operating experience with t h e  APPR-1 has proven t h a t  t h i s  demineralizer 
design e f fec t ive ly  maintains primary coolant pu r i ty  and, by removing radio- 
a c t i v e  nuclides from the water, minimizes rad ia t ion  and maintenance problems 
throughout the  plant.  Since regeneration of radioact ive r e s in s  i s  not feasible ,  
and s ince removal of t h e  r e s i n s  introduces major handling, s torage,  and dis- 
posal problems, t h e  demineralizer i s  designed a s  an inexpensive, low-pressure 
uni t  t h a t  can be quickly and eas i ly  discarded and replaced. The uni t  i s  
equipped with quick-disconnect s ea l s  t h a t  completely s ea l  i n  a l l  radioactive 
water and resins .  The discarded uni t  can be disposed of e i t h e r  by bu r i a l  o r  
dumping a t  sea. 

Af te r  passing through a f i l t e r  designed t o  remove any res in  f i n e s  
t h a t  might have entered t h e  water, t h e  pur i f ied  water i s  col lected and s tored 
i n  a 60 gallon s t a i n l e s s  s t e e l  tank. A pos i t ive  hydrogen pressure i s  main- 
ta ined  over t h e  water i n  t h e  tank to .  prevent a i r  in-leakage and t o  introduce 
hydrogen i n t o  t h e  make-up water. This hydrogen i s  automatically supplied from 
cyl inders  through regulat ing valves. Under a gamma flux, hydrogen not only 
suppresses d issoc ia t ion  of primary coolant, but scavenge8 any dissolved owgen 
t h a t  might en ter  t h e  system. By excluding a i r  from t h e  system, corrosion 
problems a r e  minimized and air-born rad ia t ion  hazards, such a s  t h e  formation 
of  argon-W, a re  eliminated. 

From t h e  make-up tank, pur i f ied  coolant i s  recirculated t o  t h e  
primary system and control  rod seals by t h e  primary make-up pump. Pump out- 
put can be manually adjusted from 0.17 t o  1.7 gpm. 



The make-up system provides means f o r  adding a controlled, 
measured amount of hydrogen t o  t he  system during normal operation (through 
t h e  hydrogen addi t ion f lask) ,  hydrazine f o r  oxygen scavenging p r io r  t o  s t a r t -  
up, and, i f  necessary, a d.eeontamination o r  soluble poison solution. 

Since a l l  primary water i s  col lected and returned t o  t h e  system, 
waste disposal  problems a r e  almost eliminated. No primary coolant i s  dis- 
charged t o  the  environment. Thus, t h i s  design i s  su i tab le  f o r  even t h e  most 
populated area and elfminates any possible public rep.ercussions t h a t  might 
r e s u l t  from t h e  discharge. of radioact ive water. 

L 

Design of t h i s  t yp ica l  pur i f ica t ion  and make-up system i s  based on 
' operating experience with t h e  APPR-1. A l l  components have been tes ted  under 

conditions s imi la r  t o  those t h a t  w i l l  exist i n  t h i s  plant and have proven t h a t  
t h e  design i s  not only e f fec t ive  and re l iab le ,  but requires a minimum of opera- 
t i o n a l  manpower. 

14.3 Design Requirements 

The basic design requirements and conditions f o r  t h e  primary 
pur i f ica t ion  and make-up system a r e  a s  follows: 

i - 

a. The system s h a l l  maintain primary coolant pur i ty  t o  such a 
degree t h a t  radiat ion dose l e v e l s  due t o  ac t iva ted  corrosion products, 
impurities,  and deposited ncrudm external  t o  piping and components w i l l  not 

' pose hazardous acces s ib i l i t y  o r  maintenance problems. The effect iveness  of 
t h e  pur i f ica t ion  system i n  minimizing t ransport  and deposition of act ivated 
corrosion products i s  a s  yet  not f u l l y  known; however, this design u t i l i a e s  
t h e  best information avai lable  from Task I - Activi ty  Buildup Testing Program - .  
of t h e  research and development programs being performed by Alco under 
Con t r a c t  ~~(30-3) -326.  

( 

b. To minimize radiological  hazards from gaseous impuri t ies  such 
a s  ~4~ and ~ l ~ ,  and t o  minimize corrosion due t o  oxygen o r  rad ia t ion  synthes- 
ized  products such a s  MI3 and KNO t h e  make-up system must be designed t o  
prevent introduction of a i r  with make-up water. 

c. To minimize corrosion by scavenging oxygen and ef fec t ing  a 
recombination of t he  H2 and O2 produced by dissociat ion of t h e  coolant under 
a neutron f lux,  t he  system s h a l l  be designed t o  maintain i n  t h e  coolant 15-30 
cc of hydrogen per kg of water. 

d. The required operating l i f e  of t h e  d d n e r a l i z e r  s h a l l  be t h e  
maximum consis tent  with arrangement and component removal considerations, but 
not  l e s s  than 90 days. 

e. Means s h a l l  be provided t o  protect  t h e  demineralizer r e s i n  
from water exceeding140° Fahr. t o  avoid thermal decomposition of t h e  r e s in  
and the  resu l tan t  l o s s  of capacity. 



f .  To f a c i l i t a t e  f i e l d  modifications o r  inser t ions ,  connections 
bdtween the  major components of t h i  system s h a l l  use tubing and compression 
f i t t i n g s  unless welding i s  required by t h e  type of service,  

g, Primary coolant i n l e t  temperature during operation w i l l  vary 
from 509OF t o  50O0F0 

Si 

h. System operating pressure s h a l l  be 1750 ps ig  upstream of t he  
pressure reducing-flow control  s t a t i o n  and l e s s  than 2000 p s i  downstream of 
t h e  make-up pump, The remaining pa r t s  of t h e  system s h a l l  be designed f o r  
operation a t  50 t o  100 psig, depending on location. 

L 

i, The design corrosion r a t e  of Type 304 or  347 s t a in l e s s  s t e e l  
under t h e  thermal and hydraulic conditions exis t ing i n  t h e  primary system is  
5 mg/dm2/moo 

j. Plant rad ia t ion  l eve l s  under normal operating conditions s h a l l  
be such tha t  t h e  dose received by plant  personnel working 84 hours per week 
s h a l l  not exceed 300 m r .  

k.  he equipmat s h a l l  be designed o r  braced t o  withstand max imum 
shock loadings encountered i n  . the C-130 a i r c r a f t .  

1. Leakage from the  f i v e  control  rod sea l s  w i l l  be l e s s  than 0.1 

m. Primary s p t  en. volume control  s h a l l  be based on adjustment o f  
pur i f ica t ion  r a t e  r a the r  than make-up rate .  Although no plant  operating data 
i s  avai lable  on this control  arrangement, discussions with manufacturers indi-  
ca t e s  t h a t  this w i l l  p e d t  c loser  control  of l a rge  t r ans i en t  var ia t ions  than 
i s  possible  with t h e  APPR-1 setup. 

n o  Resin bed depth i n  t he  demineralizer s h a l l  be a midmum of 3 0  
inches.  I n  t h e  absence of APPR-1 operating data  on t h e  e f f ec t  of  flow loadings 
on optimum demineralizer decontamination f ac to r s  (gross D. F.'s a s  wel l  a s  
individual  nuclides),  flow loading spec i f ica t ions  s h a l l  be based on conductivity 
data  ava i lab le  from r e s i n  manufacturers. During normal operation, flow loadings 
s h a l l  be about 7.5 gpm per square foot of bed surface. 

00  The primary coolant s h a l l  be maintained a t  e s sen t i a l l y  neu t r a l  
pH, Although data  from other  i n s t a l l a t i o n s  ind ica tes  operation a t  high pH 
may be beneficial ,  t h e  e f f ec t  of high pH on APPR-1 operation ( a c t i v i t y  build- 
up, corrosion ra tes ,  corrosion product release ra tes ,  heat t ransfer ,  gas 
a c t i v i t y ,  f i s s ion  product l eve l s ,  etc.) has not been demonstrated. 

p. Based on da t a  obtained under Task I - Activi ty  Buildup Studies 
under Contract ~~(30-3 ) -326  and APPR-1 operating data,  25% of t h e  t o t a l  so l id s  
i n  t h e  coolant a re  conservatively assumed t o  be soluble f o r  design purposes. 
The average chemical combining weight of t he  corrosion products i s  assumed t o  
be 50. Capacity of t h e  r e s in  i s  10,000 grains/ft3 a s  CaC03, 



q. Based on APPR-1 operating r e su l t s ,  s y s t q  design w i l l  not 
include an in-line gamma radiat ion monitor t o  measure primary pur i f ica t ion  
rad ia t ion  leve ls .  Experience ind ica tes  t h a t  crud bursts,  a c t i v i t y  deposition 
on t h e  chamber surface, and other  f ac to r s  n u l l i f y  attempts t o  use this type 
of monitor t o  de t ec t  f a i l e d  f u e l  elements. The need f o r  a f a i l e d  fue l  element 
detect ion system i s  present ly being evaluated undep Task IXI - Fission 
Product Study of Contract ~~(30-3)-326.  Area monitors a r e  included f o r  
personnel protection. 

r, A connection s h a l l  be provided on t h e  suction of t h e  primary 
'make-up pump t o  introduce hydrazine f o r  o g g e n  scavengihg during i n i t i a l  
s tar tup,  a decontaminating solution,,  and a soluble  polson solution, Although 
t h e  l a t t e r  two a re  not required by plant design c r i t e r i a ,  t h e i r  inclusion is 
consi dered d e s i  rable  emergency features.  The d e c o n t d n a t i o n  solut ion would 
be used i n  t h e  event of f u e l  element f a i l u re ,  excessive buildup of long- 
l i ved  deposited a c t i v i t y  on primary system surfaces, o r  t o  fac i1 i ta t .e  reloca- 
t i o n  of t h e  plant. The soluble poison solut ion would be used t o  control  hot- 
to-cold r e a c t i v i t y  changes i n  t he  event a control  rod becomes stuck i n  t h e  
" f u l l  out" pos i t ion  o r  two rods become stuck i n  t he  operating posi t ion during 
t h e  f i r s t  par t  of core l i f e .  

s', Mixed-bed r e s in  specif icat ions a r e  a s  follows: 

U u r e i  mixture of strongly ac id i c  cat ion r e s in  i n  t n e  hydrogen 
form and strongly: basic  anion exchange res in  i n  t h e  h y d r o q l  form i n  proportions 
of 1.0 equivalent oP hydroxl ion  t o  1.0 equivalent of hydrogen ion. 

Pa r t i c l e  Size: both the  cat ion and anion r e s ins  s h a l l  have a mean . 
p a r t i c l e  s i z e  of 16  t o  50 mesh and a uniformity coeff icient  of  less than two. . 

Capacity: t h e  cat ion r e s in  s h a l l  have,a  t o t a l  f inished capaci ty of 
not  l e s s  than 47 mil l iequivalents  per dry gram, of  which not l e s s  than 95 
e q d s a l e n t  percent s h a l l  be i n  t h e  hydrogen form. 

The anion r e s in  s h a l l  have a t o t a l  f inished capacity of not less 
than 3.5 mil l iequivalents  per  dry gram, of whf ch a s  great  a proportion a s  is 
feasible ,  but not l e s s  than 80 equivalent percent s h a l l  be i n  t h e  hydrolryl ,form. 

Impurities :. The r e s ins  s h a l l  be spec ia l ly  t r ea t ed  t o  remove any 
soluble organic contaminants which may be present. The resin s h a i i  not  contain 
impuri t ies  of foreign cations g rea t e r  than t h e  following: 

Pa r t s  per mil l ion 
(of dry  resin)  

i ron  
copper 
heayy metals ( a s  lead)  



The res in  s h a l l  not contain impuri t ies  of foreign anions grea te r  
than t h e  followings 

Percent (equivalent.1 

chloride 
carbonate 

14.4 System Design Data 

Primary system piping and vessels w i l l  be fabricated of AISI type 
304 s t a in l e s s  s tee l .  A l l  o ther  system components exposed t o  t h e  primary water 
w i l l  be of type 304 s t a in l e s s  s t e e l  with t h e  following exceptions: 

(1) Rod drive mechanism 

Valve seat and pinion type l+lO s t a i n l e s s  s t e e l  
Water sea l  shaft  Armco 17-4 pH s t a in l e s s  ' s tee l  

type 441 s t a in l e s s  s t e e l  
(where no flow e x i s t s )  

Pur i f ica t ion  system flow r a t e s  a re  based on the  design requirement8 
out l ined i n  14.3. The primary system surface a rea  and volume used f o r  corrosion 

6 2 and a c t i v i t y  buildup considerations were 2.48 x 10 cm and 555 gallons, respect- 
ively.  The calculated values f o r  t h e  individual  components a r e  a s  follows: 

Primary System Surface Areas and Volumes 

Thermal Shield 
Core and Control Rod Drive 
Mechanism 

Reactor Vessel (het  water) 
Primary Piping 
Primary Coolant Pump 
Steam Generator 
Pressurizer  

Total  

Area, Ft2 Volume, . ~ t 3  

Based on t h e  above, and assuming t h a t  a t  equilibrium the soluble 
and insoluble corrosion products entering the  coolant a r e  equal t o  t he  
corrosion r a t e  of t h e  mater ial  under consideration, t h e  impuri t ies  added t o  
t h e  coolant by corrosion were calculated t o  be 3.79 x 10-4 lb/hr o r  124 grams 
per  month. Using various assumptions f o r  demineralizer efficiency, pur i f ica t ion  
system effectiveness i n  competing with system surfaces fo r  c i rcu la t ing  "crudn, 
deposition r a t e s  on heat t r a n s f e r  and nonheat t r ans fe r  surfaces,  d d n e r a l l z e r  
decontamination factors ,  &c., t h e  required purif icat ion,  flow r a t e  was calciil- 
a ted  t o  be 1.1 t o  1.5 gpm, Evaluation of standard pump capac i t ies  and designs 
offered by manufacturers indicated t h a t  a pos i t ive  displacement pump with a 
1.7 gpm maximum output would be su f f i c i en t  t o  meet system make-up and control 
rod d r ive  sea l  requirements . 



Assuming tha t  a l l  soluble corrosion products s tay  i n  solut ion and 
using 0.25 a s  the  r a t i o  of soluble t o  insoluble impuri t ies  (see 14.3, q) , the  
volume of r e s in  required per  month can be calculated. The e f f e c t ,  of f i l t e r e d  
crud on t h e  exchange capacity of t h e  r e s in  i s  unknown and i s  not factored i n t o  
the  calculat ions.  For t h i s  prepackaged nuclear plant,  a minimum of 0.12 ~ t 3  
of res in  w i l l  be exhausted per month o r  0.36 ~ t 3  i n  3 months of operation a t  
system temperature. To account f o r  unknown fac tors ,  t h e  design value used was 
1.5 times the  minimum valuo o r  0054 ~ t 3  of r e s in  f o r  3 months operationo 

, ' For comparison, with improvements i n inf luent  d i s t r i bu t ion  t o  
prevent t he  channeling found under Task V I  - Shielding Studies of Contract 
~~(30-31-326, an APPR-1 type demineralizer would l a s t  about 9 months. This 
coincides reasonably well  with APPR-1 operating experience, 

Pressure drop data  used t o  determine design pressure requirements 
of individual  components i n  t h e  pur i f ica t ion  system were a combination of 
manufacturersv data  and measured values during APPR-1 operation. The head l o s s  
due t o  friction/100 f t .  of l/2' 16 BWG s t a in l e s s  s t e e l  tubing was calculated 
using t h e  F d n g  equation: 

where: 

h e Head l o s s  t o  f r i c t i on ,  fi. 
f = ~ s i c t i o n  fac tor ,  dimensionless 
L = Length of pipe, f t .  (100 f t . )  
v = Velocity of flow, f t .  sec. 
g = Acceleration of gravi ty,  ft /sec2 (32.2') 
q = Flow of l iquid,  gal/mfn 
d e, In t e rna l  Diameter of pipe, i n  (0.370 in.)  

Subst i tut ion of known constants in equation 

The f r i c t i o n  f ac to r  i s  determined a s  a function of Reynolds number 
by the equation 

where: 
B = Dia. of pipe, f t .  
V = Velocity of f l u i d ,  ft/sec. 
p = Density of f l u id ,  1bs/ft3 (assumed temperature of 1200F ~ v e . )  
u z ~ i s c o s i t ~ ,  lbs-mass/ft-see, o r  centipoises/1488 



Assuming various flow r a t e s  i n  t h e  purif icat ion system, t h e  head 
l o s s  per 100 ft. of 1/21' s ta in less  s t e e l  tubing was calculated. The resu l t s  
a r e  tabulated below: , 

I 

,Head ~oss /100 f t .  of 1/2" S. S. Tubing 

3 u DVP/U f Head Loss 
g a l  min Centipoises ' Dimensionless x ld Ft. Psig 

do-4  
1 4.05 14 9 100 6.25 2.76 1.2 
2 4.05 28,200 6.0 10.6 4.6 
5 4005 70, 500 40 5 4905 210 5 

10 4.05 U , O O O  400 177 76.5 
20 4.05 282,000 30 5 618 268 

The values used f o r  pressure- drop through valves, f i t t i n g s ,  and 
other  system components. was a s  followss 

Pressure Drop Through Pnrif icat ion S stem Components 
Downstream of the  Pressure Reducing - fl ow Control S t  

Pressure Drop Equivalent f t  . 
Psia of 1/2" tubing 

Demineralizer ( "dir tyn) 10 
F i l t e r  5 
Valves 23 0 75 
Flow Indicator 2 
Tees, elbows, f i t t i n g s  - - 25.6 

17 49.35 

For 50 equivalent f e e t  of tubing i n  valves and f i t t i n g s ,  t h e  t o t a l  
pressure b o p  due t o  system components was calculated f o r  various flow rates. 
Results are l i s t e d  a s  follows: 



.Head LOSS Due t o  Syskem .Components 

Ral/rmn -drop f o r  50 eq. ft. Total  pressure drop 

From t h e  above calculat ions,  it i s  apparent t h a t  designing t h e  
d d n e r a l i z e r  t o  withstand 100 psi$ w i l l  be more than adequate wfth expected 
flow rates .  

U.5 Detailed BescPrfption of Equfpment and Components 

, 14.5.1 Pur i f ica t ion  Heat Exchanger (blowdown cooler) 

The pur i f ica t ion  heat exchanger cons is t s  of a s p i r a l  shaped 
s e r i e s  of c o i l s  held between two f l a t  surfaces - a base p l a t e  and casing. These 
pa r t s  when bolted together  form closed s p i r a l  shaped f l u i d  c i r c u i t s  ou ts ide  of.. 
t h e  c o i l s  and i n  between the  two surfaces previously referred to ,  running 
counterflow t o  the  companion c i r c u i t s  i n s ide  of t h e  co i l s .  Coils a r e  stacked 
on top  of one another and held together  by t h e  base p l a t e  and casing. Each c o i l  
i s  at tached t o  a manifold located a t  e i t h e r  end of t h e  co i l .  These manifolds 
a r e  then  bolted t o  the  base p l a t e  matching up wfth t h e  piping connections t o  and 
from the  c o i l  s ide  of t h e  unit. The connection t h a t  admits coolf ig  r a t e r  t o  t h e  
outs ide of t h e  c o i l s  i s  located on t h e  base plate.  

The heat exchanger w i l l  have the  following charae te r i s t fess  . 

a. Type: s p i r a l  tube, counterflow 

b. Materials of Constructionz 

Coils 3/8 x 18 BWG s t a in l e s s  type 304 
Manifolds bar stock s t a i n l e s s  type 304 
Base plate: s t e e l  p l a t e  
Casings fabricated s t e e l  

c . Performance 

Conditions 
.bsi& Coil Outside Coil  

1. Fluid Circulated 
2. Rate of Flow 
3. Max. Entering Temp.. OF 
4. Max. Leavfng Temp. 0.F 
5. Maxo press.  drop, psig 

Primary Coolant Cooling Water 
104 gop.h. 600' g.pih. 
600 100 
120 183 - 

.. . l e s s  thin .l 



Conditions 
Ins ide  Coil  Outside Coil 

6. Operating Press. psig 17 50 
7. Design Press., psig 2000 100 
8. Hydrostatic Test Press, ,  2275 150 

psig 
9 .  Total duty, B T U / ~ ~  416,000 

10. Total Surface f t 2  11.6 

I 14.5.2 Pressure Reducing - Flow Control Stat ion 

Pur i f ica t ion  flow i s  controlled by use of;  1 )  a pressure 
reducing o r i f i c e ,  2) a pressure control valve, and 3) a flow control  valve. ' The pressure cont ro l  valve i s  a self-contained control  valve t h a t  s enses the 
pressure downstream of it s e l f  and ad jus t s  accordingly. The flow control  
valve i s  an electro-hydraulically actuated valve. The e l e c t r i c a l l y  operated 
valve ac tua tor  produces high performance without t h e  use of e lectronic  ampli- 
f ica t ion ,  u t i l i z i n g  only a simple force  motor t o  control the hydraulic p i lo t .  
The p i l o t  system incorporates no close f i t t i n g  parts ,  such a s  s l id ing  p l a t e  
o r  spool valves, using instead simple nozzle-flapper combinations t o  control  
hydraulic pressure. Although no operating experience i s  ava i lab le  with t h i s  
setup i n  an APPR-1 type system, it i s  believed t o  o f f e r  a marked improvement 
over t h e  motor-operated t h r o t t l i n g  valve in s t a l l ed  i n  t h e  Fort Belvoir plant. 

The pressure reducing o r i f i c e  i s  sized t o  reduce t h e  pressure i n  t h e  
pur i f ica t ion  system from 1750 ps ig  t o  approximately 450 psig. The pressure 
regulat ing valve downstream of t h e  o r i f i c e  controls  eff luent  pressure a t  100 
ps ig  (o r  other  preset  value). Since the  flow control  valve i s  not involved i n  
pressure regulation, it can accurately control  pur i f ica t ion  flow as required. 

The d d n e r a l i z e r  i s  a v e r t i c a l l y  mounted cy l i rde r i ca l  vessel  
constructed of Type 304 s t a i n l e s s  s t e e l  with a design pressure of 100 psig. It 
serves simply a s  a container f o r  t h e  r e s i n  used t o  pur i fy  t h e  primary coolant. 
The r e s i n  p u r i f i e s  t he  water by removing radioact ive and non-radioactive corro- 
s ion  product, serving both a s  a f i l t e r  fo r  insoluble mater ial  and exchanger f o r  
soluble ion ic  impurities.  Since regeneration of radioactive r e s in s  i s  not 
feas ib le ,  the  domineralizer i s  designed a s  an inexpensive u n i t  t h a t  can be 
-discarded and replaced, To f a c i l i t a t e  replacement, minimize rad ia t ion  exposures, 
and t o  prevent contamination of t h e  shipping cask, i n l e t  and o u t l e t  connections 
a r e  provided with self-seal ing quick disconnect couplings. 

Inf luent  water en ters  the t o p  of t he  vessel  through a d i s t r i bu t ion  
assembly which r e t a i n s  t h e  r e s in  i n  t h e  unit  and evenly d i s t r i bu te s  t h e  water 
t o  minimize channeling. A s imi la r  assembly i s  a l so  i n s t a l l e d  i n  t h e  bottom of 
t h e  demineralizer vesse l  t o  c o l l e c t  t h e  purif ied water and prevent resin '  
escaping i n t o  t h e  o u t l e t  l ine .  The d i s t r i bu t ion  assembly chosen f o r  the design 
cons i s t s  of a number of s l o t t e d  pipes rad ia t ing  from t h e  center  i n l e t  and o u t l e t  
manifolds similar t o  spokes on a wheel. 



To minimize rad ia t ion  exposures t o  t h e  operating crew, t h e  demineral- 
i z e r  w i l l  be kept within the  shipping cask which will be used t o  dispose of t h e  
uni t  when t h e  r e s in  i s  exhausted. Cask shielding design i s  covered i n  another 
sect ion of t h i s  repo&. 

14.5.4 Purif i ca t ion  ~i l t e r  

A car t r idge  type f i l t e r  i s  included in t h e  pur i f ica t ion  system 
t o  catch any res in  f i n e s  leached from t h e  demineralizer or,  i n  t h e  event of 
malfunction, any crud t h a t  might channel through t h e  r e s in  bed. Mean pore, s i ze  
of the  f i l t e r  i s  5 microns, r a t ed  t o  remove any papt icles  over 2 microns i n  
diameter, Pressure drop across a clean un i t  i s  about 1 psi;  however, entrapped 
mater ial  may increase t h i s  t o  over 5 psi.  I f  pressure drops exceed the  l a t t e r  
value, t h e  housing i s  designed so t h a t  t h e  ca r t r i dge  can eas i ly  be Peplaced with 
a new unit .  

14.5.5 Primary Make-up Tank 

To provide a pos i t ive  ne t  suction head on the  primary make+up 
pump and t o  provide an immediate supply of puri  f i  ed water f o r  t h e  primary system 
during possible emergencies, a 60 gallon mke-up storage tank i s  included i n  t h e  
system. Assuming the  maximum addit ion ra te ,  t h e  tank will hold a 30-minute 
supply of water. This time in t e rna l  w f l l  p e d t  t he  flow r a t e  of  make-up condens 
s a t e  from the  secondary system t o  be increased t o  handle reasonable leakage 
rates .  

A pos i t ive  hydrogen blanket i s  maintained automatically over water i n  
t h e  tank t o  prevent in-leakage of air. The hydrogen i s  supplied from a cy l i rde r  
with dischapge pressure regulated by a pressure control  valve. Since s u f f i c i e n t '  
hydrogen may not be introduceable by t h i s  method t o  maintain 15-30 ce of $hydrogen 
per  kg. of coolant, par t icu lar ly  i f  appreciable a i r  en ters  t h e  primary system,. 

, 

a hydrogen addi t ion  system i s  included i n  t h e  .make-up system design,. 

14.5.6 Primary Make-up Pump 

The primary make-up pump i s a pos i t ive  displacement, constant 
speed, control led volume duplex pump ra ted  a t  1.7 gpm, madmum output under 
expected operating conditions. Discharge capacity can be adjusted from 0.17 gpm 
t o  1.7 gpm by manually r e se t t i ng  t h e  plunger s t roke  lengths while t h e  pump is  
a t  res t .  The pump motop f s rated a t  5 HOPo, &OV, 3-phase, 60-cycles. 

14.5.7 . Hydrogen Addition Flask 

A hydrogen addi t ion f lask  i s provided i n  t h e  pu r i f i ca t ion  and 
make-up system design t o  permit addi t ion of a control led known valume of hydrogen 
t o  t h e  primary coolant i n  excess of t h a t  introduced i n  t h e  make-up tank. The 
addi t ion assembly i s  i l l u s t r a t e d  on R9-47-1012 - Piping and Instrument Diagram, 
Primary Coolant System. Hydrogen i s  supplied t o  t h e  addi t ion f l a s k  from a cyl- 
inder  of t h e  gas and i s  used both t o  purge and pressurize t h e  f l a sk .  When 
required, t h e  f l a sk  i s  valved i n t o  t h e  make-up l i n e ,  t h e  by-pass valve closed, 
and tne  make-up water sweeps t h e  hydrogen i n t o  t h e  primary system. 



14.6 Boron Injection 

In  t h e  event the reactor could not be brought t o  zero power because 
of a stuck rod condition, a secondqy meam of acmmplishing this would be 
boron poisoning. One side rod stuck i n  the  Pull up posltion i s  the most cr i t -  
i c a l  case and would require 9 grams of boron-10 dispersed witkin the  core t o  
effect  zero power under these conditions. T h i s  could be accomplished by 
injecting 13.6 lbs. of bori c acid i n  solution in to  t he  primary system. 

l406.1 Poison Tank 

To prepare a 50% solution of boric acid a t  room temperature, 
65 gals. of water a re  required, therefore a 75 gal. tank could serve a s  a 
mixing and storage tank and with the  necessary piping t o  the suction side of 
t he  primary make-up pump the  required injection force could be provided by this 
pump. The injection could be .completed in 39 minutes. 

16.7 Seal Leakage System 

14.7.1 Seal Leakage Tank 

A closed 20-gallon type 304 stainless s t e e l  tank i s  provided 
i n  the plant design t o  collect  control rod seal leakage water. The tank i s  
equipped with l eve l  control switches t o  automatically actuate t he  seal leakage 
pump. Pump effluent i s  discharged into  the purification system upstream of the 
 demineralize^. The tank i s  also provided with a high-pressure alarm, and a vent 
and re l i e f  valve connected t o  the stack thmugh a flame arrestor. 

14.7.2 Seal Leakage Pump - 

A canned rotor centrifugal pump i s  provided t o  empty t h e  sea l  
leakage colleotion tank a s  required. Pump output was sized so a s  t o  not adversely 
affect  demineralizer efficiency due t o  high flow loadings. The level  control 
switches whieh actuate t h e  pump a r e  designed t o  permit frequent operation of the 
pump t o  minimize seizure due t o  exposure i n  a moist atmosphere. 

14.8 Spent F'uel Tank Becirculating Equipment . 

On the bottom of the  spent fue l  tank, inlet, and outlet  gate valves 
with l/2~ flanged connections a re  provided. A portable centrifagal pump i s  used 
t o  recirculate the  water through a .  cartridge type f i l t e r  whenever such action I 

i s  dictated by .excessive turbidi ty  of the  water. The use of a portable centri- 
fugal pump has proved i ts  usefulness a t  the  APPLl ins ta l la t ion a t  Fort Wlvoir 
f o r  'such uses as reclrculating, f i l l ing ,  draining and other geseral u t i l i t y  
purpo sea. 

14.9 Initial Fill 

The primary system may be i n i t i a l l y  ' f i l led  a t  a ra te  of 25 g p  from 
the  secondary feedwater storage tank by u t i U d n g  one of the  cooling water 
circulating pumps and the  necessary piping and valves. The water will be pumped 



d i r e c t l y  i n t o  the  primary system and avoid t h e  1/2" primary blowdown l i n e ?  

l4.lO Activi ty  Ehxildup Considerations 

Radioactivitx isodose l eve l s  around t h e  primary system eight  hours 
a f t e r  shutdown fmm prolonged f u l l  power operation cannot be accurately p r b  
dieted with present technology. Development work on t h i s  technology is  pres- 
en t ly  proceeding urider Task I of Contract AT-(30-3)-326. The following 
infomat ion  on rad ioac t iv i ty  l eve l s  i n  t h e  primary system of t h e  Brmy Package 
Power Reactor a t  Ft. Belvoir, Virginia i s  indica t ive  of  what can be expected 
i n  t h i s  similar skid mounted nuclear reactor.  The d a t a . a r e  based on l e a s t  
mean'square values of dosage eight  hours a f t e r  shutdown following one year o f '  
extrapolated f u l l  power operation. Badiation measurements in  pipe l i n e s  were 
taken on contact with t h e  four  inches of insu la t ion  surrounding t h e  1 2  inch 
out s ide  diameter pipe. 

Badiation.Level Due t o  Deposition 
Activi ty  on Primary System 

Location i n  System Surfaces (Mr/hr) 

Crud Piping Bbow below Steam Generator 
Traps Piping Elbow below Pressurizer  

Reactor I n l e t  Pipe 
Side of Steam Generator 

It should be noted t h a t  t h e  piping elbows were crud t r a p s  and t h e  
a c t i v i t y  could be reduced rap id ly  by flushing t h e  crud from these  points. The 
200 mr/hr value i n  t h e  steam generator appears t o  be t h e  normal rad ia t ion  l eve l  
a t  points  where crud does not concentrate. 

The following t ab l e  gives approximate radiat ion l e v e l s  a t  given 
dis tances from the  steam generator e ight  hours a f t e r  shutdown. 

Distance from St-  ene era tor Radiation Level (mr/hr) 

Contact with Steam Gene Insulat ion 
1 foot 
2 f ee t  
3 f e e t  
4 f e e t  
5 f e e t  

, l 5 , l  Functional Requirements 

The waste disposal system i s  su f f i c i en t  t o  co l lec t  and process t h e  
e n t i r e  l i q u i d  contents of t he  p r h ~ y  and secondary systems plus normal waste 
accumulation over a 2-month period. This i s  a t o t a l  o f  4400 gallons. - However, 
t h e  design capacity i s  based more r e a l i s t i c a l l y  on t h e  t o t a l  volume of water i n  
t h e  primary system, t h e  shield.  tank above t h e  pressure vessel, and two aontha 



accumulation of norm1 radioact ive plant wastes (hot- laboratory wastes, ac t ive  
wastes from equipment and f l o o r  drains,  and ac t ive  wastes from sampling). I n  
addition, su f f i c i en t  extra  capacity i s  included t o  accomodat e decontamination 
and r insing of t h e  primary system. 

15.2 Summary Description of System 

The hot waste s torage tank shown on R9-47-10U - Piping and Instrument 
Diagram - Primary Coolant System - i s  t h e  major f a c i l i t y  f o r  containment of radio- 
a c t i v e  l iqu ids ,  Radioactive h t e r  w i l l  be added t o  t he  tank from a number of 
sources and f o r  varfous reasons. During normal operation of t h e  pur i f ica t ion  
system, se t t ings  on t h e  r e l i e f  valves may be momentarily exceeded, dumping a small 
amount, of water i n t o  t h e  tank. I f  primary coolant o r  demineralizer eff luent  
exceeds preset  limits due t o  cnid burs t s  o r  f a e l  elament f a i l u r e ,  t h e  d d n e r a l -  
i z e r  in f luent  o r  e f f luent  can be manually diverted t o  t h e  tank. In t h e  event 
o f  a steam generator tube f a i l u r e  which would contaminate t h e  steam generator 
blowdown, the blow-off tank can be dumped in to  t h e  hot waste tank. Hot waste tank 
inf luent  can a l s o  include shield tank water i f  t h e  l a t t e r  i s  contaminated by 
intermixing with t h e  primary coolant when the  pressure vessel  cover i s  removed. 
Other f l u i d s  t h a t  may be added t o  the  tank a r e  condensate from the  vent s tack  i f  
t h e  l a t t e r  becomes contaminated; hot laboratory wastes; equipmat and f l o o r  drains  
from ce r t a in  skids; sampling wastes; contaminated laundry wastes; and solut ions 
used t o  decontaminate, r inse,  o r  f l u sh  equipment and system components. 

Whatever t h e  source o r  a c t i v i t y  i n  t h e  solut ions added t o  t h e  hot waste 
tank; t he  contents must be stored and/or processed. I f  storage and decay suff i -  
c i e n t l y  reduce t h e  a c t i v i t y  and t h e  water i s  not required f o r  plant usage, t h e  
contents can be pumped i n t o  t h e  ice cap f o r  disposal. I f  pur i f ica t ion  i s  required, 
connections are provided on t h e  discharge of t h e  pump to  process t h e  tank contents 
through the  pur i f ica t ion  system demineralizer, Demineralizer eff luent  from t h i  s 
operation can be returned t o  t h e  p lan t  v ia  the  make-up tank or  can be returned t o  
t h e  hot waste tank f o r  fu r the r  processing o r  disposal. 

15.3 Design R e q u i m e n t s  

A 5000-gallon s torage tank i s  used f o r  t h e  containment of radioact ive 
l iquid.  This tank w i l l  provide f o r  more than adequate co l lec t ion  of t h e  e n t i r e  
primary. coolant, one decontaminating f lush,  two r inses ,  and two months accumu- 
l a t i o n  of normal pla2.b. wastes. The design capacity f igures  a r e  l i s t e d  below8 

Volume of primary coolant 550 gal. 
Volume of decontamination f lu sh  , 550 gal. 
Volume of two r in ses  I l O O  gal. 
Volume of two month's normal waste ,350 a d o e  

2550 gal. 

Alternately,  t he  tank is capable of holding t h e  e n t i r e  primary and 
secondary system volume plus two months normal waste. The t o t a l  capacity 
required i n  t h i s  case amounts t o  4400 gallons, including 600 gal.  f o r  primary 
coolant, 350 gal, f o r  normal wastes, and 3500 gal.  f o r  t h e  secondary system. 
The l a t t e r  comprises t h e  following: 



Steam Generator 690 gal. 
Condenser Hotwell 300 gal. 
Pump and Piping 1 0  gal. 
Condensate storage Tank 2500 gal. 

F 

3500 gal.  

Since a l l  of t'hese solutions,  including aryr reducing-complexing . 
solut ion used a s  a decontaminating reagent, can be processed through the  
demineralizer, t h e  storage volume required w i l l  be l e s s  than t h a t  l i s t e d  above'. 
It i s  ant icipated t h a t  t h e  hot waste tank w i l l  normally only have t o  provide 
temporary s torage of solut ions pending treatment and disposal. A decontamin- 
a t i on  f lush i n t o  t h i s  tank with subsequent disposal  of radioact ive crud w i l l  
be necessary p r i o r  t o  plant relocation, However, due t o  insuf f ic ien t  tech- 
nology on control of ac t iva ted  corrosi  on products, it i s  not known i f  t h e  
decontamination f lu sh  w i l l  have the  desired effect iveness  i n  reducing t h e  
rad ia t ion  l e i e l  of primary systein components. 

An evaporator w i l l  be provided fo r  concentration of radfoactive 
waste and reclaiming of waste water i f  directed by t h e  government. it i s  anti-  
cipated t h a t  an evapo~a t ive  capacity of 30 t o  50 gallons per hour w i l l  be 
suf f ic ien t  f o r  t h i s  purpose. This would allow processing of  a f u l l  tank of , 

waste water in l e s s  than one week of continuous operation. 



t 

IV SECONDARY SYSTEM MECHANICAL AND ELECTFUCfi DESIGN 

A, Secondary System Description 

1 ,O Heat Balance and Flaw Diagram fo r  Design Condition8 
6 ' 

The heat balance diagram f o r  1000 kilowatt gross load with 5 x 10 
BTU per how heating load is sham on drawing NO, KOUf5, A complete sec- 
ondary station flaw diagram of all systems i s  shown on drawing No. PIOIMlo 
The flow diagrams of each package 5.8 shown indiddual ly  on drawings No,MOltQ, 
No. MOltqI,  ibnd No, EBI)m. 

1.1 Cycle Descrfptf on 

The steam generator delivers 24, 190 pounds per how of dPg 
saturated steam t o  the system. This steam i s  expanded f r m  425 p,s.i,g a t  
the i n l e t  of the turbine t o  8 inches Hg. absolute a t  exhaust, which i s  eon- 
densed i n  a aingle-pass surface condenser, 

Mon-condensibles are removed f raaa the condenser by means of a 
steam je t  ejector which i s  eocPed by a m a l l  surface condenser in the condensate 
st ream. 

Deaeration takes plaes i n  the condenser shel l  where speefal 
provision is made t o  produce oxygen-f ree water. The guaranteed h r m  f ree  
owgen remaining fn the condensate f s  0,03 coca per l i t e r ,  Condensate is pumped 
from the condenser through the d r  ejector condenser and a feedwater heater to 
the suction of the boiler  feed,pmpso These pumps deliver the boiler  fee& 
water t o  the boiler  a t  a temperature of about 2609, a t  full load. The feed- 
water heater receives steam from an uncontrolled extraction point on the turbine 
a t  approximately %p5 p,s.ioag 

Drainage f r o m  the post heat exchanger i s  cascaded to  the  feed- 
water heater, whf eh has an internal drain cooler t b u g h  which t he  combined 
drains f m m  the  post heat exchanger and feedwater heater flows t o  the condenser, 

Two, vertf ca l  centrifugal feedwater pumps are provided t o  
return the feedwater t o  the steam generator, both being motor-driven. A three- 
element controller regulates and balaqees the steam flaw in the main l ine  and 
the feedwater flow t o  the  steam generator by c o n t r o ~  the delivery of the 
centrifugal feedwater pumps thpough a feedwater regulating valve i n  the  l ine  
t o  the boiler. 

A packaged, manually-regene rat ed, single tower demineralieer 
delivers make-up t o  the  2500 gallon storage tank. It w i l l  also be used t o  
snpplg the i n i t i a l  charge of water fo r  both the primary and secondary system!, 
Make-up to  the secondary system will be from the  storage tank thi.ou& response 
t o  level  eontrof in the condenser hotwell. 



To control corrosion in the  secondary system, the  condensate 
will be continuously fed with morpholine solution t o  control pH and su l f i t e  
t o  scavenge oxygen. Morpholine w i l l  a lso be added t o  the storage tank t o  
control corrosion i n  this tank and in the l i ne  t o  the condenser and c o o f i g  
water system. 

I n  t he  basic analysis it was assumed tha t  coofing water as  
such would not be available i n  quantity, and it was decided t o  provide cooling 
sePace~p with an air blast  cooler. This cooler i s  located on a single skid 
with max%mm surface used. 

The cooler delivers approximately 3000 gop.m. of 60 percent 
by weight solution of ethylene glycol, which has a freezing point of Hlfius 
600F0, t o  the  codenser; and a special section of the air blas t  cooler del- 
ivers PI)O gop.m, of glycol solution t o  the cooling watep heat exchanger and 
the o i l  coolers of the turbine generator. These closed c i rculaang water 
eooHng systems supply a l l  of the water required fo r  cooling requirements, The, 
cooling water heat exchanger cools approximately 28 gop.m. of condensate, which 
i n  tm is used t o  cool the necessary items in the primary system. These he- . , 

lude the  primary coolant pump, primary shield tank cooling cofis, spent fuel 
p i t  cooling coil,  the primary blowdown heat exchanger, and primary s p e a  cooler. 

Demands outside the stat ion w i l l  require 130 gop.m. of high 
temperature water fo r  heating. This i s  produced by a heat exchanger using 
steam from the steam generator outlet. The drains w i l l  normally be returned J 

t o  the feedwater heater, but 111ay be returned to t he  condenser when the heater :: 
i s  out of s e f i c e ,  . . 

' I ,  

1.1.1 Alternate Cycle 

I n  the al ternate analysis, the cooling water a t  40'~. 
i s  supplied from wells, In t h i s  case, the  condenser and cooling water heat 
exchanger will be reduced Ln size, and the circulating water and heat exchanger 
circulating water pumps w i l l  be replaced by the deep well pumps. A l l  other 
components remain the same. 

1,2 S t a t i  on Electrical  Output 

%,2.1 The a b l i a r y  power requirements wil l ,  of course, vaqr same- 
what with the outside temperature and load on the  turbine, but the variation 
under dl conditions will not be more than 20-25 percent. The auxiliary pclwep, 
a t  full .  load under desfgn conditions, including s ta t ion lighting, w i l l  be app- 
roximately 200 kilowatt so 

1.2.2 A s  shown on the heat balance diagram, draKfig No. MDM5, 
the net e lect r ical  output of the stat ion w i l l  be 800 kilowatts when the boiler  
output is 24, 190 pounds per how, of which 5&90 pounds per h o u  f s used f o r  



heating, and t h e  condenser back pressure i s  8 inches Hgo (outs ide a i r  at 
3.bjoFo) 0 

1.2.3 Under the same eonditions, except t h a t  t he  condenser back 
pressure i s  3-1/2 inches Hgo9 t h e  net e l e c t r i c a l  output would be 910 kilowatts. 

1,2.4 A graph No. MOl Figure 1, i s  attached hereto showing the  
n e t  e l e c t r i c a l  output a s  it v a r i e s  with condenser back pressure between 
3-1/2 inches Hg0 and 8 inches Hg. 

1.2.5 When 40%. well  water i s  used f o r  cooling water, the  auxi l ia ry  
power requirements a r e  reduced due t o  subs t i tu t ion  of t he  well  putup f o r  t h e  
condenser and heat  exchanger c i rcu la t ing  pumps and the  a i r  cooler fans. . The 
ne t  e l e c t r i c a l  output would then be 960 kilowatts. The back pressure should 
be constant a t  3-1/2 inches Hgo under these conditions so  the  auxi l ia ry  power 
would be constant f o r  a pa r t i cu l a r  load. 

2.0 SECONDARY' S Y S m  INSTR-AEON AND CONTROLS 

Since this plant i s  t o  be located in an area where temperatures a r e  
extremely low, it was f e l t  t h a t  t h e  use of air f o r  any purpose where instruments 
were concerned was undesirable, due t o  the  poss ib i l i t y  of f reezing the moisture 
in t he  a h ,  Therefore, a l l  of the  instrumentation i s  e i t h e r  entiepely mechanical. 
o r  e l ec t r i ca l ,  It i s  fu r the r  bas ica l ly  decided t h a t  t h e  plant would be ope* 
a t ed  with the  minimum of personnel; hence, it i s  desirable  t o  transmit t o  the  
main control  board any M c a t i o n  of d i f f i c u l t y  in t h e  seccndary s ide of t h e  
plant ,  and t o  use automatic st& on any c r i t i c a l  motors, 

2,% Speci f ic  Systems 

A3.I l e v e l s  and tanks, condenser and heaters  which are of any opep- 
a t i ng  s ignif icance a r e  pragided with float-operated e l e c t r i c a l  switches which 
w 5 l l  a m m e f a t e  on t h e  main e m t p o l  board whether the  l e v e l  i s  high o r  low, as 
mag be required. Such levels ,  i f  they a r e  required t o  be controlled, a r e  
eontrolled by mechanically-linked, float-operated valves. 

One of the most c r i t i c a l  s e r r i ce s  t o  be found i n  t h e  plant i s  t h e  
cooling water used t o  cool  the  primary coolant pump, Loss of this water 
would shut down the  prfmapg coolant pump i n  a few minutes. FOP t h i s  reason, 
t h e  heat exchanger c i rcu la t ing  pumps and t h e  cooling water pumps a re  each 
provided with pressure switches on the  discharge which w i l l  annunciate low 
discharge pressure,  and w i l l  s t a r t  the  second pump in case of f a i l u r e  of t he  
Punnfng Pump. 

h e  of the  most c r i t i c a l  se rv ices  in t h e  secondary system i s  the  
del ivery of water t o  t he  boiler.  Loss of pressure on t h e  suct ion of t h e  
b o i l e r  feed pump could r e su l t  i n  f lashing of t he  l i q u i d  and consequent 
se izure  of t h e  b o i l e r  feed pump., :For-this reason, ' the bo i l e r  feed  pump w i l l  





be protected by two pressure switches, coe se t  s l i g h t a  higher than the otbsr. 
The tripping of one pressure switch wi l l  sound an alarm at the contml roa 
and automati- s t a r t  the second condensate pap. Should both pressure 
switches trip, the boiler feed pump i t s e l f  m i l l  be tripped out unt i l  sach tinto 
a s  the operator may determine the cause and replace the ayatg. in operatla. 

3.1 Description 

Zho plaat is designed f o r  the placement of a l l  ~empment paekages 
and interconnecting wiring and piping on a f l a t  slab in  eqclosures. The 
secondarg system packages, office, and labaratories are all located i n  a 
single building 59 feet  by 65 feet. Piping and wiring c@ma&ng the packages 
is w on the floor and decked over with grating a t  the tslevation of the 
ponent skid beams. 

A bridge tppe crrane rtms w e r  the principal e q ~ ~ t  &ids t o  fa* 
i l i t a t e  maintenance and inspection ai sqaipent. Space is prorided fo r  lap 
down of turbine parts during inspections as w e l l  as other mdntenance and 
storage of spare parts. 

3.2 Alternate Arrangement 

I n  the event tha t  the air blast ~ o o l e r s  are raplaced by the deep well. 
pnapu, the heat exchanger skid wlild be elWnated and this bay af the building 
would be eliminated. The building norild then be lengthened t o  accollrmedate the 
rearrangemnt of laboratory space. The 'LrPilding would than be approdn\ata 
45 fee t  by 770 feet. 

'Ihe secondarg sgstca mchanical and electrical equip8ent i s  inclsded i n  t h e  
followkg a i l  paeksges: the turbine generator package; the condenser package3 
the heat a h a n g e r  package; the  air blast wder package; the f e e b t e r  package; 
and the switchgear package. 

The general amangemat of the tarbine generator i s  s h m  on appended 
drawing No. l&UW+. %e overall dimensions of the package are 16 feet  4 inches 
long by 7 fee t  wide by 6 fee t  2 inches high. In order t o  meet the weight li, 
Itations imposed by a imra f t  transportation, several parts were nmowd and 
*ill be included with lniswllaneous parts. This udt i s  a lOOO kilowatt, 
geared, turbine generator sets consisting of a &ti-stage, multiple valve, 
condensing twbine with one rmcontrelled ertractieg point, a Bingle redactioa 
herringbone gear, a 1200 r.p.m. air cooled gamerator, a direct connected 7.5 



kilowatt exci ter ,  lubricat ing o i l  cooler, o i l  purif ier ,  and steam a u i l i a r g  
lubricat ing o i l  pump, all mounted on s t ruc tu ra l  s t e e l  base with an in t eg ra l  
lubricat ing o i l  storage tank. The turbine is  provided with an in t eg ra l  
t r i p  and t h r o t t l e  valve, speed co~:trol governor, and an overspeed governor. 

1.1 Operating Characteristics of Xachine and Auxiliaries 

The turbine i s  designed t o  de l iver  1000 kilowatts when supplied 
with steam a t  425 p.s.i.g., dry and saturated, a t  t he  t h r o t t l e  and with 8 
inches Hg. absolute condenser conditions6 The turbine i s  a l so  designed t o  
receive steam a t  Pising pressure from 425 p.s.i.g. a t  f u l l  load t o  750 p.s.i.g. 
a t  no 1oad.The turbine can be safely operated a t  condensing conditions down t o  
approximately 3-1/2 inches Hg. absolute, without danger of excessive enbsion ' 

i n  the l a s t  stage blading. 

The turbine operates a t  1 0 , W  r.p.m. One, extraction point a t  
45 p.s.i.a. i s  avai lable f o r  feedwater heating. Oil  pressure f o r  lubricat ion 
and operation of the  hydraulic governor and control valves i s  supplied by a 
direct-connected gear pump, and an automatically controlled steam-driven 
a ~ l i a r y  o i l  pump. 

Lubricating o i l  cooling is  accomplished by built-in heat exchanger 
which w i l l  bs cooled with a glycol and water solution circulated through an 
a a l i a r g  sect ion of t h e  air b l a s t  coolers. 

1.2 Generator Characteristics and Operation a t  1200 f e e t  elevation 

The generator i s  open-type, with two outboard bearings, and a direct- 
connected overhung exciter.  It is rated a t  1250 ki lovolt  amperes, 1000 kilo- 
watts a t  80 percent power factor ,  and woad f o r  480 vol ts  nWgew connected, 
grounded neubral, 3 phase, 60 cycles, and operates a t  1200 r.p.m. The exc i t e r  
i s  ra ted  a t  7.5 kilowatts, 125 vol ts ,  d i r ec t  current, and is self-ventilated, 
The generator and exc i t e r  are designed t o  N.E.H.A. standards, and proportioned 
f o r  continuous operation a t  f u l l  load with acceptable temperature r i s e  f o r  
operation a t  f u l l  load with acceptable temperature r i s e  f o r  operation a t  an / 

elevation of 1200 f e e t  above sea level ,  

1.3 Total Weight and Weight Distribution 

The t o t a l  weight of the turbine generator unit i s  about 32,000 
pounds. Since t h i s  exceeds the  allowable shipping weight of 30,000 pounds, 
auxil iary equipment, including t r i p  and t h r o t t l e  valve, and miscellaneous 
auxi l ia ry  devices weighing about 4,000 lbs.,  w i l l  be shipped separately. 

, 1.4 Provisions f o r  Air Transportability 

To permit shipping this unit  by air transportation, removable 
bracing and locking devices w i l l  be provided f o r  the  turbine and generator 



by the manufacturer, which w i l l  prevent axia l  movement of the rotating parts 
and r e s i s t  the forces developed during air transkt. 

The condenser package i s  shown on the appended drawings No. M01M6 and 
No, M O ~ .  This package is 27 fee t  0 inch long, 6 f e e t  6 inches wide, and 
9 fee t  high, and includes the condenser, two condensate pumps, and the  steam 
a i  r ejector, A l l  piping and valving between components and the  wiring and 
locally-mounted instrumentation a re  provided i n  the  package with flanges 
provided for  connection t o  other packages. All piping on the shel l  s ide  of 
the condenser all be welded and flanged t o  prevent leakage of air in to  the 
condenser as completely a s  possible. A s  few connections as possible w i l l  be 
located below the water l ine  t o  minimize this source of oxygen contaminatim. 

Starters  f o r  the pump motors are located near the pumps. A l l  e lectr ical  
controls are run t o  one junction box from which connections will be made t o  
the control center, 

2 .l Condenser 
- I 

One Alco fioductb, Ineorporatedfs 3200 square foot, single-pass, 
horizontal surface condenser i s  being supplfed. The condenser w i l l  be of the 
deaerating type with a s t e e l  hotwell of approximately fou~minu t e  stosage 
attached. The uni t  i s  19 fee t  U. inches overall length and 51 inch diameter 
shell ,  The shel l  w i l l  contain 1040, 3/4 inch, 19 B.W.G., Admiralty metal 
tubes bowed between s t e e l  tube sheets, The condenser i s  elevated as  high rn , 

the skid as possible t o  provide WSH f o r  the condensate p m a  

I 2.1.1 Design and Operating Data I 
Ihe unit i s  designed t e  transfer  l4.7 million BoToUo per h o u ~  

when supplied with 2980 gop.m. nf ethylene glycol solution 60 percent by weight 
a t  1300F., and under these conditions w i l l  produce a vacuum a t  the  steam M e t  
t o  the condenser of 8 inches of Hg. absolute. The pressure drop on the  glycol 
side of the condenser w i l l  not exceed 4,9 f e e t  of water. 

The condenser i s  equipped with a float-operated level  control 
which w 5 l l  admit water t o  the condenser from the  feectuater storage t,ank. . High 
and low level  alarms w i l l  indicate d i f f f  culty with the ' control system t o  t he  
ope r a t  or. 

I 2.1,2 Deaerati on I 
The mndenser is  of the  deaerating type and i s  guaranteed to  a 

produce condensate with 0 degree depression and with no more than 0.03 C.C. per 
l i t e r  oxygen content. This i s  the nmmal guarantee f o r  condenser, and 
since this condenser w i l l  be of the deaerating type it is expected t ha t  it will 
produce condensate of considerably bet ter  quality than guaranteed. 



2.2 Air Ejectors 

The a i r  e jec tor  selected i s  a steam j e t  ejector ,  with duel, single 
s tage j e t s  discharging i n t o  a 75 square foot  surface conienser cooled by the 
condensate . 

2.2,1 Design and Operating Data 

The air e jec tor  with one element operating i s  designed t o  
remove a t  l e a s t  3 c.f.m. of f r ee  air f romthe  condenser a t  absolute pressures 
greater  than 3-1/2 inches of mercuqy when supplied with 350 pounds of 300 p.s,i,g. 
steam per hour. The j e t s  require a t  l e a s t  25 g.p.m. of water f o r  condensing 
the  steam, and hence, it w i l l  be necessary t o  rec i rcula te  water back t o  t h e  
condenser a t  d l  loads under 500 kilowatts. The recirculat ion i s  done autom- 
a t i c a l l y  by a Fulton Sylphon valve on the  discharge side of the  a i r  ejector  
condenser, with the  quantity of water recirculated being l imited by a f ixed - 
orif ice.  

2.2,2 Advantages of A i r  Ejector Versus. Vacuum Rnup 

Pr io r  t o  the  se lc t ion  of the  steam j e t  ejector,  a study was 
made of the steam je t  air e jec tor  versus t h e  rotary type vacuum pump. Con- 
clusions indicated t h a t  the  steam j e t  e jec tor  was thermodpamically approx- 
b a t e l y  a s  e f f ic ient  a s  t h e  rotary vacuum pump, I n  addition, i t s  simplicity 
of operation and small amount of maintenance made it verg a t t r ac t ive  f o r  the  
locat ion in a remote area. Costwise, the  dual element steam e jec tor  with one 
spare element was app~oximately the same a s  the  rotary vacuum pump with no 
spare capacity, hence, ~ 5 t h  these fac tors  weighed, it was f a i r l y  obvious tha t  
the  steam je t  e jec tor  was the proper selection. 

2.3 Condensate Pumps 

The two condensate pumps a re  ver t ica l ,  volute, centr ifugal  pumps. 
They a re  driven by 20 horsepower, 1750 r.p.m. dripproof, ve r t i ca l ly  mounted, 
so l id  shaft,  normal thrust ,  squ i r r e l  cage, hduc t ion  motors. 

2,3,1 Design and Operating Data 

These pumps were selected f o r  t h e i r  low weight. and a b i l i t y  
t o  operate with low NPSH. Due t o  tile head roam l imi ta t ion  on the skid, app- 
roximately 1-1/2 f e e t  of NPSH i s  available f o r  the  condensate pumps. Each , 
pump w 5 l l  del iver  75 gop.m. of emdensate a t  1520F. against a t o t a l  dynamic 
head of 338 fee t .  

2.4 Skid Design 

The s t ruc tu ra l  s t e e l  skid, a s  shown on drawing No. MOlS2, i s  made 
of United Sta tes  S tee l  Compaqts ltTri-Tenn, a high strength s t e e l '  capable of 
withstanding shock a t  low temperatures. The skid i s  an a l l  welded frame des- 
igned t o  support the  weight of thesquipment during transportation, including 



l i f t i n g ,  skidding $tc; The sk id  i s a l s o  designed t o  r e s i s t  t h e  i n e r t i a l  
forces  of .  the equipment while being transported by air; namely, 8 G Q s  forwardS 
2 GVs a f t ,  2 G t s  ~ e r t i c a l , ~  and 1.5 GQs l a t e r a l ,  

2,k.l Weight and Weight Distr ibut ion 

The t o t a l  weight of t h e  condenser package, inclduing the  
I s t r u c t u r a l  skid, i s  29,000 pounds. The skfd has been proportioned t o  as- 

t r i b u t e  t he  weight of t he  package i n  accordance with the  allowable f l o o r  loading 
of t he  C-130 a i r c r a f t ,  

2.5 Condenser Coobing System 

Two arrangements .of t he  mndensek. cooling water system a re  &onsidered. 
The air b la s t  cooler is  the  basic  design and well  water cooling i s  the  a l te rna te ,  

2.5.1 Air Blast Cooler 

The basic  design uses an air b la s t  cooler f o r  cooling the  f l u i d  
which serveb t o  cool the  plant  a d l i a r i e s .  This design assumes t h a t  water i s  

' 

avai lable  i n  l imi ted  quantity. 

2.5.1,l Ethylene glycol so lu t ion  containing 60 percent $. 
weight of ethylene glycol  i s  used as a eoolant. While it has a low heat t rans-  
f e r  coeff icient ,  it w i l l  not f reeze above minus 60'~. and, hence, should make 
operation much more dependable. If  water were used it  would necess i ta te  &ah- 
i ng  quickly a f t e r  shutdown and possible f rWzing  of c o i l s  in t h e  cooler d o  
low loads, 

2.5,1.2 The c i r c u l a t i  ng water pumps r e q u i ~ e d  a r e  l a w  head 
centr i fugal  type located on the  heat exchangdr package, and a r e  typgcal, of t h e  
type of pump used i n  most power s t a t i on  sentice.  

* 
2.5.2 ~ e l l ' w a t e r  f o r  Cooling 

It i s assumed t h a t  wel l  water of su i t ab l e  qua l i ty  f o r  d i r ec t ,  
once-through cooling i s  ava i lab le  i x ~  quan t i t i e s  of about 600 gop.m. Water f s 
a t  a depth of 220 f e e t  below grade approximately 300 f e e t  from the  condenser, 
and w i l l  be returned t o  a pool about 800 f e e t  from the  plant.  

For r e l i a b i l i t y ,  two f u l l  capacity, mat i - s tage ,  deep we l l  
pumps complete with intake screen, suction pipe, shaft ,  discharge head, and 
60 horsepower motor a r e  supplied t o  de l iver  600 g.p.m, of ~ o O F .  water. 
560 gallons per  minute would be delivered t o  an  800 square foot ,  four-pass, 
condenser which would be adequate t o  produce the f u l l  capacity at  3-1/2 inches 
Hgo The m d n i n g  40 gop.m. would be used f o r  miecellaneous cooling. 



Since t h e  water i s  so cool, t h e  cooling water heat exchanger 
would be reduced in s i ze  and placed on t h e  condenser sk id  which i s  now reduced 
in size.  This system elfminates tRe need f o r  t he  heat exchanger sk id  ent i rely.  

2.5.2,2 Power Requiremsnts 

The deep well  pumps w i l l  require  53 horsepower which i s  o f f s e t  by 
40 horsepower condenser c i rcu la t ing  wateP pumps, 3 horsepower i n  heat exchanger 
c i rcu la t ing  water pamp, and 60 horsepower in cooling fans. 

2.5.3 Comparison of A i r  Cooler Versus Well Water 

2.5.3.1 Estimated Costs 

The well  pumps, condenser wel l  water piping, and candenser f o r  t h e  
well  water i n s t a l l a t i o n  would cost approximately $37,000.00, On t h e  o the r  
hand, t h e  equipment comparable t o  this with the a i r  cooler would cost $74,000.00. 
This includes t h e  3200 square foot  condenser, e n t i r e  heat  exchangep skid, a i r  
b l a s t  cooler, addi t iona l  switchgear and controls.  It should be pointed' out t h a t  
these f igures  do not include erect ion of equipment, foundations f o r  equipment, 
d r i l f i ng  wells, reduction i n  building i f  wel ls  a r e  used, o r  enclosure f o r  wells. 

2.5.3.2 Power Requirements1 

The au$.liarg power i s  reduced 50 horsepower (42 kilowatts)  when 
using t h e  we l l  water a t  f u l l  load, and somewhat l e s s  a s  l oad  decreases, 

2.5.3.3 Plant Performance 

The plant w i l l  operate at a constant 3-1/2 inches Hg. with wel l  
water andj hence, w i l l  e f fec t ive ly  give a f i xed  higher s t a t i on  capacity and 
operate more e f f i c i e n t l y  a t  most load conditions. 

3.0 HEAT EXCHANGEZi (PACKAGE 

This package f s shown on appended drawings NO, MOlKI.2 and No, MOlMl3. 
This package i s - 9  f e e t  1-1/2 inches long by 9 f e e t  0 inch wide by 6 f e e t  6 inches 
high. The components included i n  this package a r e  t he  cooling water heat  exch- 
anger, cooling water heat exchanger pumps, and t h e  c i rcu la t ing  water pumps. The 
cocling water heat exchanger has been held a s  close t o  t h e  sk id  a s  possible. All 
piping has been held a s  close t o  the  sk id  a s  p rac t i ca l  f o r  ease of supporting 
during shipment. A l l  operating controls  a r e  accessible  from t h e  edge of t h e  skid. 
The skid is en t i r e ly  pre-wired with a minimum of connections necessary by t h e  
f i e l d  t o  place in operation, This e n t i r e  sk id  w i l l  be eliminated if wel l  water 
i s  used f o r  cooling. 

3.1 Cooling Water Heat Exchanger 

The cooling water heat exchanger manufacfured by Blw Products, 
Incorporated, i s  a U-tube heat exchanger, 13 f e e t  6 inches i n  overa l l  l engtb  



with a 16  inch diameter shell .  

3.1.1 Design and Operating Data 

The heat exchanger i s  designed t o  t r ans fe r  380,000 BTU per  
hour f rom t h e  cooling water entering at 1270F. and leaving at 100oF. t o  63 
g.p.m. of 60 percent by weight ethylene glycol,  The ethylene glycol  en ters  
from t h e  a i r  b l a s t  cooler at %OFo and leaves the  exchanger at 107.50F. 

13.2 Circulat ing Water Pumps 

The c i rcu la t ing  water pumps del iver ing glycol  t o  the condenser in 
a closed cycle a r e  two, Worthington's type 6L-1, double suction, half capacity, 
hoPfzontal1y s p l i t  case pumps. 

3.2.1 Design and Operating Data 

Each c i rcu la t ing  water pump has a ra ted  capacity of 1500 g.p.m. 
aga ins t  a t o t a l  head of 38 fee t .  They operate a t  1800 r.p.m., and require 20,O 
brake horsepower when pumping t h e  60 percent glycol  solut ion a t  1 3 0 9 .  The 
pumps a r e  t h e  standard, cast  iron, bronze f i t t e d  pumps with b a l l  bearings, and 
a r e  driven by two General E l e c t r i c  Companyls induction motors ra ted  at 20 horse- 
power, o r  equal. 

3.3 Heat Exchanger Circulating Water Pumps 

Two full capacity heat exchanger c i rcu la t ing  water pumps de l iver  water 
t o  the  cooling water heat exchanger and t h e  a i r  and lube o i l  coolers on the  
turb ine  generator. They a r e  cent r i fuga l  pumps, mounted together  with a 3 horse- 
power induction motor on a common s t ruc tu ra l  s t e e l  baseplate. 

3.3.1 Design and Operating Data 

Each s ingle  s tage  pump operating a t  3550 r.p.m. i s  designed 
t o  de l iver  100g.p.m. of ethylene glycol  solut ion against  a t o t a l  head of 40 ft. 
at  a temperature of 92OF. The pump has a v e r t i c a l l y  s p l i t  s t e e l  casing, with 
cas t  i r o n  impel ler  and o i l  lubr ica ted  ball  bearings. Only one pwnp w i l l  be 
operated a t  a time, and it will del iver  approximately 63 g.p.m. t o  t h e  heat 
exchanger, 37 g.p.m. t o  t he  turb ine  o i l  cooler. 

I 3.4 Skid Design 

The s t r u c t u r a l  skid, as shown on drawing Number MOlS4, is  made of 
United S ta t e s  S t e e l  Companyfe wTPi-Ten's, a high s t rength s t e e l  capable of with- 
standing shock a t  low temperatures. The sk id  is an all-welded frame designed 
t o  support t h e  weight of t he  equipment during t r a n s i t ,  including l i f t i n g ,  
skidding, e tc .  The sk id  i s  a l s o  designed t o  r e s i s t  t h e  i n e r t i a l  fo rces  of 
t h e  e q u i p e n t  while being trdspdrted-bgm"aircraft; namel, 8 Gcs forward, 2 G ' s  



a f t ,  2 G e s  ver t ica l ,  and 1.5 G l s  l a t e ra l .  

3.4.1 Weight and Weight Distribution 

The t o t a l  weight of the  heat exchanger package including 
the  s t ruc tu ra l  skid i s  about 14,310 pounds. The skid has been proportioned t o  
d is t r ibute  the  weight of the  package i n  accordance with the  allowable f l o o r  
loading of the C-130 a i r c ra f t .  

4.0 AIR BLAST COOLER PAQ(AC;E 

The general arrangement of the  a i r  b las t  cooler i s  shown on Alco drawing 
No. AES-288. 

4.1 General Description 

Due t o  the lack of cooling water a t  t he  s i t e ,  closed c i r cu i t  a i ~  b las t  
coolers are used f o r  condensing steam. An ethylene glycol  and water solution 
i s  circulated i n  a closed c i r cu i t  through the  main condenser and air b l a s t  cooler. 
Aurdliarg cooling i s  provided bg a separate sect ion of the  air b l a s t  cooler, 
c irculat ing a glycol  solution through the  auxi l ia ry  heat exchanger i n  a s e p  
a ra t e  closed c i rcui t ,  The a l r  b l a s t  coolers a re  errtended surface heat exch- 
angers, l i qu id  t o  air. The cooler i s  arranged with two banks of cooling sect- 
ions placed ver t ica l ly ,  one on each side of the  unit. The l i qu id  flow is  
horizontal through multiple tubes extending t h e  full length of each bank. 
The tubes are  connected i n t o  v e r t i c a l  headers a t  each end. Air flow i s  horlzont- 
al across the  tube banks entering on the outside faces of t h e  banks, flowing t o  
the  center. Air flow i s  produced by induced d ra f t  fans located between the  
tube banks, and placed a t  t he  top  of the unit .  The discharge from the f ans  is  
ve r t i ca l ly  up. The l iquid  flow i n  each main bank i s  twu-pass entering and leav- 
ing  the bank through flanged pipe connections on the  headers a t  t h e  same end. 
The main banks on each side of a cooler uni t  a re  arranged f o r  p a r a l l e l  flow, 
The cooler is  30 f e e t  0 inch long by 9 f e e t  wide by 9 f e e t  high, 

4.2 Performance and Design Data 

Service 
Draft Type 
Number of units 

DuW %u/hr 
Extended Surface Sq. Ft. 
Air Temperature-In OF 

M.r TemperatureOut OFo 
Liquid Temperature-Xa F 
Liquid Temperatges-Out OF 

Total  Fluid Enter- ~ b / h r  
h g  

Liquid Side Pressure p.8.i. 
Drop 

- Glycol solution cooler - Induced 
-om 

Main Cooler Auxiliary 
Cooler 

Uc,700,00 - 500,000 
117,400 2 9 470 

35 3 5 
109 76.8 
W 02 106.3 
l.30 

1 , 5 ~ 9 ~ 0  
9 '  

44,800 

7 265 



Combined Cooler 

T o t a l .  Air Flow a t  Standard ConcEtions 
Total S ta t i c  Pressure 
Fans 
Number of Fans 
Fan Speed 
Horsepower per Fan 
Total horsepower 

Headers 
P h g s  
Tubes 
Fins  
Header Type 
'rube Type 

Tubes 

c.f .me 195,000 
In,-%Q 0.55 
Koppers 68 Inch Dfa, 

4 
r.p.m, 675 
hop0 15 
hope 60 

Carbon Steel  
Brass 
Admiralty 
Aluminum 
Welded Steel.. 

4 3  Weight Distribution 

The air blast  cooler has a weight of 25,200 pounds. The cooler %s 
design=d ~ e t r i c a l 3 y  about the  longitudinal centerline and the weight of the 
coi ls  and fans i s  ~ f o ~  distributed along the  two side frames. 

4-4 Skid Design 

The skid i s  aU-welded s t m c t m a l  s t e e l  frame designed t o  support 
the weight of the eq-ent during t ransi t ,  including l i f t ing ,  skidding, etc, 
The skid i s  a lso  designed t o  r e s i s t  the i ne r t i a l  forces of the equipment while 
being transported by aircraft; namely, 8 G% forward, 2 G q s  a f t ,  2 Gas v e r t i d ,  
and 105 G's l a te ra l ,  

re0 F'EED?4ATER PACKAGE 

This package i s shown on the  appended drawings Moo MOU48, No. MIW, 
No. MOlXlO and NO, M O l H U o  

5.1 General Description and Components on t he  Rickage 

This package i s  25 feet  9 inches long by 9 f e e t  0 inch wide by 
9 fee t  0 inch high, and contains the feedwater heater, post heat exehaeger, 
boiler  feed pumps, feedwater storage tank, c h a i r i d  feed system, cooling water 
pumps, secondary system d ~ e ~ ~ z e r ,  and the  following p r inaq  systan a=- 
fUar iess  primary make-up pump, p h q  demineralizer, and the  primary make- 
up tank, The two heat exchangers have been elevated in a horizontal position 
on the skid t o  allow the placing of smaller equipment underneath, and t o  



ass i s t  5.n draining the heaters t o  the condenser. The constant speed, ver t ica l  
boiler  feed pumps and the heatess have a l l  been grouped a t  me  end of t h e  skid 
t o  allow complete operation of this eqipment within a small area. The feed- 
water storage tank has been located near the  center of the skid so tha t  i t s  
broad surfaces could be used fo r  mounting the pump s t a r t e r s  and controls, and 
the large amount of small, piping from the primary system. The f eedwater heater 
l eve l  cantpols are located between the feedwater heaters and are accessible 
f o r  maintenance. The pdmary auxil iaries are all located a t  me  end of the 
skid and an the outside of the p a w g e  fo r  ease of ~ t e n a n c e ,  In general, 
a l l  of the piping, i n s t m e n t a t f  oa, and e lect r ical  control on the  panel are 
completely interconnected on the  sldd, requiring a minimum of connections being 
made t o  other skids, 

5.2 Feed Water Heater 

5e2.1 Description 

The low pressure heater which i s  mounted along the edge of 
the skid i s  17 fee t  4 inches overall with a U, inch outside diameter .shell. 
The heater which i s  in the suction t o  the  boiler feed pumps i s  valved fo r  
by-passing, U-tube design with the lower pass being shrouded for  an in tegral  
drain cooler. It w i l l  have 26 U-tubes of 3/4 inch outside diameter arsenical 
copper, comprising a t o t a l  gross surface of 138 square .feet of which 69 square 
fee t  i s  in the sub-coaling zone. The heater w i l l  contain the required aux- 
i l i a r y  equipment, indudf9g high level  alarm, gauge glasses, level  control, and 
tube and she l l  side safety valves. 

5,2.2 Desfgn and Operating Data 

. The extraction heater i s  designed t e  heat12k,000 pounds per 
houp of condensate a f t e r  leaving the air ejector, t o  a t o t a l  temperature of 
258."7° Fo a t  ful l  load, operating normally a t  4l.O p.s.i.a. It will receive 
drains f r m  the  post heat exchanger, which will be subcooled t o  a p p r o m t e l y  
177OF. OP 10 degrees above the entering water. The drains from the heater 
w i l l  be returned t o  the condenser shell,  and it i s  expected t ha t  the  heater 
will have sufficient  pressure differential  t o  return these drains a t  a l l  loads 
above 200 kilowatts. 

5.3 Post Heat Exchanger 

The post heat exchanger i s  mounted paral le l  t o  the feedwater 
he ate^. It i s  8 fee t  9 inches in overall length with an 18 inch outside dia- 
meter shell* The exchanger w i l l  receive steam fp'can the main steam l i ne  a t  
reduced pressure t o  heat 130 g.p.m. of water for  a high temperature water heat- 
ing  qsteq. The exchanger is an Alco Products, Incorporated's four-pass, U- 
tube design. Temperature of the water w i l l  be maintained automatically by 



throt t l ing of the irilet steam by a temperature actuated control valve, 'Phe 
exchanger w i l l  contain 90 U-tubes of 5/8 inch diameter, 18 gauge, 90-10 cup= 
nickel, comprising a t o t a l  surface of 214 square feet.  The exchanger w i l l  be 
equipped with .the usual safety valves, level  alarm, and drainer. Drains will 
normally cascade t o  the feed water heater, but may be routed direct t o  the 
condenser when the heater i s  out of service. 

5.3,2 Design and Operating Data 

The exchanger i s  designed t o  heat 130 g,p.m, of water from 
l9Q0F t o  27Q°F continuously a t  all station loads, using saturated steam a t  
G5-750 p.s.i,g. from the main  steam line. A pressure regulator and safety 
valve i s  inserted in the incoming steam line t o  reduce the pressure t o  a oon- 
s tant  200 p.s.i.g, so that  the  exchanger and control valve would not need t o  
be designed for  the high pressure, Normal she l l  operating pressure w i l l  be 
49.2 p.s.i .a. 

5.4 Feedwater Pumps 

The two feedwater pumps are vert ical ,  15 stage, double case, cent- 
r i fugal  pumps. Each pump i s  driven bg a Louis Allis Companyts 40 horseparer, 
3550 rop.m., dripproof, vert ically mounted, sol id  shaft, squirrel  cage in& 

- 

uction mM.sr. E t h e r  pump can supply the f u l l  load requirement of the boiler. 

5.4,P Perfowance and Design Data 

The pumps are placed between the l aw  pressure heater and the  
steam generator, Each pump will deliver 75 g.p.m, of feedwater a t  a temperature 
of 2 6 0 ~ ~ .  against a discharge pressure of 465 p.s,f.g. with a suction pressure 
of 100 p,s.i.g., and a r f l l  deliver 10 g.p.m. against a discharge pressare of 
750 p.soi.g. The efficiency a t  75 gop.m. i s  51 percent. The p u p s  a n  des- 
igned specifically f o r  boiler feed s e d c e ,  the cuter she l l  i s  of carbon steel ,  
and the casings, impellers, wearing rings, shaft  and shaft  sleeves are  const- 
ructed of Il-13 percent chrome steel ,  

i 

5.4.2 Selection of Pumps 

Due t o  the conditions of rising drum pressure with fa l l ing  
load, peculiar to  the steam generator, a thorough investigation of various 
types of feed pumps was made before selecting ver t ica l  centrifugal pmaps. 
Variable speed, multiple-cylinder, positive displacement p w s  were considered 
because of the high discharge pressure required a t  low load; however, the  
high tu rn  down range of 9 t o  1 would require complicated speed control of the 
driver, and a gear speed reducer between the variable speed driver and t h e  pump, 
Alternating current t o  direct  current drives, hydraulic couplings, eddy-caprent 
couplings, and mechanical variable speed drives were considered. I n  each case, 
space requirement, weight, and f i r s t  costs were higher than the centrffngal 
pumps. The centrifugal pumps operating a t  constant speed simpllf'y the reg- 
ulation of feedwater t o  the boiler drum. Whereas by variable speed drim t h e  



water l e v e l  control  would have t o  be t r ans l a t ed  by cont ro l  mechanism to pump 
speed, ~ 5 t h  t h e  cent r i fuga l  pumps t h e  water l e v e l  eontpoller simply ad jus t s  
a t h r o t t l i n g  control  valve in the  discharge line between t h e  pump and boiler. 

5 -4.3 Pump Mounting and Prov5sions f o r  Air Shipment 

The v e r t i c a l  lfeedwater pumps a r e  supported by a mounting 
f lange a t  t h e  discharge head of t h e  pump, This mounting flange i s  bolted t o  
the  s t r u c t u r a l  supporting frame whish forms a pa r t  of the  complete feedwater 
package skid, The pump casing which contains the  multi-stage pump i s  below 
the  mounting flange, extending down t o  the  bottom of the  skid, This r e s u l t s  
fn keeping t h e  center of grav i ty  of t he  pumps l o w  on t h e  akid, which i s  advan- 
tageous i n  shipping. The v e r t i c a l  motors which a r e  mounted abwe  the  discharge 
head of t h e  pumps dl1 be removed f o r  shipment f o r  two reasons; one, t o  reduce 
the  shipping weight of t he  package, and, two, t o  protect  t he  pump sha f t  and 
impellers from damage during t r a n s i t .  

5.5 Chemical Feed System 

5.5.1 General Description 

The purpose of t he  chemical feed  system in the  secondary 
s ide  of the plant is  t o  t r e a t  t he  condensate, bo i l e r  feed, and steam i n  such a 
manner t h a t  t he  eemosion of a l l  equipment will be held t o  a minj3num. Pract- 
i c ~ y a l l c o r r o s i o n e o n t r o l s y s t e m s i n p o w e r p l a n t s a c c c e n p l i s h t h i s p u r p o s e b y  . 
control l ing the  pH of t h e  water i n  t h e  bo i l e r  a t  a given a lka l in i ty ,  and prey- 
i'hg some means of o q g e n  scavenging, I n  this case,morpholine w i l l  be added * 

t o  the  condensate ahead of the low pressure hea ter  which will in some degree 
cont ro l  the  pH of t he  feedwater i n  the  cycle, a s  well a s  t he  pH of t h e  water i n  

! 3 .  

t h e  boi ler ,  Since morpholine i s  car r ied  through as a gas with the steam, it 
w i l l  protect  the e n t i r e  system from the  bo i l e r  ou t l e t  back thmugh the  condenser. 

Sodium su lphi te  w i l l  be added t o  t h e  condensate stream at the 
same point  p ~ i o r  t o  entering the  low pressure heater,  It 611 be f e d  contin- 
uously i n t o  the  condensate stream and thereby protect  t he  hea ters  and piping i n t o  
the  boi ler ,  a t  which point the res idua l  will be maintained t o  scavenge oxygen 
in t h e  boiler.  When t h e  condenser i s  functioning properly, t he  amount of sul- 
phi te  required t o  be pumped i n t o  the  system will be ra the r  small. 

5.5,2 Performance and Design Data 

I d e n t i c a l  chemical feed  pumps and tanks have been se lec ted  
f o r  both t h e  morpholine and sulphi te  service s ince ne i the r  c h d c a l  i s  part- 
icularly c o ~ ~ o s % v e .  Each pump will be a proportioning pump with a single  
c y l i n d e ~ ,  having a capacity of 1.7 g.p.h. and being driven by a 1/3 h o r s e  
power, 1725 r.p.m,, three phase, y10 ve l t ,  a l te rna t ing  current motor. The 
c a w c i t y  of t he  pumps may be var ied  from zero t o  full r a t ed  maximxu capacity - 

by adjustment of t h e  stroke, These p u p s  take t h e i r  suct ion from a 15 gal lon 
s t a in l e s s  s t e e l  tank s e t  immediately abwe  t h e  pump. The suctions of t h e  two 



tanka have beem h t e r c o ~ e @ b e d  so that  the pumps can be used f o r  pumping either 
sulphite or moppholine in the event that  one pump i s  out f o r  sem5ce, - 

) 

5,6 Secondary Water Treatment System 

The secondary water treatment system consists of one mixed bed 
deionizer, which will receive raw water, and deliver water haring a specific 
resistance of over 1,000,000 ohm centimeters, The unit having an overall 
height of 89-1/2 inches will be furnished on a baseplate apprczdmately 47 inches 
wide bg 33 inches deep, which w i l l  contain one deionizing tank 20 inches fa 
diameter and 72 inches high, completely piped with 1 inch s t a b l e s s  steel 
Satmders type valves. The unit  will contain 2,6 cubic f ee t  of cation r e s h  and 
3 ,9 cubic feet  of anion pesi n which w i l l  be manually regenerated. 

50601 Description and Performance Data 

With the  specified water c o n t a g  no more than 180 peporno 
t o t a l  solids, the deionizer will have a flaw ra te  of 1000 gallons pep hour, 
and the capacity between regenerations of 5000 gallons. The unit w i l l  be mgen- 
erated manually, and should require between 2 and 2-1/2 hours t o  regenerate. 
M n g  the  regeneration period, the  unit  w i l l  require approximately 500 gallom 
of water a t  a rate not exceeding 17, goporn. Approximately 20 c,f ,me of air are 
pequi~ed a t  10 p.s.i, g. f o r  mixing the k ds a f t e r  regeneration. A small soft- 
ener w i l l  be supplied t o  soften the water f o r  anion regeneratian. 

5 6.2 Supplementary Equipment 

A blower, s ize  315, capable of producing 20 c.f.m. a t  10 p,s, 
i.g. with accessories, and a 3 horsepower,dsipproof motor will be furnished with 
the unit for  operation duping periods of regeneration t o  m i x  the  resin. 

This demjheralizer package w i l l  be camplete with an inlet 
integrating flow meter and Industrial, Instrument Ccmpanyts Solu Bridge i n d i c -  
ating controller which w i l l  close a motor+=-operated water valve when the p % € y  
exceeds a present standards. 

5.7 Feedwater Storage Tank 

Forming a p a d  of the skid as%U. be a rectaaa-r storage tank made 
of 1/4 inch s t e e l  plate, The tank w i l l  be covered and vented with an access 
manhole the  top. The tank is  6 fee t  0 inch wide 7 f ee t  3 inches long 
by 7 fee t  ll inches high, and contains 2500 gallons of nseable caadky, This 
rectangular shape tank u t iEzee  the available s+ce cm the skid tos  the best 
degree. The tank w i l l  be complete with high and low level  alarms and & d n  
connection. 

The 2500 gallon tank w i l l  have an expected storage eapacftg equiv- 
alent t o  10 hours of operation. I n  case of emergencg, the blowdown on the 
boiler  could be cut off and the storage tim extended t o  mom than 24 hours, 



The low level  a l a m  on the tank has been se t  at  approximstely 2/3 capacity 
so tha t  there will be d f f  d e n t  time t o  regenerate the dnnfaeralfzer f;a 
case of any diff iculty d t e r  the alarm. Morphollne will be added te the 
tank t o  control pH of the water, aad thereby reduce cerrodon of t h i r  carbon 
a tee l  tank and associated piping. 

, 5 6 8  Coolfng Water F'mp 

The purpose of the coollng water pumps fr t e  supply cooling water t e  
the primsrg coolant p q ,  primary heat exchanger, space cooler, spent f ue l  pit 
cooling, and the shield tank coolers. 'Pkfs system is a closed aircuit frm 
the cso lhg  water pumps through t he  vadour pieces of equipment t o  be ceoled, 
back thrcrugh the  cooling water heat exchanger, and t o  the eolction of the  cod- 
ing water p-sa The feedwater storage tank is conneeted i n to  the  mct iaa  
of the cooling water pumps, acting as  a surge tank f o r  the  sy&m 

5,8.1 Desedption and Desfga 

The cooling water pumps which are  provided fn duplicate a m  - 
centrifugal process pnrmps driven by 3 horsepower, J&O volt,  Wppreof meters 
a t  3600 ropeme The pumps are rated a t  35 gopa .  and deliver 100@F, water 

1 .  against a t o t a l  head of 50 pesof. The pumps are v e r b i d l y  split, with s t e e l  
casing, east iron hpe l l e r s ,  and o i l  lubpfcated ball barings.  Although %hir 
i s  a heavy-dnty, process type pump, a 100 percent spare has been provided Meh 
w i l l  autaraatically s t a r t  in case of loss  ef discharge prassure, 

5.9 Blowdown Flash Tank 

A small f lash tank i s  located on this a d  together with the  meter 
and control valves, The t m k  is sized t o  handle the  maximum flow f mm the 
boiler through a 1/2 inch line, flashing the  steam and retaining the water 
un t i l  cool, 

While the primarg system auxil iaries located an this package have ~ e '  
connection with the other equipent,  it provides a convenient place f o r  locartlng 
t h i s  equipment during shipment , and fits i n  quite well d t h  the mtsg arrange- 
ment of the  plant. Located on t h f s  skfd are  the  primary coolaat make-- taak, - 
primary coolant make-up pump, and the primarg coolant domineralizer, and c a k  
together with the associated instrumentation and piping w h i c h  are  mquired t o  
be aeeessfble by the operators,, The equipent  i s  located around the edge of 
the skid f o r  ease of maiBtena~ce and operatime 

Dw t o  the  limitation on height, it will be necessary t o  mnme the 
safety valves on the heaters and ship,separately, DPb t o  the l imitat ion on 
weight, it w i l l  be necessary to  remwe the  primary and secondary deadnorallsera 



and sh ip  them separately.  FOP p rac t i ca l  reasons and l imi ta t ion  on weight, 
it i s  desirable  t o  remove t h e  motors from the  two v e r t i c a l  bo i le r  feed  pumps 
arid t o  ship them separat-, a s  will be de ta i led  l a t e r .  'U other  equipment 
w i l l  be shipped i n t a c t  as assembled. 

6 SWITCHC;EAR PACKAGE 

6 , l  General Description 

The d k c h g e a r  package i s  a s  shown on drawing No. M O W .  The package 
i s  26 f e e t  5 inches long by 9 fee t .wide  by 8 f e e t  LO inches high. 

6 1  Components 

The &.tchgear package will o o n t d n  the  cont ro l  e'onsole, t he  
~ a t ~ e a a t  d i s t r i bu t ion  cabinet, the ncuLear rack, the  motor control  center, t h e  
mcitehgear, t he  ba t te ry  rack and the r e c t i f i e r ,  

, 
The mit chgear package has been arranged with t h e  cont ro l  

console, t h e  h s t m e n t  distribution cabinet, and t h e  nuclear rack moun%cd a t  
t h e  f r o n t  of t h e  skid. Due t o  its length the  motor control  center  dl1 occupy 
one s i d e  of t h e  package and be separated by an a i s l e  from the  remaining c m p  
onents. Access space has been allawed a t  both s ides  of t h e  cont ro l  console. 
The switchgear f r o n t  s h a l l  face  the outside of the package t o  provide draw-out 
space f o r  t h e  b~eakers .  

6.2 Switchgear Equipment 

The swit &gear w i l l  be one, indoor, draw-out type, m j t i z e &  600 
vo l t ,  2000 ampere, 3 phase, 3 wipe, metal - enclosed switchgear consis t ing of: 

(a) One sect ion f o r  cont ro l  of one, 1000 E l m a t t ,  480 vol t ,  3 .phase, turbine 
generat or. 

(b) h a  sec t ion  f o r  cont ro l  of one, 48Q vo l t ,  3 phase, incoming line, 

(e) One sec t ion  f o r  control, of one, 1*80 vol t ,  3 phase, a d l f a r y  power c i ~ t  
and two, ,!+%€) vo l t ,  3 phase, outgoing feeder c i rcu i t s .  

6.3 Motor Control. Center 

The motor cont ro l  center  s h a l l  be an i n d o o ~ ,  unitized, 600 vol t ,  600 
ampere, 3 wire, 3 phase, motor control  assembly, i n e b d i n g m o t o ~  s t a r t e r s ,  
c i r c u i t  breakers, etc., f o r  t h e  480 v o l t  d ~ c u i t s  t o  t h e  primary, feedwater 

G-s ". . ' - <  - .I ., - 
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condenser, heat exchanger, and a i r  b las t  cooler package, and t o  the  s ta t ion 
services. The control center w i l l  a lso  contain panel boards fo r  the  diet+ 
ibution of alternating current and direct  current power fo r  instrmaentation. 

6.4 Station Batteries. - 

The atation battery rill supply the di rect  current reqldroments of 
the control console and the  tripping requirements of the  switchgear c i rcu i t  
breakers. The battery be the  nickel cadmima type mounted in t rays  on a 
s t ee l  batterg rack. The rating of 165 ampere hours i s  based on supplyiag the 
i n s t m e n t a t i s n  load f o r  approximately one how a f t e r  skation pomp failure. 

6.5 Klectrical Equipment. f o r  Instx=umentation 

The r e c t i f i e r  uni t  w i l l  include both a power r ec t i f i e r  a d  an 
autoaaatic battery charger mounted in the same d t .  The uni t  #8ll supply direct  
current control power which will be changed t o  a p- eferred alternating current 
supply f o r  the control console, nuclear rack, and monitoring devices. The 
distribution of the  control power i s a s  shown on drawing No. HOlIi2* 

6.5.1 Rectifier Unit 

The r ec t i f i e r  u n i t  w 5 l l  be a f ree  standing, f u l l y  enclosed, 
nn t i l a t ed ,  indoor u n i t  of the solid s t a t e  type. Thd, p e r  r e c t i f i e r  will be 
rated fo r  the 100 ampere, 28 volt,  d i rec t .  current instrumentatioti load, and 
the floating charge of the battery. The autoanatic battery charger w i l l  be cap- C 

able of recharging the batterg from a fu l ly  discharged state, and shall aute- 
matically reconnect the hatterg a t  the  end of the charging cycle or, in case of 
fa i lure  of n o d  power, a t  any time during the  charging eycle. The charger I , 

w i l l  autmat ical lg  set the charging cycle required by the  s t a t e  of discharge 
of the battery. 

6.5.2 Inverter 

The inverter  w i l l  be a solid-state unit f o r  inverting approx- 
imately 3000 watts, 28 volts, direct  current t o  115 volts, 60 cycle, alternating 
current. The irnrerter will be designed t o  mount i n  the  motor contml  center. 

606 - Weight Distribution 

The weight distP4bution is.=as followst 

unit 

Mator Control Center 
Control Console + 

. . 
h s t m m n t  distribution cabinet 
Nuclear Raek , 
Battexy 



Rectif ier  
Switchgeap 
Conduit and w5re 
Skid 

T o t a l  

C. INTEE NNECT G PIF!LN AND .WIRING 
%asmu% as eacf package mit i s  completely piped and u i redsd th in  

itself a t  the factory, there r d n s  only the  necessity f o r  b t e r c o n n e c t i ~  
the  various packages when they are in place. A s  each package i s  made up of 

i functionally associated apparatus, the items involved i n  the interconnection 
of the  packages are held t o  a minimum. It was possible, therefore, t o  design 

' the interconnecting piping and wifing between packages t o  permit erection in the  
f i e ld  d t . h  the expenditure of a minimum of time and labor, A l l  piping is des- 
igned t o  be entirely prefabficated in the shop fn the largest  pieces consistent 
with shipping c lea~mees .  

Piping between skids of a l l  l ines  where drainage i s  not a problem 
will be pun and supported along the  f loor  underneath the grating, Other piping 
w i l l  be supported from  kids and building as  required. 

1,O PROVISIONS FOR PIINIMM ERECTION !CIME 

In addition t o  use of Maximum lengths of pefabricated pipe, a l l  connect- 
ions w i l l  be designed t o  use the type of coqding requiring the leas t  labor t o  

\ 

i n s t a l l  consistent with the service. 

A building crane i s  specified which should f ac i l i t a t e  handling of larger sections 
of pipe, and sett ing of the ver t ica l  motors and other pieces of equipment that  
were reanwed f o r  shipment. 

1.1 Flanged Connec%Sons 
4 

High pressure steam and boiler  feedwater p i  ping w i l l  be furnished with 600 
pound, ra5sed face, s teel ,  welding type of flanges. Low pressure steam, con- 
densate, and other miscellaneous piping, w i l l  be furnished with 150 pound, 
raised face, s t ee l ,  welding type of f i t t ings ,  except a t  p o h t s  of c o m e t i o n  
t o  iron body flanges on pumps and valves, A% these connecticns, the 1% pound, 
steel f l a ~ g e s  will be f l a t  faced t o  prevent the hazard of breakhg the iron 
mating flanges. Flanges on the s t a b l e s s  s t e e l  piping w i l l  be stainless s t e e l  
welding flanges of pressure ratings suitable f o r t h e  part icular  lines, or 
s ta inless  s t e e l  l a p  joLnts with carbon s t e e l  flanges. 

1,l.l Vietaulie Connections 

. A l l  low pressure l ines  below 180°~. will be corm cted wherever possible 
with victaulic couplfnga t o  reduce weight and labor of erection. These 
couplSmgs also are eapble of some misalignment and expansion, 

Flanges on the high pressure steam and boiler feed l i ne s  w%ll be made up u i th  
wFlexi ta l l icw,  or equal, gaskets. Low- pressure steam and a l l  other l ines  over 
150°F. w i l l  be made up wtth asbestos composition gaskets "Cranitew, or equal, 
A11 flanged l i ne s  operating a t  1 5 0 ~ ~ .  and lower w i l l  use red rubber gaskets. 



Special s i l f  cone :Tubber gaskets w i l l  b e  used with v ic t au l i c  couplings a t  
veqy low tempe ra twes .  

1,3 Elec t r i ca l  Connecti.one 

Interconnecting power wiring betwsen the motor control  center a n d  the sepa- 
rate packages, and i n s t m e n t  and control  wi- between the  various packages, 
a re  pun i n  cable trays. The cables a re  arranged i n  a single t r a y  with a 
bar r i e r  between the  power and instrument wiring. 

i 

Main generator leads t o  t h e  enclosed metal switchgear a re  in waterproof bus 
duct. 

All  power and instrument connections a re  made t o  central ized junction 
boxes by means of quick dissomeet  plug-in receptacles, 

2.0 Estimated Interconnecting Piping and Wifing 

Thc estimated weight of t h e  interconmeting piping between t h e  pachges, 
including pipe, valves, f i t t i n g s ,  h s u l a t  ion, and supports i s  approscimately 
l+O,000 pounds and w i l l  require two shipping packages. The estimated weight of the 
interconnecting wifing materials i s  10,000 pounds which wfll require l/2 
package f o r  shipment. 

, S , W Y  OF SEXONDARY .SYSTEM DESIGN DATA 

Total Number of Secondary Skids 
T o t d  Number of Secondary Shipping Packages 
Total  Weight of Secondary Packages 

2. Turbine Generator 

Dimensi on8 
T o t d  We2ght Lb. 
Shipping Sections : 

Turbine, Gear, Genexaator and 
Base - Dimensions 
Weight Lb. 
Auxiliary Section Lb. 

Voltage : 
Main 
Brcf t e r  

6 
9 

Lb, 218,650 

16' 4" x 7f  Ogg X 6, 2w high 
32,000 

16' 4n x 7' On x 6' 2" high 
29 
4,000 

480 8. AC, four w i r e  
125 V, DC 



3. Condenser Skid 

Dimensions 
O v e r d l  Shipping Weight Lb. 
Components and Weights :: 
I Condenser - Lb. 

Air Ejector  Lb. 
Condensate Pumps Lb. 
Condensate Pump Motors 

(Shipping separately) 
Skid Base Lh. 
Ele c t ~ c ~  auipment  Lbo 
Piping and Controls Lbo 

4. ~ e e d w a t e r  Skid 

Dimensions 
Overall Shipping Weight Lb. 
Component e and Wei g h t  a r 

Boiler Feed Pumps (less motors)Lb. 
Feedwater Heater Lbo 
Post Heat &changer Lba 
Secondary D d n e r a l i z e r  

(shipped separately)  
Air Pump and Motor Lb. 
Cooling Water Pumps and Motors Lb. 
Feedwater Storage Tank Lb. 
Blowdam Tank Lb. 
Chemical Feed PMlps and Tanks Lb. 
Make-up Pump 'Lb. 
Make-up Tank ' Lb. 
Controls and Instruments Lb . 
Elec t r i ca l  S t a r t e r s  and Wiring Lb. 
Piping Lb. 
Skid Base and Floor P la tes  Lb, 
I n s u h t  ion Lb. 

5. Heat Exchanger Package 

Dimensf o m  
Overall Shipping Weight Lb. 
Components and Weights : 

Cooling Water Heat Exchanger Lb. 
Circulat ing Water Pumps Lb. 
Heat Exchanger Circulating Lb. 

Water F%mps 
Elec t r i ca l  Equipment Lb. 
Piping Lb. 
Skid Lbe 



66 Air Blast Cooler 

Number of Sections Requfked 
Horsepower ~equi rements  - Total 
Dbensions 
O v e r d l  Weight Lb. 
Volupe of Glycol so lu t ion  Gal. 

7. Switchgear Skid 

Switchgear S a d  - Dimensions 
Switchgear Skid - Total  Weight Lb, 
Components and Weights : 

Primary I n s  t m e n  t Cons o le  Lb. 
Nuclear Panel Lb. 
Motor Control Center &,be 
Batterg Lbo 
Instrument .Distribution Cabinet Lb. 
M t  chgear Lbo 
Skid Lb, 
Conduit and Wire Lb. 

8. Interconnecting Hping  and Spare Par t s  

Tota l  Weight a d  Piping and 
Spec ia l t ies  Lb. 

Total  Weight of Spare Parts  Lb, 
Number of Shipping Sections 

Required 

1 
60 

30' 0" X 9' On X 9' .Ow high 
25,200 

665 

9,  Interconnecting Wiring and Miscellaneous Equipment 

Total  Weight of Wiring and Raceways Lb, 
Tota l  Weight sf Miscellaneous 

Equipment Lb. 
Primary Demineraliser Lb. 
Condensate F b p  Motors Lb. 
Boiler Feed h p  Motors Lb, 
Turbine Auxiliary Equipment Lb. 
Secondary De la fne~d ize r  and Lb. 

Softener 
Number of Shipping See t iom Required 



This section contains coment.~ and answers relative t o  cammenta 
previously received from Eastern Ocean District and =DL, Anqy Corps ' 

of Engineers. I 

These comments pertai.ned.to Alco Products "-39 Deiign Analysis 
of a Prepackaged Nuclear Power nsmt fop an Ice  Cap .Installation. 
Comments which are not directly applicable t o  t h i s  design analysis 
were not included i n  this section. 



Comment8 on Alco Proposal f o r  Power Plant 

In. 

1.08. What provisions w i l l  be made t o  prevent ba t tery  gasses and solut ions 
from effect ing controlbere and sensi t ive i n s t h a e n t s  on the  control package? 
What proviaions w i l l  be made t o  reduce t r a n s f o m r  and plant noise i n  the  
control room? 

I 1.08-8. The battegg can be enclosed and vented, the venting arrangement 
depending upon f i n a l  enclosure arrangement. An enclosum can be provided 
around the switchgear skid t o  eliminate plant noise i n  the control room. 

l o  Can a l l  l i nes  be drained t o  prevent freezing i n  the event t h a t  
heating f s not available during prolonged shatdown~. 

loXL-Ao Yes 

Dwg. No, MOUE! does not show any means f o r  bypassing steam around 
the turbine d i r e c t l y  t o  the condenser. It i s  f e l t  t h a t  this addit ional  flex%- 
b i l i t y  can be valuable i n  operations, i.e., s t a r t i n g t h e  plant. Was it corp 
sidered, and i f  so, why was it not included? 

I 
A,- . Yes it was considered. It was not included since it is not necessary 

for  plant operation and without going t o  addit ional  weight and cos t  i n  piping, 
valves and a desupepheater not more than 25% by-pass could be achieved, 

Dwg. No. M O X L  should show the s ize  of all breakers i n  the motor 
control center, A synchronizing lamp should be provided f o r  the sgnchroniaing 
panel. 

I 

A -  For a. f i n a l  design the s i ze  of a l l  breakers would be included. A I 

synchmnizing h p  can be provided f o r  the synchronizing panel. 

I Dug. No. W-43-1004 shous the flanges on the  primary cool-ant line 
between reactor  vessel and steam generator t o  be below the l e w l  of the corn 
i n  the  reactor vessel. The i n l e t  and out le t  l ines  a lso  join the reactor vessel  
below the  level of the core. When it i s  necessary t o  disconnect the main 
flanges o r  remove the head of the steam generator t o  plug a tube, what i s  t e  
prevent the water i n  the reactor vessel  from draining t o  below the l e w l  of 
the core? Available space t o  pu l l  the pressurizer o r  primary coolant pump 
i s  quest ionable. 

A.- Thf s has been considered. Although not indicated on the  drawings, 
p~oviafons  f o r  inser t ing  an inflatable type ballon i n t o  the i n l e t  and ou t l e t  , 
primaqy coolant lines a t  the  steam generator can be made, This approach will 
p r e a u i e  the  draining of the primary system coolant below the l eve l  of the 
core, when removing the  steam generator head. , 

I 

139 - 



Space t o  p u l l  the  pr5.maz-y coollant pump o r  ppessurieer i s  available,  

Dwg, No, R9-47-POU0 Some s o r t  of a s a p h i e  panel fo r  process con- 
t roP  i s  desired, The stem. pressure and feed water pressure should be recorded 
on the  same &mt since the bo i l e r  feed water excess pressure cont ro l le r  w i l l  
be maintaining a constant d i f f e r e n t i a l  between these two. 

A-. It can be provided ($2000.00) but: it i s  f e l t  t h a t  the qua l i ty  of 
operators  would leave it mused. An excess pressure cont ro l le r  i s  not required 
as p m s s w e  load cha rac t e r i s t i c  of steam g e ~ e r a t o r  and bo i l e r  feed pump a r e  
para l le l .  

Dwg, No. H4.721-3-1 and H47210-3-2 show tha t  itf the l iquid level  
i n  the  steam generator var ies  between the l i qu id  l e v e l  control  points  shown, 
approximately 9 inches of the upper portion of the tube bundle all be a- 
t e r n a b l y  covered and exposed, This i s  the  worst possible condition f o r  
occurrenee of s t r e s s  c o r r ~ s i o n  i n  the tubes and t u b  sheet joints., There seems 
t o  be no w a y  t o  avoid t h i s  circumstance with the  type of steam generator m d  
l iqu id  l e v e l  controls  which have been selected, 

A -  The Uquid l e v e l  controlPer dl1 hold the  l e v e l  within M t s  t o  
pmvent  tube baring during n o d  operation. The l e v e l  w i l l  not vary between 
the  l e v e l  control  eonneetion jo in ts  maximum lMt. 

, 

3.8: If sui tab le  spec i f ica t ions  &st f o r  Europium corltaining absorber 
sec t ions  f o r  t h e  control  elements a t  t he  time the  coke i s  fabricated,  will 
they be used i n  l i e u  of Boron containing absorbers? The Europium absorber 
sect ions have been designed t o  ham the same worth a s  the present API'R-1 
Boron rod, However, the fabr ica t ing  techdque  i s  d i f f e ren t  so  t h a t  the corners 
of the EU rod a r e  f i l l e d  with absorber, i n  contrast  t o  t he  APPR-1 rods. If 
Aleo assumed ( Z a thickness)* = ( 5 a the Ewopfm pod wfU . 
be worth more than the  Boron rod, Unreported work i n  the o r ig ina l  ORFJL c r i t i c a l  
experiments f o r  APPR-l show tha t  f i l l i n g  the  comers  with absorber makes a 
s i g n i  f i e m t  difference. 

8.- Europium containing absorber s e c t i  ons f o r  the control  elements 
w i l l  not be used a t  t h i s  time, This depends on t h e  r e s u l t s  of rods taken out  
of the A P P H .  

No, t h e  fabr ica t ing  technique i s  the  sameo 

3.9 What pa r t  of t he  247 &r dose r a t e  at the  surface of  the  sh ie ld  
tank is due t o  neutrons and what par t  t o  gammas? Dose r a t e  a t  the surface 
of the primary d e d n e s a l i z e r  shield cask i s  70 m/lm and is too high s ince  
it f s located on the feed water package. 

A,- FOP the  . l 0  MW primary system the  247 r/hr was a c o n s e m t i v e  caleu- 
l a t f  on f o r  t he  dose r a t e  a t  the surface of the sh ie ld  .due t o  gammas. The dose 
r a t e  due t o  neutrons would be 30 r /h r  and it was f e l t  t h a t  t he  247 p/hr dose 



r a t e  would cover both. 

For the 6.5 primary system the dose r a t e  at the  surface of t h e  sh i e ld  
tank i s  161 r / h r  of which 20 r/hr i s  due t o  neutronso It was assumed t h a t  
personnel would not  be on the feedwater skid f o r  a w  appreciable time. The 
dose r a t e  decreases with dis tance from the cook surface which is  located at 
the f a r  end of the  skid. Therefore, tbe cash was designed t h a t  the dose r a t e  
would be about 58 mr/hr on the  cash surface. I f  a lower dose r a t e  i s  desired 
more lead would be needed, One inch of lead added will decrease the dose r a t e  
t o  about 20 mr/hr on the surface of the  cash. 

3.10: In  calculat ing the h u m  i n t e r n a l  f u e l  p l a t e  temperature what 
allowance was made f o r  sca le  on the plate  surfaces? What thickness was  as- 
sumed and what value .of thermal conductivity was used? 

A.- It was assumed t h a t  there was no scale  formation. T h i s , i s  more 
p e a l i s t i c  than assuming sca l e  as a very high pupity water i s  used i n  the  
primapy system. 

4,l. I f  a rupture of t he  primary blowdawn l i n e  occurs downstream of t h e  
blowdown cooler and outside of  the vapor container but  upstream of t h e  pressure 
reducing- flow cont ro l  s ta t ion ,  what w i l l  be the r a t e  of l o s s  of primmy water? 
Where i s  the pressure reducing s t a t i o n  located on the  feedwater package (hrgs 
E192Pf3, MO2M4)1 Are demineralizers and filters capable of handling the  d- 
mum blowdom ra t e  whieh i s  controlled by pressurizer  l eve l ?  

8.- The r a t e  of primary water l o s s  would be extremely high. The pressure 
reducing s t a t i on  i s  located upper l e a  of primary make-up tank when viewing the  -,: , 
sk id  from the  demineralizer end. The demineralizers and f i l l e r s  a r e  capable 
of handling the maximum blowdown rate .  

4-1.3. A f i l t e r  placed upstream from the  demineralizer would prolong t h e  
deminerallzer l i f e ,  Could t h i s  be included? * 

A o -  Judging by results from Task I - Activi ty  Buildup Studies and Task VI- 
Shielding Studies of the APPR-1 Research and Development Program, Contract AT(3C9) 
-326, a f i l t e r  upstream of the demineralizer would improve ion  exchanger per- 
formance and reduce a c t i v i t y  on the r e s in  bed. However, o f  the commercially 
available f i l t e r s ,  only porous s t a in l e s s  s t e e l  has been used i n  an operat ing 
ppessurized water reac tor  plant. Naval reactor  experience with t h i s  type of 
f i l t e r  in the hydraulic service system has been one plugging and high pressure 
drops necessi ta t ing frequent back-flushing. Because of the  poten t ia l  ad- 
vantages f i l t e r s  o f f e r  f o r  coolant pupif icat ion - compactness, weight reduction, 
cost, decreased cooling water requirements, etc,-  the  naval reac tor  program has 
been conducting development programs on several  types of f i l t e r s  with encouraging 
results. Accordingly, a s  pa r t  of the APPR-1 research and development program, it 
has been proposed t o  t e s t  a x i a l  bed f i l t e r s  i n  the APPR-1 pur i f ica t ion  system 
upstream and downstream of t he  blowdown cooler. The objecrt i s  t o  develop a 
f i l t e r  capable of operating a t  system temperature and pressum, s ince one die- , 



advantage of ion  exchangers i s  the  necessi ty  of cooling inf luent  water t o  prevent - thermal damage. I f  successful, t h e  pur i f ica t ion  system could combine f i l t r a t i o n  
a t  a high flow r a t e  plus demineralization a t  a .  low flow ra t e ,  appreciably re- 
ducing eoolimg water requirements and the s ize ,  weight, and cost  of aux i l i a ry  
system compoqents. 

Unt i l  t h e  proposed development program i s  completed, however, 
inclusion of a f i l t e r  upstream of the demfneralizer i s  not  recommeRded. Possible 
advantages a u l d  be negated by operat ional  problems, 

4.4.4 and 4.4.8: A con f l i  e t  exists i n  the s e t t i n g  f o r  the power l e v e l  s e r e  
120% and 150% are indicated. 

4.4.8: A scram a t  minus 6% flow i s Ifs ted.  What type sensor w i l l  be used 
t o  eliminate f a l s e  scrams from normal turbulent  flow? 

As Turbulent flow is encountered a t  Ft. Belvoir w i t h  flow tube i n  o u t l e t  
of pump. Present sensop i s  across steam generator. If  power recorder i s  pro- 
dded  a Gentileq f low tube w 5 l l  be used* This i s  A u f a c t u r e d  by Foster and f s 
d e s i p d  spec i f i ca l ly  f o r  conditions encountered i n  our type of system. 

4.4.8: Why a re  high primary flow and high steam temperature scrams included? 
The primary t empe~a tum semm should cover t h e  function of the l a t t e r .  above 
mentioned scram. 

4 s High p r h a r y  flow, t h i  s i s es sen t i a l l y  t o '  give i n d i  c a t i  on o f .  steam 
generator tube pluggage and should be i n  the form of an alarm: The steam 
temperature scram would ind ica te  a p~im+ry-secondary P U P ~ U F I ~ ~  

4.4.9: A t  a s i b  where 1-year t o w s  a r e  expected, a l l  s implif icat ions 
possible  f o r  t he  operators including. a graphic panel a m  wo~thwhile,  What f s 
t h e  difference i n  cos t  t o  be expected? The graphic layout obviously should 

. not  be a s  extensive as i n  APPR-1. 

.As Graphic panel would take the  f o m  of small panel over cqplaole with 
l i gh t s .  According t o  complexity cost will be i n  the range of $1-2000. 

4.4.9.6: Annunciator f o r  96 var iab les  has 2 r e l a p  per  s ta t ion.  Could these 
be replaced with t r a n s i t o r  and magnetic amplifier switches t o  reduce d n t e n m c e ?  

As This  is being considered together  with se lec t ive  annunciation of 
t h e  first ~ f f -no rma l  var iable  causing trouble. Redesign and del ivery time is 
a problem. 

How w i l l  t he  reac tor  sk id  sec t ion  be pulled i n t o  the vapor container i f  only 
o m  end is  open? 

As The r eac to r  skid sec t ion  can be pulled i n t o  the ,=pop container bg 



use of wfnches a t  the  end of the vapor container and cables which can be attached 
t o  t he  f ron t  of the  skid. 

What means a r e  furnished t o  replace shield tank water which w i l l  b o i l  away 
during emergency cooling? 

As Water w i l l  be raplaced through tank f i l l i n g  connection. 

3 What assurances, i n  the form of t e s t  procedures, w i l l  be avai lable  
p r i o r  t o  start up at the s i t e  t h a t  cracks and po ten t i a l  f a i l u re s  have not  been 
produced i n  c r i t i c a l  primary system components during s h i p e n t ?  , 

A z Pressure t e s t i ng  i s  contemplated, 

The plan f o r  relocat ion of the  primary system ( reac tor  vessel, shield r ings 
and shield tank) seem mreai l ls t ie .  Has any economic comparison been made of 
cos t  of r e l o a t i o n  of these components versus replacemtnt with new, uncon- 
taminated components? 

A: If the  outside surface. bearing w i l l  not  support a 60 ton load o r  
if a 60 ton  vehicle cannot be made avai lable  then t h e  relocat ion scheme we re- 
ported w i l l  necessar i ly  be changed, 

A s  i n  a l t e rna t e ,  i f  the above is  'hmrealistict8 the  following re- 
locat ion procedure w i l l  be used: 

. > ? %  
:.,- . 

1, Cut e f ip t i ca l  head from t h e  steam generator end of -vapor container and 
' 

remove. 

I 2, Par t  primary skid a t  dividing point. 

3, Remove steam generator end, of skid including pGp  Which i s  within 30,0008C 
and haul  t o  new location. 

4. Part ing flange as primary shield tank w i l l  be disengaged t o  clamping 
device, 

5 -  Beactor seet ion o f .  prhmPg skid. including shielding r ings  w i l l  be skidded 
out of vapor container, . The weight of this package w i l l  be 60,00081, , 

4, The vapor container .wll1 be cut up i n t o  two sect ions . t o  come within the 
30,000# Ifnftati on. Three girth welds w i l l  be necessary a f t e r  re locat ion of 
V,C, o r  a b u t  120 f t .  of welding. 

7. To replace VoC, the cos t  i s  approximately $59,600.00 FOB DunkiPk. Be- 
placement of major componente would include, reac tor  vessel,  sh ie ld  rings, core 

r suppoPt s t ruc ture ,  ha l f  shield tank, i n l e t  and o u t l e t  pipe t o  and including 



two flanges, and the ha l f  &ido The cos t  of t he  i t e m s  l i s t e d  FOB Dunk+rk i s  
approximately $170,000.00 o r  ajproximately $230;000?0O with V.C. 

2.0 Since the  temperature coef f ic ien t  becomes more negative at higher , 

temperatu~es,  fu r the r  work i s  necessary t o  demonstrate the va l id i ty  of the  
extrapolat ion from APPR-1 nuclear design i n  r e g d  t o  loading, r eac t iv i ty  and 
an t ic ipa ted  control  rod position as a function of l i f e  and temperature. 

A s Further e x p e h e n t a l  work on the APPR-1 on effect  of l i f e  and t e m p e ~  
a t w b  upon loadfng, r eac t iv i ty  and control  rod posi t ion must be perfowed. This 
da t a  w i l l  enable us t o  determine the accuracy of our analyti .cal technique and 
can be applfed t o  t h e  skid mounted analysis. ' 

2. 5 Thermal Parameterss The maximum steady s t a t e  f u e l  p la te  surface 
temperature (618'~) is  only 7 9  below s a t u a t f  on t e m p e r a t m  at  design p- 
pressure (1750 posejo) This i s  very close considering the  inaccuracies i n  hot 
channel fac torso  

As A l l  hot channel f a c t o r s  were on t h e  high s ide  and were akaned  t o  
occur simultaneously. The answer i s  therefore conservative and the  p l a t s  surb 
fa.ce temperature a maximum ' value. 

8.2 What consideration has been given t o  the s t r e s s e s  t h a t  w i l l  a r i s e  i n  
major piping during the  extremes of t a p e r a t w e  t h a t  can be experienced between 
operating and shutdown conditions3 

As. Ttafs has been properly inveetigated v%a piping s t r e s s  analysis. 

8.3 W i l l  primakg system flanged iconnections require s e a l  .welding? 

A: It i s  not completed t o  do any s e a l  welding a t  the  ppimaq systeu 
flanged connections. 

U.,lQ How i s  water added t o  the upper shield tank t o  replace that which 
bo i l s  o f f  following l o s s  of coolant flow? 

A: Water can be added t o  t he  prfmary shield tank t o  mplace t h a t  which 
b o i l s  off following l o s s  of coolant flow. 

1302.1.602 Period scram cus t  out a t  80% of f u l l  power. Since t h e  p h t  
may be. operating below t h i  s l e v e l  qu i te  a b i t  of the  time, it  i s  f e l t  t h a t  . 

t h i s  cut-out i s  e e t  too  high. 

- As The 80% power cut out  is  conservative. It can be lowered. W e  
request a mope definate  f ndicat ion of power leve ls  anticipated. 

a3.4 A p e  t h e  chamber wells  r e a l l y  thimbles i n  t h e  vapor containers from 
which t h e  detectops can be withdrawn without opening the vapor container? IF3 has not  proven t o  be s u f f i c i e n t l y  dependable t o  operate alone. How far fpom 
corn region i s  it withdrawn? It should e i t h e r  be completely withdrawn fxmm 
the vapar container o r  duplicated. . 



As Deteetops can b e - - w ~ t ~ . - w i t h o u t  entering the vapor container. 
Removal device .is t o  increase chamber Ufe. It i s  only required .for use during 
startup and shutdowno Calculations indicate that  BF3 does not have t o  be moved 
during startup. 

The BF3 is completely withdrawn fPm the shield tank after startup 
and it i s  proposed t o  withdraw the BF3 from the  shield tank into  a shielded 

.' container d i rect ly  above the shield tank. 

13.6 It i s  d i f f i cu l t  to, calibrate safety detector tubes by location with 
respect t o  core. Either (1) provide bet ter  calibration than APPR-1, or  (2) 
be sure that  1205% of power is not cr i t ica l .  

As . Better calibration can be provided due t o  experience gained on APPR-1. 
Final calibration w i l l  be performed a f t e r  f u l l  power i s  attained. Recalibratiok 
i s  necessary as fluxes increase. 

I Se,condaq System 

5.4.2 There should be: added t o  the  boiler feed system a di f ferent ia l  
pressure controller and a th ro t t l e  control valve. The controller would sense. 
the presswe d i f fe ren t ia l  between the steam generator steam outlet  and the feed 
pump outlet  and would provide the signal for  the t h ro t t l e  control valve. The 
l a t t e r  would be located i n  the l ine  between the  feedwater control valve and 
the feed pump outlet. The controller would be adjusted to.provide a constant 
pressure dmp across the feedwater control valve, This l a t t e r  valve is actuated 
by signals from the thpee-element controller and would not operate properly when 
aposed t o  the large variation of d i f ferent ia l  pressure that  w o U  exist 'kthout. 
the two additions described abovee 

5.5.2 Are the chemical feed pumps standard industr ia l  quality or  are they 
laboratory type equipment? 

A s They are of standard industrial  quality. 



!This section LncPudes the drawings covering the plant componentr 
and packages and overall plant arrangement. Details of building8 and 
foundartions are not included but are only indicated. 
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