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PRELIMINARY DESIGN REQUIREMENTS 

ARGONNE BOILING REACTOR (ARBOR) FACILITY 

Revision I 

I. INTRODUCTION 

ARBOR (ARgonne BOiling Reac tor ) i s a highly flexible boiling r e 
ac to r exper imenta l facility to be built by Argonne National Labora to ry* at 
the AEC National Reactor Test ing Station (NRTS) at Arco , Idaho. This fa
cil i ty will provide the n e c e s s a r y physical plant for exper iments designed 
to yield data on per formance and operat ion for var ious light and heavy 
water , na tura l and forced circulat ion boiling r e a c t o r concepts over a wide 
range of t e m p e r a t u r e , p r e s s u r e , and flow condit ions. The sys tem will be 
capable of simulating the pa r t i cu la r types and ranges of p a r a m e t e r s , con
t ro l s and t r ans ien t s inherent in the d i rec t , ind i rec t , and dual cycle types 
of boiling reac to r power p lants . The g ro s s power removal capacity in both 
s team and water loops has been chosen high enough to allow adequate nu
clear simulation with high power density co res and to p e r m i t reasonable 
extrapolat ion to the ul t imate la rge cen t ra l stat ion power plant. The r eac to r 
p r e s s u r e vesse l has been chosen a s la rge as feasible within the r e a l m of 
p resen t technology for the des i red design p r e s s u r e s in o rde r to provide 
s o m e useful information per t inent to boiling heavy water s y s t e m s . 

Descr ip t ions of the functional r equ i remen t s of the facili ty, together 
with p re l imina ry concepts of methods for meet ing them, a r e p re sen ted in 
this p rospec tus . The descr ip t ions , a s well a s a l l drawings , specif icat ions, 
and component designs, a r e p re l imina ry only. They a r e p re sen ted to out
line the scope of the project and to indicate the work to be accompl i shed 
by the Arch i t ec t -Eng ineer and by the Labora to ry . Specific a r e a s of design 
responsibi l i ty for both the Arch i t ec t -Eng ineer and the Labora to ry a r e de
fined to as g rea t a degree as is possible at this t ime . The information given 
shal l in no way be const rued a s to re l ieve the Arch i t ec t -Eng inee r from any 
responsibi l i ty in his design a r e a s , including final equipment and piping layout. 
It mus t be rea l i zed that a considerable cooperat ive effort on the pa r t of both 
the Arch i tec t -Engineer and the Labora to ry will be r equ i red before the final 
design can be achieved. 

Economic considerat ions have brought about a revis ion of some of the 
or iginal concepts concerning the ARBOR Faci l i ty . These p r i m a r i l y a r e the 
substitution of water -cooled heat exchangers and s t eam condensers for the 
a i r - coo led type and possible construct ion of the plant in s t eps . 

The design of the plant will be based on construct ion of the facility 
a s an in tegra ted unit under one cont rac t . The n e c e s s a r y supplemental d raw
ings will a lso be p r e p a r e d for building the plant in s t eps . 

^Operated by The Universi ty of Chicago under contract with the United 
States Atomic Energy Commiss ion . 
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II. DESCRIPTION OF FACILITY 

A. General 

ARBOR, by na ture of i ts purpose , r e p r e s e n t s somewhat of a 
depar ture from s tandard r e a c t o r plant design. Its physical descr ipt ion 
and requ i rement s mus t be prefaced by a p roper ly or iented design phi
losophy. 

Construction and successful operat ion of this plant r ep re sen t s 
only a pa r t of the p rog ram; the major goals will be reached only after s ev 
e ra l y e a r s of operat ion. It is expected that ARBOR will be capable of p r o 
viding the information from which opt imum design conditions and control 
sys t ems can be de termined for a l l the variou-s boiling r eac to r types. Fo r 
this r eason a wide range of p a r a m e t r i c var ia t ion has been designed into 
the sys t em. It has been nominally s ized for a heat removal capabili ty of 
200 mw (682.6 x 10 B tu /h r ) at 600 ps i ; however, this capabili ty can be 
reached over wide ranges of dis tr ibut ion of the r e a c t o r heat to the vapor 
and water phase s . F o r cer ta in specific se ts of operat ing conditions, heat 
removal r a t e s in excess of 400 mw can be rea l ized . Under these conditions 
the water t r ea tmen t sys tem!mus t function well above the design r a t e , which 
it can do for l imi ted per iods of t ime . Other fea tures in the ove r - a l l exper i 
menta l flexibility include: 

'i 

(1) control lable forced circulat ion up to 36,000 gpm (provision 
for in terna l na tu ra l c i rculat ion within the p r e s s u r e vesse l 
when des i red) ; 

(2) operat ing p r e s s u r e up to and slightly above 2000 ps i ; 

(3) var iab le and se lect ive control of significant operat ing 
paranae ters such a s : s t eam flow, coolant flow, p r e s s u r e , 
coolant t e m p e r a t u r e , and feed-water flow. 

In o rde r to accompl ish this exper imenta l flexibility at min imum 
cost and t ime , cer ta in specific fea tures a r e incorpora ted in the design phi 
losophy. These a r e : 

1. The plant is to be located at the National Reactor Test ing 
Station to simplify the design r equ i r emen t s a s soc ia ted with the containment 
and s ize l imitat ions inherent in r e a c t o r plants built in m o r e populated a r e a s . 
This location will a lso pe rmi t m o r e operat ional flexibility than would be pos s i 
ble e l sewhere , by v i r tue of the reduced consequences of r e a c t o r inc idents . 

2. The sys tem is designed for operat ion using e i ther HgO or D2O 
as the p r i m a r y working fluid. All surfaces in contact with the p r i m a r y flviid 
will p o s s e s s acceptable c h a r a c t e r i s t i c s of co r ros ion r e s i s t a n c e . The aus ten-
i t ic s ta in less s t ee l s , some of the Type 400 s e r i e s of s ta in less s t ee l s , o r 
c o r r o s i o n - r e s i s t a n t claddings a r e acceptable . 



3. Even though operat ion with D2O is planned, it is not n e c 
e s s a r y to demand the high integri ty of pump sea l s , valve sea l s , jo in t s , e tc . 
which would be requ i red for cen t ra l station application. This r e su l t s from 
the fact that only tes t s of l imi ted duration a r e planned; if a reasonable 
amovmt of DjO leakage should occur , the t empora ry operat ing loss can be 
to le ra ted . 

4. The use of both h igh - t empera tu re s t eam condensers and 
water coolers for power removal allows for var ia t ion of the r e a c t o r inlet 
t empera tu re by proport ioning the fraction of heat removal accompl ished 
in each unit. The use of h igh - t empera tu re condensers pe rmi t s maximum 
heat removal with min imum size and cost . 

5. A grea t deal of flexibility and capacity is provided by 
forced circulat ion pumps . The g ro s s pumping capacity is approximate ly 
36,000 gpm with 120 psi net developed head. 

6. The vesse l is l a rge enough (9 ft ID) to provide very good 
coverage of light water co res and to approach reasonable DjO configurat ions. 

7. Local shielding of r e a c t o r and p r i m a r y sys tem is adequate 
to p e r m i t l imi ted a c c e s s to auxi l iary sys t ems during operat ion. However, 
plant operat ion will be conducted from a shielded control building located 
adjacent to the facility and designed to pro tec t operat ing personne l from 
the r e su l t s of nuc lear or non-nuc lear inc idents . 

8. Ful l use of simplified construct ion techniques consistent 
with c l imat ic and radiat ion conditions a r e employed. 

The plant layout, shown in F ig . 1, cons is t s of the main r eac to r 
and equipment building flanked by s t eam condensers on one side and water 
coolers and control building on the o ther . 

B. S t ruc tura l 

1. Main Building 

a. High Bay Area 

The following is a descr ipt ion of the Main Building, 
which consis ts of the High Bay Area ; the Atixiliary Equipment Area ; the 
Active Storage Area ; and the P r i m a r y System Water Service A r e a . 

The High Bay Area , shown in F i g s . 4, 5, 6, 7 and 8, 
contains the r eac to r pit, the act ive equipment pit and the fuel s torage pit 
Sufficient head room is provided above the pi ts to pe rmi t the n e c e s s a r y 
instal lat ion and removal of fuel and equipment. 
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The High Bay Area is 40 ft wide by 85 ft long and has 

re inforced concre te load-bear ing walls extending up to approximate ly 56 ft 
above g rade . The upper port ion of this building is built around the support 
s t ruc tu re for the 40-ton overhead br idge c rane which s e r v e s the ent i re a r e a . 
Siding and roofing a r e of insulated, cor rugated altiminum or a r e asbes tos 
cement pane l s . 

Because of the 32-ft elevation of the r eac to r operat ing 
floor, a 2000-lb capacity man lift will be r equ i red adjacent to the auxi l iary 
eqxiipment a r e a . 

The 40-ton main br idge c rane has the p r ime function 
of handling the r eac to r v e s s e l top c losure head, pumps , and other equipment 
in the act ive eqmpment pit . P r ec i s i on controls a r e provided for a l l c rane 
mot ions . A specia l 1-ton capacity, 18-ft span br idge crane is a t tached to 
the t r u s s sect ion of the roof to handle control r o d s , control rod d r ives , and 
fuel e lements in the vicinity of the r eac to r pit and s torage pit. 

The r eac to r is located in a pit near the center of the 
main building. The pit floor is located 3-|- ft below grade . The pit is approxi 
mate ly 11 ft ID and 35 ft high. Ordinary concre te wal ls , 8 ft thick, enc i rc le 
the pit and form the p r i m a r y r eac to r shield. The inner face is l ined with a 
water -cooled , 4- in . thick lead and s tee l cyl inder . Cooling coils a r e a lso lo 
cated in the floor of the pit . These coils p ro tec t the concre te from excess ive 
heating from radiat ion and the rma l effects. Thermocouple wells a r e located 
in the shield walls to provide a s s u r a n c e of safe t empe ra tu r e in the concre te . 
The bottom of the pit i s water - t igh t and i s connected to the act ive equipment 
pit through a 6-in. cast i ron dra in loop sea l to prevent gas leakage between 
the two pit a r e a s . 

All piping p a s s e s through the r e a c t o r pit walls in in
sulated water -cooled s tee l s l eeves . Bellows seals designed to accommodate 
both hor izontal and ver t i ca l t he rma l expansion a r e provided on the outside 
faces to prevent out- leakage of act ivated a i r (due to a r g o n - 4 l ) within the pit . 
A negative p r e s s u r e of l / 2 in. of water will be mainta ined in the r e a c t o r pit 
by means of a 500-cfm blower which draws a i r downward pas t the s ides of 
the vesse l and d ischarges to a 100-ft high s tack. 

P rov i s ion is made for lead wires from thermocouples 
on the surface of the r e a c t o r p r e s s u r e vesse l to be brought through the r e 
ac tor pit wall . Semi-gas - t igh t connections a r e r e q m r e d . 

Eight nuc lea r i n s t rumen t tubes a r e provided. Four 
hor izontal tangential tubes pene t ra te the r e a c t o r pit walls a t the level of the 
r eac to r co re , and four ve r t i ca l tubes extend from the main floor to a level 
below the core cen te r . 

La rge , removable , concre te- f i l led shielding segmients 
a r e a r r a n g e d around the r e a c t o r vesse l top cover flange shield a s s e m b l y to 
complete the upper biological shield and a r e supported by the operat ing floor. 
They can a lso be moved about the operat ing floor to provide radiat ion 
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shielding during the fuel e lement and control rod-handl ing opera t ions . The 
segments a r e matched ma le and female sec t ions , which a r e water cooled 
and weigh 12 to 15 tons each. Cooling water l ines for the top shielding 
segments and for the ves se l cover shielding a r e brought to f lush-mounted 
floor boxes, from which connections a r e made to the shield p ieces by means 
of a r m o r e d hoses equipped with "quick disconnect" couplings. 

The concept of shielding in the High Bay Area pe rm i t s 
l imi ted a c c e s s during operat ion to the floor a r e a above the act ive equipment 
pit . The a r e a between the act ive eqmpment p i t and the r eac to r operat ing floor 
will be known as the p r i m a r y sys tem water s e rv ice a r e a . The r eac to r operat ing 
floor at elevation 32 ft i s 2 ft thick re inforced concre te designed for a loading 
of 2000 lb p e r sq ft. The 5-ft d iameter s tepped plugs in this floor a r e in l ine 
with the holes in the act ive equipment pit ceiling to faci l i tate r emova l of 
equipment. The walls of the p r i m a r y sys t em water se rv ice a r e a a r e of r e in 
forced concre te thick enough to support the upper port ion of the building or 
to provide shielding a s r e q m r e d . This a r e a contains the following i t e m s : 

a . Reactor Water Purif icat ion System 
b . Deaerat ion System 
c. Reactor Water Makeup Pump and Storage Tanks 
d. Shield Cooling System 
e. Miscel laneous Avixiliaries . 

The act ive equipment pit i s a shielded enc losure which 
sur rounds the r eac to r pit on three s ides . It contains the following i t e m s : 

a . F o r c e d Circulat ion Pumps 
b . Reac tor Feed -Wate r Pumps 
c. Sump Pximps . 

The ceiling of the pit is o rd inary concre te , 4 ft thick, to allow l imi ted a c c e s s 
to the p r i m a r y sys tem water s e rv ice a r e a above. The outer walls of the pump 
cel l a l so form the building walls and extend up to the 56-ft level . The lower 
floor of this pit i s 22 ft 9 in. below grade . The ceiling of the cel l fo rms the p r i 
m a r y sys tem water s e rv ice a r e a floor. Stepped plugs, 5ft in d iamete r , in the 
ceiling provide openings for a c c e s s to pumps and other equipment. Means for 
cooling the act ive equipment pit a r e provided in o r d e r to mainta in reasonable 
t e m p e r a t u r e s in the a r e a during r e a c t o r opera t ion . A sump and sump pumps 
a r e provided in the pit to pe rmi t removal and p rope r disposal of any water 
which may accumula te in the pit as a r e su l t of leaks or acc identa l d i s cha rges . 

The fuel s torage pit (Fig. 5) i s a water - f i l led well located 
in the High Bay Area adjacent to the P r i m a r y System Water Service A r e a . The 
walls and floor of the pit a r e cons t ruc ted of o rd ina ry concre te , 4 ft thick, to 
provide radiat ion shielding for any personnel adjacent to the pit . The pit i s of 
sufficient s ize (approximately 12 ft x 16 ft) to accommodate two or m o r e i r 
radia ted cores s imultaneously and st i l l provide a reasonable amount of work 
a r e a . The pit i s deep enough (approximately 23 ft) to p e r m i t a depth of water 
over the fuel m a t e r i a l s sufficient to maintain to le rab le radia t ion levels at the 
sur face . 
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b. Auxil iary Equipment Area 

The Auxil iary Equipment Area (F igs . 5 and 6) is located 
adjacent to the P r i m a r y System Watet Service Area . It is enclosed by a r igid 
f rame- type s t ruc tu re , 40 ft wide by 125 ft long, having a min imum c learance 
height of 13 ft. A cargo door is provided at one end. The floor i s at the same 
level a s that of the P r i m a r y System Water Service A r e a . This a r e a will house 
the following i t ems of equipment: 

1. 1500-gpm Water Trea tment Unit with Chemical 
Storage Space 

2. Chemical Shutdown System (partly in High Bay 
Area ) 

3. Core Spray System 
4. Emergency Power Diesel Genera tor 
5. 1000-gal Trea ted Water Storage Tank 
6. 1000-gal Cooling Water System Receiver 
7. 1000-gpm Cooling Water Circulat ing Pump 
8. Miscel laneous Non-Radioactive Auxi l ia r ies 
9. Secondary F e e d - w a t e r Pumps 

10. Auxi l iary Steam Genera tor . 

c . Active Storage Area 

The Active Storage Area (Fig. 5) is located at the end 
of the building opposite the fuel s torage pit . This a r e a is a ground level 
room which houses the d ischarge s torage tanks , waste retent ion tanks, 
t r ans fe r pumps, and aux i l i a r i e s . Access to this room is gained through a 
door in the p r i m a r y systena water se rv ice a r e a in the Main Building. It will 
be covered with ear th to provide n e c e s s a r y shielding. 

2. Control Building 

The control building (Fig. 5) is located as a wing adjacent 
to the Auxil iary Equipment Area of the Main Building. It cons is ts of a r e in 
forced concre te a r ch , windowless building with basement . The f i rs t floor 
level is approximately 9 in. above grade l ine, and the walls a r e approximate ly 
24 in. thick. An approximate floor space of 20 ft by 50 ft is r equ i red for the 
control panels , and additional space is provided for a combination conference 
room - lunch roomi and for personnel lockers and san i ta ry fac i l i t ies . The 
building is so designed that operat ing personnel may remain safely within 
it for 48 h r in the event of an incident which prohibi ts a c c e s s to the other 
plant a r e a s or to the outside sur roundings . 

The basement floor level i s about 12 ft below grade and is 
connected to the P r i m a r y System Water Service Area in the Main Building 
by a se rv ice tunnel. The ins t rumenta t ion and control cable ducts a r e hung 
on the walls of the tunnel for convenient a c c e s s . A b l a s t - r e s i s t a n t door 
c loses off the control building basement from this tunnel. 
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3. Water Cooler and Steam Condenser A r e a s 

a. Heat Exchanger Building 

The water -cooled heat exchangers will be housed in a con
c re t e building with floor line approximately at grade level . Ear th will be 
heaped over the concre te s lab roof and sides for additional radiat ion shie ld
ing (see Fig . 5). 

b . Steam Condenser Building 

The water -cooled s team condensers and de-ae ra t ing hotwell 
will be housed in a concre te wall building with sheet meta l roof. The floor 
line of this building will be located at grade level with equipment supported 
on s t ruc tu ra l stands at the requ i red elevat ions. Required shielding will be 
provided with concrete and ear th (see F ig . 6). 

C. Reactor 

The r eac to r consis ts p r i m a r i l y of the heat -producing core a s 
sembly enclosed in a p r e s s u r e vesse l (Fig. 3). This vesse l is located in the 
r e a c t o r pit in the High Bay Area of the Main Building, as previously descr ibed . 
The ves se l is supported on six s t ruc tu ra l s teel l egs , 8 ft 10 in. long. The load 
of the vesse l is t r ansmi t t ed to the support legs through a shor t sk i r t and lugs 
welded to the bottom head. The total operat ing weight, including water and 
core , is approximate ly 250 tons; the es t imated shipping weight of the ba re 
ves se l shell is 150*tons . The top cover flange, consist ing of a fabr ica ted 
ring and semihemispher ica l dome, is removable to allow a c c e s s to the core 
for changing fuel a r r a n g e m e n t s . The control rod dr ives a r e a t tached to 
thimbles penetrat ing this head. A water -cooled laminated s tee l radiat ion 
shield is fabr icated around these th imbles . The weight of the top head and 
shield plug is approximate ly 37 tons . 

The vesse l is insulated with 4 - l / 2 in. of Type 430 s ta in less s teel 
wool completely enclosed with No. 16 gauge s ta in less s teel sheet a t tached to 
support r ings welded to the shel l . 

The r eac to r vesse l has a design p r e s s u r e of 2600 psi a t a de 
sign t e m p e r a t u r e of 695F. The inside d iamete r i s 9 ft - 0 in. and the ove r 
al l length is 44 ft - 11-^ in., cold. The rma l expansion will i n c r e a s e this 
length to 45 ft - 1 in. at an operat ing temiperature of 636F. 

The ves se l contains in ternal t he rma l shielding to pro tec t the 
shell against excess ive heating by radiat ion from the co re . The t he rma l 
shield consis ts of a 1-in. thick, 1% boron- s t a in l e s s s tee l inner cyl inder , 
backed up by 1^ - in . and 2- in . thick s ta in less s teel cy l inders . A the rma l 

*Based upon ANL prelinninary design of r eac to r ve s se l . 
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shock shield of s ta in less s tee l sheet i s mounted immedia tedly above the 
the rma l shield to protec t the upper vesse l shell against sudden quenching 
as a consequence of emergency cooling of the core by spraying. 

The r e a c t o r vesse l will a lso contain an emergency core spray 
r ing, feed-water distr ibution nozzles , and a conical forced-c i rcu la t ion in
let plenum chamber , the l a t t e r located in the lower head. 

The reac tor core is supported by the lower head and is a t tached 
to the inlet plenum chamber . It consis ts of the core support gr id, control 
rod guide and shroud s t r u c t u r e , and the fuel a s s e m b l i e s . The vesse l can 
accommodate cores of var ious types and s izes up to an effective d iameter 
of 5^ ft . 

D. P r i m a r y System 

1. Genera l 

The function of the p r i m a r y sys tem is to remove the heat 
genera ted in the r eac to r core by means of d i rec t s t eam and condensation 
and forced-c i rcu la t ion water cooling. Both of these p r o c e s s e s will be c a r 
r i ed out at high t empera tu re to min imize the surface r equ i red for heat 
t r ans fe r . The p r i m a r y sys tem is designed to pe rmi t operat ion of the r e 
ac to r within a range of p r e s s u r e s , powers , genera l p a r a m e t e r s , and genera l 
operat ing conditions in such a manner that a maximum amount of cycle, 
sys tem, and genera l operat ing flexibility may be obtained. This cycle and 
sys tem flexibility i s brought about by making the s t eam condensate c i rcui t 
and forced-c i rcu la t ion water-cool ing c i rcui t independent of each other in 
such a way that they may be opera ted separa te ly or concurren t ly . All heat 
exchangers in the p r i m a r y sys tem a r e of the wate r -coo led type. 

F o r steps I and II (see Section III for meanings of s teps I, II, 
and III) operat ion the r e a c t o r s t eam output will be d i scharged to a tmosphere 
through a s tack. F o r step III this heat will be diss ipated through second
a r y s t eam whichi will d i scharge to the same s tack. F o r s tep II, some p r i 
m a r y s t eam and some secondary s team will be d ischarged. 

The p r i m a r y sys tem is p resen t ly envisioned as consist ing 
of the following major components: 

a . Water -Cooled Heat Exchangers 
(1) Water Coolers 
(2) Steam Condensers 

b . Fo rced-Ci rcu la t ion Pumps 
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c. Reactor Feed-Wate r Pump or Pumps 

d. De-aera t ing-Hotwel l 

e . Connecting Piping and Valves . 

The p r i m a r y sys tem i s shown schemat ica l ly in F ig . 9. 
This flow diagram r e p r e s e n t s the p re sen t concept of the sys t em and 
should not be considered as final. A tentative a r r a n g e m e n t of the equip
ment can be seen in F i g s . 4, 5, 6, 7, and 8. The total water capacity of 
the r e a c t o r and p r i m a r y system, is about 80 tons . All components of the 
p r i m a r y sys tem, including piping and va lves , that a r e in contact with p r i 
m a r y sys tem fluid will be const ructed of m a t e r i a l s such a s Types 304, 
316, o r 347 s ta in less s tee l . 

2. Forced-Ci rcu la t ion Water Coolers 

These heat exchangers a r e of the conventional, evaporat ive 
condenser type with fixed tube sheets and bowed tubes . Secondary coolant 
will be allowed to boil on the shell s ide , which will be designed for operat ion 
at 600 ps i . 

The t e m p e r a t u r e difference between the p r i m a r y fluid in the 
tube and the secondary fluid on the shell s ide will be mainta ined a t l e s s than 
150F by controlling the p r e s s u r e on the shell s ide . The units a r e bas ica l ly 
designed in accordance with the ASME boi ler code for a design p r e s s u r e of 
2500 psia and a design t empe ra tu r e of 690F on the tube or p r i m a r y s ide; 
800 psia design p r e s s u r e and 550F design tenaperature on the shel l or s e c 
ondary s ide . 

The coolers rece ive thei r flow from the fo rced-c i rcu la t ion 
pximps and remove heat from the water in specific amounts dictated by r e -
qvurements of the pa r t i cu la r s imulated sys tem being r\in. Heat r emova l i s 
adjusted by f low-control valve operat ion and p r e s s u r e regulat ion of the shell 
side coolant. The subcooled and m e t e r e d water flow is r e t u r n e d to the r eac to r 
ve s se l inlet and through the r eac to r co re . The r e a c t o r core d i scharges sa tu 
ra t ed water which mixes with the feed water in the downcomer sect ion of the 
p r e s s u r e ve s se l . This slightly subcooled mix tu re then goes to the forced-
circulat ion pump inlet . 

3. Steam Condensers 

These heat exchangers a r e s imi l a r in design to the forced-
circulat ion water coo le r s , except for head load and fluid flow specif icat ions . 

Satura ted s team from the r e a c t o r v e s s e l , which i s m e t e r e d 
by orif ices (Fig. 9), pa s se s through throt t l ing valves and into the main s t eam 
condense r s . In o rde r to accommodate the wide ranges of p r e s s u r e s and 
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flows, a para l le l orificing and valving a r r a n g e m e n t is contemplated. A 
significant feature of the s team circixit is that it is bas ical ly a t w o - p r e s s u r e 
sys tem. In o rde r to min imize the influence of possible var ia t ions of con
denser p r e s s u r e upon the r eac to r , the s t eam is throt t led so that the down
s t r e a m p r e s s u r e is approximate ly 50% of ups t r eam p r e s s u r e . Heat 
dissipation control of the condensers i s p r i m a r i l y the same as that descr ibed 
for the forced-c i rcula t ion water coo le r s . A "blind dutchman" by-pass a c r o s s 
the thrott l ing valves is provided if operat ion of the condenser at full system, 
p r e s s u r e is des i red . The valved by-pass line going to the de-aera t ing-hotwel l 
is used to supply the n e c e s s a r y s team for hotwell p r e s s u r e control . 

Condensate from the condensers goes to the de -ae ra t ing -
hotwell, from which it is pumped back into the r eac to r ve s se l and mixed with 
the sa tura ted water in the core d ischarge downcom.er. This condensate i s the 
source of subcooling for the forced circulat ion pumps . 

4. Forced-Ci rcu la t ion Pumps 

These pumps provide the driving head for forced-c i rcula t ion 
operat ion. Both conventional shaf t -sea led and totally enclosed pumps will be 
considered. In any case , e lec t r i c motor dr ives Will be used. F ina l select ion 
will be based upon the leakage r equ i remen t s of the sys t em. 

A final decision as to the number of punaps used has not a s yet 
been made . This decision will depend upon the in te r re la t ionsh ip of cost, lay
out, and flexibility of operat ion and control . 

F igu re s 4, 7, and 8 show a tentat ive a r r a n g e m e n t with the 
pumping duty equally divided among four pumps . 

5. Reactor Feed -Wate r Pumps 

The feed-water pump is used to r e tu rn the condensate mix
tu re from the de-aera t ing-hotwel l tank to the r e a c t o r . As in the case of the 
forced-c i rcu la t ion pumps, conventional-type shaft seal ing may be considered. 
An e lec t r i c motor drive is to be used for this pumping a lso . . Figi i res 4, 7, 
and 8 show the location of this pump. Two pumps may be used if the de s i r ed 
flexibility cannot be a t ta ined with one unit . 

6. De-aera t ing-Hotwel l 

The de-aera t ing-hotwel l r ece ives the condensate d i scharge 
of the p r i m a r y s team condensers and i s located a s shown in F i g s . 6 and 8. 
The hotwell is heated and the t e m p e r a t u r e and p r e s s u r e control led by the 
condenser by-pass which d i scharges to the hotwell through a distr ibuting 
header within the tank. The water level in the tank is mainta ined by the 
p r i m a r y water make-up sys tem whichi d i scharges to the hotwell . 
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A continuous bleed of about 60 Ib /min is maintained from 
the s team dome of the de-aera t ing-hotwel l to remove dissolved gases and 
dissocia ted hydrogen and oxygen from the p r i m a r y sys t em. The de - ae r a t i ng -
hotwell should be loca tedas g rea t a distance ver t ica l ly from the r eac to r feed-
water pvimp inlet as p rac t i ca l to make avai lable a sufficient net posit ive 
suction head and to insu re that the r eac to r core will always be under wa te r . 
The de-aera t ing-hotwel l is a l so to be kept sufficiently lower than the s team 
condensers to pe rmi t gravi ty drainage of the condensers into the tank. 

7. Piping 

F igures 4, 5, 6, 7 and 8 show a tentat ive layout of the piping 
sys t em. All joints shall be welded except in the case of such i t ems as o r i 
fices and other rep laceable components . 

The piping sys tems shall be so a r r a n g e d in the plant layout 
so that each individual sys tem may be isola ted for hydros ta t ic tes t ing, o p e r 
at ional checkout, e tc . , upon completion of construct ion. 

A ser ious effort shall be made to de te rmine the feasibi l i ty 
of using centrifugally cast pipe in the fabricat ion of the p r i m a r y s y s t e m . Use 
of "pushouts" in l a rge d iameter pipes to el iminate t ee s ; " t h r e e d iamete r " 
pipe bends a s a substi tute for forged elbows; and other schemes to reduce 
piping cos t s , a r e to be studied. 

8. Valves 

F igu re s 4, 5, 6, 7 and 8 show a tentat ive layout of the piping 
sys t em, with s ize , type, and location of va lves . It is des i rab le to have the 
piping a r r a n g e d so that valve s izes a r e kept as sma l l as feasible for economy 
and max imum piping flexibility. 

The gate valves shown a r e for shut-off pu rpose s . The globe-
type valves a r e for thrott l ing and genera l control p u r p o s e s . Small by -pas s 
valves a r e i n s e r t e d for purposes of maintaining t e m p e r a t u r e of s tand-by 
eqmpment . 

The forced-c i rcu la t ion sys tem by-pass valves a r e to be 
but terf ly-type for r easons of low p r e s s u r e drop and economy. 

All h i g h - p r e s s u r e valves have welded ends . 

9. Steam Orifice 

Steam flow is m e a s u r e d by mul t i -or i f ic ing in pa ra l l e l , a s 
shown in F ig . 9, so that the ent i re range of s t eam flows and p r e s s u r e s can 
be covered. 
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A combination steann sepa ra to r shut-down cooler of the 

conventional centr i fugal-gravi ty type or of the fine mesh demis t e r type is 
used in each s t eam line between the r eac to r and orif ices to provide dry 
s team to the or i f ice . Care mus t be taken on the orif ice or nozzle design 
so that mo i s tu r e does not cause instabil i ty a n d / o r a faulty s ignal . 

10. Water Flow Measurements 

The total forced-c i rcu la t ion water flow is m e a s u r e d by 
means of a ventur i sect ion located in the main r eac to r inlet l ine. Addi
tional Venturis a r e placed in the by-pass c i r cmt and water cooler outlet 
l ines to m e a s u r e these flows. 

E . Secondary Coolant System 

Genera l 

The use of a p r e s s u r i z e d shel l , wate r -cooled heat exchanger 
and condenser sys tem for disposal of r eac to r heat entails the incorporat ion 
of a secondary forced-feed cooling water sys t em. Deminera l ized water at 
70F from a 1500-gpm water t rea t ing sys tem will be supplied to the shell 
side of the p r i m a r y sys tem water coolers and s team condensers by s tandard 
boi ler feed pumps in response to a s tandard liqviid level con t ro l l e r . The 
coolant will be allowed to boil for maximvim heat absorpt ion. Steam p r e s 
su re will be maintained by t empera tu re -con t ro l l ed , back p r e s s u r e regula
to r s which d ischarge direct ly to the p r i m a r y sys tem s team disposal s tack. 

1. Pumps 

A s tandard type carbon s tee l boi ler feed pump capable of 
delivering approximate ly 800 gpm at l600-ft TDH will be used. One pump 
is r equ i red for the water coolers and one pump for the s t eam condense r s . . 
These pumps a r e located in the Auxil iary Eqmpment Area . 

2. Piping 

A s tandard carbon s tee l piping sys tem is sa t i s fac tory for 
a l l of the secondary sys t em. 

F . Auxil iary Sys tems 

General 

In addition to the p r i m a r y sys t em, cer ta in auxi l ia ry sys t ems 
a r e needed for plant operat ion. These a r e the following: 
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1. Water supply 
2. P r i m a r y water make-up 
3. Reactor water c lean-up 
4. De-aera t ion 
5. Emergency shut-down cooling 

a. Evaporat ive condenser 
b . Core sp ray sys t em 

6. Chemical shut-down 
7. P r e s s u r e relief 
8. Secondary cooling water t r ea tmen t sys tem 
9- Shield cooling 

10. Fue l s to rage pit cooling and c lean-up 
11. Genera l purpose cooling water 
12. Waste retent ion and d ischarge s to rage 
13. Hydrosta t ic test ing 
14. Sampling 

These sys tems a r e shown in F i g s . 10, 11 and 12. 

1. Water Supply System 

The water supply sys t em is divided into plant supply and 
domest ic supply. Raw water i s obtained from two deep well pumps located 
in the Auxil iary Eqmpment Area and i s s to red in a 100,000-gal tank, e levated 
100 ft above grade and located adjacent to the Auxi l iary Equipment A r e a , and 
in a 750-gal domest ic supply tank located in the control building basemen t . 

The well p\unps can be actuated e i ther by a l eve l - sens i t ive 
switch sys tem in the high tank or by a p r e s s u r e - s e n s i t i v e switch sy s t em in 
the donciestic supply tank. The switch sys tems a l so ac tua te m o t o r - o p e r a t e d 
stop valves in thei r r e spec t ive supply l ines to d i rec t the pumped water to the 
des i r ed s torage facil i ty. 

Water from the inlet l ine to the high tank feeds through the 
water t r ea tmen t systemi ei ther to the heat exchanger secondary coolant feed-
water pumps or to a 1000-gal capaci ty t r ea t ed water s to rage tank for genera l 
plant u se . The level in this tank is mainta ined by a p r e s s u r e - a c t u a t e d switch 
and a i r b leeder sys tem of the conventional type, except that the switch ac tua tes 
a m o t o r - o p e r a t e d valve in the supply line from the water t r ea tmen t sy s t em. 
Any possibi l i ty of back flow of water from the plant sy s t em to the domest ic 
system, is prevented by a s e r i e s of check va lves . These i t ems a r e located 
in the Auxi l iary Equipment A r e a . 

The p r e s s u r e - a c t u a t e d switch and a i r b leeder s y s 
tena in the domest ic supply tank mainta in p r e s s u r e in the tank b e 
tween 60 and 80 ps ig . This water i s d is t r ibuted in the control 
bmlding to san i t a ry faci l i t ies to s e r v e the pe r sona l needs of 
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IV 
15 people and to supply an emergency shower located at the a c c e s s door 
between the P r i m a r y System Water Service Area and the Auxil iary Equip
ment Area . The location of the domest ic supply tank in the basenaent of the 
control building a s s u r e s a supply of water for personnel detained within 
that building for any extended per iod of t ime because of a contaminating 
incident outs ide. 

2 . P r i m a r y Water Make-up System 

The p r i m a r y water make-up sys tem is designed to rep lace 
the water removed e i ther intentionally or accidental ly from the p r i m a r y 
sys t em. It cons is ts of a demine ra l i ze r , a p r i m a r y water make-up tank and 
p r i m a r y sys tem miake-up pumps . The f i r s t i t em will be located in the Aux
i l i a ry Equipment Area ; the la t te r two will be located in the P r i m a r y System 
Water Service Area . The denaineral izer i s supplied from the t r ea t ed water 
s to rage tank and d ischarges to the p r i m a r y water make -up tank. This tank 
a lso ac t s a s col lector for the following: 

a . Af te r -condenser condensate 
b . Recombiner condensate 
c. Reactor ve s se l cover gasket leakage 
d. Pump seal leakage 
e. Control rod dr ive sea l l eakage . 

3 . Reac tor Water Clean-up System 

In o rde r to mainta in the high water pur i ty r equ i red to m i n i 
mize sys tem contamination from radioact ive co r ros ion products and to r e 
move bor ic acid and other intentionally int roduced addi t ives , a p r i m a r y water 
c lean-up sys t em is provided. 

The p r i m a r y water c lean-up sy s t em cons is t s of a r e g e n e r 
at ive hea t exchanger , cooler , boos te r pumps , f i l ter , and ion exchanger . These 
i tems a r e located in the P r i m a r y System Water Serv ice Area . Approximately 
25 gpm of c i rculat ing water i s drawn off for continuous fi l tering and de-ionizing 
to maintain pur i ty of the r eac to r wa te r . A sufficient quantity of water to ma in 
tain the requ i red t empe ra tu r e of the control rod th imbles i s taken from, this 
loop. 

4. De-ae ra t ion Systena 

The dissolved gases in the p r i m a r y water naake-up, a s well 
a s gases resul t ing from water dissociat ion during r e a c t o r operat ion, a r e 
removed from the p r i m a r y sys t em by a continuous flow of vapor and gases 
from top of the de-aera t ing-hotwel l . The vapor and dissociat ion products 
a r e r ecove red by the de -ae ra t ion sys t em, consist ing of the a f t e r - condense r , 
the r ecombine r , and the d r y e r . These components a r e located in the s t eam 
condenser a r e a . 
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The mix ture of non-condensable gases and water vapor 

leaving the hotwell is throt t led to the wa te r -coo led a f t e r -condense r , which 
r emoves the major port ion of the water vapor. The condensate r e tu rns to 
the p r i m a r y water make-up tank. The remain ing gases pass e i ther to the 
s tack during light water operat ion or to the recombiner during heavy water 
operat ion. The recombiner catalyt ical ly recombines the d issoc ia ted hydro
gen and oxygen. This recombined wa te r , probably in the vapor s t a te , t o 
gether with the other gases , pa s se s through the d rye r in which the remaining 
condensables a r e r ecove red and re tu rned to the p r i m a r y water m a k e - u p tank. 
Remaining gases then pass to the stack. 

5. Emergency Shut-Down Cooling System 

Since some heat generat ion f rom the core continues for a 
per iod of t ime after r e a c t o r shut-down, an emergency shut-down cooling 
sys tem is ut i l ized to prevent core or vesse l damage resul t ing f rom acc i 
dental loss of ei ther p r i m a r y sys tem fluid or p r i m a r y sy s t em heat ex
changer capacity. 

Overheat ing and poss ible co re mel t ing because of the acc i 
dental loss of p r i m a r y sys tem fluid is prevented by the l o w - p r e s s u r e core 
sp ray sys tem. This sys t em cons is t s of the l o w - p r e s s u r e bor ic acid tank 
located on the r eac to r operat ing floor upper level and the co re sp ray r ing 
located in the upper port ion of the r eac to r v e s s e l . Upon a suitable e m e r 
gency signal bor ic acid solution is injected into the ves se l through the sp ray 
r ing and cools the full co re a r e a . Bor ic acid is added to the wate r as an 
additional safety precaut ion to mainta in r eac to r subcr i t ica l i ty in the event 
of control rod or control sys tem malfunction. 

O v e r - p r e s s u r i z a t i o n , resul t ing in v e s s e l or p r i m a r y s y s 
t em damage, can occur if p r i m a r y sy s t em heat exchanger capaci ty is a cc i 
dentally lost . To prevent this damage, evaporat ive condense r s , consis t ing 
of emergency cooling co i l s , a r e located in the s t eam d r y e r s . These coi ls 
a r e fed with water from the high tank, and the s t eam genera ted by decay 
heat is condensed by the na tura l c i rcula t ion of high tank water . The total 
condenser capacity is 24 mw. 

6. Chemical Shut-Down System 

Normal r eac to r shut-down is accompl ished by means of 
neu t ron-absorb ing control rods which can be rapidly injected into the co re . 
In the event of malfunction of these r o d s , a chemica l shut-down sys t em is 
provided. This sys tem cons i s t s of two h i g h - p r e s s u r e bor ic acid s to rage 
tanks located on the r eac to r operat ing floor and an a i r c o m p r e s s o r located 
in the Avixiliary Equipment Area . These tanks contain a quantity of concen
t r a t ed bor ic acid solution held under 3000 psi a i r p r e s s u r e by means of the 
c o m p r e s s o r . The sys tem is p roper ly valved so that the m a t e r i a l is always 
available for injection, but cannot inadvertent ly leak into the r e a c t o r when not 
requi red . Solenoid valves a r e opera ted to inject the solution upon suitable s ignal . 
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7. P r e s s u r e - R e l i e f System 

In the event of malfunction of the normal heat removal 
mechan i sms and fai lure of r eac to r shut-down mechan i sm and /o r e m e r 
gency shut-down coo le r s , a sys t em of p r e s s u r e relief is provided to p r o 
tect the p r i m a r y sys tem. This sys t em cons is t s of two p i lo t -opera ted back 
p r e s s u r e regulator valves and four relief va lves , located on a manifold 
between the two reac to r s t eam outlet l ines . 

The p i lo t -opera ted regula tor valves a r e automat ic , fea
tur ing adjustable set point and proport ional band which may be adjusted 
from the control room. These valves will be set to opera te , f i r s t , at 
10 to 20% above the cu r ren t r e a c t o r operat ing p r e s s u r e . The relief valves 
a r e p r e s e t and only se rve to pro tec t the r eac to r sys tem from exceeding 
the design p r e s s u r e . The sett ings of the four valves a r e s taggered at 50 psi 
in te rva l s , with the f i r s t valve operat ing at 2400 psi and the fourth at 2550 psi . 

During light water operat ion these valves will d i scharge to 
the stack. During heavy water operat ion an at tempt will be made to prevent 
excess ive loss of heavy water f rom the relief systena. In this case the r e 
lief valves will d ischarge to the d i s cha rge - s to r age tanks where condensa
tion and fluid recovery may occur in any heavy water which may be s tored in 
these tanks . If n e c e s s a r y , an additional heat sink will be provided. 

8. Shield Cooling Systena 

Heat is genera ted in the f loors , s idewalls and the shield 
walls of the top flange cover of the r eac to r pit as a consequence of the 
shielding p r o c e s s . These components a r e also heated by the hot r eac to r 
ves se l . The removal of this combined heat is accomplished by c i rcu la t 
ing cooling water through coils imbedded in the aforementioned a r e a s . 

The sys t em is composed of a heat exchanger , f i l ter bank, 
two c i rcula t ing pumps (one operat ing and one s tand-by) , and a surge drum 
which acts as a sys tem supply. This equipment is located in the Prim^ary 
System Water Service Area . 

The floor coils a r e divided into s ix operat ing and s ix spa re 
loops fed through a header and valve s y s t e m and moni tored for t e m p e r a t u r e , 
flow, and radioact ivi ty. The sidewall coils a r e bur ied in the lead shielding 
cylinder surrounding the r eac to r ves se l . There a r e 24 opera t ing and 24 spa re 
a l te rna te coils fed through a header and valve sys tem, also moni tored. The 
s teel and water shield surrotmding the control rod dr ive thimbles on the top 
cover flange is fed through l ines at tached by quick disconnects located in floor 
boxes . The inner faces of the concre te shield segments surro\inding this 
shield a r e cooled by in ternal coils fed in a s imi l a r manner . 



9. Fuel Storage Pi t Clean-Up and Cooling Systena 

The shut-down heat production of s to red i r r ad i a t ed fuel 
r e q m r e s that the shielding water of the s torage pit be cooled. F u r t h e r , in 
o rde r to prevent high activity in the water , i t mus t be naaintained at high 
pur i ty . This i s accompl ished by the fuel s torage pit c lean-up and cooling 
systena. 

The s torage pit is filled fronn the r e a c t o r water make-up 
ion exchanger. The water is drawn from the pit by a c i rculat ing pump and 
discharged through a f i l ter , a heat exchanger , and a 15-gpm ion exchanger 
back into the pit . The overflow and drain l ines go to the waste re tent ion 
tanks . All equipnaent in this sys tem is located in the Pr inaary System 
Water Service Area . 

10. Genera l Purpose Cooling Water System 
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This systena provides cooling water to the following com
ponents and s y s t e m s : 

a. Fo rced -c i r cu la t ion pumps 
b . Reactor feed-water pumps 
c. Reactor shield cooling sys tem 
d. Reactor water c lean-up sys tem 
e. Af te r -condenser 
f. Storage pit c lean-up sys tem 
g. Air c o m p r e s s o r cooler . 

It is composed of a receiving tank, an a i r - coo l ed hea t ex
changer , a c i rculat ing ptmap and a cooling tower for s u m m e r operat ion or 
as needed to mainta in the des i r ed heat removal from the sys t em. The tank 
and pump a r e located in the Auxil iary Equipment Area ; the hea t exchanger 
and tower a r e located outside and adjacent to the building. 

11 . Waste Retention and Discharge Storage System 

This sys tem is used for the collection a n d / o r s to rage of a l l 
r e a c t o r sys tem fluids or contaminated l iquids . It is located a t ground level 
in the act ive s torage a r e a with a c c e s s through the P r i m a r y System Water 
Service Area . Three coated s teel d i s cha rge - s to r age tanks , t h ree s tee l 
waste retent ion tanks , a waste retent ion tank t rans fe r and drain pump and 
d i s c h a r g e - s t o r a g e tank pump naake up the sys t em. All sump pumps and 
sources of contaminated waste will be connected to the retent ion tanks . 
The p r i m a r y sys tem will nornaally be connected to the d i s c h a r g e - s t o r a g e 
tanks . 
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12. Hydrostat ic Tes t System 

Because a hydros ta t ic t es t of the r eac to r v e s s e l top c losure 
will be r e q m r e d each t ime it is a s sembled on the ves se l , a pe rmanen t hy
draulic t es t sy s t em is incorpora ted by riinning a l ine frona the r eac to r naake-
up pumps to the pr inaary sys t em drain header , through which water may be 
del ivered to any pa r t of the p r i m a r y sys t em. 

13. Sampling System 

The sampling l ines , shown a t var ious points on the flow 
cha r t s , a r e to be located as close to the source a s poss ible to achieve naini-
naum holdup. 

G. Ins t rumentat ion and Control 

1. Genera l 

The exper imenta l na ture of the ARBOR facility r equ i r e s 
that ex t raord inary enaphasis be placed on the ins t rumenta t ion and control of 
the sys tem. In addition to wide coverage of p r i m a r y sys tem s t e a m flow, 
forced-c i rcula t ion flow, t e m p e r a t u r e s and p r e s s u r e s , provis ion is m.ade for 
specia l devices within the r eac to r to m e a s u r e local flows and t e m p e r a t u r e s 
a t var ious points in the co re . Most of the measurenaents and control of both 
p r i m a r y and auxi l iary systenas will be accompl ished remote ly frona the con
t ro l room. The following bas ic control systenas a r e involved in the p r i m a r y 
sys tem operat ion: 

a . Reactor (nuclear) 
b . Reactor water level and feed-water flow 
c. Water coolers 
d. Condensers and hotwell 
e. Turbine and bypass s imula tor . 

In addition, s eve ra l enaergency and shut-down sys t ems a r e 
provided for safety during abnormal operat ion. These a r e : 

a. Reac tor scrana 

(1) Control rods 

(2) Chemical shut-down 

b . Emergency shut-down cooling 

(1) Shut-down coolers 
(2) Core sp ray 

c. P r e s s u r e relief. 
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These systenas will be energized autonaatically a n d / o r manual ly upon r e 
ceipt of cer ta in alarna signals indicating abnormal operat ing condit ions. 

There a r e a l a rge number of control systenas involved in 
the many plant aux i l i a r i e s ; however, these components a r e of a s tandard 
n a t u r e . They concern such operat ions as wa te r - l eve l detection in s torage 
tanks , and genera l purpose cooling water flow, t empe ra tu r e measurenaent , 
and regulat ion. 

The mos t significant ARBOR control sys t ems a r e descr ibed 
in the following p a r a g r a p h s . 

2. Reac tor Control 

The p r i m a r y control of the r eac to r i s acconaplished by 
means of neut ron-absorb ing control rods , dr iven into or out of the r e a c t o r 
core by naeans of dr ives located a t the top of the r e a c t o r v e s s e l . The rod 
dr ives a r e opera ted from the control console. Rod controls a r e in ter locked 
in a way that only the cent ra l control rod and one other rod may be renaoved 
from the core s imultaneously. The speed of rod remova l is l imi ted in o rde r 
to prevent too rapid an i nc r ea se in r e a c t o r power. P rov i s ion is made to ef
fect a rapid injection of a l l control rods into the r e a c t o r core (control rod 
s c r a m ) , an action acconaplished ei ther naanually or automat ical ly upon r e 
ceipt of ce r ta in abnormal sys tem indicat ions . During nornaal operat ion the 
control rods a r e opera ted ei ther manual ly or automat ical ly in r e sponse to 
var ious s ignals der ived from the p a r a m e t e r control jack board (see Sec
tion G-7). 

3. Reac tor Wate r -Leve l Control 

The water level in the r eac to r p r e s s u r e v e s s e l i s control led 
by a conventional t h r ee -e l emen t boi ler feed-water control c i rcu i t . 

The differential p r e s s u r e wa te r - l eve l r e c o r d e r produces a 
signal propor t ional to the e r r o r in water level (difference between the m a n -
\ially adjusted set point and the naeasured level) . This e r r o r s ignal is added 
to another e r r o r signal propor t ional to the difference between total steana 
flow and feed-water flow; this conabined e r r o r signal i s used to adjust the 
posit ion of the feed-water control valve. 

The combined e r r o r s ignal may be exp re s sed a s : 

e = Ki (Lo - L) + Kz (S - W) , 
where 

Ki , K^ = proport ional i ty constants 
LQ = water level set point (naanually adjusted) 
L = m e a s u r e d water level 
S = m e a s u r e d total s t eam flow 
W = m e a s u r e d feed-water flow 
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4. Water -Cooler Control 

The objective of the wa te r - coo le r control sys t em is to 
provide smooth continuous control of (a) the t empe ra tu r e difference b e 
tween the r eac to r s team and the water entering the r e a c t o r from the forced 
circulat ion loop, and, independently, (b) the total flow of water in the forced 
circulat ion loop. A poss ible method of accomplishing this i s desc r ibed in 
o rde r to provide some indication of sys tem complexity. The Arph i t ec t -
Engineer i s expected to review this and other poss ible methods in detail , 
consvilting instruntient manufac tu re r s where n e c e s s a r y , and to propose in 
detail the final sys tem to be employed. 

Any requ i red p r e s e t t e m p e r a t u r e differential (up to 150F) 
a c r o s s the heat exchanger tube wall mus t be maintained, r e g a r d l e s s of ra te 
of flow through the ujiits. This differential is maintained by a var iab le 
r ange - r a t i o cont ro l ler which controls the b a c k - p r e s s u r e regula tor in the 
secondary coolant s t e a m - r e l e a s e outlet l ine . P r e s s u r e - s e n s i n g connections 
a r e ins ta l led in the inlet line of each water cooler and in the secondary 
coolant outlet ahead of the b a c k - p r e s s u r e regula tor valve. In addition, the 
forced-c i rcula t ion sys tem is equipped with a ventur i tube to sense total 
forced-c i rcula t ion flow, seve ra l t e m p e r a t u r e - s e n s i n g e lements to m e a s 
u re final mixed r eac to r inlet water t e m p e r a t u r e , and a number of by -pass 
l ines containing flow Venturis and f low-control va lves . 

All the wa te r - coo le r units a r e connected in pa ra l l e l for con
cu r ren t operat ion. Each of the water coo le r s i s equipped with t e m p e r a t u r e -
sensing e lements in the inlet and outlet l ines connected so as to m e a s u r e 
differential t empe ra tu r e a c r o s s the unit, and a f low-measur ing venturi and 
f low-control valve in the effluent l ine . A smal l valve in pa ra l l e l with the 
f low-control valve pernaits a smal l flow of sys tem water through the cooler 
to maintain t e m p e r a t u r e while the cooler is in s tand-by condition. 

Readings from flow Venturis WFj in the individual cooler 
effluent l ines may be r ead on a m u l t i - s e l e c t o r flow indicator in the control 
room as a check on the posit ion adjustment of the f low-control va lves . 

The total forced-circvilat ion water flow is control led to the 
des i r ed value by a s e r i e s of water by -pass f low-control valves (W6), ad 
jus ted by a flow cont ro l le r which r e a d s total water flow, a s sensed by the 
total forced-c i rcu la t ion venturi tube WF4 , and compares the readings with 
a se t point. This set point, in turn , m a y be adjusted by other sy s t em v a r i 
ables (see Section G-7), The method for adjusting the by-pass valves (W6) 
mus t provide a flow control a s l inear as poss ible and mus t be such a s to 
avoid surges a s valves a r e brought on and off the l ine . Flow Venturis WF3 
m e a s u r e the flow in the individtial by -pass l ines . 

P rov i s ion is made so that any or a l l of the cooler controls 
and valves may be opera ted naanually whenever des i red . 



5. Condenser and Hotwell Control 

The objective of the condenser control sys tem is to provide 
automatic control of ra te of steann condensation to match s team generat ion 
ra te such that all s t eam entering the condensers is condensed, but that the 
condensate entering the hotwell i s never subcooled by m o r e than a given 
adjustable amount in the vicinity of lOF. Hotwell controls have as thei r 
objective the maintenance of des i red hotwell sa tura t ion t empe ra tu r e and 
p r e s s u r e , water level , and de-aera t ion bleed flow. Suggested methods of 
accomplishing these objectives a r e descr ibed in o rde r to provide some in
dication of the complexity of the sys tem. The Arch i t ec t -Eng inee r is exv 
pected to review these and other possible methods in detail , consulting 
ins t rument naanufacturers where neces sa ry , and to propose in detail the 
final sys tem to be employed. 

Each of the s team condensers i s equipped with t e m p e r a t u r e -
sensing elements in the inlet and outlet l ines , connected so a s to m e a s u r e 
differential t empera tu re a c r o s s the unit. It may be n e c e s s a r y to use t h e r m o 
piles for these e lements , since differential t e m p e r a t u r e s to be m e a s u r e d a r e 
lOF or l e s s . Each condenser i s a lso equipped with a m o t o r - o p e r a t e d gate 
valve in the inlet and outlet l ine . 

All s team condensers a r e connected in pa ra l l e l for con
c u r r e n t operat ion with the water coo le r s . T e m p e r a t u r e , p r e s s u r e , and water 
level will be control led in a manner s imi l a r to that for the water coo le r s . 

F o r p rope r simulation of power plant conditions, the hotwell 
tank mus t be maintained at sa tu ra ted condit ions. This is accompl ished by 
by-pass ing a smal l amoixnt of s team around the condensers through a smal l 
line di rect ly into the hotwell . Flow through this line is control led by a flow 
control valve, S9. The position of this valve is adjusted by an e r r o r signal , 
produced by a r e c o r d e r - c o n t r o l l e r measu r ing hotwell p r e s s u r e , which com
pa re s this p r e s s u r e with a manual ly adjusted set point. 

A constant bleed from the vapor space in the hotwell tank is 
maintained in o rde r to a s s u r e removal of non-condensable ga se s . Bleed flow 
is controlled by means of a flow-orifice and flow-control valve in the bleed 
l ine. 

Hotwell water level is control led by means of a differential 
p r e s s u r e l iquid- level r e c o r d e r - c o n t r o l l e r featuring adjustable se t point and 
fixed proport ional band. The control ler adjusts the position of a f low-control 
valve in the line from the p r i m a r y water make-up sys t em. A set of adjustable 
high and low contacts on this r e c o r d e r s e rve to actuate annunciators in the 
event of sys tem malfunction. 
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6. Turbine and B y - P a s s Simulator Flow Control 

The turbine-simxilator and by-pass s imula tor f low-control 
valves a r e used to control r eac to r p r e s s u r e or to s imulate the turbine and 
by-pass control on a d i rec t -cyc le boiling r eac to r sys t em. The posit ions 
of the four tu rb ine - s imula to r f low-control valves a r e adjusted in response 
to constant o r var iab le signals from the Jack Board (see Section G-7) in 
such a way that smooth continuous control of flow is obtained over the en
t i r e control r ange . 

7. P a r a m e t e r Control Jack Board 

Although ARBOR i s p r i m a r i l y an exper imenta l facility, 
extensive use of automat ic sys tem control is n e c e s s a r y . Many of the p r i 
m a r y var iab les will be control led by one or m o r e s igna l s . Also, it will be 
n e c e s s a r y in some exper iments to change the control point of these v a r i 
ables according to some s imple l inear or osc i l l a tory function. In o rde r to 
accomplish th is , a Jack Board is provided. The s ignals from the requ i red 
t e m p e r a t u r e , p r e s s u r e , and flow m e a s u r e m e n t s pa s s through suitable amp l i 
f iers and then to the Jack Board . At l eas t th ree outlets for each signal a r e 
provided. The n e c e s s a r y recording cont ro l le r s have the i r input and set 
point t e rmina l s at the board . 

The following signals will reqviire t e rmina l s at the Jack 
Board: 

a . Reac tor p r e s s u r e 
b . Total s t eam flow 
c. Turb ine - s imula to r s t eam flow 
d. Turb ine - s imula to r by -pass s t eam flow 
e. Feed -wa te r flow r a t e 
f. Total c i rculat ing water flow ra te 
g. Circulat ing water r e a c t o r inlet subcooling 
h . Centra l control rod posit ion 
i . Reac tor neutron flux . 

The Jack Board will a l so be equipped to send information 
to the cont ro l le r s a s soc ia t ed with the operat ion of the following: 

a . Control rods 
b . Turbine s imula tor and s team by-pass thro t t le valves 
c. Water coolers 
d. Fo rced -c i r cu l a t ion flow and t e m p e r a t u r e - c o n t r o l 

s y s t e m s . 
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Additionally, a number of mechanical or e lectronic c i rcu i t s 

will be provided at the Jack Board to per form operat ions such as addition, 
subtract ion, mviltiplication and division of the var ious input signals with 
each other or with selected constants . A function genera tor will a lso be 
located at the Jack Board to provide des i red signals which va ry with t ime 
or with one of the other input signals in o rde r to impose des i red var iab le 
control of se lec ted p a r a m e t e r s . 

The Jack Board will pe rmi t exper imentat ion with a l a rge 
ntimber of boiling r eac to r control sys t ems and a l a rge number of boiling 
r eac to r operat ing cycles by m e r e l y connecting the p rope r signals to the 
des i r ed cont ro l le rs and inanually adjusting gain and set points . 



III. DESIGN REQUIREMENTS 

In the preceding descr ip t ion of the facility the d iscuss ion has been 
presen ted on the bas i s that the plant would be const ructed in i ts ent i re ty . 
However, because of the p rob lems of fund availabil i ty it will probably be 
n e c e s s a r y to construct the plant in severa l s t eps , each of which wovdd 
consti tute an operat ing unit capable of fulfilling a port ion of the flexibility 
r equ i r emen t s for the en t i re plant. The s teps se lec ted a r e as follows: 

Step I - Di rec t -Cyc le F o r c e d and Natural Circulat ion 

In this step the water coo le r s , s t eam condense r s , secondary coolant 
equipment, s t e a m s e p a r a t o r s , the hotwell and i ts aux i l i a r i e s , the r eac to r 
feed-water pump as descr ibed , the p r i m a r y water make-up sys tem, and the 
reac to r water cleanup sys tem a r e omit ted. No heat removal f rom forced 
circulat ion water is poss ib le , and the s t eam genera ted in the r eac to r is 
d ischarged di rect ly to the s tack through back p r e s s u r e - r e g u l a t i n g va lves . 
The 1500-gpm water t r e a t m e n t plant and a l e s s expensive feed-water pump 
a r e used to supply make-up water to the r e a c t o r . 

Step II - Dual Cycle 

The water coo le rs and n e c e s s a r y auxi l ia r ies a r e added to pe rmi t 
heat removal from the forced circxilation water . 

Step III - Indi rec t Cycle and Heavy Water Operat ion 

The s t e a m condense r s , hotwell and assoc ia ted s y s t e m s , r eac to r 
water cleanup and p r i m a r y water make-up sys t ems a r e added to convert 
the plant to i ts complete form as descr ibed . 

The discuss ion of design r equ i r emen t s in this sect ion will take into 
accoiuit the effort r equ i red for Steps I, II, and III. A m o r e detai led s t a t e 
ment as to the A r c h i t e c t - E n g i n e e r ' s duties regard ing s tepwise construct ion 
will be foiuid in Section IV, Scope of Work and Division of Effort. 

A. General 

The Arch i t ec t -Eng inee r shall p r e p a r e complete a rch i t ec tu ra l 
and design drawings and specifications for the Main Building, control room, 
and Auxil iary Equipment A r e a bui ldings, condenser and wate r cooler a r e a s , 
electi;ical substat ion, and appurtenant s t r u c t u r e s . This set of drawings will 
r ep re sen t the plant as conapleted at the end of Step III. Additional drawings 
will be p r epa red to show a l te ra t ions and deviations to facil i tate construct ion 
of Steps I, II, and III. 
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The buildings must be of fireproof construct ion and designed in 
accordance with the provis ions of the AEC Uniform Design Cr i t e r i a and the 
Idaho Operat ions Office Engineering Standards . A min imum of a r ch i t e c tu r a l 
embel l i shment should be employed in the in te res t of economy. 

B. Site Development 

ARBOR will be constructed at the National Reactor Test ing 
Station near Arco , Idaho, in a new a rea , designated Area 16. A map show
ing the exact location of the instal lat ion will be p repa red by the Arch i t ec t -
Engineer after the final decision is made by the Labora to ry and the AEC 
Idaho Operations Office (AEC-IDO). 

Detailed contour maps of the a r e a and information on soil and 
sub-soi l conditions, weather conditions, e tc . , a r e available for study at the 
AEC Idaho Operat ions Office (AEC-IDO). A brief geological and m e t e o r o 
logical descr ip t ion of the NRTS site i s given in Appendix A. It will be the 
responsibi l i ty of the Arch i tec t -Engineer to secure exact data on soil con
ditions at the site by means of core dr i l l ings (in col laborat ion with 
AEC-IDO) if n e c e s s a r y , or other means , and to es tabl ish allowable bear ing 
values for the soils encountered. The Arch i tec t -Engineer shall a lso p r e 
pare drawings and specifications for final grading, roads and walks, fences, 
secur i ty , buildings, outside lighting, and landscaping. All roads and walks 
may be gravel or equivalent construct ion. 

The Arch i tec t -Engineer will p r e p a r e drawings and specifications 
for al l si te s e rv i ce s , as follows: 

1. E lec t r i c se rv ice will r e q m r e the construct ion of a substat ion 
at the si te and extension of the 13.8-kv se rv ice from a point designated by 
A N I J to the substat ion. T r a n s f o r m e r s , switchgear and all n e c e s s a r y equip'^ 
ment a r e to be included to provide e lec t r i c se rv ice to the facility for al l 
e l ec t r i ca l equipment and lighting. 

2. Water supply will be provided by sinking 2 deep wells (ap
proximate ly 600 ft) near the elevated s torage tank. 

3. All n e c e s s a r y d ra ins , s ewers , dra inage shall be provided. 

4. F i r e protect ion se rv ices for mobile f ire appara tus shall be 
provided in accordance with AEC-IDO r e q u i r e m e n t s . 
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1. Main Bmlding 

a. High Bay Area 

This section of the building is to be 40 ft wide by ap 
proximate ly 85 ft long. It will extend f rom 22 ft 9 in. below grade to 72 ft 
above grade (see F ig . 6). 

(1) F r e e - F l o o r Loadings 

The reac to r operat ing floor. P r i m a r y System 
Water Service Area floor, and basem.ent floor a r e to have a p e r m i s s i b l e 
uniform loading of 2000 Ib / sq ft. The upper f loors will have stepped 
a c c e s s openings with concre te plugs to provide c rane a c c e s s to the forced-
circulat ion pumps . 

(2) Walls and Fovindations 

The reac to r and shield will weigh approximately 
1500 tons and occupy a space approximately 28 ft in d iamete r and 34 ft high. 
This s t ruc tu re will be at tached to the building wall and supported on con
c re te columns, and will extend from grade to 32 ft above grade level a s 
shown in F ig . 5. This shield mus t be const ructed in two s tages to facil i tate 
plant const ruct ion in advance of de l ivery of the p r e s s u r e v e s s e l . A con
c re te cyl inder , 26 ft ID by 28 ft OD, extending upward from the P r i m a r y 
Water Service Area floor to the r eac to r operat ing floor will pe rmi t con
s t ruct ion and erec t ion of the remaining portions of the building, equipment, 
and piping, independent of v e s s e l de l ivery da te . The cylinder fo rms will 
be fabricated frorn carbon s teel plate with s leeves and i n s e r t s for pene
t ra t ion of the pipes, e tc . , r equ i red for a t tachment to the p r e s s u r e ves se l , 
and will r ema in permanent ly in p lace . 

After the p r e s s u r e ve s se l , piping, insulat ion, e tc . , 
a r e placed, the r emainder of the shield i n t e r i o r will be ins ta l led . Beginning 
with the 1/2-in. thick by 11-ft ID carbon s teel plate inner form, the n e c e s 
s a ry pipe s leeves will be placed over the pipes , with water j acke ts for cool
ing the concre te . The s leeves will be la rge enough to c lea r pipe insulat ion 
and pe rmi t expansion during operat ion. Bellows will connect the pipes to 
the s leeves at the outer face to seal off the r eac to r pit a r e a . 

Cooling coils a s desc r ibed in the auxi l iary sys t ems 
section (III-D-4, I tem 19) will be a t tached to the outer pe r iphery of the 11-ft 
d i amete r inner fo rm. A 3-in. thick lead annulus will be built up opposite the 
s t ra ight port ion of the r e a c t o r v e s s e l around the cooling co i l s . This port ion 
will be fabricated by pouring lead in success ive l aye r s within s teel bands 
about 12 in. high by 1/4 in. thick. 
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The horizontal and ver t i ca l ins t rument hole 
thimbles a r e to be provided with facil i t ies for draining, flushing with ine r t 
gas , or ventilating with a i r . Horizontal holes shall be pitched to dra in back 
to the reac tor face. 

The concrete for the shield will be poured after 
all piping, s leeves , coils , e tc . , have been hydrosta t ical ly tes ted . 

The floor between the Active Equipment Area and 
the P r i m a r y System Water Service Area shall be 4 ft thick for shielding 
pumps . The walls of the building from the basement up to the r eac to r 
operat ing floor will be 18 in. thick adjacent to the condenser a r e a , 12 in. 
thick next to the active s torage a r e a , and 3 ft thick adjacent to the water 
cooler a r e a . The 3-ft wall next to the water cooler a r e a will extend to a 
height of 15 ft above grade level, after which it will be dec reased to 12-in. 
th ickness . The reac to r operating floor shall be of sufficient thickness to 
accommodate s t ruc tu ra l r equ i r emen t s , but shall not be l ess than 2 ft. 

(3) Access Openings 

A swinging or sliding s teel door providing a 6 by 
7-ft opening between the P r i m a r y Water Service Area and the Auxi l iary 
Equipment Area is requi red . A 4 by 7-ft b l a s t - r e s i s t a n t , se l f -c losing door 
between the lower level of the active equipment pit and the tunnel leading to 
the Control Building basement i s a l so requ i red . A 4 ft wide by 7 ft high 
opening between the P r i m a r y Water Service Area and Active Storage Area 
is requ i red . An a c c e s s ladder with a counterweighted s tee l t r ap door be
tween the reac tor operat ing floor at 32 ft elevation and the P r i m a r y System 
Water Service Area floor is r equ i red . This ladder shall be located on the 
Active Storage Area side of the reac tor shield. 

(4) Support for Handling Equipment 

Rai ls for a 40-ton overhead br idge c rane of a p 
proximate ly 37-ft span shall be provided and shall be designed to be sup
ported on the concrete building wal l s . Rai ls for a one-ton overhead br idge 
c rane of approximately 18-ft span shall be provided in the t r u s s section of 
the roof. 

(5) Elevator 

A genera l purpose- type freight and passenger 
elevator shall be instal led in the High Bay Area near the s ta i rwel l and 
adjacent to the Auxil iary Equipment Area . It shall s e rve al l 5 f loors and 
have a 3000-lb capacity, with operating speed of 100 fpm. In te r ior d i 
mensions shall be approximate ly 5 ft 6 in. by 7 ft. Bi -par t ing doors a r e 
p r e f e r r ed . Se l f - se rv ice operat ion is requi red , with complete safety p r o 
vis ions , in te r locks , warning l ights , e tc . The dr ive mechan i sms shall not 
in te r fe re with overhead crane operat ion. 
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(6) Upper Area 

The upper 8-ft section of the High Bay Area side 
walls shall be of corrugated t rans lucent green plas t ic siding over a steel 
f r ame . The rigid franne or t r u s s - t y p e roof s t ruc tu re shall support r a i l s 
for the one-ton avixiliary c rane in the cen te r . Siding used on the end walls 
and roofing shall be of a sbes tos cement . Windows will not be requ i red . 
Insulation for the end walls and roof of this port ion of the High Bay Area 
is requi red to obtain stiitable heat dis tr ibut ion and reduction of heat d i s 
sipated to an economical amount. A paneled-type insulation with rigid 
facing, suitable for painting, i s r equ i red . 

(7) Painting 

All exposed concrete and other non-meta l l ic 
surfaces of wal ls , f loors , and ceilings shall be painted with "Liquid Tile" 
in accordance with recommendat ions of the manufac ture r . Standard paint 
shall be used for meta l l ic su r f aces . Colors shall be specified by the 
Labora tory at a l a te r da te . 

(8) Dra ins and Sumps 

All equipment a r e a s shall be drained to four 
sumps in the Active Equipment Area . F loo r s shall be sloped one inch in 
12 ft toward the sumps . The reac to r pit shall be connected to the act ive 
equipment a r e a by means of a d ra in loop sea l . 

(9) Fuel Storage Pi t 

The fuel s torage pit (F igs . 5 and 6) is a w a t e r -
filled well located in the High Bay Area adjacent to the r e a c t o r . The wal ls 
and floor of the cell shall be const ructed of ord inary concre te , 4 ft thick. 
The pit shall be 12 ft wide by 16 ft long by 23 ft deep. A dra in sump, 8 in. 
in d iamete r by 1 ft deep, shall be provided in one corner of the pit . The 
floor of the pit shall have a uniform slope of one inch in 12 ft toward the 
dra in sump. 

All concre te joints shall be designed with wa te r 
tight sea ls (waters tops) . All in te r ior concre te surfaces of the pit 
shall have a s teel t rowelled finish and shall be painted with a light, r e 
flective, water and radiat ion d a m a g e - r e s i s t a n t coating consis t ing of a 
glass fabric l iner bonded with white "Liquid Ti le ." 

b. Aiixiliary Equipment Area 

This section of the building (F igs . 5 and 6) will be 
40 ft wide by 125 ft long. A standard construct ion, r igid f rame design 
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building, such as "Stran," is acceptable , with minimumi c lear height of 
13 ft. Siding and roofing may be corrugated sheet a luminum or asbes tos 
cement . Windows a r e not reqvured. 

One end of the building will connect to the High Bay 
Area adjacent to the fuel s torage pit work a r e a . The roof shall be suitably 
flashed into the high bay end wall . 

(1) F r e e F loor Loadings 

The ground floor shall be located at approximately 
nine inches above grade and be designed for uniform loading of 2000 Ib / sq f t . 

(2) Equipment Foundations 

S\xitable fo\indations for each i t em of equipment 
shall be provided to elevations as requi red for proper operat ion. The 
following i t ems of equipment a r e located in this a r ea : 

(a) 1500-gpm Water Softener and /o r Deminera l i ze r 
Unit (with ha rdness indicator a l a r m on board) 

(b) Regenerat ion Chemical Storage Space for 
30-day operat ion. 

(c) 300-kw Emergency Power Diesel Genera tor 
(d) 1000-gal Trea ted Water Storage Tank 
(e) 1500- lb /hr Steam Genera tor 
(f) 1000-gpm Cooling Water System Rece iver 
(g) Chemical Shut-down System Boric Acid Tank 
(h) Chemical Shut-down System Air Compres so r 
(i) Air Compresso r for Tool Operation 
(j) Fuel Oil Storage Tank 
(k) Miscel laneous Aiixiliary Components. 

(3) Access Openings 

"Rollup" type, 10 ft by 10 ft cargo doors a r e r e 
quired at the end of the building opposite the High Bay Area , and a 3 ft by 
7 ft en t rance to the adjoining control room. The equipment in the a r e a 
shall be so a r r anged that a t ruck may be backed into the building to r e 
ceive components lowered by the High Bay Area overhead c r a n e . 

(4) Insulation 

This bmlding shall be insulated in the same 
naanner as the upper portion of the High Bay Area . 
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(5) Painting 

All exposed concrete and other non-meta l l ic s u r 
faces of wal ls , f loors , and ceil ings shall be painted with "Liquid Ti le" in 
accordance with recommendat ions of the manufac ture r . Standard paints 
shall be used for meta l l ic su r faces . Colors shall be specified by the 
Labora to ry at a la ter date . 

c. Active Storage Area 

The Active Storage Area is located at grade level 
and will be covered over with ea r th after complet ion. This room, a p 
proximate ly 40 ft by 60 ft by 12 ft high, will house th ree 8 ft d i amete r 
by 32 ft long coated s teel d i scharge s torage tanks and th ree 8 ft d iamete r 
by 24 ft long s teel waste retent ion tanks, in addition to the dra in piping 
and pumps . A 4 x 7-ft a c c e s s opening, with s teel f i re- type door, to the 
P r i m a r y Water Service Area will be provided. All tanks and piping will 
be instal led before forming and pouring the top s lab . Dra ins f rom this 
a r ea will connect to the pit in tha Active Equipment Area . Paint ing will 
not be requ i red . Only the th ree 24-ft long re tent ion tanks will be in
stal led for Steps I & II. Therefore , the far end of the building mus t be 
removable for future instal la t ion of d i scharge s to rage tanks . 

2. Control Building 

The Control Building will be located adjacent to the 
Auxil iary Equipment Area and connected to it by means of a shor t c o r 
r ido r . The Control Building, approximate ly 46 ft x 55 ft, will be of 
reinforced concre te b l a s t - r e s i s t a n t a r c h - s h a p e construct ion, 24 in. thick. 
A floor space approximately 20 ft by 50 ft will be r e q m r e d for p lacement 
of the control pane ls . Additional space , approxiinately 20 ft x 26 ft, for a 
combination conference- lunch room and for personnel r equ i r emen t s such 
as locker rooms , showers , to i le ts , e tc . , shall a lso be provided. 

A c c e s s doors f rom the grovmd floor of the Control Building 
to the Auxil iary Equipment Area and to the ex te r ior shall be weather 
s t r ipped or otherwise designed to provide min imum a i r leakage. The 
Arch i t ec t -Eng ineer shall study the advisabil i ty of using a b l a s t - r e s i s t a n t 
door to the Auxil iary Equipment A r e a . A s t o r m she l t e r - type extension, 
with doors , shall be provided outside the ex te r ior a c c e s s door to the bmld
ing, in o rde r to pe rmi t v i s i t o r s to announce their p resence via the public 
a d d r e s s sys t em before they a r e admit ted to the Control Building p rope r . 

Inter ior accous t ica l p rope r t i e s shall be studied and, if 
sprayed-on insulation does not appear adequate, the possibi l i ty of instal l ing 
a hung ceiling shall be invest igated. Thermal insulation will not be r e 
quired. Decisions regard ing painting of this building will be made after the 
design has been completed. 
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The floor of the control room section will be asphal t t i le 
laid on 2-|--ini thick mas t ic to pe rmi t rvinning conduits a c r o s s the top of 
rough concre te . F loo r s in locker room, to i le ts , showers , basement,- shall 
be concrete painted with "Liquid Ti le" a s recommended by the manufac tu re r . 
Shower and locker roona a r e a walls shall be uninsulated but painted with 
"Liquid Tile" as recommended by the manufac ture r . Colors shall be speci
fied by the Labora tory at a la ter da te . 

The basement of the control building shall contain a water 
analys is labora tory , approximately 9 ft by 12 ft. The remainder of the 
basement shall be occupied by the n e c e s s a r y e lec t r i ca l switchgear for the 
plant. Suitable foundations shall be provided. The basement shall be con
nected to the P r i m a r y Water Service Area and Active Equipment A r e a s of 
the High Bay Area by a tunnel equipped with b l a s t - r e s i s t a n t sel f -c losing 
door s . 

All exposed concrete surfaces of walls , floor and ceiling in 
the water analys is labora tory , and the floor of the basement p roper , shall 
be painted with "Liquid Ti le" according to the recommendat ions of the 
manufac ture r . Walls and ceilings in the basement p roper (other than in 
the water analys is laboratory) shall be unpainted. Standard paints shall 
be used for meta l l ic sur faces and for piping and equipment. Colors shall 
be specified by the Labora tory at a la ter da te . 

3. Water Cooler and Condenser A r e a s 

The building to house the water coolers will be requ i red 
for Step II. A covered t rench adjoining the High Bay Area of the main build
ing will be requi red for housing the forced-c i rcu la t ion by-pass sys t em for 
Step I. The roof may be covered with ear th to provide requi red shielding. 
Subsequently in Step II the concre te building shall be added to house the 
water coolers which will be connected to the existing forced-circxilat ion 
sys tem. The end of the building opposite the exchanger tube sheet covers 
shall be removable for possible servic ing r e q u i r e m e n t s . Ea r th will be 
used for supplementary shielding. 

Access to the water cooler and condenser a r e a s shall be 
by doors to the ex te r io r , provided with appropr ia te shielding labyr in ths . 
The Arch i tec t -Engineer shall study the feasibil i ty of providing shielded 
a c c e s s openings between these a r e a s and the P r i m a r y System Water 
Service Area in the Main Building. 

Exposed concre te surfaces of walls , f loors and ceil ings 
of the water cooler and condenser a r e a s shall be painted with "Liquid 
Ti le" according to the recommendat ions of the manufac ture r . Standard 
paints shall be used for other su r faces . Colors shall be specified by the 
Labora tory at a la ter date . 
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The s team condenser and de -ae ra t ing hotwell building will 

be constructed in Step III. This building will a lso be located at grade level 
with elevated supports for the equipment. A sheet me ta l roof will s\iffice 
for this building. Ea r th may be piled against the side walls to secu re ad
ditional shielding if r equ i red . 

D. Mechanical 

1. General 

The design r equ i r emen t s outlined for the mechanica l 
components in the following d iscuss ion a r e predica ted upon the following 
considera t ions : 

a. Operat ional 

The l imited manpower available at the NRTS for oper 
ation and maintenance of the ARBOR facility es tab l i shes cer ta in p recep ts 
which mus t be followed closely in all design cons idera t ions . 

(1) Integrity of equipment is requi red with a min imum 
amount of developmental type units included. An exception on this point will 
be made for pump shaft s e a l s . However, it i s expected that this i t em will 
be thoroughly tested before accep tance . 

(2) Ease of maintenance shall be designed into the 
plant in the form of access ib i l i ty of equipment, location of p la t forms, work
ing space, and good enaployment of m a t e r i a l handling equipment. 

(3) Operating safety aspec t s mus t be carefvQly con
s idered: by p roper lighting; provis ions for s torage of tools and spa re p a r t s ; 
hand- ra i l s and s t a i r s of adeqioate propor t ions ; identification of va lves , pip
ing, and components, warning lights and horns , e tc . 

(4) In genera l t e r m s , it should be possible to remove 
each piece of eqtiipment from the plant in a radioact ive condition. Although 
permanent handling faci l i t ies need not be provided, space mus t be avai lable 
for instal la t ion of rigging equipment n e c e s s a r y to effect r emova l . All com
ponents on the r eac to r operat ing floor and in the act ive equipment a r e a a r e 
to be serv iced by the overhead c rane . Water cooler and s t eam condenser 
buildings shall have removable ends so that equipment may be removed. 

(5) Due to the p rob lem of radiat ion and to the fact that 
a l imited amount of t ime and manpower will be avai lable for plant m a i n t e 
nance, the select ion and a r r a n g e m e n t of equipment shal l be governed a c 
cordingly. Quality and integr i ty of operat ion of pumps, va lves , heat 
exchangers , water t rea t ing equipment, e tc . , a r e mos t impor tant . 
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(6) Where possible , equipment and a c c e s s o r i e s shall 
be commerc ia l grade or a s near ly so as p rac t i cab le . F in i shes and to l e r 
ances mos t cer ta inly can be commerc ia l grade, with inspection and c lean
ing held to a mininnxim over that normal ly requi red for power plant 
ins ta l la t ions . 

(7) A thorough study is requi red of al l probable 
modes of operat ion to cover future pipe connections, ins t rumenta t ion a c -
connmodations, equipment manipulation, sampling a r r a n g e m e n t s , e tc . 

b . Expe r imenta l 

The following s e r i e s of exper iments will be per formed 
for each of the var ious co res and for every significant modification to each 
of the co re s ( i .e . , modifications involving var ia t ions in flux and /o r power 
dis tr ibut ion, void coefficient, s ize , and orificing). Each individual expe r i 
ment would involve adjustment of the requ i red p a r a m e t e r s to the i r des i r ed 
values and m e a s u r e m e n t of the power level a n d / o r sys tem response as r e 
quired. All other available information, such as that concerned with in
te rna l t e m p e r a t u r e s , p r e s s u r e s , flows, entra inment , c a r r y - o v e r , water 
decomposit ion, radiat ion levelg, e tc . , if avai lable , and if significant, would 
be obtained. 

The exper iments may be divided into three p r i m a r y 
groups . The f i r s t group would be pursued in o rde r to de te rmine the 
c h a r a c t e r i s t i c s of the r eac to r operat ing as a s t eady-s t a t e s t eam genera tor 
and the l imits of i ts stabili ty as affected by the p r e s s u r e , coolant flow, and 
subcooling. The second group would involve investigation of the response 
of the r eac to r to the type of s team flow, water flow, and subcooling t r a n 
sients which will occur when the r eac to r is a pa r t of a power-genera t ion 
sys tem. The third involves observat ion of the per formance of the sys tem 
when var ious types of control methods a r e employed to e l iminate unde
s i rab le r eac to r r e sponse to var ia t ion in power demands . 

Specifically, suggested exper iments in the groups a r e : 

(l) Steady-s ta te operat ing c h a r a c t e r i s t i c s (de te rmi 
nation of power density v s . react ivi ty in s t eam voids up to l imit ing power 
density) for: 

(a) P r e s s u r e s of 600, 800, 1000, 1250, 1500, 
2000 ps i . 

(b) Subcooling equivalent to non-boiling lengths 
approaching 0% and 100%, in 10% i n c r e m e n t s . 

(c) Flows of 7500, 10,000, 15,000, 20,000, 27,500, 
35,000 gpm for 4-ft d i ame te r co re s and in
cluding lower r a t e s for co re s of smal le r 
d i ame te r . 



38 

3f 
(2) Determinat ion of the influence of the above p a r a m 

e te r s on the stabili ty with: : 

(a) Varia t ions in s team demand in a manner 
corresponding to that expected in a power 
plant, i .e . , r a t e s l ess than 2 to 3% per second. 

(b) Turbine t r ip out with and without s t eam by
pass simulat ion. 

(c) Variat ions in circulat ion velocity as might be 
requi red to control the reac tor under s team 
demand fluctuations, i .e . , 1 to 3% per second; 
and as might occur if one or more circulat ing 
pumps cuts in or out of the sys t em. 

(d) Variat ion of inlet subcooling in the range 
which is significant to control , and to possible 
feedwater flow incidents . Subcooling changes 
mus t be naade to encompass the range of 
i n t e r e s t to both dual and ind i rec t cycle modes 
of boiling r eac to r operat ion, 

(3) Determinat ion of the response of the sys tem when 
operating under var ious integrated types of plant control . These systenns 
will include those of the type designed for contemplated power plants , plus 
any other schemes , such as flow control , which may become evident through 
resu l t s of the exper iments in 1 and 2 above. 

It i s expected that all control sys t ems can be de 
veloped with suitable response from the data obtained in exper iments 1 and 
2 above. 

The requ i rement s of a clean sys tem which ai'e 
associa ted with a r e s e a r c h reac to r dictate the use of Type 304, 316 or 347 
s ta in less s teel in al l components of the p r i m a r y sys tem for Step III and in 
mos t of the components for Steps I and II. However, the use of Type 405 
s ta in less s teel in the water coolers and s team condensers is p e r m i s s i b l e . 

c. Construction in Steps 

F o r Step I operat ion (direct cycle) the following equip
ment will be instal led: 

(1) P r e s s u r e Vesse l 
(2) Main Building 
(3) Auxil iary Building 
(4) Control Building 
(5) Retention and Discharge Storage Tank Building 
(6) 1500-gpm Water Supply and Trea tment System 
(7) Forced-Circ t i la t ion System Minus Water Coolers 
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(8) Low Alloy Carbon Steel Steam Distr ibution System 
(9) Carbon Steel Feedwater Pump 
(10) Complete E lec t r i ca l Distr ibution System 
(11) Complete Ins t rumentat ion System 
(12) Three Waste Retention Storage Tanks . 

The p r i m a r y sys tem s t eam piping will be fabricated 
from low alloy carbon steel after connecting to s ta in less s teel flanged 
joints in the s team lines downstreami from the shut-down c o o l e r s ; The 
tu rb ine - s imula to r valve manifold and relief sys t em a r e to be located near 
the base of the d i scharge stack, protected by a sheet me ta l building. 

The carbon steel port ion of the piping sys tem is to be 
replaced with Type 304 s ta in less s tee l for Step III. 

F o r Step II operat ion (dvial cycle) the fo r ced -c i r cu 
lation sys tem wate r -coo led heat exchangers with piping and control valves 
a r e added. 

F o r Step III operat ion (DjO and ind i rec t cycle) the 
following item,8 will be added: 

(1) Water-Cooled Steam Condensers 
(2) De-aera t ing Hotwell 
(3) Recombination System 
(4) Reactor Water Cleanup System 
(5) Stainless Steel Steana Distr ibut ing System 
(6) Stainless Steel Feedwater P\imp. 

ments include: 
The i t ems to be specified under mechanical r e q u r e -

(1) All components of the p r i m a r y sys tem, with ex
ceptions as noted. 

(2) All auxi l iary sy s t ems . 
(3) All components n e c e s s a r y for providing building 

s e rv i ce s , heating, venti lat ing and a i r conditioning. 
(4) Handling equipment. 

Of these components the Labora to ry will design and 
supply the reac tor v e s s e l . 

Information re la t ive to s ize , weight, the na ture of the 
connections for the r eac to r ve s se l will be supplied by the Labora to ry . 

The remaining components will be designed by the 
Arch i t ec t -Eng inee r in accordance with r equ i r emen t s set forth by the 
Labora to ry . Ex t r eme ly c lose cooperat ion will be n e c e s s a r y between the 
Arch i tec t -Engineer and the Labora tory , pa r t i cu la r ly with r ega rd to this 
design work. 
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The following sect ions p re sen t the design reqvdrements 
for the above sys t ems and components . Detailed specifications a r e not 
given in every ca se . The i t ems which the Labora to ry will supply a r e in
cluded in o rde r to give the Arch i tec t -Engineer a m o r e comprehens ive p i c 
tu re of the ove r -a l l plant. 

2. P r i m a r y Systenn 

a. Genera l 

The p r i m a r y sys tem is composed of those components 
which contain the h i g h - p r e s s u r e , h igh - t empera tu re r eac to r water , s t eam, 
and condensate, and which compr i se the two closed loops involved in r e 
actor heat r emova l . In o rde r to achieve sa t is factory co r ros ion r e s i s t ance 
of al l sur faces which contact p r i m a r y sys t em fluids water or s t eam, AISI 
Type 304, 3 l6 , or 347 s ta in less s teel shall be used for such su r f aces . 
(Carbon steel shall be used in the s team disposal sys t em for Steps I and II.) 

b . Reac tor 

The specifications for the r eac to r v e s s e l a r e r e p r o 
duced as Appendix B of this r epo r t . All r eac to r i n t e rna l s , as well as 
control rod dr ive m e c h a n i s m s , will be designed and const ructed by the 
Labora to ry . 

c. Water Coolers and Steam Condensers 

Locat ions of the water coo le r s and s t eam condense r s 
a r e shown in F i g s . 5, 6, and 8. The water coo le r s a r e to be ins ta l led for 
Step II operat ion and the s t eam condensers for Step III. 

The information secured to date by the Labora to ry on 
the wate r -coo led heat exchangers is avai lable for evaluation and aid in 
p repara t ion of specif icat ions. 

ARBOR Water Cooled Heat Exchanger Requi rements 

I. Fo rced-Ci rcu la t ion Coolers 

A. Fluid 

1. Tube S i d e - - P r i m a r y sys t em deminera l ized water 

2. Shell S i d e - - Deminera l ized water 

B . Operating P r e s s u r e (range) 

1. Tube S i d e - - 600 psia to 2000 psia 
2. Shell S i d e - - 90 psia to 600 psia 
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1. Tube Side--In 486°F; Out 360'^ , XXTXTTX^TTX^T 
2. Shell Side - In 70°F; Out 320°F ^ MINIMUM 

C. Operating Temperature (range) 

)°F\ 
F J 

3. Tube Side - - In 636°F; Out 5l6°F 
4, Shell Side --In 70°F; Out 486°F 

Note: Shell side coolant comes off as steam 

D, Material 

I MAXIMUM 

1. Primary Side-- Type 405 Stainless Steel 
(Channels may be Type 405 Stainless Steel clad) 

2. Shell Side-- Carbon Steel 

E. Tube Joints - - Rolled in and seal welded 

F. Duty - - (total) 200 mw 

G. Construction 

1. Design Pressure- - Tube Side: 2500 psia 
Shell Side: 800 psia 

2. Design Temperature - - Tube Side: 690°F 
Shell Side: 550°F 

Steam Condensers 

A. Fluid 

1. Tube Side--Saturated steam to condensate 

2. Shell Side--Demineralized water 

B. Operating Pressure (range) 

1. Tube Side - - 250 psia to 2000 psia 

2. Shell Side --67 psia to 600 psia 

C. Operating Temperature (range) 

1. Tube Side - - In 400°F; Out 397°F *[ 
2. Shell Side--In 70°F; Out 300°F j 
3. Tube Side - - In 636°F; Out 630°F \ 
4. Shell Side --In 70°F; Out 486°F J 

MINIMUM 

MAXIMUM 

Note: Shell side coolant comes off as steam. 

D. Material - - Same as water coolers 

E. Tube Joints --Rolled in and seal welded 

F. Duty - - (total) 150 mw 

G. Construction--Same as water coolers 
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d. Forced-Ci rcu la t ion and Reactor Feed-Wate r Pumps 

The forced-c i rcula t ion and r eac to r feed-water pumps 
will be designed and thei r elevations re la t ive to the r eac to r v e s s e l and de -
aera t ing-hotwel l specified by the Labora to ry in collaboration with the punnp 
manufac turer ( s ) . The Arch i tec t -Engineer shall be responsib le for design 
of the foundations, interconnect ing piping, power supply, and control of 
un i t s . The method of mounting the pumps mus t be studied ve ry carefully 
to accommodate th rus t s resul t ing from t h e r m a l expansion effects in the 
l a rge d iamete r suction and d i scharge piping. 

It will be n e c e s s a r y to invest igate thoroughly the 
var ia t ion in feed-water pump requ i r emen t s between Step II and Step III. 
Steps I and II operat ion may pe rmi t use of a s tandard carbon s teel boi ler 
feed pump, with a nickel-pla ted lining. Exact r equ i r emen t s for this unit can 
only be de termined after a detailed evaluation of al l operat ing condit ions. 

Tentative design r equ i r emen t s for the pumps a r e given 
for information in Appendix C of this r epor t . 

e. De-aera t ing-Hotwel l 

The de-aera t ing-hotwel l i s r equ i red for Step III. It 
cons is ts of a horizontal cyl indr ical tank designed for 2500 psi at 695F, with 
approximately a 4000-gal water capaci ty . This v e s s e l will be designed in 
accordance with s tandard d e - a e r a t o r p rac t i ce as far as possible and in a c 
cordance with the ASME Code for Unfired P r e s s u r e Vesse l s (Section VIII). 
The use of h igh-s t rength s tee ls for construct ion of the hotwell shal l be ex
p lored . A s ta in less s teel l iner i s r equ i red . 

The following nozzle connections a r e requi red on the 
hotwell tank: 

Condensate from condense r s . 
Water column (top and bottom) for level and p r e s s u r e 

ins t rumenta t ion . 
Steam injection (es t imated at 40,000 Ib/hr) for m a i n 

taining hotwell t e m p e r a t u r e . 
Bleed to de -ae ra t i on sy s t em. 
Water from p r i m a r y water make-up systenn.. 
Reac tor feed-water pump suction. 
Return from feed-water pump b a c k - p r e s s u r e b y - p a s s . 
Dra in . 
Relief va lve . 
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f. Piping and Valves 

All sys t em piping is to be built for a design p r e s s u r e 
of 2500 psi and a design t empera tu re of 695F. Although an ASA-B31 code 
design i s p re fe r r ed , ce r ta in exceptions to the code may be allowed in the 
in te res t of economy. Fo r example, centrifugal cast ings and mu l t i - l aye r 
pipe should be invest igated. 

All piping is to be a r r anged so that piping ex terna l to 
the building can be drained to prevent freezing under any poss ible condition. 
Piping should be insulated to accepted power plant s tandards and adequate 
protect ion of outdoor piping, piping insulation, and supporting s t r uc tu r e 
mus t be provided for al l weather condit ions. Adequate venting of the piping 
sys tem is a lso to be provided. Pa r t i cu l a r at tention mus t be given to the 
condenser d i scharge piping and relief l ines to prevent w a t e r - s t e a m surging 
or h a m m e r . 

The sys tem m u s t be flexible enough to p e r m i t r a the r 
la rge t e m p e r a t u r e differences, since the experinaental na ture of the facility 
r equ i r e s that there be g rea te r and m o r e frequent t e m p e r a t u r e fluctuations 
than would be found in a conventional, steadily operat ing p r o c e s s sys tem or 
power plant . Examples of possible adve r se piping conditions will be sup
plied to the Arch i tec t -Engineer by the Labpra to ry . 

Reasonable c a r e is to be given to the sys tem during 
construct ion to insu re c leanl iness of the piping i n t e r i o r . Coating of butt 
welding joints with si l icone g rease to prevent burn- through will not be 
permi t t ed . All p r i m a r y in te rna l s a r e to be sufficiently clean before ope r 
ation to resu l t in water res i s t iv i ty values of not l e s s than 500,000 o h m - c m 
after sufficient t ime has e lapsed to a s s u r e eqviilibrium in co r ros ion r a t e s . 

The var ious p r i m a r y systena valves a r e l is ted in 
Table I, together with their type of duty, design flow, des i r ed p r e s s u r e drop, 
and suggested type. This information is not to be considered f i rm, especia l ly 
insofar as valve quanti t ies (when two or m o r e a r e suggested for a single 
duty) and s izes a r e concerned. 

F o r Steps I and II the en t i re s t eam disposal sys t em 
from the connecting flanges at the emergency shut-down coole rs to the 
stack shall be fabr icated f rom low alloy carbon s tee l . This will include 
the safety and rel ief valve systena. All carbon s tee l mus t be replaced with 
Type 304 s ta in less s teel for Step III. 

Valves need not be of the sealed type. However, leak
age mus t be kept to a nominal amount . Special at tent ion mus t be given to 
those valves located outdoors so that adequate protect ion i s provided aga ins t 
f r eeze -up . Separa te vent and d ra in l ines for each valve a r e to be provided 
if n e c e s s a r y to i n su re complete venting and draining of the valve along with 
i t s assoc ia ted piping. 
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It mus t be emphasized that the in te r re la t ion of valves , 

pipe layout, and sys tem ins t rumenta t ion and control is a ma t t e r for joint 
effort between the Arch i tec t -Engineer and the Labora tory , so that the l i s t 
ing of valves in Table I mus t be considered tentative only. 

All valves a r e to have a design p r e s s u r e of 2500 psi 
and a design t empera tu re of 695F. The type of ope ra to r s to be used for 
motor ized and control valves (e lec t r ic or pneumatic) shall be studied by 
the Arch i t ec t -Eng ineer and specifically recommended for each applicat ion. 
Hydraulic ope ra to r s shall not be used . E l e c t r i c ope ra to r s a r e p r e f e r r e d 
for al l outdoor ins ta l la t ions , where feasible , because of the possibi l i ty of 
f reeze-up of a i r l ines in pneumatic s y s t e m s . All pneumatic sys t ems mus t 
be provided with a i r d r y e r s , 

A p re l imina ry tabulation of p r i m a r y sys t em piping 
s izes and lengths is shown in Table II. Also included is a l i s t of fi t t ings. 
This information, based on the p resen t sys t em layout, ant icipated flows, 
and a design velocity of 15 to 30 fps, is given only to aid the Arch i t ec t -
Engineer in es t imat ing the extent of these i t ems in the p r i m a r y sys tem. 

g. Steam Separa tor - - Shutdown Coolers 

Steam separa to r units will not be r e q m r e d for Steps I 
and II, and may not be for Step III. Therefore , only s ta in less s tee l - l ined 
shutdown-coolers will be ins ta l led . The coolers (2) shall have a combined 
heat removal capacity of 24 mw using 100°F cooling water enter ing at a 
velocity of 4 to 6 fps. The coolers shall have Type 304 s ta in less steel 
cooling tubes and be located in the steami l ines at sufficient elevation above 
the r eac to r level to prevent back flow up the water leg as a r e su l t of p r e s 
su re drop in the s t eam l ine. If s e p a r a t o r s a r e r e q m r e d for Step III, spec i 
fications will be set forth at a l a t e r da te . 

h. Steam Disposal System 

F o r Steps I and II operat ion, a once- through s team 
sys tem is contemplated. Deminera l ized feed water at 70F will be i n t r o 
duced into the downcomer a r e a and s team produced will be vented to 
a tmosphere at r a t e s up to about 620,000 Ib /h r . F o r Steps I and II, p r i 
m a r y sys tem s t eam will be vented through a back p r e s s u r e - r e g u l a t i n g 
sys tem by ei ther of two methods . The mos t d i rec t way is to blow the 
s team up through a ve r t i ca l s tack. In the event that this method is un
sat is factory the steami may be r e l ea sed through a submerged gridwork 
of tubes into a pond of wa te r . 

F o r Step II some secondary s team from the water 
coolers mus t a l so be d iss ipated in the same naanner. In Step III all r e 
ac tor heat will be d iss ipated by venting secondary s t eam. 
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Table I 

DESCRIPTION OF VALVES - PRIMARY STEAM AND ASSOCIATED 
SECONDARY COOLING WATER SYSTEMS 
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Valve Desig. No., Size & Type Operator Data 

S j . i thru 
S l -2 

Two E l e c t r i 
cally Operated 
Gate, 10 in. 

SMA-3-60 
3,89 hp 

Rating and Purpose 

Serve as s team separa tor isolat ion valves to 
d i rec t flow through appropr ia te s e p a r a t o r s 
to maintain n e c e s s a r y separa t ion veloci t ies 
to cover r eac to r output total s team flows l is ted 
under valve grouping S2; maximum p r e s s u r e 
drop about 2 ps i ; depending on s team s e p a r a 
tion efficiencies over flow ranges l is ted under 
S2, it may be poss ible to el iminate these Sj 
va lves ; (not shown on flow cha r t ) . 

S^.i th ru 
S2-4 

Four Pneu
mat ical ly 
Operated 
Control , 4 in. 

This valve grouping compr i se s the tu rb ine -
s imula tor valves and will pa s s flows l i s ted 
below, and to control , individually and /or in 
combination, down to 10% of these flows while 
maintaining downst ream p r e s s u r e about 50% 
of u p s t r e a m p r e s s u r e : 

Reactor Cond. Condensate 

Ib /hr 

650,000 
693,000 
766,000 
863,000 

P r e s s . 
Sat ,psi 

600 
1,000 
1,500 
2,000 

P r e s s . 
Sat ,psi 

300 
500 
750 

1,000 

Feed Water 
Rates , gpm 

1,480 
1,710 
1,915 
2,330 

S3 

S4-1 & 
S4-2 

S5-1 & 
S5-2 

S4-1 thru 
S6-2 

One Pneu
mat ical ly 
Operated 
Control , 4 in. 

Two E l e c t r i 
cally Operated 
Gate, 12 in . 

Two E l e c t r i 
cally Operated 
Gate, 6 in. 

Two E l e c t r i 
cally Operated 
Gate, 1 in . 

SMA-3-60 
3.80 hp 

SMA-1-15 
0.97 hp 

SMA-OC-7' 
0.5 hp 

One E l e c t r i 
cally Operated 
Gate, 10 in. 

SMA-3-60 
3.89 hp 

This valve to pass up to 25% of r eac to r out
put total s t eam flow; used to mainta in 
constant p r e s s u r e in the r eac to r 

These se rve as inlet shut-off valves on 
s team condensers #1 and #2, r e spec t ive ly . 

These se rve as outlet shut-off valves on 
s team condensers #1 and #2, respec t ive ly . 

Serve as equal izer ; by -pass around valves 
S4 to pe rmi t draining of condensate through 
the condenser and to maintain condensers in 
the operat ing warmed-up t e m p e r a t u r e range 
during s tand-by condition. 

Serves as feedwater pump suction shut-off 
valve; p r e s s u r e drop to be maximum of 
1,5 ps i at 3250 gpm and 625° F . 

One Pneu
matical ly 
Operated Con
t ro l , 6 in. or 5 in. 

Controls r e ac to r feedwater flow ra t e down 
to 10% of condensate flow r a t e s l i s ted under 
S2 above; valve c h a r a c t e r i s t i c s to match r e 
actor feedwater pump flow ra t e vs head 
c h a r a c t e r i s t i c s . 
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Table I (Cont'd. 

Valve Desig. 

S, 

Sio 

Sii 

Sj2-i thru 
S12-5 

Sl2-6 

Sl3 

Sl4 

No., Size &Type 

One Pneu 
mat ica l ly 
Operated 
Control , 2 in . 

One Pneu
mat ical ly 
Operated 
Control , 4 in . 

One Stop 
Check, Angle 
Type, 8 in . 

Five Gate, 
6 in . 

One Gate, 
8 in. 

One E l e c t r i 
cally Operated, 
2 in . 

One E l e c t r i 
cally Operated 
Gate , 6 in . 

Operator Data 

" 

SMA-3-60 
3.89 hp 

Manually 
Operated 
Handwheel 

Manually 
Operated 
Handwheel 

SMA.00-7T 
0.5 hp 

SMA-1-15 
0.97 hp 

Rating fc Purpose 

Serves to pass up to a maximum of 40,000 Ib /hr 
of s team to mainta in sa tura ted p r e s s u r e con
ditions in the hotwell over conditions l i s ted 
under S j . 

Serves to by-pass pump flow back to hotwell, 
depending on r eac to r make-up requ i rement 
as control led by valve Sg. 

P a s s e s pump discharge condensate flow r a t e s 
l is ted under S2 above; max imum p r e s s u r e 
drop about 12 ps i ; to seat at maximum of 
2 psi p r e s s u r e differential . 

These six S12 valves in combination with S15 
se rve function of routing feedwater through 
water cooler(s) for control led subcooling r e 
qu i rements p r io r to del ivery to r e a c t o r . 
S12-6 to handle flow r a t e s shown under S2 
while Si2_i th ru S12-5 to handle about half 
these flows. 

Serves as sludge-handling condensate valve 
to drain contents of hotwell to re tent ion t anks . 

Serves as shut-off valve between one of the 
forced c i rcula t ion pump suction l ines and 
the feedwater pump suction, which, when in 
the open posit ion, will pe rmi t feedwater pump 
s t a r t - u p ci rculat ion down the annulus s u r 
rounding the r eac to r c o r e . 

SWi_i & 
SW 1 - 2 

SW, 

SW, 

One Pneu
mat ica l ly 
Operated 
Control , 4 in . 

Two Gate, 6 in. 

One Check, 
6 in . 

One Pneu-
nnatically 
Operated 
Control , 2 in . 

This valve ope ra t e s , in conjunction with 
the Si2 valves and cont ro ls , subcooled water 
flow r equ i r emen t s to the r e ac to r ; to handle 
normal ly up to about half the flow r a t e l i s ted 
under S j . 

Manually Serves as cooling water pump suction shut-off 
Operated valve; max imum flow r a t e 1200 gpm at 70° F ; 
Handwheel maximum p r e s s u r e drop about 2 p s i . 

None Serves to check r e v e r s e flow through pump; 
maximum flow about 1200 gpm at 70° F ; 
maximum p r e s s u r e drop 5 p s i . 

Serves to by-pass pump flow back to suction 
side of pump if p r e s s u r e builds up to p r e 
de te rmined value depending on control demands 
of valves SW4. 
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V a l v e D e s i g . N o . , S i z e Ik T y p e O p e r a t o r D a t a 

SW4_i & 
SW4-2 

T w o P n e u 
m a t i c a l l y 
O p e r a t e d 
C o n t r o l , 2^ i n . 

R a t i n g & P u r p o s e 

S e r v e t o c o n t r o l s h e l l - s i d e w a t e r f low to 
s t e a m c o n d e n s e r s #1 a n d # 2 , r e s p e c t i v e l y ; 
m a x i m u m n o r n n a l f low p e r v a l v e a b o u t 
450 g p m a t 70° F ; c h a r a c t e r i s t i c s p e r v a l v e 
t o p e r m i t h a n d l i n g of u p t o 30% m o r e a n d 
80% l e s s t h a n n o r m a l f l o w . 

SW5 
SWs 

SW5.J & 
SWs_4 

W i - i t h r u 

W,-4 

W2-1 thru 
W2-4 

Wj-i th ru 

Two Pneu 
mat ica l ly 
Operated 
Control , 1 Oin. 

Two E l e c t r i 
cally Operated 
Control , 1 2 in . 

Four E l e c t r i 
cally Operated 
Gate, 14 in. 

Four E l e c t r i 
cally Operated 
Gate, 12 in . 

Three E l e c t r i 
cally Operated 
Gate, 10 in. 

Serve to r e l e a s e s team to a tmospher ic 
exhaust from s team condensers while ma in 
taining p r e s e t sa tura ted back p r e s s u r e s 
cor responding to those ranging from 300° F 
to 486° F she l l - s ide t e m p e r a t u r e s ; and 
discharging up to the s team volume equiva
lent of 540 gpm at 70° F water pe r condenser . 

SMA-3-60 Sizes shown a r e applicable to double-
3.89 hp seated, V-por ted valves ; however, butterfly, 

plug, or other throt t l ing- type valves in r e 
quired number and s izes may be provided 
for each condenser to mee t application 
r e q u i r e m e n t s . 

SMA-3-80 Serve as pump suction shut-off va lves , 
5.2 hp max imum flow ra t e of 9000 gpm each at 

636° F , and 2000 ps ia ; maximum p r e s s u r e 
drop about 1 p s i . 

SMA-3-60 Serve as pump d i scharge shut-off va lves ; 
3.89 hp maximunn flow ra t e of 9000 gpm each at 

636° F and 2125 ps ia ; max imum p r e s s u r e 
drop about 5 p s i . 

SMA-3-60 Serve as inlet shut-off valves on water 
3.89 hp coolers #1 , #2, and #3, respec t ive ly ; 

each valve to pa s s up to 4, 167 gpm at 
636°F and 2,125 ps ia ; (12,500 gpm total 
flow); max imum p r e s s u r e drop about 
1 p s i . 

W^-j th ru 
W,_, 

Three Pneu 
mat ical ly 
Operated 
" Y " Pa t t e rn , 
8 in . 

Serve as wa te r - coo le r outlet l ine control 
valves pass ing water thru the th ree water 
coo le r s ; no rmal flow per valve as l i s ted 
under W3 above; maximum p r e s s u r e drop 
about 32 ps i , while pass ing no rma l flow of 
4,167 gpm at 486° F , with c h a r a c t e r i s t i c s 
per valve to handle 50% of normal flow 
r a t e s . 

Wg.i th ru 
Wc-, 

Three E l e c t r i 
cally Operated 
Gate, 1 in . 

SMA-00-72 Serve as by -pas s around W4 to provide a 
0.5 hp water flow c i r cu i t by which heated water 

may be c i rcu la ted to keep coo le r s at opera t 
ing t e m p e r a t u r e s during standby r ead ines s 
condition. 
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Table I (Cont'd.) 

Valve Desig . No., Size & Type Opera tor Data Rating & Purpose 

6 -1 

6-4 

th ru Four Pneu 
mat ica l ly 
Operated 
Butterfly, 10 in . 

Serve as by -pas s valves to control full pump 
capacity of 36,000 gpm at 636° F , and 2,125 ps ia , 
or to control no rma l 23,500 gpm flow of the 
36,000 gpm while balance of 12,500 gpm is con
t ro l led via valves W4 thru the water coo le r s ; 
c h a r a c t e r i s t i c s to be such that each valve can 
control down to 50% of normal flow of 5,880 gpm 
per valve; p r e s s u r e drop per valve while pass ing 
5,880 gpm at 486° F to be no g r ea t e r than about 
10 to 12 psi at about a 53° valve open posit ion, 
with valve blade and shaft design to sustain up to 
125 psi maximum differential while control l ing 
at sma l l e r flows approaching a 0° open blade 
pos i t ion . 

Wy., th ru 
W,.4 

WW, 

WW, 

Four E l e c t r i 
cally Operated 
Gate, 1 in . 

One E l e c t r i 
cally Operated 
Gate, 6 in . 

One Check, 
6 in . 

SMA-00-
0.5 hp 

Manually 
Operated 
Handwheel 

None 

Serve as by -pas s around valves W^ to provide a 
water flow c i rcu i t by which heated water may be 
c i rcu la ted to keep pumps at near operat ing t e m 
p e r a t u r e s during standby condition. 

Serves as cooling water pump suction shut-off 
valve; max imum flow ra t e about 1,200 gpm at 
70°F ; max imum p r e s s u r e drop about 4 p s i . 

Serves to check r e v e r s e flow th ru pump; max i 
mum flow about 1,200 gpm at 7 0 ° F . 

WW, One Pneu
mat ical ly 
Operated 
Control , 2 in . 

Serves to by -pas s pump flow back to suction 
side of pump if p r e s s u r e builds up to p r e d e t e r 
mined values depending on control demands of 
valve WW4. 

WW4_, thru Three Pneu-
WW4. ma tic ally 

Operated 
Control , 2^ in . 

Serve to control she l l - s ide water flow to water 
coo le r s #1 , #2, and #3, respec t ive ly ; max imum 
normal flow pe r valve about 480 gpm at 70° F ; 
c h a r a c t e r i s t i c s per valve to pe rmi t handling 
of 50% of normal flow. 

WW5_i, 
WW5-3'& 
WW5.5 

Three Pneu
mat ica l ly 
Operated 
Control , 8 in . 

Serve to r e l e a s e s team to a tmospher ic exhaust 
f rom water coo le r s while maintaining p r e s e t 
sa tu ra ted back p r e s s u r e s corresponding to 
those ranging from 320°F to 486°F she l l - s ide 
t e m p e r a t u r e s , and discharging up to the s team 
volume equivalent of 400 gpm of 70° F water per 
coole r . 

W W 5 . 2 , 

WW5_4 & 

WW5_6 

Three , 12 in. Sizes shown a r e applicable to double-seated 
valves ; however , butterfly, plug , or other 
throt t l ing- type valves in r equ i red number and 
s izes may be provided for each cooler to meet 
application r e q u i r e m e n t s . 
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Table II 

ESTIMATED PRIMARY SYSTEM P I P E AND FITTING REQUIREMENTS 

S team and F e e d w a t e r Sys t em 

P i p e (Centr i fugal Cas t ) 

Size 
(in.) 

14 
12 
10 

8 
6 
4 

Weight 
(lb) 

2,820 
13,600 
15,500 

2,200 
2,100 
1,120 

Length 
(ft) 

18 
105 
168 

37 
60 
70 

F i t t i n g s 

Long Rad ius , 
90° E l l s 

one 
s ix teen 90° 
one 1 0 x 8 
one 45° 

eight 90° 
four 45° 

T e e s 

2 

Caps 

2 
2 
2 

R e d u c e r s 

five 8 x 4 
five 6 x 4 

Ori f ice F l a n g e s 

1 

1 
5 

E s t i m a t e d weight of piping - 37,400 lb one 12 in . s t r a i n e r 
one 12 in . bl ind du tchman* 

F o r c e d C i rcu la t ion Systenn 

P ipe (Centr i fugal Cas t ) 

Size 
(in.) 

30 
20 
18 
16 
14 
12 
10 

8 

Weight 
(lb) 

19,400 
53,300 
19,550 
10,000 

200 
14,800 

8,000 

2,150 

Length 
(ft) 

27 
162 

76 
49 
13 

114 
87 

36 

F i t t i ngs 

Long Rad ius , 
90° E l l s 

four 

twelve 

T e e s Caps 

4 

5 

1 

1 

R e d u c e r s 

one 30 x 18 
four 20 X 14 

four 1 6 x 1 4 

s ix 12 X 8 
t h r e e 10 x 8 

Bends 

four 90° X 72 in . Rad . 

t h r e e 90° x 60 in . Rad . 
t h r e e 180° x 60 in . Rad . 

E s t i m a t e d weight of pipe and bends - 136,000 l b s . 3 p r . of 10 in . Or i f ice f langes 
o r 

3 ea . of 10 in . F low tubes 
depending on s tep cons t ruc t i on 

*Blind dutchman sha l l be m a d e up with or i f i ce f langes and connected to D P ce l l for future 
u s e . Or i f ice wil l r e p l a c e b l ind p la te when r e q u i r e d . 
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A glass - l ined carbon s tee l stack, approximately 10 ft 
d iameter by 125 ft high, will be located adjacent to the s team condenser 
a r e a . The valve manifold shall be located at the base of the stack in a 
sheet meta l building. 

3. Secondary System 

a. General 

The secondary sys t em will be incorpora ted in Step II 
with the instal lat ion of the forced-c i rcula t ion water coo le r s . The second
ary s t eam shal l be piped around the main building to the back p r e s s u r e -
regulating manifold at the base of the s tack. 

b . Feed-Wate r Pumps 

The carbon steel feed-water pumps will take suction 
from the water t r ea tment sys tem. The capacity of each pump shall be 
800 gpm at approximately 1560-ft total developed head with 70°F wate r . 
At a d i scharge ra t e of 1200-gpm, approximiately a 900-ft total developed 
head will be requ i red . 

One p\imp will be insta l led with the water coolers in 
Step II and one ptimp with the steami condensers for Step III. When both 
ptimps a r e instal led, the d i scharge piping shal l be a r r anged for para l le l 
operat ion. 

A suitable by -pass sys tem around the pumps i s r e 
quired to accommodate a wide var ia t ion in operat ing condit ions. 

c. Piping and Valves 

Lines shall be sized for flow veloci t ies of approxi 
mate ly 10 fps. Pipe and valves on the cold side of the sys t em shal l be 
s t ra ight carbon s tee l . The s t eam discharge piping and valves from the 
shell to the regulat ing manifold at the base of the stack shall be fabr i 
cated from suitable low alloy carbon steel such a s 2 - l / 4 % chromium-1% 
molybdenum al loy. 

4. Auxil iary Systeras 

The aixxiliary sys t ems d i scussed in the following pages 
mus t be studied in detai l by the Arch i t ec t -Eng inee r . All the reqxxirements 
stated here in a r e to be xmderstood as suggest ions only and a r e subject to 
review and a l te ra t ion by the Arch i t ec t -Eng ineer and the I jaboratory. 

Vents and d ra ins m u s t be provided at appropr ia te points in 
the sys tem and a r e to be de termined by the Arch i tec t -Engineer a s the design 
p r o g r e s s e s , and shown on the p roper flow c h a r t s . 
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S/ 
Numbers in pa ren theses preceding i t e m s of equipment r e 

fer to identifying numbers on the flow cha r t s , F i g s , 10 and 11 . Step ident i 
fications indicate the f i r s t step in which this eqmpment i s reqt i i red. 

a. Water Supply System (Step I) 

(1) Deep Well Pumps (2) 

Capacity - 600 gpm each 
Depth - Approximately 600 feet, as requi red 
Discharge - To Raw Water Storage High Tank and 

Domestic Storage Tank. 
Location - Auxil iary Equipment Area 
M o t o r - 4 4 0 - v 3-phase, 60-cycle AC 
Control - F r o m High Tank Level and Domest ic 

Storage Tank P r e s s u r e with local manual 
ove r r ide . 

(2) Raw Water Storage High Tank 

Capacity - 100,000 gal 
Type - Elevated with 100-ft head (insulated per 

no rma l p rac t i ce ) . 
Heating - E lec t r i ca l for tank and r i s e r to prevent 

freezing. 
Location - Adjacent to Aiixiliary Equipment A r e a 
Mater ia l - Carbon Steel 

(3) Water Trea tment System 

Capac i ty - 1500 gpm 
Resis t iv i ty - 1 Megohm 
Raw Water Hardness - Water ana lyses for two 

wells near the ARBOR si te a r e given in A p 
pendix A. 

Type - Straight deminera l iza t ion with automatic 
regenera t ion 

Chemical Storage Capac i ty - 30 days 
Location - Auxil iary Equipnnent Area 
E lec t r i ca l Components - 110-v, 1-phase, 60-cycle 

AC, if r equ i red . 

(4) Treated Water Storage Tank 

Capac i ty - 1000 gal 
Tank Mate r i a l - Carbon Steel, coated 
Design P r e s s u r e - 75 psig 
Design T e m p e r a t u r e - 150F 
Connections - as requi red (screwed or flanged) 
Location - Auxil iary Equipment Area 
Inspec t ion -ASME Code Stamp r e q m r e d 
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Piping - Type 304 s ta in less s teel or alumintxm 
Fi t t ings - Aluminxrm or s ta in less s tee l flanged or 

screwed, as applicable 
Valves - Aluminxim or s ta in less s teel flanged or 

sc rewed, as applicable 

Auxil iary Cooling Water System (Step I) 

(9) Axixiliary Cooling Water Receiving Tank 

Capacity - 1000 gal 
Mater ia l - Carbon Steel 
Design P r e s s u r e - 25 psig 
Design T e m p e r a t u r e - 200F 
Connections - As r equ i red (screwed or flanged) 
Location - Axixiliary Equipment Area 

(10) Auxil iary Cooling Water Circulat ing Pximps 

Capacity - 1000 gpm each (This is an es t imated ca
pacity only. The exact r equ i r emen t s with r e s e r v e 
capaci ty shall be de te rmined by the Arch i tec t -
Engineer after a complete analys is of the 
sys tem.) 

Quantity - 2 ( 1 opera t ing and 1 stand-by) 
Discharge Head - Approximately 50 ps ig (de

t e rmined by Arch i t ec t -Eng inee r ) . 
Mate r ia l - Carbon Steel or Cast I ron 
Connections - Flanged or sc rewed. 
Locat ion - Auxil iary Equipment Area 
Motors - 440-v, 3-phase , 60-cycle AC. 
Control - Manual s t a r t - u p with automatic switch 

to s tand-by on low d ischarge p r e s s u r e . 

(11) Auxil iary Cooling Water System Ai r -Cooled Heat 
ExchaJiger 

Capacity - Approximately 3,000,000 B t u / h r . (This 
is an e s t ima te . The exact r equ i r emen t s a r e to 
be de te rmined by the Arch i t ec t -Eng inee r after 
an analys is of the cooling water sys tem. De
sign c r i t e r i a may be es tabl i shed after all heat-
removal capabi l i t ies of each heat exchanger , 
pump, s to rage pit , r e ac to r shield, e t c . , a r e de
te rmined . The heat exchanger shall be designed 
to remove all p r o c e s s heat up to the point where 
the a i r t e m p e r a t u r e r eaches 60F. When the a i r 
t e m p e r a t u r e goes above 60F supplemental cool
ing may be secu red by a cooling tower to ma in 
tain the cooling water t e m p e r a t u r e enter ing the 
r ece ive r tank at 85F.) 
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Design P r e s s u r e - 75 psig 
Type - Fan-cooled, horizontal finned tube 
Mater ia l - Carbon Steel, s tandard construct ion 
Control - Louvers responsive to outlet water 

t empera tu re 
Fan Motors - 440-v, 3-phase, 60-cycle AC 
Location - Adjacent to Auxil iary Equipment Area 
F r e e z e - u p Pro tec t ion - Adequate provision mus t 

be made for prevent ion of coil f r eeze -up during 
winter t ime shutdown. Normal decay heat r e 
moval will probably provide enough t empera tu re 
to prevent freezing during t ime when reac to r is 
not operat ing. However, provis ions mus t be 
made for the t ime when no decay heat i s being 
removed or when cooling water pumps a r e not 
operating 

Inspection - ASME Code Stamp r e q m r e d . 

(12) Cooling Tower 

Capacity - Cooling tower s ize shall be de te rmined 
by the Arch i tec t -Engineer after an ana lys is of 
the sys tem r e q m r e m e n t s . The cooling tower is 
to be used a s a supplement to the a i r -coo led 
heat exchanger when high ambient a i r t e m p e r a 
tu res prevent reduction of cooling water t e m 
pera tu re to 85F. 

Mate r ia l - Wood and Carbon Steel 
Location - Adjacent to Auxil iary Equipment Area 
F r e e z e - u p P r o t e c t i o n - Provis ions mus t be made 

for complete dra inage during winter . 
Piping - Schedule 40 carbon s teel for al l previously 

descr ibed equipment and to and from all heat 
exchangers , aux i l i a r i es , e tc . , se rved by the 
sys tem. 

Fi t t ings - Carbon s teel , cas t i ron, or bronze: 
flanged or screwed, as appl icable . 

Valves - Carbon s teel , cas t i ron, or bronze: 
flanged or screwed, as appl icable . 

F i l t e r s - The f i l ters shal l be of the Ful-f lo type 
using cotton l i ne r s , s ized for a max imum p r e s 
sure drop of 3 psi after flow requ i remen t s a r e 
de te rmined . 

Shield Cooling System (Step 1) 

(1 7) Shield Cooling Circulating Pumps 

Capacity - 50 gpm each 



Quantity - 2 ( 1 operating and 1 stand-by) 
Discharge Head - Approximately 25 psig (de

te rmined by Ar ch i tec t -Engineer ) . 
Mater ia l - Steel or Cast Iron 
Connections - Screwed 
Loca t ion- P r i m a r y System Water Service Area 
M o t o r - 4 4 0 - v , 3-phase, 60-cycle AC. 
Control - Manual 

(18) Shield - Cooling Heat Exchanger 

Heat-Removal Capacity - approximately 260,000 
Btu /hr 

Mate r i a l s - Carbon Steel Shell - Admira l ty Bronze 
Tubes 

Connections - Screwed 
Water T e m p e r a t u r e s -

Shell Side - Cooling Water (softened) 
Inlet - 85F 
Out le t - 115F 

Tube Side -Shie ld Cooling Water (softened and 
demineral ized) 

I n l e t - 1 4 0 F 
Out le t - 125F 

Design P r e s s u r e - 50 psig 
Inspection - ASME Code Stamp requ i red 
Loca t ion - P r i m a r y System Water Service Area 

(19) Cooling Coil Ar rangemen t (ver t ical lead l iner and 
pipe s leeves) 

Number of coils - 24 operat ing and 24 spare : each 
coil approximate ly 18 in. high with tubes on 
4 - l / 2 - i n . cen te r s with spa re coil tubes wound 
between operat ing coil tubes . 

Coil Tubes - l / 2 in. OD x l6 ga AISI Type 304 
s ta in less s tee l 

Location of Coils - Imbedded in 3-in. lead shield 
around inside d i ame te r of r eac to r pit, a t tached 
to s tee l inner sh ie ld form. 

Valves - l / 4 - i n . I .P .S . carbon s teel screwed 
globe on outlet of each coi l . 

Cooling Flow through each Coil - approximate ly 
2 gpm 

Flow Measu remen t - 3-gpm capacity r o t a m e t e r s 
located in each outlet line before enter ing r e 
turn manifold; each ro t ame te r may a l so s e rve 
matching spa re coi l . 
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Valve and Rotameter Location - P r i m a r y System 

Water Service Area 

(20) Cooling Coil Ar rangement (Reactor Pit Floor) 

Nvunber of Coils - 6 operat ing and 6 spa re of the 
hairpin type: each coil to have tubes on 6-in. 
cen te r s , with spa re coils mounted between 
operating co i l s . 

Coil Tubes - l / 2 in. OD x 16 ga. AISI Type 304 
s ta in less s teel 

Location of Coils - Imbedded in concre te of r e 
actor pit floor, not over 1 in. below surface . 

Valves - l / 4 - i n . I .P .S . - Carbon s tee l screwed 
globe valves on outlet of each coil . 

Cooling Flow through each Coil - approximate ly 
2 gpm 

Flow Measurement - 3-gpm capacity r o t a m e t e r s 
located in each outlet line before enter ing r e 
turn manifold: each ro t ame te r may a l so se rve 
matching spare coil . 

Valve and Rotamete r Loca t ion- P r i m a r y System 
Water Service Area 

(21) Cooling Ar rangement - ( reac tor top cover shield) 

Cooling Connections - 4(2 inlet and 2 outlet) 
Valves - 3 /4- in . I .P .S . carbon s tee l screwed 

globe valves on each inlet and outlet line at 
connection to manifold. 

Connections - A r m o r e d hoses with quick d iscon
nect shut-off-type couplings at shield and in 
operating floor so that no pipes project above 
floor line after hoses a r e disconnected. 

Relief Valve - one requ i red on one of d i scharge 
l ines between shield and hose disconnect 
coupling; d i scharge p r e s s u r e 50 ps ig . 

Pipe Size - 3 /4 - in . Schedule 80 carbon steel p ipe . 
Cooling Flow - Approximately 5 gpm per con

nection 
Flow Measu remen t - 5-gpm capaci ty rotanneter 

location in each outlet l ine enter ing r e tu rn 
manifold. 

Valve and Rotamete r Loca t ion - P r i m a r y System 
Water Service Area 

(22) Cooling Ar rangemen t - Top Shield Outer Segments 

Cooling Connections - 8 ( 1 inlet and 1 outlet for 
each of 4 segments) 

Coil Tubes - 1/2 in. OD x I6 ga. AISI Type 304 
s ta in less s tee l . 
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Valves - 3 /4- in . I .P .S . carbon s tee l screwed 
globe valves on inlet and outlet line at con
nection to manifold. 

Connections - Armored hoses with quick d iscon
nect shutoff-type couplings at segment and at 
operating floor so that no pipes project above 
floor line after hoses a r e disconnected. 

Relief Valves - one requi red on outlet f rom each 
segment between segment and disconnect 
coupling; d i scharge p r e s s u r e 50 ps ig . 

Pipe Size - 3 /4- in . Schedule 80 carbon s teel pipe. 
Cooling Flow - 3 gpm per segment . 
Flow M e a s u r e m e n t - 3-gpm capacity ro t ame te r 

located in each outlet line before enter ing r e 
turn manifold. 

Valve and Ro tamete r Location - P r i m a r y System 
Water Service Area . 

Storage P i t Cooling and Cleanup System (Step I) 

(23) Storage Pi t Cooling Heat Exchanger 

Heat -Removal Capacity - Approximately 75,000 
Btu /hr 

Mate r i a l s - Carbon Steel Shell - AISI Type 304 
s ta in less s tee l tubes, tube shee ts , and heads . 

Connections - Screwed, 
Water Tempera tu re -

Shell Side - Cooling Water (softened) 
Inlet - 85F 
O u t l e t - l l O F 

Tube Side - Storage pit water (demineral ized) 
In le t - 120F 
Outlet - 95F 

Design P r e s s u r e - 50 psig 
Loca t ion - Pr innary System Water Service Area 
Inspection - ASME Code Stamp requ i red . 

(24) Storage P i t Cleanup Circulat ing Pump 

Capac i ty - 15 gpm 
Discharge Head - Approximately 15 psig 
Mate r i a l - Carbon s tee l , g lass or rubber - l ined . 
Connections - Screwed 
Loca t ion - P r i m a r y System Water Service Area 
M o t o r - 4 4 0 - v , 3-phase , 60-cycle AC 
Control - Manual 
Design P r e s s u r e - 50 psig 



(25) Storage Pit Cleanup Line F i l t e r 

Type - " F u l - F l o " type with cotton l ine r s 
P r e s s u r e D r o p - 3 psi maximiim at 15 gpm. 
Mater ia l - AISI Type 304 s ta in less s teel 
Connections - Screwed 
Location - P r i m a r y System Water Service Area 
Shielding- The fil ter casing is to be a r r anged 

for quick removal of l iners and shielded with 
lead to provide a maximum surface level 
reading of 10 m r / h r . 

(26) Storage Pi t Cleanup Ion Exchanger 

Type - Mixed Bed 
Design P r e s s u r e - 50 psig 
Capac i ty - 15 gpm deminera l ized water 
Location - Pr inaary System Water Service A r e a 
Shielding- The ion exchangers a r e to be a r r anged 

for quick removal of r e s in cans and shielded 
with lead to provide a max imum surface level 
reading of 10 m r / h r . 

Piping, Valves, Fi t t ings -AISI Type 304 s ta in less 
s teel , screwed. 

(28) Flow Measu remen t 

Rotameter - 15-gpm capacity 
Mater ia l - AISI Type 304 or 316 s ta in less s teel 
Connections - Screwed or flanged 
Location - Fuel Storage Pi t Area of P r i m a r y 

System Water Service Area 

Cooling Water to Pumps (Step I) 

(29) Feed-wa te r Pumps 

Cooling Water Requi rements - a s r equ i red by 
pximps. 

(30) Forced Circulat ion Pumps 

Cooling Water Requi rements - as requ i red by 
pumps. 

Piping Valves, Fi t t ings - Carbon s tee l , sc rewed 

Reactor Water Cleanup System (Step III) 

(32) Reactor Water Cleanup Regenera t ive Heat 
Exchanger 

Heat Exchange Capacity - Approximately 
3,850,000 B tu /h r . 



Design P r e s s u r e - 2500 psig at 670F (both s ides) . 
Mater ia l -

Shell - AISI Type 304 s ta in less s teel (AISI Type 
405 s ta in less s teel possible a l te rna te ) . 

Tubes , Tube Sheets , and Heads - AISI Type 304 
s ta in less s tee l (AISI Type 405 s ta in less s teel 
poss ible a l te rna te ) . 

T e m p e r a t u r e s -
Tube side - deminera l ized water 

Inlet - 630F 
Outlet - 310F 

Shell s ide - deminera l ized water 
Inlet - UOF 
Outlet - 430F 

Connections - Welded 
Construct ion - Rolled Tubes 
Location - P r i m a r y System Water Service Area 
Inspection - ASME Code Stamp requ i red . 

(33) Reactor Water Cleanup Cooler 

Heat Removal Capacity - Approximately 2,000,000 
B tu /h r 

Design P r e s s u r e -
Shell side - 150 psig 
Tube side - 2500 psig 

Mater ia l -
Shell - Carbon Steel 
Tube, Tube Sheets , and Heads - AISI Type 304 

s t a in less s teel 
T e m p e r a t u r e s -

Tube Side - Deminera l i zed water 
Inlet - 310F 
Outlet - UOF 

Shell side - Softened water 
Inlet - 85F 
Outlet - 160F 

Connections - Flanged or welded as applicable 
Construct ion - Welded-in tubes 
Location - P r i m a r y System Water Service A r e a 
Inspection - ASME Code Stamp requ i red . 

(34) Reactor Water Cleanup F i l t e r s 

Type - "F \ i l -F lo" with cotton l ine r s 
Quantity - 2 
P r e s s u r e Drop - 3 psi at 25 gpm. 
Mate r i a l - AISI Type 304 s ta in less s tee l 
Design P r e s s u r e - 2500 psig 



Shielding- The filter casings a r e to be a r r anged 
for quick removal of l i ne r s by overhead c rane 
and shielded with lead to provide a max imum 
surface level reading of 10 m r / h r . 

Connections - Welded or flanged as applicable 
Loca t ion - P r i m a r y System Water Service Area . 

(35) Reactor Water Cleanup Ion Exchanger 

Type - Mixed bed with cation bed preceding for 
p re l imina ry scrubbing. 

Design P r e s s u r e -2500 psig 
Capac i ty - 25 gpm deminera l ized wate r each. 
Location - Active Equipment Area 
Shielding- The ion exchangers a r e to be a r r anged 

for quick removal of r e s in cans by overhead 
c rane and shielded with lead to provide a m a x i 
mum surface level reading of 10 m r / h r . 

(36) Reactor Cleanup Booster Piimp 

Capacity - 40 gpm 
Quantity - 1 
Discharge Head - approximate ly 50 psig 
Mater ia l - AISI Type 304 s ta in less s tee l 
Design P r e s s u r e of Casing - 2500 psig 
Connections - flanged or welded 
M o t o r - 4 4 0 - v , 3-phase, 60-cycle AC 
Control - Manual 
Location - Active Equipment Area 

Flow Measu remen t (Control Drive Thimble Cooling 
Water) 

Ro tame te r s (each thimble) - 1000 c c / m i n capacity 
Design P r e s s u r e -2500 psi 
Design T e m p e r a t u r e - 150F 
Mate r i a l - AISI Type 304 or 316 s ta in less s t ee l . 

Packing m u s t be radiat ion r e s i s t a n t . Ma te r i a l s 
other than asbes tos or nylon mus t be specifically 
approved by the Labora to ry . 

Connections - flanged or welded 
Location - P r i m a r y System Water Service Area 

Flow Measu remen t (Control Drive Leakage) 

Ro tame te r s (each drive) - 1000 c c / m m capaci ty 
Design P r e s s u r e - 100 psig 
Design T e m p e r a t u r e - 150F 
Mate r i a l - AISI Type 304 or 316 s ta in less s t ee l . 

Packing mus t be radiat ion r e s i s t an t . Ma te r i a l s 
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other than asbes tos or nylon mus t be specifi
cally approved by the Labora to ry . 

Connections - Flanged or screwed 
Location - P r i m a r y System Water Service Area 

Piping, Valves, Fi t t ings 

Mate r ia l - P r i m a r y Side -AISI Type 304 s ta in
l e s s s tee l Schedule 160 welded. Secondary 
Side - carbon steel Schedule 40 screwed or 
flanged. 

Design P r e s s u r e - 2500 psig at 670F 

P r i m a r y Water Make-up System (Step III) 

(38) Make-up Tank 

Capacity - 500 gal 
Mate r i a l - AISI Type 304 s ta in less s tee l 
Design P r e s s u r e - 50 psig at 200F 
Connections - welded or screwed 
Location - P r i m a r y System Water Service Area 
Inspec t ion-ASME Code Stamp requ i red 

(39) P r i m a r y Water Make-up Ion Exchanger 

Type - Mixed bed 
Design P r e s s u r e - 50 psig 
Capac i ty - 15 gpm softened water 
Location - Atixiliary Eqmpment Area 

(40) P r i m a r y Water Make-up Pumps 

Capac i ty - 17 to 20 gpm each 
Quantity - 2 ( 1 operat ing and 1 stand-by) 
Discharge H e a d - 4 0 0 0 psi (positive d isplacement 

type). 
Operating Tempera tu re - lOOF 
Mate r i a l -AISI Type 304 s ta in less s tee l 
Connections - flanged or welded 
M o t o r - 4 4 0 - v , 3-phase, 60-cycle AC 
Loca t ion - P r i m a r y System Water Service Area 
Control - Manual 

Piping, Valves, Fi t t ings 

Mater ia l - AISI Type 304 s ta in less s teel welded 
Design P r e s s u r e -4000 psi a t 200F on pump d i s 

charge side; 50 psig at 200F on pump suction 
s ide . 



Core Spray System (Step I) 

(42) Boric Acid Crys ta l Tank 

Capacity - Approximately 250 gal 
Mater ia l - AISI Type 304 s ta in less s tee l 
Type - Special design drawing furnished by the 

Labora tory . 
Location - Reactor operat ing floor upper level 
Design P r e s s u r e - 50 psig 
Inspection - ASME Code Stamp requ i red 

Special Valves 

DC solenoid valves actuated by s imultaneous low 
reac to r p r e s s u r e and water level signals (see 
Flow Chart , F ig . 12). 

Piping, Valves and Fi t t ings 

Mate r ia l s - Storage Tank to Bor ic Acid Tajik -
Carbon Steel, Schedule 40, sc rewed. Boric 
Acid Tank to Reactor -AISI Type 304 s ta in less 
s teel . Schedule 40 between tank and f i r s t 
solenoid valves , schedule 160 between f i r s t 
valve and r eac to r . 

Chemical Shutdown System 

(45) Chemical Shutdown Bor ic Acid Tanks 

Capac i ty - 900 gal each (2) 
Contents - 900 gal (total in 2 tanks) concentrated 

bor ic acid solution. 
Operating P r e s s u r e - 3000 psi 
Design P r e s s u r e - 3600 ps i 
Design Tempera tu re - 250F 
M a t e r i a l - carbon s teel with AISI Type 304 stain

l e s s s tee l l ine r . 
Inspec t ion-ASME Code Stamp requ i red 
Location - Atixiliary Equipment Area 

(46) Compressor 

Capac i ty - 1 cfm at 3000 psi 
Mater ia l - Standard construct ion 
Control - t ank p r e s s u r e between l imi t s 
Location - Auxil iary Equipment Area 

(47) Special Valves 

DC solenoid-ope ra ted valves connected into 
s c r a m c i rcu i t of control sys t em (see Flow 
Chart , F ig . 11). 
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Valves, P ipe , Fi t t ings 

AISI Type 304 s ta in less s teel to mee t design 
p r e s s u r e r equ i r emen t s . 

j . Vesse l Closure Heating System 

(49) Steam Genera tor 

Capacity - 1500 Ib /h r 
Maximiim T e m p e r a t u r e - 825° 
Maximum P r e s s u r e - 2000 psig 
Heat Source - Fuel oil (medium grade) 
Auxi l iar ies - Feed pitmp and controls 

- M a t e r i a l - Carbon steel (low alloy 4-6 chrome 
min.) 

Location - Auxil iary Equipment Area 

k. Vent and Drain Systems 

Vent and dra in r equ i remen t s cannot be defined in d e 
tail until a l l equipment i s designed and specified. In genera l it will be 
n e c e s s a r y to provide vents a t a l l high points of the sys t em run to app ro 
p r i a t e collection points . Drains shall be provided from al l low points of 
the s y s t e m . All act ive d ra ins will lead to the waste retent ion t anks . Active 
d ra ins will include everything in the sy s t em except the effluent f rom the 
san i ta ry faci l i t ies in the control building. It shal l be the duty of the 
Arch i t ec t -Eng ineer to connect a l l vents and d ra ins into their r e spec t ive 
sys t ems as the design p r o g r e s s e s . 

1. Domest ic Water System 

(50) Storage Tank 

Capacity - 750 gal 
Mate r i a l - Aluminum or g lass - l ined carbon s teel 
Design P r e s s u r e - 125 psig 
Design T e m p e r a t u r e - lOOF 
Connections - Screwed 
Loca t ion - Control Building Basement 
Inspec t ion-ASME Code Stamp requ i red 

Water Heater 

Capacity - 80 gal 
Type - E lec t r i ca l ly heated, domest ic 
Location - Control Building Basement 
Service - Pe r sonne l Showers , Lava to r i e s , Labora

tory Sink 

Toilet Fac i l i t i e s 

Number of P e r s o n n e l - 15 ma le s 
Shower Stalls - 3 
Dra ins - To Septic Sys tem 
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Emergency Shower 

Location - Auxil iary Equipment Area near a c c e s s 
door to P r i m a r y System Water Service Area 

Drain - To Waste Retention Tanks 

Drinking Fountain 

Quantity - 1 
Type - E l ec t r i c Cooler 
Location - Control Building Ground Floor 

m. Waste Retention and Discharge Storage Tank System 

(51) Waste Retention Tanks (Step 1) 

Quantity - 3 
Capac i ty - 9000 gal each 
Approximate Size - 8 ft d iameter by 24 ft long 
Mater ia l - Carbon s tee l 
Drain - Bottom of tank 4 in. I .P .S . flanged 
Manhole - 20- in . d iameter on head 
Ven t - Top ( l / 2 in. I .P .S . screwed) 
Liquid Level Gauge - 6 ft high from bottom of 

tank (screwed connections) 
Inlet - 3 in. flanged on top side 
Design P r e s s u r e - 15 psig 
Inspection - ASME Code Stamp requ i red 
Location - Active Storage Area 

(5^) Discharge Storage Tanks (Step III) 

Quantity - 3 
Capac i ty - 12,000 gal each 
Approximate Size - 8 ft d i amete r by 32 ft long 
Mater ia l - Coa,ted s tee l 
Drain and Inlet - 4 in. flanged on bottom 
Manhole - 20-in. d iamete r on head 
Ven t - Top ( l / z in. I .P .S . screwed) 
Liquid Level Gauge - (1 requ i red only) 6 ft high 

from bottom of tank 
Design P r e s s u r e - 15 psig 
Inspection - ASME Code Stamp requ i red 
Location - Active Storage Area 

(53) Waste Retention Tank Transfer Pump (Step I) 

Capac i ty -100 gpm 
Discharge Head- 35 psig 
Mate r ia l - Bronze 
Connections - Screw^ed 
M o t o r - 4 4 0 - v , 3-phase, 60-cycle AC 
Location - Active Storage Area 
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(54) Pump Pi t Sump Pump (Step I) 

Quantity - 4 
Capacity - 60 gpm 
Mater ia l - Bronze 
Type - Ver t ica l - 5 ft extended shaft 
M o t o r - 4 4 0 - v , 3-phase, 60-cycle AC 
Control - F loa t switch 
Discharge - t o Discharge Storage Tanks or to 

Retention Tanks by valve select ion 
Location - Active Equipment Pi t 

Piping, Valves, Fi t t ings 

Mate r i a l - AISI Type 304 s t a in less s teel where 
requi red , r ema inde r carbon s tee l or b ronze . 

Design P r e s s u r e - A s appl icable . 

(55) D i s c h a r g e - S t o r a g e Tank Transfer Pump (Step III) 

Capac i ty -100 gpm 
Discharge H e a d - 35 psig 
Mate r ia l - Aluminum or g lass - l ined carbon s tee l 
Connections - screwed 
Motor - 440-v, 3-phase, 60-cycle AC 
Location - Active Storage Area 

6. Building Serv ices 

a. Main Building 

Heating - The Main Building shall be heated by means 
of oi l - f i red or e l ec t r i c heating units with forced a i r d is t r ibut ion. A m i n i 
mum t e m p e r a t u r e of 50F shall be maintained in al l a r e a s of the Main 
Building during the mos t s eve re winter wea ther . Each heating unit shall 
be individ\ially controlled by a t he rmos ta t located in the a r e a se rved by the 
unit. 

Ventilating - The upper portion of the High Bay Area 
and the Auxil iary Equipment Area shall be provided with sufficient vent i 
lat ion to mainta in a max imum t e m p e r a t u r e of lOF above the outside ambient 
t empe ra tu r e with the reac to r operat ing in s u m m e r wea ther . 

The r eac to r compar tment shall be separa te ly vent i 
lated by a blower which draws a i r downward past the s ides of the r eac to r 
v e s s e l and d i scha rges via the lOO-ft high stack at a r a t e of approximate ly 
500 cfm. 

The act ive eqmpment pit shal l be cooled by water 
cooling coi ls , a i r venti lat ion, or a combination of these in o rder to m a i n 
ta in the pit a t a t e m p e r a t u r e not to exceed 120F with the reac to r opera t ing. 
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F i r e Protec t ion and Decontaminat ion- The ent i re Main 

Bviilding shall be equipped with a spr inkler sys tem to afford protect ion 
against fire and to provide a means for init ial decontamination of the build
ing following accidental spread of contamination. The spr inkler systena 
shall be manually controlled by separa te valves for the High Bay Area , the 
Atixiliary Equipment Area , P r i m a r y System Water Service Area , and the 
act ive equipnaent pit, a l l located in the control room., and by individual 
manual valves located in the a r e a s named. Fus ib le spray nozzles shal l 
not be used. 

An a r e a f ire a l a r m sys tem shal l be provided, as de 
scr ibed in Section I I I - E - 3 . In addition, an automat ic carbon dioxide f i re 
extinguisher sys tem shall be instal led to protec t the forced circulat ion and 
r eac to r feedwater pumps . 

Compressed Air - A se rv ice a i r c o m p r e s s o r having a 
mininaum capacity of 30 cfm at 120 psig shall be located in the Auxil iary 
Equipment Area . The unit shall have a 100-cu ft receiving tank. Service 
l ines for power tools and genera l use shall provide dis t r ibut ion to al l pa r t s 
of the main building. A 2- in . I .P .S . line shall extend to the vicinity of the 
r eac to r on the High Bay Area operat ing floor level to provide a i r for 
impact tool operat ion. No a i r l ines from this c o m p r e s s o r shall enter the 
Control Building, ei ther at ground floor or basement level . 

Emergency Shower - An emergency shower, to be used 
p r imar i l y for personnel decontamination, shall be located adjacent to the 
a c c e s s door connecting the P r i m a r y System Water Service Area and the 
Aiixiliary Equipment A r e a . The shower shall be supplied f rom the high 
raw water s torage tank. 

Drains - The act ive equipment pit shall be provided 
with sumps and stimp pumps as specified in Section I I I -D-3 . The Auxil iary 
Equipment Area shall be provided with floor d ra ins , one of which shal l be 
located below the emergency shower. These d ra ins shall be connected to 
the waste retention tanks . 

Fuel Storage Pi t - The sump in the floor of the fuel 
s to rage pit shall be provided with a valved dra in connecting to the waste 
retent ion tanks . An overflow dra in pipe, not valved, shall a l so be con
nected. The overflow shall t e rmina te in a ve r t i ca l pipe with i ts upper end 
4 in. below the r eac to r operating floor level , and shall extend downward 
within the pit a t l eas t 18 in. before pass ing out through the pit wal l . A 
coupling shall be located 12 in. below the open end of the overflow pipe. 

A clean water inlet, supplied f rom the t r ea ted water 
storage-tank, shall enter the fuel s torage pit a t the top and shal l t e rmina te 
in a f loat-control led valve whose d i scharge shall be located 18 in. below 



the r eac to r operat ing floor level . The f loat-control led valve shall be ad
justable to control the water level in the pit at any set point from. 4 to 16 in. 
below the r eac to r operat ing floor level . The water inlet line shall a l so be 
equipped with a manvial stop valve located in the Auxil iary Equipment Area . 

The fuel s torage pit shall be equipped with a c lean-up 
sys tem as specified in Section I I I -D-3 . The intake to this sys tem shal l be 
located in the side of the pit 6 in. up from, the pit floor and shall be p r o 
tected f rom the en t ry of debr i s by a s c r e e n or other suitable a r r a n g e m e n t . 
The d ischarge from the c lean-up sy s t em shal l enter the pit through the wall 
18 in. below the reac to r operat ing floor level . 

b . Control Building 

Heating, Ventilating, and Air Conditioning - The ent i re 
ground floor of the Control Bvdlding, a s well as the l abora to ry room, in the 
basement , shall be a i r conditioned. Equipment shal l have sufficient cooling 
and heating capacity to mainta in a max imum tem.perature of 80F with 
35 per cent re la t ive humidity at max imum summer outside ambient t e m p e r a 
tu re , and a min imum tem^perature of 72F with 35 per cent re la t ive hunaidity 
at min imum winter outside ambient t e m p e r a t u r e . Heating iinits shall be 
e l e c t r i c . Ventilation shall be provided in conjunction with the a i r -
conditioning sy s t em sufficient to pe rmi t four changes of a i r per hour . The 
a i r inlet and outlet shall be equipped with CWS a i r fi l ter units to pro tec t 
agains t radioact ive a i r en t r ance . Access doors shall be s emi -gas - t i gh t 
to pe rmi t p r e s su r i z ing of building to l / 2 in. of water p r e s s u r e agains t 
en t rance of outside a i r , and the venti lat ing sys tem shall be so designed. 

The e lec t r i ca l equipment room in the basement of the 
Control Building shall be provided with sufficient venti lat ion (or a i r con
ditioning if necessa ry) to a s s u r e removal of a l l heat generated by the 
e lec t r i ca l equipment housed there in . Inlet a i r shal l be obtained from, and 
d i scharge a i r shall be passed to, the same inlet and outlet faci l i t ies (CWS 
filter protected) as used by the ground floor a i r -condi t ioning and ventilation 
sys t em. 

Sanitary Fac i l i t i e s - Toilet, shower, and lavatory 
facil i t ies for 15 ma le s shal l be provided on the ground floor of the Control 
Building, and lockers shal l be provided for 30 people. A water cooler shall 
a lso be provided on the ground floor. Water for these faci l i t ies shal l be 
supplied from the domest ic s to rage tank, located in the Control Building 
basement . Drains f rom these faci l i t ies , as well a s any floor d ra ins p r o 
vided on the ground floor of the Control Building, shall pass to a sept ic 
system.. An 80-gal capacity e l ec t r i c domest ic hot water hea te r shal l be 
located in the basement . 



In addition to the above, a shower and sc rub sink shall 
be provided in the basement of the Control Building as c lose as i s p rac t i ca l 
to the tunnel connecting to the main building; these faci l i t ies will be used for 
personnel decontamination. A s ta in less s teel labora tory sink shall be p r o 
vided in the basement labora tory room. Hot and cold water supply for these 
basement faci l i t ies shall com.e from the domest ic s to rage tank and hot water 
hea te r , but d ra ins f rom these as well as from floor d ra ins in the basement 
shall pass to the main building stimps and thence to the retention tanks . A 
foot valve or other suitable device shall be placed in this d ra in line to p r e 
vent any back flow of contaminated water into the Control Building. 

Provis ion shall be made for 15 pe r sons to r ema in with
in the Control Building for a period of 48 hr in the event of an incident r e 
sulting in contamination of the surroiinding a r e a . A ki tchen- type sink shall 
be instal led in the lunch room on the basement floor of the control building, 
and provision shall be made for the instal la t ion of an e lec t r i c cooking stove, 
a r e f r ige ra to r , a food f reezer , and cooking utens i l s torage cab ine t s . (The 
Labora tory shall provide this equipment.) 

Compressed Air (Instrument) - A n a i r c o m p r e s s o r 
having a capacity of 15 cfm a t 120 psig shall supply instr i iment a i r , if 
r equ i red . F i l t e r s and d r i e r s shall be furnished to provide posit ive p r o 
tection from mo i s tu r e , oil, and particvdate m a t t e r . D r i e r s shall be of 
the type utilizing si l ica gel a s the drying medium. The s y s t e m should 
include the equivalent of a Dollinger CPH-2 p re - f i l t e r , a Kemp d r i e r with 
Vapoilsorid unit, emd a Dollinger AAPH-15 post - f i l ter unit . The en t i re 
c o m p r e s s o r sys tem shall be located in the basement in a sound reducing 
a r e a . 

6. Cranes 

One overhead, top-running double-g i rder t ravel ing c rane 
for standby use in maintenance and r epa i r of mach inery and components , 
as well as for moving reac to r top shielding and v e s s e l cover, is r equ i r ed . 
The c rane has a span of 37 ft 0 in. and has a full load capacity of 40 tons . 
The crane bridge shall be constructed of box g i r d e r s or rol led beam shapes 
capped by suitable ASCE r a i l s . 

The c rane hook shall be capable of approaching the c rane 
ra i l on the water cooler a r e a side of the High Bay Area within 3 ft, and 
shall be capable of approaching ei ther end wall of the High Bay Area within 
5 ft. The total lift of the crane shall be siifficient to pe rmi t the hook to 
approach the floor of the act ive equipment pit to within 4 ft. 

With the hoisting motor of the c rane operat ing a t synchro
nous speed, the speed of ve r t i ca l movement of the c rane hook shall be 
10 f t /min . The control ler shall be full magnet ic type, having not l e s s than 
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five speed points in hoisting and lowering. Smooth acce le ra t ion mus t be 
provided for all loads in both d i rec t ions and lowering shall be accomplished 
without the use of a mechanical load b rake . 

Speed on the f i r s t lowering point shall not exceed 15% of 
synchronous speed of the hoist motor for lowering a hook load of 25% to 
100% of ra ted load. Lowering speeds for al l loads within the ra ted capacity 
shall be gradually inc reased by advancing the control ler f rom "of f position 
towards "full on" lowering posit ion. The speed change between lowering 
s teps shall not exceed 35% synchronous speed a t any given load up to 100% 
ra ted capacity. The las t point lowering shall provide regenera t ive b r ak 
ing. The lowering speed shall not exceed 125% of the synchronous speed 
on any control point. 

The p r i m a r y a l ternat ing cu r r en t shall be balanced in each 
of the th ree phases at all t i m e s . The p r i m a r y a l ternat ing cu r r en t shall not 
exceed 130% full load motor c u r r e n t in the hoisting d i rec t ion and shall not 
exceed full load motor cu r r en t in the lowering d i rec t ion . The speed on the 
f i r s t hoisting point with no load on the hook shall not exceed 25% of the syn
chronous speed of the motor and shal l not pass through the ze ro speed line 
with any load up to 125% of ra ted c rane capaci ty . The hoist ing speeds for 
a l l loads within the ra ted c rane capacity shall be gradually i nc r ea sed by 
depress ing the control pushbutton f rom the "off" position towards the "full 
on" hoisting posit ion. 

Mechanical b r a k e s , spr ing set and e lec t r ica l ly r e l eased , 
shall be provided on the hois t mo to r . A permanen t pole a l t e rna to r shall 
be connected to the magnet ic eddy cu r ren t load brake so that lowering 
speed in the event of simxxltaneous e l ec t r i c power and mechanica l motor 
brake fai lure i s l imited to approximately 25 per cent of full load hoisting 
speed. 

The speed of raotion of the br idge and of the t ro l ley shal l 
be 30 f t /min for each motion, with the respec t ive dr ive mo to r s operat ing 
a t synchronous speed. The con t ro l l e r s for these motions shall be full 
magnet ic type, having not l e s s than five speed points in e i ther d i rec t ion . 
Smooth acce le ra t ion mus t be provided for a l l loads in a l l d i r ec t i ons . The 
speeds obtained in the five speed posit ions of the control pushbuttons shall 
have approximate ly the same re la t ionship with each other , under a l l load 
conditions, as those obtained with the hoisting control . 

Control of al l mot ions of the c rane shall be by pendant 
pushbuttons. Separa te f ive-posit ion pushbuttons for hoist ra i s ing , hois t 
lowering, t ro l ley forward, t ro l ley r e v e r s e , br idge forward, and br idge 
r e v e r s e , a s well as power on and off buttons, shal l be motmted in a pendant 
control box suspended by a chain from the c r ane t rol ley on the s t e a m con
denser a r e a side of the c rane hook. Suspension of the pendant control box 
from a separa te monora i l t ro l ley would be pre fe rab le , if poss ib le . 
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The 1-ton aiixiliary moni tor c rane to be used for handling 

of fuel e lements , control rods , e tc . , shall be special ly designed for this 
purpose and purchased by the Labora tory for ins ta l la t ionby the construct ion 
con t rac to r . 

All power for c ranes shall be 440-v, 3-phase, 60-cycle AC. 
E lec t r i c power shall be fed to c rane br idges , and from br idges to t ro l l eys , 
by naeans of f eedra i l s . Pendant cables and cable r ee l s shall not be used for 
power feed. 

E . E lec t r i ca l 

1. General 

The design and construct ion of the e lec t r i ca l sy s t em for the 
ARBOR Faci l i ty shall embody and reflect the bes t p rac t i ca l and economical 
engineering design fea tu res . All equipment, appara tus , components devices , 
and m a t e r i a l s to be incorpora ted in the design mus t conform in al l r e spec t s 
to the s tandards of the Amer ican Standards Associat ion, the Amer ican 
Institute of E lec t r i ca l Engineers and the National E lec t r i ca l Manufac turers 
Associat ion. All wir ing shal l conform to the r equ i remen t s of the National 
E lec t r i ca l Code. 

All conduits a r e to be run exposed along cei l ings and walls 
where poss ib le . Where conduits pass into the control room or e l ec t r i ca l 
eqmpment room from other a r e a s , a designated ntimber of wi res will be 
pulled and the conduit sealed, if r equ i red . All wire and condmt r e q u i r e 
ments a r e to be de termined. The min imum wire s ize to be used throughout 
the plant, including thermocouple leads f rom jxinction boxes to ins t rumen t s 
and shielded coaxial cables for nuclear ins t rumenta t ion, shall be No. 14 gage. 

All e l ec t r i ca l components and wir ing to be ins ta l led in the 
act ive equipment pit. Active Storage Area , P r i m a r y Water Sys tem Serv ice 
Area , and water cooler and condenser a r e a s shal l have Class H radiat ion 
d a m a g e - r e s i s t a n t insulation or equivalent. All e l ec t r i ca l components and 
wir ing to be ins ta l led in the active equipment pit, the P r i m a r y Water 
System Service Area , and Active Storage Area shall be capable of operat ion 
at t e m p e r a t u r e s up to 150F. 

Cables for the 13,800-v c i rcu i t s mus t have a 15,000-v 
ungrounded neut ra l sys tem voltage ra t ing . Cables for 4 l60 -v c i rcu i t s 
mus t have a 5000-v ra t ing . 

Complete grotind bus sy s t ems mus t be provided in each 
of the buildings for the convenient grounding of e lec t r i ca l equipment en
c losu re s , motor f r ames , condvdt s y s t e m s , e t c . Lightning protect ion for a l l 
bmldings mus t be provided in accordance with U. S. Depar tment of Com
m e r c e "Code for Pro tec t ion Against Lightning" Handbook 46. 
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The quantities and sizes of the electric motors used in the 
plant will be determined from the requirements of the plant auxiliaries. All 
motors 1/2 horsepower and larger shall be 440-v, 3-phase, 60-cycle AC, 
except in the case of the large forced-circulation, reactor feed-water, and 
water cooler and condenser secondary feed-water pump motors, which will 
be 4160-v, 3-phase, 60-cycle AC as recommended by the pump manvifac-
tu re rs . Motors smaller than 1/2 horsepower may be either 110-v, 1-phase 
or 440-v, 3-phase, 60-cycle AC, as convenient. In general, motors a re 
normal torque motors of the drip-proof types. Motors for outdoor service or 
for operation in moist atmospheres a re of the totally enclosed, fan-cooled 
type. Drainage plugs are provided in the end shields of totally enclosed 
motors. 

All motors shall be started across the line if possible. 
However, particular care is required in specifying starting eqvdpmLent for 
motors of 800 horsepower and higher, to assure compatibility with main 
Site 16 substation equipment being provided at the EBR-II site. Coordination 
with the designers of this equipment is imperative. Reduced voltage s tar t
ing and other special features may be necessary for these motors. 

Circuit breakers and magnetic s tar ters for all motors and 
components shall be located in the electrical eqmpment room in the base
ment of the Control Building, with the possible exception of those for the 
forced circulation and reactor feed-water, and- water cooler and steam con
denser secondary feed-water pump motors, where economic study by the 
Architect-Engineer may indicate more advantageous placement elsewhere. 
In addition, all components, except the main pump motors just mentioned, 
shall be provided with locally mounted disconnect switches for safety during 
naaintenance work. These switches must be hp-rated, non-fusible safety 
switches with provisions for padlocking in both the open and closed positions, 
and must meet NEMA standards and Federal Specifications W-S-865 for 
Type A switches. 

The position of operating handles, levers, etc., of all c i r
cuit breakers and disconnect switches must clearly indicate to the operator 
the position of the breaker or switch. Provision mmst be made for padlock
ing circmt breakers in either "Open" or "Test" positions. Disconnect 
switches must have provision for locking either open or closed. 

Each magnetic starter shall be controlled by a pushbutton 
station in the control room. Control power for each magnetic starter for a 
motor shall be 110-v AC supplied by an individual unfused transformer con
nected to the load side of the circuit breaker for that motor. A green pilot 
light, marked "Power On" and located above the push-button station, shall 
indicate that the breaker is closed and the motor is ready to be started. 
An amber pilot light marked "Run" shall indicate when the motor has been 
started, and the green light shall be extinguished when the amber light is 
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energized. All push-buttons operat ing motor s t a r t e r s shall be marked 
"Star t" or "Stop." "Jog" or "Tes t" buttons, where needed, shall be so 
marked . Black buttons shall be used for s ta r t , jog, and tes t functions. 
Red buttons shall be used for stop. 

Where m o t o r s opera te va lves , momen ta ry contact push
buttons shall be used for control . Black buttons shal l be used for opening 
and shall be marked "Open." Red buttons shal l be used for closing and 
shall be marked "Close ." F o r each valve, a g reen pilot light m a r k e d 
"Power On" shall be energized when power is available to opera te the 
va lves . A white pilot light marked "Open" shall indicate the fully open 
valve position, and a blue pilot light marked "Closed" shall indicate the 
fully closed posit ion. These pilot l ights shal l rece ive thei r s ignals from 
l imit switches moimted on the valve, which shal l a lso have the function 
of in ter rupt ing power to the dr ive motor at the linoits of t r ave l . In cases 
where posit ion indication throughout the rajige of the valve is requi red , a 
m e t e r - t y p e indicator shall be mounted above the pilot l ights . 

All r e l ays used for inter locking and control c i r cu i t s shal l 
be 110-v AC, inagnetical ly operated, constant duty. They shall have a 
min imum of four normal ly open and four normal ly closed contacts with 
e lec t r ica l ly sepa ra t e t e r m i n a l s for al l contacts , such a s Square D Type 
AG-40, Relays having m o r e than these numbers of contacts (e .g. . Squa reD 
Type AG-60) may be used where requ i red . Where a group of re lays a r e 
in te r re la t ed in function, they may be of the open type (e.g.. Square D 
Type AO-»40 or AO-60) aJid mounted in a common enc losure with full door 
a c c e s s , adequately venti lated with dus t - f ree a i r . 

Clear ly reading namepla tes inust be instal led on a l l equip
ment and devices for explicit identification. Instruct ion namepla tes mus t 
a l so be instal led where specific ins t ruct ion or precaut ion i s e s sen t i a l . 

2. Instrumentat ion and Controls 

Control of the operat ion of the en t i re plajit i s to be c e n t r a l 
ized in a control room adjacent to the Auxil iary Equipment A r e a . Remote 
control of all va lves , m o t o r s , and other controlled devices whose operat ion 
is pa r t of daily plant routine m u s t be poss ible from the control room. 
Meter ing and record ing of a l l impor tan t plant and reac to r quanti t ies will 
be done in the control room as specified. All control power for r eac to r 
controls will be 110-v AC, Where constant voltage i s requ i red for e l e c 
t ronic coxinter devices , control and /o r ins t rumentat ion, e lec t ronica l ly 
controlled voltage regula tors with a fast t ime response shall be emiployed. 

P r e s s u r e , t e m p e r a t u r e and flow contro ls a r e a p a r t of the 
complete exper imenta l r eac to r sys tem, which includes control of the nu
c lear r e a c t o r . The sy s t em will be designed as se t forth in this sect ion to 
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provide ex t reme flexibility in control p a r a m e t e r s . The control circtoits for 
re la ted operat ions of equipment should be inter locked, insofar a s possible , 
to prevent improper sequence of operat ion due to human e r r o r . 

In genera l , control of s t eam flow, water flow, s t eam p r e s 
su re , inlet subcooling, water level , condensate flow, e tc . , should be by 
e lec t r ic moto r -ope ra t ed con t ro l l e r s (except where fast r esponse r equ i r e s 
a i r operation) motmted as close as possible to the device control led. Signal 
and set point information will be t e l emete red from the ins t rument to the 
control room. E lec t r i ca l t r ansmis s ion of s ignals shall be used in a l l cases 
except where the re a r e specific r easons for employing other m e a n s . Where 
an ins t rument i s d i rec t ly connected to the pr inaary sys tem for m e a s u r e 
ments such as flow, e t c . , t he re mus t be no possibi l i ty for the ins t rument to 
contaminate the p r i m a r y sys tem with undes i rab le m a t e r i a l s under any con
dition of operation, including any possible fa i lures of the ins t rument . 

The en t i re ins t rumenta t ion and control sys tem, with the 
exception of nuclear detection instr t imentat ion and control rod d r ives and 
position ind ica tors , shall be designed by the Arch i tec t -Engineer in close 
cooperat ion with ins t rument and ins t rumenta t ion sys tem manufac tu re r s and 
with the Labora to ry . Where control r oom space is requ i red for Labora to ry -
supplied i t ems , such as the devices excepted above, the Archi tec t -Engineer 
shall provide such space a s requi red and shal l in tegra te these devices into 
the genera l control room a r r ange me n t . 

It should be emphasized that the genera l control schemes 
indicated he re a r e tentat ive and subject to change when m o r e detai led de
sign studies indicate that changes a r e d e s i r a b l e . 

Control Room 

The Control Room Area in the Control Building will be a p 
proximate ly 20 ft X 50 ft in s ize and shall have a centra l ly located control 
console containing the ins t rumenta t ion and controls n e c e s s a r y for r eac to r 
s t a r t - up and operat ion. The th ree walls in view of the r eac to r opera tor 
when seated at the console will contain the var ious sys t em r e c o r d e r s , in
d ica tors and controls together with the cent ra l annunciator and shut down 
pane ls . 

Recorded indication f rom the sys tem will be displayed on 
var ious s t r ip and c i r cu la r cha r t r e c o r d e r s as specified below. The panels 
should be of s tandard width, with ins t r t iments mounted for convenient r e ad 
ing. All record ing ins t ruments shal l be equipped with l a rge po in te rs or 
scale indica tors readable at a d is tance, and shall be mounted to afford full 
view to the control console. It is des i rab le to have one company furnish 
al l i n s t rumen t s insofar a s possible in o rde r to obtain a tmiform appearance 
and to facil i tate main tenance . Panels should be designed to enable complete 
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in ternal wiring and dust sealing in the manufac tu re r ' s shop, and a r r a n g e 
ments should be provided for interconnection to other panels and to r e 
actor and sys tem components without dis turbing dust sea ls (via the 
e lec t r i ca l equipment room in the Control Building basement) by means of 
floor open raceways jus t behind the pane ls . 

Control Console 

The control console will be located approximately in the 
center of the control room. The exact size of console i s subject to the 
control and indicating equipment se lected. The console will be a r r anged 
so that a seated opera tor can reach al l console controls and observe al l 
indicators located on the wall panels ahead of and to the side of the console . 

The console will contain the statable controls to actuate 
and manually over r ide any automatic sys tems assoc ia ted with: 

(1) Control Rods 
(2) Steam Stop Valves, if ins ta l led 
(3) Turbine-Simulator Steam Throt t le Valves 
(4) Steam By-pass Valves 
(5) Reactor Feed-wa te r Flow-Control Valve 
(6) Water Cooler and Forced-Ci rcu la t ion By-pass Flow 

Control Valves 
(7) Emergency Shut-down System, Control Rod S c r a m s , etc . 

The following indicators will be located at the control console : 

(1) Control Rod Posi t ion Indicators 
(2) Galvanometer Scale indicating Ion Chamber Current 

Propor t ional to Reactor Power 
(3) Reac tor Per iod Meter 
(4) One min ia tu re , continuously indicating l inear sca le 

s t r ip char t mil l ivolt r e c o r d e r connected to ionization 
chamber ampl i f i e r s . 

(5) Reactor P r e s s u r e Indicator 
(6) Flow Indicators for the following: 

Turbine s imula tor s t eam flow 
Total s t eam flow 
Reactor feed-water flow 
Total forced-c i rcula t ion water flow 
Forced-c i rc t i l a t ion by-pass flow 

(7) Pilot l ights indicating pumps operat ing, power on, e tc . , 
as specified l a t e r . 

Paranae ter Control Jack Board 

Since a g rea t deal of cooperat ive study will be n e c e s s a r y to 
achieve the final design of the p a r a m e t e r control jack board, only the most 
general r equ i r emen t s may be specified h e r e , and i t m u s t be emphasized that 
even these a r e subject to change. 
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As now visual ized, the pa r ame te r control jack board mus t 

contain at a miniinuin the input, output, and signal mixing and adjustment 
facili t ies l is ted in Table III. All input signals from the var ious measur ing 
devices and from signal m i x e r s , p ropor t ioners and genera to rs enter the 
jack board in the form of plug-ended cables which a r e r e t r ac t ed into the 
board when not in use , in the manner of the cables of a telephone switch
board. All output connections passing to cont ro l le rs (for set point adjust
ment) , control valve posi t ioners , and signal m i x e r s and propor t ioners shall 
appear on the board in the form of jacks into which the r e t r ac t i l e plug cables 
may be inser ted to set up des i red control s y s t e m s . All proportioning con
t ro l s , signal genera to r s , e tc . , d i rec t ly connected with the jack board shall 
be mounted in the same panel section with the jack board and shall be in
ternal ly wired and tested in the manufac tu re r ' s shop. All plug cables , j acks , 
controls , e tc . , shall be c lear ly identified by means of namepla tes , engraved 
captions on the board itself, or other sviitable devices . The number of plug 
cables or jacks represen t ing each signal, as well as the number of each 
signal mixer and proport ioner required, mus t be determined through study. 

Table in 

PARAMETER CONTROL JACKBOARD CONNECTIONS 

Input Signals 
Proportional to 

Reactor pressure 

Total steam flow 

Turbine simulator steam flow 
By-pass steam flow 

Reactor feed-water flow 

Forced-circulation water flow 

Forced-circulation inlet 
sub-cooling 

Reactor power 

Central control rod position 

Signal Mixers and 
Proportioners* 

y = Kx 

y = xi + X2 

y = - X 

y = x j x j 

y = 1/x 

y = f{s)** 

y = f(t)*** 

Output Signals 

Central control rod drive 
Turbine-simulator flow 

control valves 

Steam by-pass flow control 
valve 

Water cooler flow control 
valve (s) 

Forced-circulation by-pass 
flow control valves 

*Nomenclature: x, iq, xj = input signals 

y = output signal 

K, Ki, Kj - multiplier, dial controlled 

t = time 
**Obtained from curve tracing device where y = f(x) may be any predetermined 

relationship between x and y. 

***Obtained from signal generator capable of producing such signals as 
y = Ki sin K^t, y = Kt, etc. 
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System Control and Recorde r Pane ls 

a. General Descr ipt ion 

The other n e c e s s a r y cont ro l s , ind ica tors , and r e 
c o r d e r s not contained at the control console will be contained along the 
t h r ee wall faces in view of the console opera to r . The location of each 
component, except where specified, will be de te rmined by the Labora to ry 
at a t ime when m o r e information re la t ive to s i ze , type and n\imber of 
ins t ruments is avai lable. 

b. Annunciators 

A miilt i-point emergency shut-down annunciator , 
featuring mechanica l r e s e t , will be ins ta l led on the cen t ra l por t ion of the 
control room wall panel . This annunciator shall provi<ie in ter lock contacts 
of a fai l -safe var ie ty which may be used for emergency shut-down purposes . 

A m\ilt i-point s tandard plant annunciator featuring 
e lec t r i ca l r e se t will be insta l led adjacent to the above vmit. This may take 
the form of severa l annvinciator cabinets , in o r d e r to provide sufficient s t a 
tions conveniently, but all cabinets shall have common r e s e t and audible 
a l a r m features as desc r ibed below. 

The annunciator panels will be elevated so they a r e in 
view of all points in the control rooin in front of the pane ls . They shall be 
so a r r anged that in the event of an abnormal i ty , a horn sounds and a f lash
ing light behind a t rans lucent panel bear ing the identification of the ab 
normal i ty is energized. The o p e r a t o r ' s act\iation of a r e s e t button ( separa te 
for shut-down annunciator and plant annunciator) s i lences the horn and 
causes the hi therto flashing light to r ema in on continuously. When the ab
normal i ty is co r r ec t ed , the light again f lashes and a bel l is heard . A 
second actuation of the r e s e t button s i lences the bell and de -ene rg i ze s the 
flashing light. The sotond of the shut-down anntinciator horn shall be louder 
and easi ly dist inguishable f rom the plant annunciator horn. The annimciators 
shall be wired so that horn and bell a r e actuated for an abnormal i ty r e 
ga rd less of other stat ions which a r e in the r e s e t condition with l ights on 
continuously. 

c. Nuclear Data R e c o r d e r s 

The nuclear data r e c o r d e r s will be located adjacent to 
or below the annxonciator pane ls . These will include: 

(1) Three min ia tu re , l inear sca le s t r i p cha r t contin
uously indicating mil l ivol t r e c o r d e r s for power- leve l t r i p c i r c u i t s . The r e 
c o r d e r s will be equipped with high and low-level a l a r m contacts which can 
be set to des i r ed levels for l imi ted indication ajid shut-down annunciator 
operat ion. Tes t c i r cu i t s mus t also be provided. 
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(2) One indicating mi l l ivol tmeter for r eac to r period 

indication. High and low a l a r m contacts will be provided as in ( l) above. 
(Meter is to be located on control console.) 

(3) Two continuously indicating s t r ip char t mil l ivolt 
r e c o r d e r s , one l inear and one logar i thmic , a r e to be provided for ioni
zation chamber ampl i f i e r s . 

(4) Means for recording control rod posi t ions . A 
numer ica l print ing type device should be cons idered . 

d. P r i m a r y System 

The var ious p r i m a r y sys tem signals to be indicated 
or recorded a r e l is ted below. The type of indication or r eco rd assoc ia ted 
with the signal i s noted; in the case where a signal i s used for control , the 
controlled component i s l i s ted . Measurements assoc ia ted with p r i m a r y 
sys tem s t eam flows and forced-c i rcula t ion water flows and inlet subcooling 
requ i re special c a r e in the select ion of the measur ing device and r e c o r d e r 
in order to a s s u r e highest at tainable accuracy within the l imi ts of p rac t i ca l 
design. 

In severa l cases the control ler output may be used for 
control of more than one fiinction; these cont ro l le rs will del iver their out
put to the P a r a m e t e r Control Jack Board descr ibed above. 

(1) Reac tor P r e s s u r e - Reac tor p r e s s u r e will be 
m e a s u r e d at the top of the r eac to r water column and continuously recorded 
on a l inear scale s t r ip char t r e c o r d e r . Reactor p r e s s u r e will be used as 
a multiple control function and a signal will go to the Jack Board . The p r e s 
sure r e c o r d e r will have adjustable high and low a l a r m contacts which will 
be used for shut-down purposes and indicated on the shut-down annunciator . 

(2) Reac tor T e m p e r a t u r e - R e a c t o r t e m p e r a t u r e will 
be m e a s u r e d at a point on each of the s team lines close to the p r e s s u r e 
ve s se l . This signal will be continuously indicated and will be used a lso to 
actuate adjustable high and low a l a r m contacts for shut-down annunciator 
operat ion. 

(3) Reactor Water Level - Reactor water level will be 
m e a s u r e d by both differential p r e s s u r e and float-type devices . Two float 
devices will be instal led, one at the top and other at the bottom of a water 
column connected to and adjacent to the reac tor ves se l , which will actixate 
fixed high and low a l a r m contacts for shut-down annunciator actuation. The 
differential p r e s s u r e , which will be m e a s u r e d by a differential p r e s s u r e 
gage connected to the water column, will be continuously recorded on a 
24-h r c i r cu l a r cha r t r e c o r d e r with adjustable high and low a l a r m contacts 
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for the shut-down annunciator . The water level e r r o r , r eg i s t e r ed by the 
difference between the differential p r e s s u r e m e a s u r e m e n t and a manually 
adjustable set point, will compr i se one signal for use in controll ing reac to r 
feed-waterflow r a t e . This signal will be combined with signals from the 
feed-water flow ra te and the s team flow ra te to position the feed-water 
control valve (see 4 and 13 below). In addition, a gage glass will be con
nected to the water column for d i rec t v isual observat ion of the r eac to r 
ve s se l water level by television c a m e r a re lay to the control room. 

(4) Flow through Steam Distr ibut ion Manifold - The 
s imulated turbine s team flow will be measu red by the four or if ices u p 
s t r e a m of the throt t le va lves . In addition, the flow-through orif ices in
stal led ahead of the s team by-pass s imulator flow and the hotwell 
t e m p e r a t u r e control valves will be m e t e r e d . The sum of these s ignals will 
be r ecorded on a mul t i - r ange l inear scale s t r ip char t r e c o r d e r and will 
compr i se the total s t eam flow. This flow signal will be used in the t h r e e -
element feed-water flow control sys tem. 

In addition, the four tu rb ine - s imula to r flow 
signals will go through a recording flow contro l ler to the Jack Board for 
mult iple control . Individual flows from each of the above orif ices will be 
select ively moni tored on a mult i -point indica tor . 

(5) Steam By-pass Sim.\ilator F l o w - The s t eam by
pass s imula tor flow will be m e a s u r e d by means of an orifice u p s t r e a m of 
the throt t le valve and the signal continuously r ecorded on a l inear scale 
s t r ip char t record ing flow con t ro l l e r . Jack Board outlets for this signal 
will a l so be provided. 

(6) Steam Condenser T e m p e r a t u r e and P r e s s u r e 
Control - The differential t e m p e r a t u r e and p r e s s u r e between the secondary 
coolant s team on the shell side and the p r i m a r y sy s t em fluid on the tube 
side of the condenser inlet shall be control led by a va r iab le range r e c o r d 
ing p r e s s u r e con t ro l le r . This ins t r i iment will control the operat ion of the 
secondary coolant s t eam r e l ea se va lve . The plant annunciator will be 
actuated by individual readings at adjustable l imi t s to indicate abnormal 
operat ing condit ions. 

Other methods of controll ing condenser operat ion 
shall be invest igated. 

(7) Steam Condenser Liquid Level - Steam condenser 
secondary side water level will be m e a s u r e d by a differential p r e s s u r e 
con t ro l le r . This cont ro l ler will opera te the control valve in the secondary 
coolant feed-water pump d ischarge l ine . Liquid level will be read on a 
mult i -point indica tor . 
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(8) Condenser By-pass Steam F l o w - The flow of 

s t eam through the hotwell by -pass will be m e a s u r e d and indicated in the 
control room on a mvdtipoint flow indica tor . 

(9) Hotwell P r e s s u r e - Hotwell p r e s s u r e will be m e a s 
ured and continuously recorded on a 24-hr circi i lar char t proport ional 
r e c o r d e r - c o n t r o l l e r . This signal will control the position of the condenser 
by-pass s t eam flow control valve S9. The cont ro l ler will have adjustable 
control point and band width, and high and low a l a r m contacts to actxiate the 
plant anntmciator . 

(10) Hotwell Tempera tu re - Hotwell t e m p e r a t u r e will 
be m e a s u r e d and indicated in the control room on a mul t i -point t empera tu re 
indica tor . 

(11) Hotwell Level - Hotwell level will be m e a s u r e d by 
a differential p r e s s u r e device and continuously r ecorded on a 24-hr c i rcu la r 
char t propor t ional r e c o r d e r - c o n t r o l l e r . The cont ro l ler will have an ad
jus table se t point and band width and will be used to control the make-up 
water flow control va lve . High and low level a l a r m contacts will be p r o 
vided to acttiate the plant annunciator . 

(12) Hotwell De-ae ra t ion Flow Rate - The ra t e of flow 
from the hotwell vent line will be continuously recorded on a 24-hr c i r cu la r 
char t propor t ional r e c o r d e r - c o n t r o l l e r , which will mainta in d e s i r e d flow by 
adjustment of flow control valve posi t ion. Adjustable set point and band 
width a r e req tu red . 

(13) Reac tor F e e d - w a t e r Flow Rate - The r a t e of feed-
water flow will be m e a s u r e d by means of an or i f ice . This signal will be 
continuously recorded on a l inear char t propor t ional r e c o r d e r - c o n t r o l l e r . 
This signal, coupled with reac tor water level and total s t eam flow, cona-
p r i s e the s tandard t h r e e - e l e m e n t feed-water control sys t em. 

(14) Reac tor F e e d - w a t e r Tempera tu re - The r eac to r 
feed-water inlet t empera tu re will be m e a s u r e d at a point on the feed-water 
line as close to the r eac to r v e s s e l as poss ib le . This signal will be indicated 
on a mult i -point t e m p e r a t u r e ind ica tor . 

(15) F o r c e d Circulat ion Water Outlet Subcooling" The 
differential between the r eac to r t e m p e r a t u r e (2 above) and the individual 
r eac to r coolant outlet l ines (close to the vesse l ) will be m.easured and indi 
cated on a mult i -point differential t empe ra tu r e indica tor . 

(16) F o r c e d Circulat ion Water Inlet Subcooling* The 
differential between the reac tor t e m p e r a t u r e (2 above) and the r eac to r 
coolant inlet t e m p e r a t u r e will be continuously recorded on a l inear sca le 
s t r i p char t r e c o r d e r . This signal i s for mul t i -purpose control and will go 
to the Jack Board . 
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(17) Water Cooler Liquid Level - Water cooler second

a r y side water level will be measu red by a differential p r e s s u r e cont ro l le r . 
This control ler will operate the control valve in the secondary coolant feed-
water pump d ischarge l ine. Liqxiid level will be read on a mult i -point 
indicator . 

(18) Water Cooler Tempera tu re and P r e s s u r e Control -
The differential t empe ra tu r e and p r e s s u r e between the secondary coolant 
s t eam on the shell s ide and the p r i m a r y sys tem water on the tube side of 
the water cooler inlet shall be controlled by a var iab le range record ing 
p r e s s u r e con t ro l l e r . This ins t r t iment will control operat ion of the second
a r y coolant s t eam r e l e a s e valve . The plant annunciator will be actuated by 
individual readings at adjustable l imi ts to indicate abnormal operat ion 
condit ions. 

Other methods of controll ing water cooler oper 
ation shall be invest igated. 

(19) Fo rced -Ci rcu la t ion Water Flow - The signal from 
the total fo rced-c i rcu la t ion flow tube (WF4) will be continuously r ecorded 
on a square root circvilar char t flow r e c o r d e r con t ro l l e r . This r e c o r d e r 
will be equipped with a low flow a l a r m contact for shut-down annunciator 
actuat ion. This total flow signal will a l so go to the Jack Board . This 
signal will control the forced c i rcula t ion by -pass butterfly va lve . Flows 
through the by-pass or if ices and the individual heat exchanger flow orif ices 
or ventur i shall be individtaally read on a mul t i -point flow indicator and 
used to check the main flow tube. 

e. Aiixiliary Systems 

In genera l the ins t rumenta t ion and control of auxi l ia ry 
sys t ems will be as s imple as poss ib le . Selective indication in the control 
room of mos t s ignals will be reqti ired, but only a few will r equ i r e contin
uous record ing . In genera l , when a signal i s l i s ted in the following section 
only select ive indication is r equ i red . In ca ses where control or high and 
low-l imi t a l a r m contacts a r e requi red , these functions a r e noted. 

(l) Reac tor Water Clean-up System (Step III) 

(a) Tempera tu r e s at r egenera t ive heat exchanger 
inlet and d i scharge points , both s ides , 

(b) Temiperatures at d i scharge of cooler - h i g h -
t e m p e r a t u r e a l a r m contact to close valve in 
r e tu rn line tb r eac to r and actuate plant an 
nunciator . 

(c) Conductivity of water enter ing and leaving 
sys t em. 
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(d) Flow through s y s t e m - low a l a r m contact to 
actuate plant annunciator . 

(e) Differential p r e s s u r e a c r o s s p r e - f i l t e r s -
high contact for plant annvinciator actiiation. 

(2) Control Rod Thimble Cooling 

(a) Thimble t e m p e r a t u r e s (each thimble) - high-
t e m p e r a t u r e contacts on each thimble for 
common plant annunciator actuat ion. 

(b) Flows (each rod drive) - local reading only. 
(c) Total flow. 

(3) Control Drive Seal Leakage 

Flows (each rod drive) - local reading only - high 
flow contacts on each dr ive for common plant an -
niinciator actuat ion. 

(4) P r i m a r y Water Make-up System (Step III) 

(a) Make-up tank level - equipped with two se ts 
of high and low contacts , one for operat ion 
of softened water admiss ion valve, the other 
(at wider l imits) for plant annunciator 
actuat ion. 

(b) Make-up tank t e m p e r a t u r e - h igh - t empera tu re 
contact for plant annunciator actuation. 

(c) Make-up water flow - continuously recorded 
on 24-hr circxilar char t flow r e c o r d e r . 

(d) Make-up pump p r e s s u r e - low p r e s s u r e con
tact for plant annunciator actuat ion. 

(5) Shield Cooling System 

(a) Individual coolant loop flows - local reading 
only - low flow contact on each loop for com
mon plant annunciator actuat ion. 

(b) Total flow - low p r e s s u r e contact for plant 
annunciator actuat ion. 

(c) Common loop d i scharge t e m p e r a t u r e - high-
t e m p e r a t u r e contact for plant annunciator 
actuat ion. 

(d) Surge d r u m level - high and low-level contacts 
to actuate common plant annuncia tor . 

(6) Fuel Storage Pi t Cooling and Cleanup System 

(a) Stprage pit t e m p e r a t u r e - h igh - t empera tu re 
contact for plant annunciator actuat ion. 
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(b) Heat exchanger outlet t empera tu re - h i g h -
t empera tu re contact for plant anntmciator 
actuation. 

(7) P r i m a r y Make-up Ion Exchanger System (Step III) 

Conductivity of ion exchanger d i scha rge . 

(8) De-aera t ion System (Step III) 

(a) F l o w - a s mentioned above, de - ae r a t i on flow 
from the De-aera t ing-Hotwel l will be 
m e a s u r e d by a 24-hr c i r cu la r char t p r o 
portional r e c o r d e r - c o n t r o l l e r which will 
nnaintain des i r ed flow by automatic ad
jus tment of the flow control valve posit ion. 

(b) Tempera tu re of gas enter ing a f t e r -condense r . 
(c) Tempera tu re of gas leaving a f t e r -condense r . 
(d) Tempera tu re of condensate leaving af te r -

condense r -h igh - t empera tu re contact for 
plant annunciator actiiation. 

(e) Tempera tu re of gas leaving recombiner . 
(f) Other ins t rumenta t ion as requi red for 

r ecombiner . 

(9) Chemical Shut-down System 

(a) P r e s s u r e - local indication only. Low p r e s s u r e 
contact for plant annunciator actuat ion. 

(b) Liquid Level - local indication only (gage 
g lass ) . 

Low-level contact for plant annunciator ac tu
ation. 

(10) Core Spray System 

Flow into r eac to r - n o indicat ion. A flow detector 
ac tuates plant anntmciator when flow into reac to r 
o c c u r s . 

(11) Emergency Cooling Sys tem 

(a) Flow into coole rs - n o indication. A flow de 
tector ac tuates a common plant annunciator 
when flow into ei ther cooler o c c u r s . 

(b) Effluent s t eam t e m p e r a t u r e - h igh - t empera tu re 
a l a r m detects water leakage into cooler and 
ac tuates plant annuncia tor . 

(12) Auxil iary Cooling Water System 

(a) Auxil iary cooling water effluent temiperatures -
h igh- t empera tu re contacts on al l secondary 
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coolant effluent l ines from heat exchangers , 
pumps, e tc . , to actuate common plant an 
nunciator . 

(b) Tempera tu re leaving a i r -coo led heat ex
changer or cooling tower -h igh - t empera tu re 
contact to actuate plant anntmciator . 

(c) Circulating pump d ischarge header p r e s s u r e -
local indication only. L o w - p r e s s u r e contact 
for plant annunciator actviation and automatic 
swi tch-over to stand-by pump. 

(1 3) Water Supply System 

(a) Raw water s torage high tank level - local l imit 
switches control motor ized valve to fill tank. 
Low-level contact ac tua tes plant annunciator . 

(b) Donaestic s to rage tank level - local indication 
only (gage g lass ) . Low-level contact ac tua tes 
plant annim-ciator. 

(14) Waste Retention and Storage Tank Drain System 

(a) Waste retent ion tank level - local indication 
only. High-level contact to ac tuate plant 
annxinciator. (Separate for each retent ion 
tank.) 

(b) Discharge s torage tank level - l o c a l indication 
only. High-level contact to actuate plant 
annunciator . (Common gage and contact for 
al l t h ree tanks.) 

(c) Flow to d i scharge s torage tanks - no indication. 
Flow de tec tor to actuate plant annunciator 
upon flow into t anks . 

System Activity and Radiation Levels 

At se lected points in the sys t em, radia t ion levels will 
be naeasured. Some of these signals may be used to actuate the shut-down 
anntmciator at p r e sen t high l eve l s . The renaainder a r e for use in genera l 
plant radiat ion moni tor ing. All these m e a s u r e m e n t s will be r eco rded on a 
mul t i -point l inear sca le s t r i p char t r e c o r d e r with a high-level contact to 
actuate the plant annunciator . 

g. Additional Indicators 

Additional pilot l ights , ind ica to rs , a l a r m s , e tc . , may 
be added a s the detailed design of the plant develops . 
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3. Power and Lighting 

Power for the ARBOR Faci l i ty shall be obtained from the 
main 13,800-v bus at the main Site 16 substat ion location, about 1/2 mile 
away. The total demand load for the facility is es t imated to be 9000 kw. 
The Archi tec t -Engineer shall include in his design the n e c e s s a r y 13,800-v 
power t r ansmis s ion line for two feeders , and shal l design the local sub
station needed to transform, and dis t r ibute this power at the ARBOR s i te . 

An emergency power sys tem shall be provided to supply 
sufficient power to c r i t ica l components to pe rmi t o rde r ly shut-down of the 
plant . This sys tem shall consis t of a d iese l genera tor set equipped for 
automatic s t a r t - up in the event of s imultaneous fai lure of both power 
f eede r s . The genera tor shall supply 440-v, 3-phase, 60-cycle AC to an 
emergency power c i rcu i t which is normal ly fed from the regula r 440-v 
bus, and to which a r e connected the i t ems l is ted below. The diesel gener 
a tor shall be capable of ca r ry ing this load for a min imum of eight hours 
without at tention. 

1. Selected lights throughout the plant a r e a s , sufficient 
to insu re personnel safety. 

2. All lighting in the Control Room 
3. All ins t rumenta t ion and motor ized va lves . 
4. Ins t rument a i r c o m p r e s s o r 
5. Fo rced -c i r cu l a t ion ptxmp No. 1 (440-v emergency 

operat ion m o t o r ) . 
6. Cooling water c i rculat ing pump. 
7o Shield cooling c i rculat ing pump, 
8. Control room a i r condit ioners 
9. Food f reezer , r e f r ige ra to r , and cooking stove 
10. Public a d d r e s s sy s t em. 
11 . Sump pumps . 

Considerat ion mus t be given to the need for applying the 
emergency loads to the d iese l genera tor in t ime-de layed s teps r a the r than 
all a t once, in o rder to prevent overload of the genera tor a n d / o r the d iese l 
engine s ta r t ing moto r . 

A line d iag ram showing a suggested e l ec t r i ca l d is t r ibut ion 
sys tem for the ARBOR Faci l i ty is given in F i g . 13. 

Lighting in the high bay and auxi l ia ry equipment a r e a s of 
the main bviilding shall be provided by incandescent f ixtures capable of 
producing a minimvim of 30 f t -candles of illtimination a t a l l work su r f aces . 
Duplex convenience outlets of the combination two- and th ree -po le type for 
110-v se rv ice shall be spaced at about 10-ft cen te r s around al l work a r e a s . 
Outlets providing 208-v and 440-v, 3-phase se rv ice shall be spaced to 
se rv ice approximately 1000 sq ft of floor a r e a each. 
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Wall-mounted incandescent f ixtures capable of operat ion 
at t e m p e r a t u r e s up to 150F shall be provided in the active equipment pit. 
P r i m a r y Water System Service Area , water cooler and condenser a r e a s , 
and Active Storage Area to produce a minimtim of 30 f t -candles of i l -
Ij^mination at all work su r f aces . Convenient outlets shall be provided for 
l iO-v , 208-v, and 440-v se rv ice as specified for other a r e a s of the Main 
Building. 

Lighting in the Control Building shal l be provided by 
incandescent f ixtures sufficient to produce 50 f t -candles of i l lumination on 
the ground floor and in the basement l abora tory room, and 30 f t -candles in 
other basement a r e a s at al l work su r faces . 

On the ground floor of the Control Building, 110-v duplex 
combination two- and th ree -po le recep tac les shal l be provided a t frequent 
in te rva ls around the walls of the control room and on the fronts of the con
t ro l pane ls . Separate ly wired 110-v outlets on separa te c i rcu i t s for the 
r e f r ige ra to r and food f r eeze r , and a 208-v recep tac le for the e l ec t r i c 
cooking stove, shall be provided. Receptac les for 110-v se rv ice spaced on 
4-ft cen te r s , and two 208-v r ecep tac le s on opposite wal ls , shall be provided 
in the labora tory room. In other a r e a s of the control building basement , 
110-v, 208-v, and 440-v outlets shall be provided a s specified for the a r e a s 
in the Main Building. 

Suitable ex te r io r lights shall be provided for lighting the 
ARBOR si te parking a r e a , the walk between the parking a r e a and the main 
en t rance , and the main ent rance p roper , according to no rma l p r a c t i c e . 

4. Commvmi cat ions 

a. Public Address System - A public a d d r e s s sy s t em 
audible at any point in the High Bay, Auxil iary Eqtxipment, and Active 
Storage Areas of the Main Building, the act ive equipment pit, al l rooms 
in the Control Building, the water cooler and condenser a r e a s , and outside 
the main en t rance to the Control Building within the s t o r m shel ter ex
tension, shall be provided. Microphones shall be provided in the High Bay 
Area on the operat ing floor, the Auxil iary Equipment Area , the act ive 
equipment pit, the Control Building basement , the control room, and out
side the main ent rance to the Control Building inside the s t o r m shel ter 
extension. Microphones shal l have " p r e s s to talk" switches which shall 
a lso mute any speake r s in the imimediate vicinity of the microphone con
cerned to avoid feedback. 

b . Internal Telephone System - An in te rna l telephone 
sys tem consist ing of s ix independent c i rcu i t s with jacks for a l l s ix circviits 
s t ra tegica l ly located throughout the en t i re plant shall be provided. The 
sys t em should be a r r anged so that it is possible to plug handsets into any two 
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jacks in the plant corresponding to the same c i rcu i t and converse . Four of 
the c i rcu i t s should be amplified, and two of the c i rcu i t s should be sound-
powered. No ringing devices will be n e c e s s a r y with this sy s t em. 

c. Bell System Telephones - Four trunk l ines shall en ter 
the ARBOR s i te . Ins t ruments having i l luminated push-but tons for each of 
the four trunk l ines plus a "hold" button shall be placed on the High Bay 
Area operat ing floor, the Auxil iary Equipment Area , the l abora to ry room 
in the Control Building basement , the control room, and near the main 
en t rance . Only those instrviments in the Control Building shall r ing with 
incoming ca l l s . The ins t rument in the control room shall be equipped with 
a microphone and loudspeaker a r r a n g e m e n t to pe rmi t telephone operat ion 
without lifting the regula r ins t rument r ece ive r , if de s i r ed . 
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IV. SCOPE OF WORK AND DIVISION OF EFFORT 

A. Labora to ry Effort 

In genera l , the Labora to ry shall design and supply the ARBOR 
Faci l i ty components which a r e unusual with r e spec t to normal industr ia l 
p rac t i ce or which a r e pa r t i cu la r ly vital to r eac to r operat ion. These include: 

1. All r eac to r components , including the r eac to r vesse l shel l , 
support , insulation, in ternal fitt ings, fuel e lements , control rods , control 
rod d r ives , and top cover . The Labora to ry has placed a cont rac t for fabr i 
cation of the r eac to r vesse l and will be responsib le through a subcontract 
for t r an spo r t and instal lat ion. Connection to the sys tem piping will also be 
the Labo ra to ry ' s responsibi l i ty . 

2. Fuel handling equipment. 

3. All coffins for the t r ans fe rence of radioact ive m a t e r i a l s . 

4. Nuclear and radioact ivi ty moni tor ing ins t rumenta t ion . 
Information as to location and support r equ i r emen t s will be supplied by the 
Labora to ry for incorporat ion into the p roper Arch i t ec t -Eng ineer drawings. 

5. R e s e a r c h ins t rumenta t ion (within the r eac to r vesse l and 
re la ted special appara tus outside) . S t ruc tura l and mechanica l r e q u i r e m e n t s , 
such as conduit locat ions , e tc . , will be supplied to the Arch i t ec t -Eng ineer 
for incorporat ion into the p roper drawings. 

B. Arch i t ec t -Eng ineer Effort 

The Arch i t ec t -Eng inee r shall execute the detai led design of all 
other port ions of the ARBOR Faci l i ty not l i s ted above as designed by the 
Labora to ry , in accordance with design r equ i r emen t s es tab l i shed by the 
Labora tory , and shall p r e p a r e detai led specifications for said i t ems . Within 
this a r e a the Arch i tec t -Engineer shall pe r fo rm the n e c e s s a r y design work 
with a min imum of guidance and supervis ion by the Labora to ry . The fol
lowing is a par t i a l l i s t of these i t ems : 

1. General 

Site development (including roads , fences , wa l l s , water 
supply s y s t e m s , lighting, secur i ty buildings, e lec t r i ca l power supply, etc .) . 

2. P r i m a r y System 

a. Water Coolers and Steam Condensers - Investigation 
of the mos t suitable method of heat disposal from the r eac to r sys tem has 
been in p r o g r e s s at the Labora to ry for a cons iderable length of t ime . 
Engineer ing e s t ima tes of var ious types of heat exchangers have been reviewe 
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with respec t to the prepara t ion of suitable specifications. The accumulated 
information will be made available to the Arch i tec t -Engineer for comple
tion of study and for prepara t ion of the specifications for subsequent p r o 
curement by the Labora tory . 

b. Forced-Ci rcu la t ion and Reactor Feed -Wate r Pumps . 
Considerable effort has been expended by the Labora to ry to ut i l ize shaft-
sealed pumps for ARBOR Projec t . Due to operat ing conditions, these pumps 
mus t accommodate high suction p r e s s u r e s and under ce r ta in c i r cums tances 
rnust opera te with low NPSH. 

P r e l i m i n a r y specifications have been p r e p a r e d on the 
bas i s of information obtained in working with var ious prospec t ive vendors . 
Final specifications shall be p r epa red for submiss ion to prospect ive vendors 
as soon as all design r equ i remen t s a r e f i rmly establ ished. Del ivery will 
be requ i red by the winter of 1958. 

c. All water coo le r s , s team condense r s , pumps and 
foundations, pipe t r e n c h e s , shielding wal l s . High Bay Area ce l l s . Active 
Storage Area drain and re tent ion tank supports and enc losure , etc. 

d. C ranes , c rane ra i l s and support s t r u c t u r e s . 

e. The piping s y s t e m s , including the design and select ion 
of a s so r t ed pumps, control va lves , deminera l iza t ion equipment, etc. Com
plete information on all phases of design of equipment, calculat ions of pipe 
s t r e s s e s , methods of support ing and anchoring will be furnished to the 
Labora to ry for approval . 

P r e l i m i n a r y contacts have been made with prospect ive 
vendors of the var ious i t ems of r equ i red equipment. The information ob
tained has been used in the p repara t ion of conceptual layouts . This infor
mation will be r e l ea sed to the Arch i t ec t -Eng inee r to enable him to commence 
immedia te ly on detai led design work. It is intended that l ong - t e rm del ivery 
i t ems , such as p ipes , va lves , f i t t ings, pumps, e tc . , will be picked off and 
o r d e r e d by t!|ie Labora to ry as soon as sufficient information is avai lable . 
Likewise , a prefabr ica t ion pipe cont rac t will be le t by the Labora to ry as 
soon as pipe detai ls a r e completed. The Arch i t ec t -Eng inee r shall provide 
personnel for joint inspection with the Labora to ry of all i t ems of purchased 
equipment. 

3. Auxil iary Sys tems 

All i t ems descr ibed in the Auxil iary Systems Section III. 
D-4 will be designed and specified by the Arch i t ec t -Eng ineer . Here again the 
components will be o r d e r e d in advance to expedite construct ion. 
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4. Power and Lighting 

The Arch i t ec t -Eng ineer will design the complete e lec t r ica l 
sys tem. The Labora to ry will supply ce r t a in specific r equ i r emen t s for the 
design. It mus t be recognized that the e lec t r i ca l power dis t r ibut ion sys tem, 
together with the var ious ra t ings , s izes of equipment, and load va lues , as 
covered h e r e , a r e n e c e s s a r i l y approximate and subject to change in the 
definitive design as the following per t inent points a r e es tabl ished: 

a. Exact location of the ARBOR Faci l i ty . 

b. The final ra t ings of the var ious aux i l i a r i es . 

c. The loads to be c a r r i e d by the emergency d iese l -
genera tor set . 

d. The detai led and coordinated operat ing and control 
schemes for the var ious e lec t r i ca l and re la ted components of the Faci l i ty . 

5. Contrac ts and F ie ld Supervision 

The Arch i t ec t -Eng inee r will p r e p a r e detai led drawings and 
specifications for all i t e m s , except those supplied by the Labora to ry , to be 
used in p repara t ion of p roposa l s for b ids . F ie ld supervis ion and shop draw
ing review for all phases of all con t r ac t s , o ther than those executed solely 
by the Labora to ry , will be supplied by the Arch i t ec t -Eng inee r . 

6. P r e l i m i n a r y Drawing L i s t 

The drawing l i s t p re sen ted below is bel ieved to be r e p 
resenta t ive of the magnitude of the o v e r - a l l project . Determinat ion of the 
exact r equ i rement s is of cour se left to the Arch i t ec t -Eng inee r . 

I tems m a r k e d with an a s t e r i s k * may be affected by Step I, 
II, III schedule of const ruct ion as d i scussed l a t e r . 

ARBOR Drawing Requi rements 

Standard Size: 30 x 42 3/8 in. = 1 ft - 0 in. Scale 

S t ruc tura l and Arch i tec tu ra l 

1. Location and Grading Plan 
2. Water Supply P lan 
3. Excavation Plan and Elevation 
4. Main Building Basemen t F r a m i n g Plan 
5. Main Building F i r s t F loor F r a m i n g P lan 



6. Main Building Operating Floor F r a m i n g Plan 
7. Main Building Basement Reinforcing Plan 
8. Main Building Operat ing F loor Reinforcing Plan 
9. Reactor Foundation Plan and Detai ls 

10. Main Building Elevation Aj-Ai 
11. Main Building Elevation A2-A2 
12. Main Building Elevation A3-A3 
13. Main Building Elevation Bi-Bi 
14. Main Building Elevat ion B2-B2 
15. Main Building Elevation B3-B3 
16. Main Building Misc. Sections and Detai ls 
17. Main Building Misc. Sections and Detai ls 
18. Main Building Feed-Wate r Pump Foundation* 
19- Main Building Foundation Sections 
20. Main Building Monitor S t ruc tura l Steel 
21. Main Building Monitor S t ruc tura l Steel 
22. Main Building Monitor S t ruc tura l Steel 
23. Main Building Misc . S t ruc tura l Steel Details 
24. Main Building Misc. S t ruc tura l Steel Detai ls 
25. Main Building Stair Detai ls 
26. Main Building Concrete F loor Plug Detai ls 
27. Active Storage Area F loor F r a m i n g Plan 
28. Active Storage Area Roof F r a m i n g Plan 
29. Active Storage Area Elevat ion Aj-Ax 
30. Active Storage Area Elevat ion Bj-Bi 
31. Auxil iary Building Floor F r a m i n g Plan 
32. Auxil iary Building Roof F r a m i n g Plan 
33. Auxil iary Building Elevation Aj-Aj 
34. Auxil iary Building Elevation Bi -Bj 
35. Control Building Basement F r a m i n g Plcin 
36. Control Building Main Floor F r a m i n g Plan 
37. Control Building Roof F r a m i n g Plan 
38. Control Building Basement Reinforcing P lan 
39. Control Building Main Floor Reinforcing Plan 
40. Control Building Roof Reinforcing Plan 
41 . Control Building Elevation Aj-Aj 
42. Control Building Elevation A2-A2 
43. Control Building Elevation A3-A3 
44. Control Building Elevation Bi -Bj 
45. Control Building Elevation B2-B2 
46. Control Building Elevation B3-B3 
47. Control Building Misc. Sections and Detai ls 
48. Control Building Misc. Sections and Detai ls 
49. Control Building St ruc tura l Steel Detai ls 
50. Control Building St ruc tura l Steel Detai ls 
51. Building Elevat ion - North* 
52. Building Elevation - Eas t* 
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53. Building Elevation - South* 
54. Building Elevation - West* 
55. Building Door Details 
56. Building Door Details 
57. Control Building Plunabing 
58. Control Building Heating and Ventilating 
59. Auxil iary Building Heating and Ventilating 
60. Main Building Concrete Inse r t s 
61. Main Building Concrete In se r t s 
62. Control Building Concrete Inse r t s 
63. Reactor Biological Shield Detai ls 
64. Reactor Biological Shield Details 
65. Cooling Tower P lan* 
66. Cooling Tower Deta i l s* 
67. Miscel laneous Outdoor S t r u c t u r e s * 
68. Concrete Shield Segment Details 
69. Nuclear Ins t rument Hole and Well Details 
70. Heat Exchanger Area Plan* 
71. Heat Exchanger Area Elevat ion A-A* 
72. Heat Exchanger Area Elevation B - B * 
73. Condenser Area Plan* 
74. Condenser Area Elevation A-A* 
75. Condenser Area Elevat ion B - B * 
76. Heat Exchanger Foundation Deta i l s* 
77. Condenser Foundation Deta i l s* 

Mechanical 

1. Main Building - Genera l Ar rangemen t Plan - Basement* 
2. Main Building - General Ar rangement Plan - F i r s t F loor* 
3. Main Building - General Ar rangement Plan - Operat ing F loor 
4. Main Building - General Ar rangemen t Elevation A^-Ax* 
5. Main Building - Genera l Ar rangemen t Elevation A2-A2* 
6. Main 6\iilding - General Ar rangement Elevation A3-A3* 
7. Main Building - General Ar rangement Elevation B i - B j * 
8. Main Building - Genera l Ar r angemen t Elevation B2-B2* 
9. Main Building - Genera l Ar rangement Elevation B3-B3* 

10. Active Storage Area - Genera l Arrangenaent P lan* 
11. Active Storage Area - Genera l Ar rangemen t Elevat ion Aj-Aj* 
12. Active Storage Area - Genera l Ar rangement Elevat ion Bx-Bi* 
13. Auxil iary Building - General Ar rangement P lan* 
14. Auxil iary Building - General Ar rangement Elevation Ai -Aj* 
15. Auxil iary Building - Genera l Ar rangemen t Elevation Bj -Bi* 
16. Control Building - Genera l Ar rangement Basement Plan 
17. Control Building - Genera l Ar rangemen t F i r s t F loor Plan 
18. Control Building - General Ar rangement Elevation Aj-Aj 
19- Control Building - Genera l Ar rangemen t Elevation A2-A2 
20. Control Building - General Ar rangement Elevation Bj-Bj 
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21. Control Building - General Ar rangement Elevation B2-B2 
22. Plan of P r i m a r y System Piping - Main Building Basement* 
23. Elevations of P r i m a r y System Piping - Main Building 

Basement* 
24. Plan of P r i m a r y System Piping - Main Building F i r s t F loor* 
25. Elevations of P r i m a r y System Piping Main Building F i r s t 

F loor* 
26. Elevations of P r i m a r y Systena Piping Main Building F i r s t 

F loor* 
27. Plan of P r i m a r y System Steam Piping Main Building* 
28. Elevations of Steam Piping Main Building* 
29. Plan of Cooling Water Piping Main Building* 
30. Elevations Cooling Water Piping Main Building* 
31. Elevations Cooling Water Piping Main Building* 
32. Plan of Chemical Shutdown Piping Main Building - Operating 

Floor 
33. Elevation of Chemical Shutdown Piping - Main Building -

Operating F loor 
34. Reactor Shield Cooling Piping Detai ls - Main Building 
35. Pipe Hanger and Support Detai ls - Main Building* 
36. Plan of Piping Active Storage A r e a * 
37. Elevations of Piping Active Storage A r e a * 
38. Plan of Piping Auxil iary Building* 
39. Elevations of Piping Auxil iary Building* 
40. Elevations of Piping Auxil iary Building* 
41. Miscel laneous Sections and Detai ls of Piping* 
42. Miscel laneous Sections and Detai ls of Piping* 
43. Plan A-A Water Cooler Area Piping* 
44. Plan B-B Water Cooler Area Piping* 
45. Elevation Aj-Ai Water Cooler Area Piping* 
46. Elevation A2-A2 Water Cooler Area Piping* 
47. Elevation Bj-Bi Water Cooler Area Piping* 
48. Elevation B2-B2 Water Cooler Area Piping* 
49. Pipe Support Detai ls - Water Cooler Area* 
50. Pipe Support Detai ls - Water Cooler A r e a * 
51. Plan A-A Steam Condenser Area Piping* 
52. Plan B-B Steam Condenser Area Piping* 
53. Elevation Aj-Ai Steam Condenser Area Piping* 
54. Elevation A2-A2 Steam Condenser Area Piping* 
55. Elevation Bi-Bi Steam Condenser Area Piping* 
56. Elevation B2-B2 Steam Condenser Area Piping* 
57. Pipe Support Detai ls Steam Condenser Area* 
58. Pipe Support Detai ls Steam Condenser A r e a * 
59. Miscel laneous Storage Tanks - Main Building 
60. Waste Storage - Retention Tank Deta i l s* 
61. Chemical Shutdown Tank Detai ls 
62. Shutdown Cooling Piping Detai ls 
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63. Shatdown Cooling Piping Details 
64. Main Building Vent and Drain Systems 

E lec t r i ca l 

1. Conduits and E lec t r i ca l Equipment - Main Building -
Basement 

2. Conduits and E lec t r i ca l Equipment - Main Building -
F i r s t F loor 

3. Conduits and E lec t r i ca l Equipment - Main Building -
Operat ing F loor 

4. Conduits and E lec t r i ca l Equipment - Active Storage 
Area 

5. Conduits and E lec t r i ca l Equipment - Avixiliary Building 
6. Conduits and E lec t r i ca l Equipment - Auxil iary Building 
7. Conduits and E lec t r i ca l Equipment - Auxil iary Heat Ex

changer Area 
8. Conduits and E lec t r i ca l Equipment - Water Cooler A r e a 
9. Conduits and E lec t r i ca l Equipment - Steam Condenser 

Area 
10. Conduits and E lec t r i ca l Equipment - Control Building 

Basement 
11. Conduits and E lec t r i ca l Equipment - Control Building 

Basement 
12. Conduits and E lec t r i ca l Equipment - Control Building 

Basement 
13. Conduits and E lec t r i ca l Equipment - Control Building 

Basement 
14. Conduits and E lec t r i ca l Equipment - Control Building 

F i r s t F loor 
15. Conduits and E lec t r i ca l Equipment - Control Building 

F i r s t F loor 
16. Conduits and E lec t r i ca l Equipment - Control Building 

F i r s t Floor 
17. E lec t r i ca l Equipment Detai ls 
18. E lec t r i ca l Equipment Detai ls 
19. Pole Faci l i ty - EBR II to ARBOR 
20. E lec t r i c Dis t r ibut ion Pole Detai ls 
21. Misc. E lec t r i c Instal lat ions 
22. Lighting Main Building - Basement 
23. Lighting Main Building - F i r s t F loor 
24. Lighting - Main Building - Operat ing Floor 
25. Lighting - Active Storage Area 
26. Lighting - Auxil iary Building 
27. Lighting - Control Building Basemen t 
28. Lighting - Control Building F i r s t Floor 
29- Lighting - Water Cooler A r e a * 
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30. Lighting - Steam Condenser Area* 
31. Lighting - Misc. Exte r io r 
32. Communications System 
33. Single Line and Key Diagrams 
34. Wiring Diagram 41 60 Volt Switch Group 
35. Wiring Diagram 4160 Volt Switch Group 
36. Wiring Diagram 440 Volt Switch Group 
37. Wiring Diagram 440 Volt Switch Group 
38. Wiring Diagram 440 Volt Control Center 
39- Wiring Diagram 440 Volt Control Center 
40. Wiring Diagrana 440 Volt Control Center 
41. Wiring Diagram 440 Volt Control Center 
42. Wiring Diagram 440 Volt Control Center 
43. Thermocouple Wiring Diagram 
44. Thermocouple Wiring Diagram 
45. Thermocouple Wiring Diagram 
46. Nuclear Control and Inst rumentat ion Diagram 
47. Elevations - Control Room Panels 
48. Schematic Diagram - Rod Drive Control 
49. Schematic Diagram - Steam System Ins t rumentat ion* 
50. Schematic Diagram - Fo rced Circulat ion System 

Instrumentat ion* 

7. Compliance with AEC Requi rements on P repa ra t ion 
of Reports 

It will be n e c e s s a r y for the Labora to ry and the Arch i tec t -
Engineer to col laborate in conforming to the AEC r e q u i r e m e n t s , including 
Idaho Operat ions Office Engineering Standards , as r ega rds engineering 
and construct ion s tandards , and the prepara t ion of per formance and ac 
counting r epo r t s . 

Pa r t i cu l a r attention is cal led to the necess i ty for p r e p a r a 
tion of Title I, IL and III r e p o r t s . It should be quite evident that a l a rge 
amount of the Title 1 work has been completed by the Labora tory . How
ever , this information will have to be t r a n s f e r r e d to the Arch i t ec t -Eng inee r ' s 
drawings. Due to the complexity of the ARBOR Systena the proposed 
concept mus t be developed in sufficient detail to p resen t enough information 
for the prepara t ion of a rea l i s t i c cost e s t imate . 

An outline of a typical Title I r epor t requ i red of the Arch i tec t -
Engineer is p resen ted below: 

a. Summary - A brief descr ip t ion of var ious sys t ems and 
a r r angemen t s studied, cost and operat ing compar i sons , and r ecommenda
tion by the Arch i tec t -Engineer . 



b. Introduction - Brief h is tory of Arch i t ec t -Eng inee r ' s 
activity to date and discuss ion of future p r o g r a m with re fe rence to Title II 
and Title III effort. 

c. Plant Requi rements 
d. General Plant Descr ipt ion 
e. P r o c e s s Flow Descript ion 
f. Equipment Descr ip t ion 
g. S t ruc tura l Descr ip t ion 
h. E lec t r i ca l System Descr ipt ion 
i. Ins t rumentat ion System Descr ip t ion 
j . Cost Es t ima te 
k. Design Evaluation, Conclusions, and Recommendat ions 

8. Operating Manuals 

The Arch i tec t -Engineer shall p r epa re and supply 50 copies 
of a plant operat ion and maintenance manual . Information per ta ining to the 
reac tor operation will be supplied by the Labora to ry for integrat ion into the 
final repor t . 

C. Joint Labora to ry and Arch i tec t -Engineer Effort 

In genera l , the joint efforts of the Labora to ry and Archi tec t -
Engineer shall be applied wherever the respec t ive types of exper ience 
pecul iar to the two organizat ions can be combined to accompl ish the job 
in the mos t efficient manner . The Arch i tec t -Engineer shall execute the 
detailed design, with the Labora to ry supplying a l a rge port ion of the 
n e c e s s a r y information. 

It i s emphasized that the ins t rumenta t ion of the ARBOR 
Faci l i ty is r a the r complex. Most of the ins t rumenta t ion mus t be viewed 
and designed as an in tegra l sys tem. As completion of the instrunaentation 
design is approached, the Arch i t ec t -Eng ineer will be requ i red to p r e p a r e 
two types of d iagrams covering the en t i re ins t rumenta t ion sys tem: (1) a 
type suitable for construct ion purposes ; and (2) a type suitable to enable 
ready comprehension of the manner of sys t em functioning, and to faci l i 
tate sys tem r epa i r and maintenance . These drawings , along with flow 
c h a r t s , shall be used for opera tor instruct ion a lso . In addition, the 
Arch i tec t -Engineer will be requ i red to p r e p a r e comprehens ive and de
tai led special d i ag rams , with suitable descr ip t ions , of the safety ins t rumen
tation. 

The following design i t ems a r e included within the a r e a of 
joint effort: 

1. General o v e r - a l l plant a r r angemen t 
2. Shielding 



3. P r o c e s s ins t rumentat ion 
4. Control room design 
5. Water cooler and s team condenser s team disposal sys tem 
6. Safety sys tems 
7. Chemical shutdown 
8. Ion exchange column shielding 
9. Fuel s torage pit design 

10. Recombination sys tem 
11, Steam sepa ra to r - emergency coole rs 

The above i tems of joint effort mus t be in tegra ted with that of 
p r i m a r y effort by the Arch i t ec t -Eng ineer and incorpora ted on common 
drawings. 

It is expected that ins t rument vendors will be consulted at an 
ear ly stage for co-opera t ion in design of the ins t rumenta t ion and control 
sys tem. Likewise, it is expected that a separa te ins t rumenta t ion contract 
will be let by the Labora to ry and admin i s t e red jointly by the Labora to ry 
and Arch i tec t -Engineer . 

As in the case of the Pr inaary System design, the components 
for the var ious sys t ems will be o r d e r e d by the Labora to ry as information 
becomes available. 

Due to unknown factors in the Recombination System, this 
unit will be fabricated and tes ted at the Labora to ry under opera t ing con
dit ions. After tes t ing, the unit will be d i sa s sembled and shipped to Idaho 
for instal lat ion in the ARBOR Faci l i ty . 

It is a lmos t imposs ib le to define in complete detail the exact 
scope of work of each of the pa r t i e s involved in a project such as the 
design of the ARBOR Faci l i ty . Therefore the r equ i remen t s s tated above 
and in the AEC Idaho Operat ions Office Engineer ing Standards const i tute 
the mos t complete information available at this t ime . Any additional 
work which develops as the design p r o g r e s s e s shall be handled by the 
Arch i tec t -Engineer at the direct ion of the Labora to ry . 

D. Schedvile of Construct ion in Steps 

As mentioned under Sect. Ill , DESIGN REQUIREMENTS, it 
will probably be n e c e s s a r y to cons t ruc t the ARBOR facility in two p a r t s . 
Since an accura te construct ion cost estinaate on the facility will not be 
available until completion of the Title I r epor t , it cannot be said at this 
t ime just how much of the plant can be built as a f i r s t par t , and how much 
mus t be left. Consequently, the plant has been divided into th ree s teps , 
each of which const i tutes an operable facility providing a port ion of the 
flexibility intended for the en t i re plant. 
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During the Title I Study, the Arch i tec t -Engineer is expected 
to consider the plant built both as a whole and in these th ree s teps . It 
is intended that after completion of Tit le I work, the cost e s t ima tes for 
the th ree pa r t s will be studied and a decision will be made as to whether 
Steps I and II can be combined to form the f i rs t construct ion pa r t , with 
Step III following as the second pa r t , or whether only Step I can be built 
init ially, with Steps II and III following. 

Subsequently, Title II construct ion drawings will be p r epa red 
in such a way that construct ion cont rac t bids may be invited on the two 
a l t e rna tes of (a) construct ing only the f i r s t par t and (b) construct ing the 
ent i re plant, with the AEC reta ining the option of switching from a l te rna te 
(a) to a l te rna te (b) by a given date, say, September 30, 1958. The la t t e r 
provis ion will pe rmi t a change to construct ion of the full plant should the 
n e c e s s a r y additional funds become available in F i sca l Year 1959, with
out incur r ing the prohibi t ive expense normal ly assoc ia ted with cons t ruc 
tion change o r d e r s . Study by the Labora to ry has indicated that such a 
change could be made as late as September 30, 1958, without ma te r i a l l y 
affecting the const ruct ion completion date . 

The th ree s teps to be cons idered during Title I work, to 
gether with the major equipment involved in each s tep , a r e del ineated 
below: 

Step I - Di rec t -Cyc le F o r c e d and Natural Circulat ion 

(1) P r e s s u r e Vessel 
(2) Main Building 
(3) Auxil iary Building 
(4) Control Building 
(5) Retention and Discharge Storage Tank Building 
(6) Water Supply and Trea tmen t System 
(7) F o r c e d Circulat ion System minus Water Coolers 
(8) Low Alloy Carbon Steel Steam Distr ibut ion System 
(9) Carbon Steel F e e d - w a t e r Pump 

(10) Complete E lec t r i ca l Distr ibut ing System 
(11) Complete Ins t rumenta t ion Sys tem 

(12) Three Waste Retention Storage Tanks 

Step II - Dual Cycle 

(1) F o r c e d Circulat ion Water Cooling System 

Step III - Indirect Cycle and Heavy Water Operat ion 

(1) Steam Condensers 
(2) Stainless Steel Steam Distr ibut ing System 
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(3) Stainless Steel High T e m p e r a t u r e F e e d - w a t e r Pump 
(4) Deaerat ing Hotwell 
(5) Recombination System 
(6) Reactor Water Cleanup System 
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APPENDIX A 

GEOLOGICAL AND METEOROLOGICAL DESCRIPTION 
OF THE NRTS SITE 

Although the Snake River plain gives a flat appearance , the topog
raphy is dune-l ike where the lava is mantled with soi l . Many cinder buttes 
r i s e above the surrounding t e r r a i n . Where soil cover is absent the land 
surface is exceedingly rough. Soil is wind blown l o e s s . 

Except in the immedia te vicini t ies of c r a t e r s , p r e s s u r e r idges and 
lava tubes , the basa l t ic lava rock which fo rms the cen t ra l plain of the 
NRTS s i te , in genera l , affords stable foundations for heavy s t r u c t u r e s . Most 
of this rock has a high crushing s t rength and is nonplast ic , although it i s 
pa r ted un iversa l ly into blocks from a foot to seve ra l feet in s i ze . Ordinary 
engineering techniques^ coupled with tes t dr i l l ings to prec lude the exis tence 
of lava tubes or other cavernous openings at shallow depth, should suffice to 
mee t mos t foundation p r o b l e m s . 

Excavation in the lava rock iSj of cou r se , m o r e costly than in inco
herent m a t e r i a l s such as g rave l . Although some p a r t s a r e rough or craggy, 
mos t of the a r e a is re la t ive ly smooth, so that s i tes for individual s t r u c t u r e s 
of a facility can be selected to minimize the volume of excavation r equ i r ed . 

Surface wind flow in the vicinity of NRTS can be quite var iable b e 
cause of the surrounding mountainous t e r r i t o r y . However, the prevai l ing 
winds a r e usual ly in the quadrant from southeast through southwest, 45 to 
55 pe r cent of the t i m e . The s t ronges t winds a r e approximate ly 50 to 
60 mi les per hour . The average surface wind speed is 8 to 10 mi les per 
hour with s t ronges t winds occur r ing during the winter . The following f r e 
quency of surface wind speeds in the a r e a can be expected: 

0 to 3 m i l e s / h r 10 to 20 per cent 
4 to 15 m i l e s / h r 60 to 70 per cent 

16 to 31 m i l e s / h r 10 to 20 per cent 
32 to 47 na i les /hr 1 to 2 per cent . 

Other weather data for the Arco a r e a a r e as follows: 

Average T e m p e r a t u r e s during months : 

January 
F e b r u a r y 
March 
July 
August 
December 

20° F 
23° F 
34° F 
69° F 
67° F 
23° F 
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Tempera tu re Range: -45 to 108°F 
Degree Days: 6800 
Days below 0 ° F : 10 
Days below 32° F : 135 
Days of F r o s t : 240 
F r o s t penet ra t ion: 30 in. 
Prec ip i ta t ion : 13 i n . / y r 
Average Relative Humidity at noon: 

January 
July 

65-70% 
25-30%. 

The following a r e analyses of water from two wells in the vicinity 
of the ARBOR site at NRTS: 

Temp, ° F 
PH 
Total Solids 
Calcium 
Magnesium 
Iron 
Silicate 
Ni t ra te 
Alkalinity 

(1) Carbonate 
(2) Bicarbonate 

Chloride 
Sulfate 
F luor ide 
Hardness as CaCOs 
Sodium 
Po ta s s ium 
Boron 
Dissolved Solids 
Specific Conductance 25° C 

Site 10 
USGS Well #2 

'53.5 
7.7 

186.0 
32 
12 

0.60 
32.0 

1.6 

0 
149 

8.8 
14 

0.7 
129 

8.9 
2.9 
0.01 

183.0 
282 

ppm 
ppm 
ppm 
ppm 
ppm 
ppm 

ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 

Near Site 16 
USGS Well 3A 

53 
8.2 

188.0 
29 
10 

0.29 
36 

2.3 

0 
146 

11 
9.1 
0.3 

113 
15 

3.2 
0.01 

186.0 
276 

ppm 
ppm 
ppm 

' ppm 
ppm 
ppm 

ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
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APPENDIX B 

I . INTRODUCTION 

The equipment hereaf ter designated the ARBOR Reactor Vesse l and 
Appurtenances is a p r e s s u r e vesse l with ce r ta in assoc ia ted in ternal and 
external a t tachments requ i red for use in the Argonne Boiling Reactor 
Faci l i ty to be const ructed at the National Reactor Test ing Station at Arco , 
Idaho. The vesse l has an inside d iamete r of 9 ft 0 in . and i s 44 ft l l -y in . 
high, including suppor t s . A bolted spher ica l ly dished cover with a min imum 
clear opening 6 ft 6 in. in d iameter i s provided. Design conditions of p r e s 
sure and t empe ra tu r e a r e 2600 psig and 695F, respec t ive ly . 

The ARBOR Reactor Vessel and Appurtenances is a c r i t i ca l a p p a r a 
tus. Rules for safe construct ion a r e ei ther completely lackihg or a r e only 
now being formulated by the ASME Boiler Code Commi t t ee . As a conse 
quence, evidence of excellence of engineering design, fabricat ion, m a t e r i a l s , 
inspection and quality control during maniifacture shall influence the s e l e c 
tion of the Vendor by the Labora to ry . All such c la ims of excellence shall be 
evaluated by the Labora to ry in the form of plant and facility inspect ions 
p r io r to the lett ing of the supply subcontract . Unsubstantiated c la ims shall 
be sufficient to el iminate the Vendor from further cons idera t ion . 

All machining, welding, a s sembly , and fitting opera t ions , as well as 
the major port ion of the component pa r t fabricat ion opera t ions , shall be 
c a r r i e d out in the Vendor ' s own shops . The Vendor shall be respons ib le 
for the design of the ARBOR Reactor Vesse l in accordance with the spec i 
fications as set forth he re in . The conceptual drawings included outline the 
general ove r -a l l geomet r ica l r equ i r emen t s and shall be followed wherever 
possible and p rac t i cab l e . 

Del ivery of the Reactor Vesse l to the Idaho Site i s r equ i r ed by 
November 1, 1959. It i s acknowledged that m a t e r i a l p rocu remen t is difficult 
at this t i m e . The Labora to ry will aid the Vendor with highest p r i o r i t i e s . In 
o rde r to expedite construct ion it is reques ted that the proposal be based 
upon employment of 3-shift pe r day operat ion as soon as p r a c t i c a l . 

The Vendor shall submit a production schedule with his p roposa l . 
This schedule shall include a manhour breakdown of the var ious phases of 
construct ion, including the number of manhours which may be worked weekly 

General ly , the design and fabricat ion of the ARBOR Reactor Vesse l 
and Appurtenances shall follow the mandates of the 1956 revis ion (Addenda 
and case rul ings) of Section I of the ASME P r e s s u r e Vesse l Code, with 
cer ta in exceptions and additional r equ i r emen t s as descr ibed l a te r in this 
Specification. 
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The ARBOR Reactor Vesse l may be fabricated by any of the following 

genera l methods: 

(1) One piece forging. 
(2) Welded forged sec t ions . 
(3) F o r m e d and welded solid p la te . 
(4) F o r m e d and welded "'laminated" or "banded" plate construct ion -

provided that the inner s t ruc tu ra l band or l iner i s at l eas t 
1-̂  in . in th ickness , not including cladding. (No cladding i s 
r equ i red if inner band or l iner i s fabricated of Type 405 
s ta in less s teel . ) 

(5) Any combination of forgings and welded plate cons t ruc t ions . 
(6) Centrifugal cas t ings (for nozzle connections only). 

If the ARBOR Reactor Vesse l were fabricated in a conventional 
ASME Code construct ion, i ts shipping weight would exceed 200 tons . In 
o rde r to reduce this weight, but st i l l to r e t a in a min imum factor of safety of 
4.0, a m a t e r i a l with an ul t imate tens i le s t rength in the range of 105,000 to 
125,000 psi is n e c e s s a r y . F u r t h e r m o r e , the bolted c losure design prec ludes 
the use of conventional ASME bolt s t e e l s . An alloy s tee l with a susta ined u l t i 
mate tens i le s t rength of at l eas t 200,000 ps i at 700F is manda tory . Additional 
r equ i r emen t s for these m a t e r i a l s a r e detailed l a t e r in this Specification. 

All of the ARBOR Reactor Vesse l in te rna l su r faces , with the excep
tion of the 1% boron-s ta in ]ess s teel t h e r m a l shield and specified pipes and 
appur tenances , a r e to be clad with or fabr icated from AISI Type 405 s ta in
l e s s s t ee l . 

II. SCOPE OF WORK 

The Vendor shall design, fabr ica te , furnish and del iver f.o.b. siding 
at National Reactor Test ing Station, Scoville, Idaho, consigned to P u r c h a s e r 
as designated, the following equipment: 

One (1) ARBOR Reactor Vesse l and i t s appur tenances , to include: 

A. One (l) ves se l shel l , completely fabricated, consist ing of a 
lower head, cyl inder , and truncated conical upper flange, with 
al l welded nozzles a t tached, 

B . One (1) spher ica l ly dished cover , completely fabr icated, dr i l led 
and faced for bolting, with control rod and ins t rument th imbles 
and specified shielding at tached, and mounted in cover handling 
f ix ture . 
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C. Vesse l in te rna ls consist ing of: 

1. One (1) lower grid support and inlet plenum, complete with 
connecting bo l t s . 

2. Four (4) feedwater inlet downcomer p ipes , completely f ab r i 
cated, ma tch -marked , and p r epa red for field instal la t ion. 

3 . One (1) core spray r ing, completely fabr icated but with 
spray nozzles not ins ta l led, p r epa red for field ins ta l la t ion. 

4 . One (1) in ternal t he rma l shield, complete with connecting 
bo l t s . (Material for inner 1% boron- s t a in l e s s s teel shield 
cylinder to be supplied by the Labora tory . ) 

5. One (1) shock shield, complete with connecting bo l t s . 

D. One (1) shell support s t r uc tu r e , complete with connecting bo l t s . 

E . Miscel laneous small p a r t s consist ing of: 

1. One (1) complete set of c losure bolt s tuds, m a t c h - m a r k e d 
with v e s s e l . 

2. One (1) complete set of body flange i n s e r t s l eeves , m a t c h -
marked with v e s s e l . 

3 . One (l) complete set of c losure bolt stud nuts , ma tch -
marked with c losure bolt s tuds . 

4 . One (1) complete set of spher ica l w a s h e r s for c losure bolt 
s tuds , m a t c h - m a r k e d with s tuds . 

5 . One (1) complete set of c losure ga ske t s . 

6. One (1) set of six th read p ro t ec to r s for instal la t ion of cover 
on v e s s e l . 

7. One (l) complete set of spray nozzles for core spray r i ng . 

8. All p a r t s n e c e s s a r y for field instal la t ion of insulat ion, in
cluding insulation itself. 

F . One (1) cover bolting templa te , ma tch -d r i l l ed with the c losure 
stud holes in the top cover , (shipping ins t ruc t ions for th is i tem 
to be t r ansmi t t ed by the Labora to ry at a l a t e r da te) . 



G. Spare pa r t s consist ing of: 

1. One (1) complete set of c losure bolt s tuds . 

2 . One (1) coinplete set of body flange inse r t s l eeves , m a t c h -
marked with v e s s e l . 

3 . One (1) complete set of c losure bolt stud nu ts , ma tch -
marked with spa re c losure bolt s tuds . 

4 . One (1) complete set of spher ica l washe r s for c losure bolt 
s tuds , m a t c h - m a r k e d with vesse l studs (item E-1 above). 

5 . Twenty-four (24) complete se ts of c losure gaske t s . 

6. Six (6) spray nozzles for core spray r ing . 

All i t ems a r e to be substantial ly as shown on the Labora to ry d raw
ings l is ted below and as hereinaf ter specified. 

The Labora to ry shall furnish the Vendor, on a loan b a s i s , a t e m 
plate which has been ma tch -d r i l l ed with the lower core grid plate as to 
mounting ho les . The Vendor shall use this tem^plate to m a t c h - d r i l l the 
mounting holes in the lower grid support r i ng . At a l a t e r date the L a b o r a 
to ry shall ship the lower core gr id plate and core shell (fabricated by the 
Labora tory) to the Vendor for final fitting in the v e s s e l . Any fabricat ing 
operat ion requ i red to achieve the p r e s c r i b e d al ignment shall be pe r fo rmed 
on the vesse l in te rna l a t tachments fabricated by the Vendor, and not on the 
lower core grid plate or core shell supplied by the Labora to ry . Following 
the fitting operat ion, the Vendor shall ship the gr id p la te , core shel l , and 
grid plate template according to ins t ruc t ions supplied by the Labora to ry at 
a l a t e r da te . 

P r i o r to final fabrication of the upper r ing forging, but concurrent ly 
with fabricat ion of non-affected p a r t s of the ve s se l , the Vendor shall p e r 
form exper iments to evaluate proposed gaskets and gasket surface config
ura t ions and shall const ruct the ARBOR Reactor Vesse l according to the 
res i i l ts of such evaluat ions . If a separa te t e s t facility is r equ i red , the 
Vendor shall consider the following methods : 

a) Utilizing the lower head, upper r ing forging, and top cover for 
const ruct ion of the t e s t facility, and incorpora t ing these c o m 
ponents into the Reactor Vesse l upon conapletion of the c losure 
evaluation t e s t s . 

b) Fabr ica t ing a completely independent t es t facility from duplicate 
but unclad components , on a sepa ra t e shop schedule . 
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Costs of such evaluation t e s t s , including those for construct ing ei ther type 
of tes t facility, shall be separa te ly quoted. Test gaskets for evaluation 
would be provided by the Labora tory under this a r r a n g e m e n t . 

III. DRAWINGS AND DESIGN CALCULATIONS 

A. Labora to ry Drawings 

The following Argonne National Labora to ry drawings a r e sub
mit ted as a conceptual design: 

RE-5-18824-E General Ar rangement ARBOR Reactor Vesse l 
(Fig. 3) 

RE-5-18825-D Upper Shell and Cover Ar rangemen t for ARBOR 
Reactor Vesse l 

RE-5-18826-D Plan Section " E - E " and " F - F " ARBOR Reactor 
Vessel 

RE-5-18827-D Lower Shell and Head Ar rangemen t for ARBOR 
Reactor Vessel 

RE-5-18828-D Plan Sections " B - B " and " C - C ARBOR Reactor 
Vessel 

RE-5-18829-D Support Legs ARBOR Reactor Vesse l 
RE-5-18830-D Insulation Arrangement ARBOR Reactor Vesse l 
RE-5-18831-C Shipping Skid Ar rangement ARBOR Reactor 

Vesse l 
RE-5-18832-D Cover Hold Down Bolt Stud ARBOR Reactor 

Vessel 
RE-4-18979-D Top Cover Handling F r a m e ARBOR Reactor 

Vesse l 

B . Vendor ' s Drawings and Design Calculat ions 

1. The Vendor shall p r e p a r e and submit to the Labora to ry for 
approval , eight (8) se ts of drawings showing the genera l 
a r r angemen t and detailed design and dimensions of the 
equipment descr ibed in II„ Scope of Work, I tems A through 
F inclusive, and such other detail drawings as may be r e 
quired, including sect ional and subassembly drawings show
ing the detailed construct ion of the i t ems enumera ted . 

2. The Vendor shall l ikewise p r e p a r e and submit to the L a b 
ora to ry five (5) copies of design and s t r e s s calculat ions for 
the i t ems enumera ted below as well as any other i t ems 
which r e q u i r e such calculat ions for de terminat ion of s ize 
and method of joining to mating p a r t s . Design r equ i r emen t s 
such as core weights, coolant flows, and heat generat ion 
r a t e s shall be supplied by the Labo ra to ry . 



106 

/o6 
a. Shell 
b . Flanged c losure 
c . Lower head 
d. Welded joints 
e . Nozzles and assoc ia ted welds 
f. Lower core support and inlet plenum 
g. Vesse l support 

3 . All drawings and s t r e s s calculat ions shall be sent to the 
Labora to ry to the attention of L . W. F r o m m , Manager, 
ARBOR P r o j e c t . 

4 . The Vendor shall not begin manufacture of the ARBOR 
Reactor Vesse l and Appurtenances until a wr i t ten r e l e a s e 
for fabricat ion has been i ssued by the Labora to ry , except 
at the Vendor ' s own r i s k . The r e l e a s e for fabricat ion will 
be i ssued only after approval of the Vendor ' s fabricat ion 
drawings and s t r e s s calculat ions by the Labora to ry . 

5 . Where conflicts exis t between the Labora to ry and Vendor 
drawings , the conflicts shall be reso lved in accordance 
with the ensuing General and Detailed Specificat ions. 

6. After final approval of drawings the Vendor shall furnish 
the Labora to ry with all p r in t s des i r ed , 

7. The Vendor shall notify and obtain approval of a r e spon 
sible r ep resen ta t ive of the Labora to ry (to be designated) 
for any proposed shop changes in fabr icat ion, p r i o r to 
authorizing such changes . This notification and approval 
may be ve rba l . The Vendor shall follow up any such 
changes with rev i sed drawings as soon as poss ible 
the rea f t e r . 

8. After shipment of the ARBOR Reactor Vesse l and Appur te 
nances , the Vendor shall furnish the Labora to ry with one 
(1) set of reproducible cloth t rac ings of the equipment as 
bui l t . 

IV. GENERAL SPECIFICATIONS 

A. Mater ia l s 

1. S t ruc tura l Mater ia l for Vesse l Shell and Cover 

In o rde r to reduce the weight and fabricabil i ty p rob lems of 
the ARBOR Reactor Vesse l and Cover , but st i l l to re ta in a mininnum factor 
of safety of 4.0, the use of a s tee l having an ul t imate tens i le s t rength of 
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105,000 to 125,000 ps i is manda tory . The steel se lected must develop i t s 
s t rength by simple heat t r ea tmen t s (normalizing and temper ing a r e p r e 
fer red) in order to minimize dis tor t ion of the finished product . In addition 
to the min imum tens i le s t rength r e q u i r e m e n t s , the steel shall p o s s e s s the 
following p r o p e r t i e s : 

a. Fine grain - 6 to 8 McQuaid-Ehn grain s i ze . 
b . Impact s t rength - 15 ft- lb min imum Charpy vee notch 

at - 5 0 F . 
c . Ductility - 15% elongation, min imum. 
d. Through hardenabi l i ty in the inaximum gross sect ion. 

The Bidder shall compile and submit to the Labora to ry 
for evaluation complete data on the alloy s teel proposed for use in f ab r i 
cating the vesse l shell and cover , including proof that the p rope r t i e s c laimed 
a r e maintained throughout the maximum meta l section proposed . These data 
shall include, but shall not be l imi ted to, the following: 

a . Chemis t ry 
b . Identification (ASTM designation, t r ade name , or other) 
c . Shor t - t ime tens i le and yield s t rength as a function of 

t ime and t e m p e r a t u r e 
d. Ductility and impact s t rength as fimctions of t ime and 

t e m p e r a t u r e 
e . S t r e s s - r u p t u r e (10,000-hr) data in the range 700 to 

lOOOF 
f. Creep (10,000-hr) data in the range 700 to lOOOF 
g. Heat t r ea tmen t methods and effects 
h . Hardenabil i ty 
i . Miscel laneous significant data such as Young's modu

lus , t he rma l conductivity, coefficient of t h e r m a l 
expansion, notch sensi t ivi ty, e tc , 

2. Closure Bolt Studs 

The bolted c losure design p rec ludes the use of conventional 
ASME bolting s t e e l s . An alloy s teel with a sustained td t imate tens i le s t rength 
of at l eas t 200,000 psi at 700F is r e qu i r e d . The t emper ing t e m p e r a t u r e for 
the stud alloy shall be at l eas t 850F to prec lude s t r e s s re laxat ion and sof
tening at the se rv ice t e m p e r a t u r e . In addition to the min imum tens i le s t rength 
r e q u i r e m e n t s , the stud alloy shall p o s s e s s the following p r o p e r t i e s : 

a . Impact s t rength - 15 ft- lb min imum Charpy vee notch 
at + lOF as well as at 700F 

b . Ductility - 10% elongation min imum at +10F; 25% r e 
duction of a r e a min imum at -5OF 

c . Through hardenabi l i ty in the max imum gross sect ion 



The Bidder shall compile and submit to the Labora tory for 
evaluation complete data on the alloy s tee l proposed for use in fabricating 
the c losure s tuds . These data shall include the same i t ems l i s ted above for 
vesse l shell and cover s t ruc tu ra l m a t e r i a l s . Section I V - A - 1 . 

3 . Cladding 

The cladding m a t e r i a l for the inside surfaces of the vesse l 
shel l , nozz les , and cover shall be s ta in less steel AISI Type 405. At l eas t 
sixty-five (65) per cent of the cladding thickness adjacent to the exposed 
surface of the cladding shall cor respond to the analys is of the cladding m a 
t e r i a l in that the carbon content shall not exceed 0.08 per cent . 

The Vendor shall p ropose to the Labora to ry the method or 
methods to be used in applying cladding to the var ious p a r t s , and shall p r o 
vide exper imenta l evidence of the excel lence of the method. 

4 . Bolting Components 

Alloys proposed by the Vendor for c losure bolting compo
nents such as bolt stud nuts , flange i n s e r t s l eeves , and spher ica l w a s h e r s , 
a s well as for connecting bol ts , nuts , and i n s e r t s for vesse l a t t achments , 
shall be compatible with each other and with mating p a r t s without gall ing. 
Metal lurgical evidence of such comipatibility as well as h igh- tenaperature 
s t rength and ductil i ty of proposed al loys shall be submitted by the Bidder 
to the Labora to ry for evaluation. 

5. Vessel Support S t ructure 

The vesse l support s t ruc tu re shall be fabr icated from steel 
meeting ASME Code Specification SA-7 or approved equal, with the excep
tion of top bear ing p la tes , which shall be of ductile cas t i r on . 

6o Insulation 

Insulation shall be AISI Type 430 fine grade s ta in less s tee l 
wool, packed to a density of 5 Ib /cu ft. 

Sheet meta l insulat ion cove r s , 1/8 in. thick or l e s s , shall be 
formed from AISI Type 304 s ta in less s t ee l . Insulation covers over 1/8 in . 
thick shall be formed of suitable carbon s t ee l . 

7. Hard Facing Deposits 

Hard facing deposi ts shall be Stelli te 6 and shall have a 
min imum finished th ickness of 0.060 in . after a l l heat t r e a t m e n t s and fab
r ica t ion opera t ions have been completed. 
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8. Weld Metal Deposits 

Weld meta l shall be deposited from e lec t rodes specifically 
approved by the Labora tory for each type of joint. 

B . Required Tes t s and Fabr ica t ion Records 

1 o Mater ia l Tes t s and Records 

a. All t e s t s on m a t e r i a l s r equ i red by Section I - Power 
Boi le rs of the 1956 Edition (including addenda and in te rpre ta t ions) of the 
ASME Boiler and P r e s s u r e Vessel Code shall be applied to each plate or 
port ion thereof, forging, or cast ing util ized in the fabricat ion of the ARBOR 
Reactor Vessel and Appur tenances . The r e su l t s of all such t es t s shall be 
t r ansmi t t ed to the Labora tory and approved p r io r to incorporat ion of the 
m a t e r i a l s covered into the vesse l a s sembly . 

b . Records of plate number s , heat nximbers, e tc . , t o 
gether with copies of mi l l t es t r e p o r t s , shall be t r ansmi t t ed to the 
Labora to ry . 

c . All heavy plate and forgings shal l be radiographed (or 
tes ted non-des t ruc t ive ly by other methods approved by the Labora tory) for 
in ternal defects , and the r e su l t s shall be reviewed by the Labora to ry . Defects 
in m a t e r i a l so d iscovered can consti tute cause for re jec t ion by the 
Labora to ry . 

d. A permanent r e c o r d of the location of all p la tes , forg
ings, e tc . , used shall be p r e s e r v e d and repor t ed on the final cert if ied a s -
built d rawings . 

2. Welds and Welding 

a. All t e s t s for welding (ma te r i a l s , p r o c e s s , opera tor 
qualifications, etc.) r equ i red by Section I of the 1956 Edition (including 
addenda and in te rpre ta t ions) of the ASME Boiler and P r e s s u r e Vesse l 
Code shall be applied to the fabricat ion of the ARBOR Reactor Vesse l and 
Appur tenances . 

b . Six (6) copies of the qualification data on the welding 
p r o c e s s and opera tor qualification p rocedures for the different c l a s s e s of 
work shall be submitted to the Labora to ry for approval before s tar t ing on 
the a s sembly of the ARBOR Reac tor V e s s e l . 

c . Test welds of welded joints in gauges not l e s s than 
that r equ i red in the construct ion of the ARBOR Reactor Vesse l shall be p r e 
pa red and submit ted to the Labora to ry for such t e s t s as may be d e s i r e d . 
The min imum number and types of welds requ i red shall be de te rmined by the 
Labora to ry . 
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d. All welds exclusive of cladding attachmejjit shall be 
completely radiographed. Class I double film radiographic techniques a r e 
r equ i r ed . All f i lms shall be reviewed by the Labora to ry , Welding flaws 
a r e to be co r r ec t ed until further rad iographs show that all such flaws have 
been eliminated., 

3 , Cladding Integri ty 

The bond integr i ty of all cladding shall be demons t ra ted 
by admitt ing ni t rogen gas at 2000 psi between the base m a t e r i a l and c lad
ding sheet . The leakage of gas shall be detected by a liquid soap solution 
applied to the en t i re clad sur face . At l eas t one connection per sheet shall 
be instal led for this t e s t . The bond integr i ty tes t shall be executed after the 
ves se l i s completely fabr icated and immiediately p r i o r to the shop hydro 
stat ic t e s t . The tes t shall be wi tnessed by a r ep resen ta t ive of the L a b o r a 
to ry . Flaws a r e to be c o r r e c t e d . 

It is r ecommended that the Vendor execute a p re l imina ry 
bond integr i ty tes t on flat clad pla tes p r io r to roll ing or p res s ing applications 
in o rde r to discover defective m a t e r i a l s at an ea r ly date in the fabricat ion 
sequence. 

4 . Hydrostat ic Strength and Leakage Test 

The ARBOR Reactor Vesse l shall be e rec ted on i ts support 
s t ruc tu re in the Vendor ' s shop and the cover instal led; the unit shall then 
be hydro stat ic ally tes ted at a p r e s s u r e not l e s s than 3900 psig mult ipl ied by 
the ra t io of the allowable s t r e s s of the vesse l s t ruc tu ra l m a t e r i a l at the tes t 
t e m p e r a t u r e to the allowable s t r e s s at the design t e m p e r a t u r e (695F). The 
tes t shall be continued for a per iod of 24 h o u r s . Water at a t e m p e r a t u r e no 
g rea t e r than 85F shall be used for this t e s t . The t e s t shall be wi tnessed by 
a r ep resen ta t ive of the Labora to ry and by such pe r sons as r equ i red for i s 
suance of the ASME Code Cert i f icate and Hartford Insurance Company C e r 
tificate of Inspection as called for e l sewhere in this Specification. 

No leakage of water at any point on the vesse l other than at 
the bolted c losure shall be pe rmi t t ed during the hydrosta t ic t e s t . Any leaks 
d iscovered shall be co r rec t ed and the hydros ta t ic t e s t repea ted until s a t i s 
factory r e su l t s a r e obtained. 

Ze ro leakage shall be cons idered the goal for both the inner 
and outer gaskets of the bolted c l o s u r e . No leakage of water through the outer 
gasket shall be to lera ted in any c a s e . P e r m i s s i b l e leakage through the inner 
gasket during the hydros ta t ic t es t shall be governed by the bes t r e su l t ob
tained in the gasket and gasket surface configuration t e s t s descr ibed in 
Section II. Responsibi l i ty for obtaining a c losure on the Reactor Vesse l equal 
to the bes t resu l t achieved in the evaluation t e s t s shall r e m a i n with the Vendor. 
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The quality of water used for the hydrosta t ic t e s t s shall 

depend upon the condition of the ves se l at the t ime of the t e s t with r e spec t 
to the existence of inaccess ib le a r e a s for subsequent flushing and cleaning. 
If in the opinion of the Labora to ry no such a r e a s exist and there is a s s u r 
ance that all chlor ides and other dissolved and entrained ma t t e r may eas i ly 
be cleaned out subsequent to the t es t , o rd inary tap water may be used . 

5. Helium Leakage Test 

The integri ty of all p r e s s u r e s t rength welds shall be dem
ons t ra ted by a heliuin leakage tes t following the shop hydros ta t ic t e s t . The 
ent i re surface of the Reactor Vesse l , c losure gasket excepted, shall be en
cased in a gas- t ight p las t ic envelope, with all welds separa te ly enclosed. 
With the p r e s s u r e vesse l filled with compres sed a i r or ni t rogen, containing 
at l eas t 10% heliumi, at an initial p r e s s u r e of 2000 ps ig , the collected helium 
leakage through any weld or through the enveloped plate surface shall not 
exceed 0.01 c c / h r of he l ium. All sources of leakage detected shall be r e 
pa i red and the tes t repea ted until sa t i s fac tory res i i l ts a r e obtained. 

The t e s t shall be wi tnessed by a r ep re sen t a t i ve of the 
Labora to ry . 

F o r this t es t , the vesse l may be filled with any bulk solid 
(not liquids) in o rder to reduce hel ium gas r e q u i r e m e n t s , provided suffi
cient c a r e i s taken to prevent damage to vesse l in te rna l surfaces and a t 
tachments during placement and remova l of such sol ids , and provided steps 
a r e taken to prevent overloading of the ves se l support s t r u c t u r e . 

As an a l t e rna te to a p r e s s u r i z e d hel ium leak t e s t the L a b 
o ra to ry will en ter ta in p roposa l s for a vacuum leak t e s t on the in tegr i ty of 
all we lds . 

The Vendor shall desc r ibe in detai l the miethod he p roposes 
to use in conducting both the p r e s s u r i z e d and vacuum t e s t s as well as a 
complete d iscuss ion of his pas t exper ience on s imi l a r ope ra t ions . 

The cost of each type of leakage t e s t shall be quoted s e p 
a ra t e ly in the proposa l for purposes of identif icat ion. 

C. Cleanl iness and Cleaning P r o c e d u r e s 

1. E x t r e m e c a r e shall be taken to i n s u r e c leanl iness of a l l 
in ternal surfaces of the ARBOR Reactor Vesse l and Appurtenances during 
all s tages of const ruct ion and a s s e m b l y . 

2 . No shop mark ing inks containing hal ides shall be used in 
any of the fabr icat ion p r o c e s s e s on the ARBOR Reactor Vesse l and 
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Appurtenances under any c i r cums tance . All inks to be used shall be chem
ically analyzed pr io r to use to a s s u r e that this r equ i remen t is m e t . 

3 . All foreign ma t t e r such as sca le , weld sp la t t e r , weld flux, 
oil, g r e a s e , e tc . , shall be cleaned by gri t blast ing, chipping, wire brushing, 
or detergent , as appl icable . Any component pa r t which will l a te r become 
inaccess ib le for cleaning mus t be thoroughly cleaned p r io r to inse r t ion . 
When gri t blast ing is used, only new, ine ta l - f ree , previously unused gri t 
may be used . When wire brushing is used, only new, previously unused, 
s ta in less s teel wire b rushes may be used. All methods of cleaning mus t be 
approved by the Labora to ry . 

4 . F inal cleaning of the vesse l shall be accompl ished after the 
shop hydrosta t ic and helium leakage t e s t s . 

5 . After the final inspect ion by the Labora tory , the vesse l 
shall be sealed off against ent rance of contamination, using methods a p 
proved by the Labora to ry . 

D. Painting 

1. After all openings into the in te r io r of the vesse l and cover 
have been sealed off, the ex te r io r shall be thoroughly cleaned, and exposed 
carbon s teel su r faces , including those on the vesse l support s t r uc tu r e , 
shall be painted with the r equ i r ed number of coats of lOOOF h e a t - r e s i s t a n t 
a luminum paint . 

E . Inspection 

Because of the c r i t i ca l na ture of the design and operat ion of the 
ARBOR Reactor Vesse l , frequent inspection by the Labora to ry during con
struct ion shall be manda tory . The Labora to ry r e s e r v e s the right to hold 
construct ion of any component pending rece ip t of sa t i s fac tory m a t e r i a l t e s t 
r e su l t s as l i s ted under B„ - 1, Mater ia l Tes t s and R e c o r d s , above. In 
addition, specific s tages of construct ion at which inspect ion and approval by 
the Labora to ry a r e requ i red , a r e as follows: 

1. Lower Head 

a. Prof i le m e a s u r e m e n t s of head after forming but p r i o r 
to fur ther fabricat ion, to a s s u r e the r equ i red 
geoiTietry. 

b . Review of quality after forming (depending upon m e t h 
od of fabrication) by suitable control p rocedure s 
(radiography, e t c . ) . 

c . Layout of nozzle openings to a s s u r e c o r r e c t locat ion, 
p r i o r to dr i l l ing . 
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d. Location of support lugs for t he rma l shield, core 

support , and external support . 
e . Review of nozzles and nozzle openings after p r e p a r a 

tion for welding. 
f. Final location of nozzles after welding. 
g. Inspection of machined surfaces for dimensional a c 

curacy , angular i ty , e t c . 

2. Cyl indrical Shell 

The cyl indr ical shell shall be inspected for dimensional 
accuracy and concentr ic i ty in accordance with ASME Code r e q u i r e m e n t s . 

3 . Upper Conical Section 

a . Dimensional check of piece p r i o r to machining. 
b . Metal lurgical proof of hardenabi l i ty , s t rength , and 

ductili ty at the midpoint of the section a r e m.an-
datory p r i o r to machining. 

c . Dimensional check of the finish machined section and 
nozzle layout p r i o r to dr i l l ing . 

d. Review of nozzles and nozzle openings after p r e p a r a 
tion for welding. 

e . Final location of nozzles after welding. 
f. Gasket sur faces and bolting i n s e r t holes p r io r to a t 

tachment of conical section to cyl indr ical she l l . 
g. Additional approvals dependant on Vendor ' s proposed 

construct ion method. 

4 . Finished Vesse l Shell 

a. Check of en t i re vesse l for dimiensional accuracy b e 
fore s t r e s s re l ieving and heat t r ea t ing . 

b . Check after heat t r e a t m e n t . 
c . After e rec t ion on support s t ruc tu re and after h y d r o 

stat ic t es t , check on t r i a l fitting of core support 
s t r u c t u r e , inlet plenvim, t h e r m a l and shock 
sh ie lds , insulat ion c o v e r s , e t c . 

d. Final inspect ion of a l l comiponents after cleaning 
p r i o r to seal ing for shipment . 

e . Inspection of components mounted on c a r r i e r for 
shipment . 



F . Shipping "f-
1. The Vendor shall notify the Labora tory of the scheduled 

shipping date for the ARBOR Reactor Vesse l and Appur tenances , the s e 
lected shipping route , expected date and tinae of a r r i v a l at destination, 
e tc . , p r io r to shipment . 

2. The Vendor shall shore , b r a c e , and otherwise secure and 
pro tec t al l components to prevent damage during shipmento All i t ems 
l is ted separa te ly above under Section II, Scope of Work, shall be shipped 
separa te ly . 

3 . Methods of protect ing the p r e s s u r e vesse l and components 
during shipment shall be worked out in advance of shipment of the Vendor 
and approved by the Labora to ry . 

4 . The vesse l d iameter and nozzle extensions as shown on 
the conceptual drawings a r e approaching shipping c lea rance l i m i t s . A 
s ta tement that the vesse l may be safely t r anspor t ed to i t s dest ination from 
the Vendor ' s plant shall be included when his proposa l i s submiitted. 

G. Erec t ion 

In the event that a bid for E rec t i onhas been submitted and a c 
cepted by the Labora to ry , the Vendor shall a lso be designated the Erec t ion 
Contrac tor and as such shall pe r fo rm the additional work descr ibed in th is 
sect ion. 

The Erec t ion Contrac tor shall be responsib le for t r ans fe r of 
the vesse l from the ra i l siding to the s i t e . He shall provide field superv i 
sion and a c rew for erect ion on the foundation in the Main Building. The 
method of e rec t ion has a d i rec t bear ing on o v e r - a l l const ruct ion plans and 
is to be worked out between the Erec t ion Cont rac tor , the Arch i t ec t -Eng inee r , 
and the Labora to ry , 

The Erec t ion Contrac tor shall also be respons ib le for connect
ing all piping to the vesse l nozz les , field insulat ion, and instal la t ion of the 
r eac to r vesse l in te rna l s fabr icated and fitted by the Vendor . He shall a lso 
conduct a hydrosta t ic tes t after the vesse l piping is extended to the f i r s t 
block valve in each l ine, before the biological shield concre te i s poured . 
This t es t i s , of cou r se , in addition to the shop hydros ta t ic t e s t . 

The Erec t ion Contrac tor shall not be respons ib le for co r rec t ion 
of leaks in piping, components , or welds not fabr icated under his supe rv i 
sion unless such leaks a r e the resu l t of the Erec t ion Con t r ac to r ' s opera t ions . 
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The Erec t ion Contractor shall schedule the erect ion work as 
d i rec ted by the Labora tory , in cooperation with the General Construct ion 
Contrac tor , in such a way as to cause minimum possible delay in the prog
r e s s of the overal l project . 

This phase of the work is to be cons idered as an addendum to 
the vesse l cost , and separa ted in the proposal . 

H. Instruction Books 

1. The Vendor shall p r epa re a comprehensive ajid i l lus t ra ted 
instruct ion book descr ibing the fabrication of the ARBOR Reactor Vessel 
and Appurtenances without re fe rence to any other extraneous m a t e r i a l . The 
subject m a t t e r of the instruct ion book shall include: 

a. A detailed, complete , and sel f -explanatory p ic tor ia l 
represen ta t ion of the finished ARBOR Reactor 
Vesse l and Appur tenances . 

b. The design and operat ing c r i t e r i a . 
c. The complete se t of design and s t r e s s calcula t ions . 
d. A reproduct ion of the General and Detailed Specifica

tions for the Design of the ARBOR Reactor Vessel 
and Appurtenances . 

e. Mate r ia l s of construct ion incorpora ted and thei r location. 
f. Detai ls of all m a t e r i a l , weld, and p rocedure t e s t s . 
g. Details and re su l t s of hydrosta t ic t e s t s , 
h. Reproductions of all mi l l t e s t r e p o r t s . 
i. Reproductions of the ASME and Insurance cer t i f ica tes 

requ i red by the ASME Boiler ctnd P r e s s u r e 
Vessel Code. 

j . A l i s t of spa re p a r t s . 

2. Ten copies of the Instruct ion Book shall be sent to the Lab
o ra to ry for i t s use . 

•'•• Correspondence 

Correspondence originated by the Vendor shall be dis t r ibuted 
as follows: 

1. F ive (5) copies to 

Argonne National Labora to ry 
P.O. Box 299 
Lemont, Illinois 
Attention: L.W. F r o m m 
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2. Copies to the ARBOR Pro jec t Arch i tec t -Engineer , as l a te r 

specified by the Labora tory . 

V. DETAILED SPECIFICATIONS 

Vesse l Shell and Cover 

1. Codes and Cer t i f icates Required 

a. The design and fabrication of the ARBOR Reactor 
Vessel shall mee t all r equ i remen t s of the 1956 Edition (including addenda 
and interpreta t ions) of the ASME Boiler and P r e s s u r e Vesse l Code, Sec
tion I - Power Bo i l e r s , insofar as the Code is applicable to nuclear p r e s 
su re v e s s e l s . Specific exceptions from the r equ i rement s of the Code 
shall include the following: 

(1) No safety valves shall be at tached to the vesse l 
p roper . 

(2) Provis ions for inspection handholes and manholes 
shall be omitted. 

(3) Prov is ions for reg\i lar per iodic inspections of in
t e r i o r and ex te r io r surfaces and welds shall 
be omitted. 

(4) Mate r ia l s other than those l i s ted in the Code for 
shell and bolting shall be permi t ted . Allow
able s t r e s s e s shall be taken as one-fourth 
the ul t imate tens i le s t rength of the ma te r i a l 
at the design t e m p e r a t u r e . 

b. The Vendor shall provide the Labora to ry with: 

(1) An ASME Code Cert i f icate . 
(2) A Hartford Insurance Company Cert i f icate of 

Inspection. 

2. Operating and Design Conditions 

Maximum Operat ing P r e s s u r e 2000 psig 
Maximiim Operat ing T e m p e r a t u r e 636F 
Design P r e s s u r e 2600 psig 
Design Tempera tu re 695F 
Minimum Hydrostat ic Tes t ^ ^ !««•,-. 

T-. ô >r̂ n • s t r e s s at lOOF P r e s s u r e 3900 psig x — ^ -TAOTT ^ ° s t r e s s at 700F 
Maximum Collapsing P r e s s u r e 15 ps i 
Minim\im Allowable Heating and 

Cooling Rate 50°F pe r hour 
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General Dimensions 

Inside Diameter 9 ft 0 in. 
Straight Shell Length 19 ft 4 - l / 2 in. 
Over -a l l Height including Support 44 ft 11-1 /2 in. 
Minimiim Base Metal Wall Thickness 

(Design s t r e s s 26,250 psi assumed) 6 in. 
Nominal Thickness of Cladding 0.375 in. 
Guaranteed Minimiim Thickness of 

Cladding 0.188 in. 
Total Shell Thickness 6 -3 /8 in. 
ID of Closure (at min imum diameter) 6 ft 6 in. 

Geometr ica l F o r m 

The form of the p r e s s u r e ves se l shell shall be a cyl inder 
with an internal d iameter of 9 ft 0 in., and with a s t ra ight section approx
imately 19 ft 1-2-in. in length. 

The lower head shall be a fvill s e m i - h e m i s p h e r i c a l head of 
4 ft - 6 in. radius with a finished flange length of 3 in. The th ickness of the 
lower head shall not be l e s s than the cyl indr ica l sect ion of the v e s s e l to 
which it is at tached. The head may be of welded segment const ruct ion. 

The upper section of the v e s s e l shall be a t runca ted cone 
modified to rece ive the c losure bolting and gasketing. 

Closure of the upper v e s s e l opening shall be achieved by 
bolting a spher ica l ly dished cover , with ins t rument and control rod th im
bles and radiat ion shielding at tached, to the ves se l flange. A method of 
sealing the top cover to the shel l has not been defined for obvious r e a s o n s . 
However, due to the necess i ty for frequent removal of the cover , it will 
not be feasible to use a seal welded c lo su re . Therefore p rac t i ca l appl ica
tions of using gaskets or hollow tube "O" r ings mus t be invest igated. 

The gasket surface of the upper cone sect ion of the ves se l 
shall be finished to 16 mic ro inches after all welding and heat t r ea t ing ope r 
ations have been completed. A total indicated riinout (T.I.R.) of 0.002 in. in 
both rad ia l and c i rcumferen t ia l p lanes is r equ i r ed for successfii l gasket 
pe r fo rmance . 

The gasket surfaces of the top cover shall be inlaid Stell i te 
#6, finished to a min imum th ickness of O.O6O in. with sur face finish of 
16 mic ro inches and a total indicated runout of 0.002 in. a c r o s s the rad ia l and 
circ i imferent ia l p lanes . These faces a r e to be finished after all welding and 
heat t rea t ing opera t ions . Leakage between the cover and v e s s e l flange shall 
be prevented by the use of a double gasket a r r a n g e m e n t incorpora t ing b leeder 
por t s between the inner and outer gaske ts . 
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5. External Vesse l Attachments and Per fora t ions of the 

Vesse l Shell and Top Cover 

The external a t tachments to the p r e s s u r e vesse l shall be 
fabricated f rom the same raa te r ia l as that at the point of a t tachment in 
o r d e r to el iminate t rans i t ion welds (except as noted below). They shall 
include: 

a. A conical support sk i r t with six (6) fabr icated lugs 
at tached to the lower head. 

b. Four (4) lifting lugs at tached to the upper cone for: 

(1) Handling of vesse l during fabricat ion, a s sembly , 
and erect ion. 

(2) Attachment to sway b r a c e s in final instal lat ion. 

c. Four (4) lifting lugs at tached to the cover for handling 
during shipment and operat ion. 

d. A s t ruc tu ra l s tee l saddle and skid a r r angemen t to fa
ci l i ta te shipment and movement to e rec t ion point. This equipment will be 
removed at the t ime of erec t ion. 

e. Vessel shell thermocouple a t tachment blocks welded 
at designated points . 

f. The p r e s s u r e ves se l shall be per fora ted for the at 
tachment , by fusion welding, of var ious connections into the in te r io r of the 
ves se l . The finished length of the connection (nozzles) shall be 12 in. as 
m e a s u r e d from the ex te r io r surface of the p r e s s u r e ves se l except as 
o therwise shown on the Labora to ry drawings . (Shipping cons idera t ions may 
dictate a revis ion of these dimensions.) Siifficient ex t ra length shall be 
provided for sealing openings for shop hydros ta t ic t e s t s and pneumatic 
t e s t s per formed. All nozzles shall be safe ended for field welding connec
tions after shop t e s t s . 

A l i s t of connections follows: 

One (1) m a r k Nl 30 in. OD x 25 in. ID forced-c i rcu la t ion inlet 
elbow and nozzle with t h e r m a l s leeve in lower head. 

Four (4) m a r k N2 20-in. OD forced-c i rcu la t ion outlet noz
zles in lower head. 

One (1) m a r k N3 2-in. l iquid level nozzle in lower head. 
One (1) m a r k N4 4-in. shutdown cooling nozzle in lower head. 
One (1) m a r k N5 2-in. r e a c t o r ve s se l blowdown nozzle in 

lower head. 
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Two (2) m a r k N6 10-in. s team outlet nozzles in upper v e s 

sel cone. 
Four (4) m a r k N7 8-in. feed-water inlet nozzles in upper 

ve s se l cone. 
One (1) m a r k N8 2-in. liquid level nozzle in upper vesse l 

cone. 
One (1) m a r k N9 2-2-in. poison injection nozzle in upper ves 

sel cone. 
Nine (9) m a r k NIO 3.750-in. b o r e , heavy wall control rod 

dr ive th imbles in top cover . 
Two (2) m a r k N i l 1-in. gasket bleed-off connections in 

upper vesse l cone. 
Four (4) m a r k N12 4-in. ins t rument thimbles with special 

8-in. reducing flanges in top cover . 
Two (2) m a r k N13 3-in. t he rma l shield cooling nozzles in 

lower head. 

All th imbles in top c losure will have th readed type flanges 
to facil i tate a ssembly of radiat ion shield, insulation, etc. The Vendor shall 
supply all n e c e s s a r y blind flanges, gaske ts , bo l t s , e tc . , for tes t ing and 
shipping. 

Except as noted on drawings , all nozzles shall be fabr i 
cated from dual meta l centrifugally cas t of laminated type Schedule 160 
pipe of the same m a t e r i a l s as the cover . The in ternal and external i n t e r 
sect ions of nozzles and vesse l walls a r e to be ground to smooth radius 
curves for el imination of s t r e s s concent ra t ions , etc. All nozzle pipe and 
tubing shall be hydrosta t ica l ly t es ted at 4500 psi before select ion for fabr i 
cation; cer t i f ica tes of inspection for each piece shall be submit ted to the 
Labora to ry . All welds a r e to be X- rayed and films submit ted to the Lab
o ra to ry for inspection. 

6. Internal Vesse l At tachments 

The in ternal a t tachments to the r eac to r ve s se l shall 
include: 

a. One machined shoulder in the upper flange forging for 
support of radiat ion shielding pla te , control rod guide sp ider , etc . 

b. Six (6) Type 405 s ta in less s tee l t h e r m a l shield support 
lugs welded d i rec t ly to the lower head cladding me ta l . 

c. Six (6) Type 405 s ta in less s teel co re support lugs 
welded d i rec t ly to the lower head cladding me ta l . 
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d. One (1) 2j-in. Type 304 s ta in less s teel Sched\ile 20 

poison distr ibution r ing supported nea r the top of the shock shield. This 
r ing shall be perfora ted for a uniform spray coverage of the core with 
15 gpm of cooling water . Type 304 s ta in less s teel ivll cone sp ray nozzles 
shall develop the requ i red coverage at a min imum p r e s s u r e drop of 10 psi 
for all r eac to r p r e s s u r e s between zero (0) psig and twenty-five (25) psig. 
The ring shall be set up in the Vendor ' s plant and demons t ra ted for ap
proval by the Labora tory . A uniform distr ibution of water over a 72-in. 
d iameter a r e a 120 in. below the spray r ing is mandatory. It shall then be 
t r i a l fitted m the ves se l before shipping. The final connection shall be 
field welded by the Labora to ry or by the Erec t ion Contrac tor . 

e. Four (4) oval -shaped feedwater downcomers fabr i 
cated from six (6)-in. Schedule 10 Type 304 s ta in less steel pipe (to c lea r 
a 79-in. d iameter c i rc le) a r e to be at tached to the 4 8-in. feedwater inlet 
nozzles with the rma l s l eeves . 

Dis t r ibutor pipes a r e to be provided on the low^er ends of 
the downcomers . P r e l i m i n a r y fitup of the downcomer pipes is to be made 
in the shop and approved before shipment. Final instal lat ion shall be made 
in the field by the Labora to ry or by the Erec t ion Cont rac tor . 

7. Tolerances 

In general all dimensions a r e to be fractional with the ex
ception of gasket and bear ing surfaces where noted. The 0.002-in. radial 
and c i rcumferent ia l total indicated runout (T.I.R.) of the gasket surfaces 
along with the 16-microinch surface finish a r e requ i red for successful 
gasket pe r fo rmance . A s imi l a r surface finish, with a 0.008-in. radia l and 
c i rcumferen t ia l total indicated runout is requ i red for the seat ing surface 
of the lower grid support r ing. 

Dimensional to le rances have been made as l a rge as pos 
sible in o rde r to s ecu re a workable vesse l at l eas t cost . 

Angular to le rances a r e ±0 degree 6 minutes . 

The control rod nozzles a r e to be located within 1/16 in. of 
indicated dimensions in plan view and a r e to be para l le l to the ve r t i ca l 
axis of the vesse l within ± 0 degree 6 minu tes . Control rod thimble flange 
faces a r e to be perpendici i lar to the thimble axis within ± 0 degree 6 minute 

The plane of the seat ing surface of the lower grid support 
r ing is to be perpendicular to the ver t ica l axis of the vesse l within 
± 0 degree 6 minutes . The center of the lower co re gr id plate (supplied 



121 

/ ^ / 

by the Labora tory) , when instal led and bolted to the lower gr id support 
r ing, shall l ie within 1/16 in. of the vesse l ver t ica l ax is , and the grid 
plate horizontal axes shall be displaced no m o r e than 0 degree 6 minutes 
from the vesse l horizontal axes . 

Except as noted, the vesse l shell is to be cons t ruc ted to 
ASME Code to le rances with the exception of the shell inside d iamete r , 
which shall be 9 ft 0 in. - 1/2 in. This to le rance shoxild be at tainable 
without r e s o r t to machining the inside of the shel l , unless the method of 
vesse l fabricat ion woiild normal ly r equ i re such machining r e g a r d l e s s of 
to le rance . The additional cost , if any, of achieving the ± l / 2 - i n . to le rance 
r a the r than normal ASME Code to le rance , is to be quoted separa te ly as 
an ext ra . 

B. Internal Lower Grid Support S t ruc ture and Inlet Plenum 

1. The lower gr id support s t ruc tu re shall consis t of a Type 
405 s ta in less steel r ing bolted to the six (6) 405 s ta in less s teel legs which 
a r e welded to the support lugs in the lower head. The r ing shall have a 
Stelli te No. 6 inlaid seat ing surface of 0.060-in. minimiom final th ickness 
after finishing to 16 mic ro inches as shown on Dwg. RE-5-18828-D. The 
total indicated runout of the seat ing sur face , both radial ly and c i rc t imfer -
entially, shall not exceed 0.008 in. The eight (8) bolting holes for a t tach
ment of the Labora to ry fabr icated lower core gr id plate and core shell 
shall be ma tch -d r i l l ed from a templa te furnished on a loan bas i s by the 
Labora tory . The top faces of the legs shall be faced off square within 
± 0° 6 of the ve r t i ca l axis of the shell to rece ive the bolting r ing. The 
inlet plenum at taches to the inlet nozzle and inside d iamete r of the bolting 
r ing. The ent i re lower grid support s t ruc tu re and inlet plenum, together 
with the lower core gr id plate and core shell fabr ica ted and shipped to the 
Vendor by the Labora to ry , shall be t r ia l fitted and tack welded in place for 
inspection and approval by a Labora to ry r ep resen ta t ive before joining the 
lower head to the cylinder shel l . Any fabrication opera t ions r equ i red to 
achieve the p r e s c r i b e d al ignment (plane of gr id plate perpendicular to v e s 
sel ve r t i ca l axis within ± 0 degree 6 minu tes ; center of gr id plate within 
l / l 6 in. of ves se l ve r t i ca l ax is ; horizontal angiilar d isp lacement of gr id 
plate axes no g rea t e r than± 0 degree 6 minutes from vesse l horizontal 
axes) shall be per formed on pa r t s fabr icated by the Vendor, not on i t ems 
supplied by the Labora to ry . Final a s sembly of the bolting r ing to the sup
port legs and welding of the plenum shall be in the field by the Labora to ry 
or by the Erec t ion Cont rac tor . Shinas may be used between the r ing and 
legs if n e c e s s a r y , provided they a r e f i rmly secured . 

2. Surfaces of the bolting r ing (other than the seat ing surface) , 
support l egs , plenum, e tc . , shall be machine finished to 100 mic ro inches 
or be t t e r , as noted. 



3. Bolts - Type 405 s ta in less s tee l , or specifically approved 
a l t e rna te s . 

4. Welding e lec t rodes - Type 405 l ime-coa ted s ta in less steel 
(0.08 max imum carbon) o r approved equal. 

C. Internal Thermal Shield 

1. The Thermal Shield shall consis t of th ree (3) concentr ic 
cyl inders mounted on the six (6) support lugs . The inner cylinder shall be 
8 ft 0 iui ID with a wall th ickness of 1 in. and a length of 15 ft 6 in. It 
shall be fabricated from 1% boron- s t a in l e s s s teel plate into s ix (6) segment 
bolted together with s ta in less steel shoulder bol ts . A sectional stiffener 
plate r ing shall be welded to the upper end of the segment for supporting 
the shock shield. 

The inner cylinder shall be supplied by the Labora to ry in 
a rough machined form. The Vendor shall finish machine the cylinder and 
provide all n e c e s s a r y connecting bolting. The Vendor shall notify the Lab
ora to ry of the requ i red date for del ivery of the rough machined t he rma l 
shield inner cyl inder p a r t s to the Vendor ' s shop. 

2. The in te rmedia te cylinder shall be 8 ft 3 in. ID with a 
wall thickness of I j in. and a length of 15 ft 6 in. It shall be made up of 
s ix (6) segments bolted together with s ta in less s teel shoiilder bolts and 
fabricated frona Type 405 s ta in less s teel p la te . The connecting bolts and 
lugs shall have a maximum height of 1/2 in. to se rve as space r s with ad
joining cy l inders . Buttons 1/2 in. high on 12-in. cen te r s shall be provided 
on both s ides of the plates to act as space r s between individual shield 
cy l inders . 

3. The outer cyl inder shall be 8 ft 7 in. ID with a wall thick
ness of 2 in. and a length of 15 ft 6 in. It shall be made up of s ix (6) seg
ments bolted together with s ta in less steel shotilder bolts and fabr icated 
from Type 405 s ta in less s teel plate . The connecting bolts and lugs shcdl 
have a max imum height of 1/2 in. to se rve as s p a c e r s . Buttons 1/2 in. 
high on 12-in. cen te r s shall be provided on the outside of the pla tes to act 
as space r s against the vesse l wall . 

4. The the rma l shield shall be t r i a l fitted in the Reactor Ves 
sel in the Vendor ' s shop. Out-of-round to le rances for the t h e r m a l shield 
shall be no g rea t e r than that for the ARBOR Reactor Vesse l itself. The 
location of the shield p a r t s shall be m a t c h - m a r k e d on the support lugs for 
r e - a s s e m b l y and fastening in the field by the Labora to ry or by the Erec t ion 
Cont rac tor . 
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5. All surfaces of the shock shield a r e to be gr i t b las ted after 
final d i sassembly for shipment . All mil l sca le , weld sp la t te r , weld flxix, 
e tc . , shall be removed by grinding before gri t blast ing. Only f resh \inused 
non-meta l l ic grit may be used. 

D. Shock Shield 

1. The shock shield is a cylinder ins ta l led in the upper port ion 
of the Reactor Vesse l to pro tec t the vesse l shell against t h e r m a l s t r e s s e s 
induced in the hot walls by the accidental or intentional introduction of low 
t empe ra tu r e cooling water . 

2. The shock shield shall be insta l led concentr ical ly with the 
walls of the vesse l shell and supported from the inner t he rma l shield cyl
inder by bolting. Suitable space r s shall be incorpora ted in the design of the 
shock shield to maintain concentr ic i ty with the ves se l . 

3. The shock shield shall be fabr icated from 3 / l 6 - i n . thick 
AISI Type 405 s ta in less s teel sheet in s ix (6) segments which shall be bolted 
together . Louvers shall be provided in the lower port ion of the shock shield 
to pe rmi t free passage of s team and r e a c t o r water into and out of the annu
l a r space between the vesse l wall and the shock shield, but to prevent sp ray 
ing of cold water from the core spray ring di rect ly on the ves se l wal ls . 

4. The shock shield shall be t r i a l fitted to the t h e r m a l shield 
within the vesse l in the Vendor ' s shop. The location of shock shield pa r t s 
shall be m a t c h - m a r k e d to the t he rma l shield for reassenably and fastening in 
the field by the Labora to ry or by the Erec t ion Cont rac tor . 

E. Shell Support S t ruc ture 

1. The Shell Support S t ructure shall be fabr icated from rol led 
s t ruc tu ra l shapes or welded plates with bear ing plates on each end to form 
six (6) 8 ft 10-in. long columns. The top plate shall have a ductile i ron 
bear ing plate mechanical ly at tached to provide a sliding surface for the m a t 
ing vesse l support lugs . Coliimn brac ing lugs will be provided for a t tach
ment to the biological shield. The unit loading is es t imated at 220 ps i . The 
columns shall be designed to withstand the impact of dropping the 35-ton top 
cover and handling fixture upon the vesse l from a dis tance of 20 in. 

F . Miscel laneous Small P a r t s 

1. Bolt Studs, Nuts, Body Flange Inse r t s and Spherical 
Washers 

Bolt studs shall be in se r t ed into mat ing conical th readed 
body flange in se r t s to provide a means of quickly removing and replacing 

file:///inused
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bolting without galling of threaded joints . Bolt s tuds , nuts , and body flange 
i n se r t s shall be fabr icated from high-s t rength alloy m a t e r i a l s which a r e 
ductile at a tmospher ic and at s e rv ice t e m p e r a t u r e s (notched Izod impact 
15 ft-lb minimum). The factor of safety at se rv ice t e m p e r a t u r e s shall not 
be below 4.0. Spherical washe r s shall be compatible (non-galling) with 
mat ing sections and with the nut and flange al loys. Exper imenta l data on 
proposed alloys is mandatory , and all such alloys shall be approved by the 
Labora tory . 

2. Gaskets 

Final select ion of gasket type and m a t e r i a l shall be agreed 
upon between the Vendor and the Labora to ry , subject to review of operat ing 
exper ience and t e s t s in p r o c e s s . 

3. Thread P r o t e c t o r s 

The th read p ro t ec to r s a r e applied to the bolt stud ends for 
removal and replacement of the top cover . These th readed s leeves may be 
made from SAE-1045 carbon steel and "blued" for co r ros ion r e s i s t a n c e . 
Six (6) th read p ro tec to r s a r e requi red . 

4. Spray Nozzles 

The full cone sp ray type nozzles shall be fabr icated from 
Type 304 s ta in less s teel and shall develop the requ i red coverage d i scussed 
in Section V-A-6-d . 

G. Spare P a r t s 

All spa re pa r t s a r e to be furnished to the s ame specifications 
as the or iginal p a r t s . 

H. Cover Bolting Template 

The Vendor shall p r e p a r e a mi ld s tee l templa te of sufficient 
thickness to r e s i s t warpage and to re ta in dimensional s tabil i ty, to be used 
for locating and dri l l ing the bolting holes in future top covers fabr ica ted for 
the ARBOR Reactor Vesse l . Bolting holes in the top cover and in the t e m 
plate shall be s imultaneously dr i l led. The templa te shall c a r r y the 
"W-X-Y-Z" axis m a r k s and shall be used for locating bolting holes in the 
upper vesse l flange. 

The template is to be shipped per ins t ruct ions of the Labora to ry 
at a l a t e r date. 



I. Wrenches and Bolt Stud Removal Equipment 

The Vendor shall t r a n s mi t r equ i rement s for wrenches and bolt 
stud removal equipment to the Labora to ry s imultaneously with the sub
miss ion of final design drawings for construct ion approval . 

J. Insulation 

The Vendor shall supply 5-in. thick Type 430 s ta in less s teel 
fine grade wool in ro l l s for field insulation of the vesse l shell and nozzles . 
This steel wool will be c o m p r e s s e d to a th ickness of 4 | in. (maximum den
sity 5 Ib /cu ft) and secured in place by Type 430 s ta in less steel chicken 
wi re xontil covered by the No. 16 gauge Type 304 s ta in less s teel sheet c o v e r s . 
The 4|- x 3 x l / 4 - i n . carbon steel r ing angles and sheet meta l a r e to be t r i a l 
fitted in the shop and then removed for shipment. Fie ld instal lat ion of in-
stilation shall be by the Labora to ry or by the Erec t ion Cont rac tor . 

K. Cover Handling F ix tu re 

The Vendor shall check the conceptual design of the Cover Han
dling F r a m e shown on drawing RE-4-18979-D for all s t r e s s e s , deflections, 
connections, and general method of construct ion, and make any requ i red 
changes. The f rame is to be designed to take the impact bending load occa
sioned by dropping the cover from a height of 20 in. 

The f rame jack sc rews will be used p r i m a r i l y for ra i s ing and 
lowering the cover for 3 in. f rom the gasket face to a s s u r e unifornl gasket 
compress ion . 

The lifting lug opening mus t be checked for accommodat ion of 
the 40-ton c rane hook. The f rame shall be painted with alviminum paint b e 
fore shipment. 



APPENDIX C 

TENTATIVE DESIGN REQUIREMENTS 
FOR WATER COOLERS AND STEAM CONDENSERS 

The water coolers shall be designed to diss ipate a min imum total 
heat load of 200,000 kw (6.8 x 10* Btu /hr ) with a total p r i m a r y water flow 
ra te of 12,500 gpm at an inlet t e m p e r a t u r e of 486F. The units shall have 
a design p r e s s u r e of 2500 ps i at a t e m p e r a t u r e of 695F and shall opera te 
sa t is factor i ly at 2000 psi p r e s s u r e with an inlet t e m p e r a t u r e of 636F. 
P r e s s u r e drop through the units (headers and coils) shall not exceed 5 ps i 
at 12,500 gpm total flow. The coole rs shall be capable of safe operat ion 
with a 400F maximum water t e m p e r a t u r e drop from inlet to d i scharge . 

The s team condensers shall be designed to d iss ipate a min imum 
total heat load of 150,000 kw (4.1 x 10* Btu /hr ) with a total p r i m a r y s team 
flow ra te of 612,000 Ib /h r at an inlet t e m p e r a t u r e of 41 OF at a p r e s s u r e of 
250 psig. The units shall have a design p r e s s u r e of 2500 ps i at a t e m p e r a 
tu re of 695F, and shall opera te sa t is factor i ly at 2000 ps i p r e s s u r e with an 
inlet t e m p e r a t u r e of 636F. P r e s s u r e drop through the units (headers and 
coils) shall not exceed 15 ps i at 612,000 Ib /h r (250 psig) total flow. 

Both coolers and condensers shall be completely leak tight, and 
mus t be capable of outdoor operat ion at any ambient t e m p e r a t u r e between 
-40 and +110F. P r o p e r provis ion mus t be made for complete venting and 
draining of both coils and h e a d e r s . AISI Type 405 s ta in less steel shall be 
used for all sur faces exposed to p r i m a r y water o r s team. 
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SECTION I 

GENERAL PUMP SPECIFICATIONS 

I. Operating Conditions 

A. 
B . 
C. 
D. 
E . 
F . 
G. 

tior 

Design P r e s s u r e 
Design Tempera tu re 
Fluid 
Operating P r e s s u r e s 
Operating Tempera tu r e s 
Normal pH Value 
Warming, Start ing and P r iming 

The Vendor shall state th 
I requ i red for iminediate s; 

e min imum 
afe s tar t ing 

2500 psig 
695F 
Deminera l ized Water 
See Applicable Specs. 
See Applicable Specs. 
7.0 

quantity and duration of 
of each pump when supplied 

with water of the operat ing t empe ra tu r e and p r e s s u r e at the pump suction. 

H. Safe Minimiim Del ivery and By-pass 

The Vendor shall s ta te the min imum output at which each pump 
will operate without overheat ing. This is the amount of water to be b y - p a s s e d 
to the vesse l from which suction is taken. 

The Vendor shall furnish with each pump a suitable or i f ice , or 
modulating flow control valve, to by -pass without objectionable noise or 
vibrat ion the safe min imum quantity of water so as to pro tec t the pump in 
case of reduced or shutoff d i scharge . This by -pass will open in termi t tent ly 
iinder manual or automatic control . 

I. Shaft Seal Water 

The maximiim quantity and p r e s s u r e of p r i m a r y sys tem water 
r equ i red for seal balancing and leak-off makeup if any, shall be s ta ted by 
the Vendor. Any plant cooling water r equ i r emen t s for the p r i m a r y seal 
cooling water heat exchanger, to be furnished by the Vendor, as well as any 
jacket cooling, shall be specified. 

II. Mate r ia l s and Fabr ica t ion Methods 

The Contrac tor shall include in his proposal specifications for 
all m a t e r i a l s to be used and recommended by him for the condition of 
se rv ice outlined in this specificatioji. Where m a t e r i a l s differ from stand
a r d specif icat ions, alloy contents shall be c lea r ly stated. Where heat 
t r ea tmen t is involved, Br inel l Hardness Number (BHN) shall be specified. 
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The pump surfaces in contact with the sys tem water mus t be r e s i s 
tant to cor ros ion by deminera l ized water having a specific r e s i s t ance of 
at leas t 500,000 o h m - c m with total solids content of l e s s than 5 ppm and a 
pH of 6 to 8. Nuclear i r rad ia t ion may cause the water to c a r r y approxi
mately 10 c c / l i t e r of ent ra ined or dissolved oxygen. T e m p e r a t u r e s of the 
water pumped will va ry f rom 300F to 640F. Therefore the use of Type 
405 or the 300 s e r i e s s ta in less s tee ls will be requi red . Use of dual meta l 
casings a re approved where applicable. 

All pump cast ings shall be made by the e lec t r i c furnace p r o c e s s to 
ASTM-E-71 Class II Specifications with radiographic inspection of welded 
and highly s t r e s s e d a r e a s as specified by the Labora tory . The radiograph 
p rocedure shall conform to the ASTM-E-94 specification. Chemical com
position of the cast ings shall conform to Table I of ASTM-A-351-52T 
specif icat ions. Mechanical p rope r t i e s of the cast ings shall conform to 
Table II of ASTM-A-351-52T specif icat ions. 

Cast ings shall be of uniform quality and condition, clean and free 
f rom blowholes, poros i ty , ha rd spots , shr inkage , defects , c r acks or other 
injurious defects . 

The lot o r heat number (indicating the date of casting) shall be 
s tamped or cas t on each cast ing unless a suitable method of identification 
by heats or lots sa t i s fac tory to the Labora to ry is provided. Cast ings 
shall also be marked with the pa t te rn or m a r k number (all r a i s e d l e t t e r s ) . 

Mater ia l shall be s tamped only if it is annealed in p r o c e s s after 
s tamping. If stamping is used, the die s tamped identification m a r k s shall 
consis t of heat niimber only and shall be placed on a cas t pad located at a 
point of minimiim s t r e s s on the cast ing. 

Internal chills and chaplets shall not be used except by specific 
authorizat ion. When ei ther chaplets or in ternal chil ls that r ema in a p e r 
manent pa r t of the cast ing a r e used they shall be of a composit ion conforming 
to that specified for the cast ing in which they a r e employed. 

The p repara t ion of the sur faces o ther than those in contact with the 
operat ing fluid shall be by mechanica l means as n e c e s s a r y to remove al l 
sand, sca le , fins, excess ive rough spots , padding, e tc . , and to provide a 
surface finish suitable for dye penet rant or f luorescent inspect ion. 

All machining shall conform to no rma l s tandards of good workman
ship. Dimensions and to l e rances to be mainta ined as shown on drawings . 
F a i l u r e by Vendors to mainta in to le rances as shown on the drawings may 
be cause for re ject ion without cost to the Labora to ry . 
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All final machined surfaces shall have a finish of 125 mic ro inches 
except where bet ter finish is requi red . Rough machined surfaces shall 
have a finish of 250 mic ro inches o r be t t e r and be suitable for fluid pene
t ran t examination. An oil base lubricant and /o r cooling fluid may be em
ployed during machining opera t ions , providing the fluid does not contaminate 
in ternal surfaces (joints and c rev ices included) which a r e inaccess ib le 
to cleaning. In those cases where machining mus t be per formed on i t ems 
containing c rev ices or complex internal pa r t s only pure water may be em
ployed as a lubricant . Ordinary potable tap water will be cons idered as 
meet ing this r equ i rement . 

All passages not machinable but access ib le for hand finishing will 
be finished to 250 mic ro inches or be t t e r . Grinding and polishing shall be 
pe r fo rmed with previously unused aluminum oxide or si l icon ca rb ide , rubber 
or r e s in bonded grinding wheels , carbide b u r r s , or carbide f i les . In wi re 
brushing s ta in less steel p a r t s , new s ta in less steel wi re b rushes a r e r e 
quired. 

Inaccess ib le surfaces may be gr i t b las ted with new unused aluminum 
oxide or sil icon carb ide gri t of 140 or 120 mesh , respec t ive ly , to obtain a 
finish be t te r than 400 mic ro inches (RMS). 

Blast ing equipment shall be cleaned thoroughly of all previously 
used blast ing m a t e r i a l s . 

After gri t b las t ing, both the surfaces b las ted and those adjacent to 
them shall be acid cleaned and then cleaned with a nylon b r u s h and tap water . 

All other surfaces shall have a finish suitable for dye-penet ran t o r 
f luorescent inspection. 

During hand finishing, pa r t s should be posit ioned so that t he re is a 
minimxim of dust and abras ive falling into p a s s a g e s . Nozzles should be 
posit ioned downward to pe rmi t free passage for as much res idue as poss ib le . 

III. Design F e a t u r e s 

A. Shaft Seals 

Shaft sea led- type pumps a r e p r e f e r r ed , although canned r o t o r -
totally sealed pixmps will be considered. Vendors a r e to provide a de
tai led descr ip t ion of the shaft seal proposed for each pump with the 
proposa l . In addition, the Vendor shall exhibit a full sca le operat ing sea l 
for the d iamete r of the pump shaft proposed for each pump. Atmospher ic 
p r e s s u r e seal leakage mus t be l e s s than 750 c c / m i n for each pump and 
mus t be collected for r e tu rn to the sys tem. Methods of seal ing which in
corpora te the use of auxi l iary seal water c i rcula t ing sys t ems will be 
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considered. Contamination of col lected leakage with external water , water 
vapor, oil, o r oil vapor must be prevented. 

Seals mus t demons t ra te a life of at l eas t 500 hr when an exact 
duplicate of the pump seals is tes ted under conditions duplicating opera t 
ing t e m p e r a t u r e s , p r e s s u r e s , shaft s i zes , and rotating speeds . 

The seal safety and leakage collecting devices shall provide at 
leas t one throt t le bushing of a min imum of one shaft d iamete r long between 
the seal and reac to r fluid and shall provide at leas t two throt t le bushings 
with bleedoffs between mechanical seal and the a tmosphere . Thrott le bush
ings mus t be shouldered to prevent blowout. 

Provis ions shall be made to control axid drain away all seal 
leakage, in case of seal ca tas t rophe , through the regula r seal leakoff l ine. 
Leakage under these conditions should not exceed 25 gpm per pump at full 
t empe ra tu r e and operat ing p r e s s u r e of the sys tem. The pump must con
tinue to opera te under conditions of complete seal fai lure in o rde r to allow 
t ime for detection of the seal leakage. 

Vendor shall s ta te the leakage ra t e through the throt t le bushing 
and seal for a new seal and for a seal after 500 hr of operat ion. 

Cooling jackets shall be insta l led surrounding the sea ls so that 
water t empe ra tu r e adjacent to the seal face in the seal compar tment shall 
be maintained below 200F. The P u r c h a s e r shall furnish a supply of low 
p r e s s u r e cooling water for seal and bear ing housing cooling, the t e m p e r a 
ture of which shall not exceed 95F. 

At the conclusion of the shop per formance t e s t s the sea ls shall 
be thoroughly inspected, and wear ing faces shall be replaced with new pa r t s 
when r eas sembled . 

Because of the pioneering na ture of the application of shaft sea ls 
on pumps operat ing at high suction p r e s s u r e s it is rea l ized that the pump 
Vendors will have a logical i n t e r e s t in the opera t ing pe r fo rmance of these 
pumps. Therefore , in the event of seal operat ing difficvdties during the 
f i r s t yea r , it is expected that the Vendor will be anxious to provide d i rec t , 
concrete a s s i s t ance in solving any p rob l ems . The Vendor may inspect the 
pumps at conveniently a r r anged t imes when the r eac to r is not operat ing. 

B. Casing 

The casing shall be designed to withstand continuously the max i 
mum p r e s s u r e which can be developed by the pump. Adequate provis ion 
shall be made in the design to pe rmi t p roper expansion without dis tor t ion 
or binding and for all other effects due to the t e m p e r a t u r e and c ha ra c t e r i s t i c s 
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of the water being pumped. The casing joints shall be provided with dowels 
or keys for accura te r ea s sembly . 

The pump shall be provided with adequate dra in and vent va lves . 

C. Shaft and Impel ler 

The shaft shall be of adequate s ize and s t rength to withstand 
safely and continuously all s t r e s s e s resul t ing from the weight to be sup
por ted , and from s ta r t ing (including a c r o s s - t h e - l i n e mo to r s ta r t ing) , 
operat ing, and t e m p e r a t u r e conditions to which it will be subjected. The 
c r i t i ca l speed of the shaft shall be such as to provide a l ibe ra l m a r g i n of 
safety between such speed and the range of operat ing speeds of the pump. 

The complete ro tor shall be provided with a suitable hydraul ic 
balancing device o r equivalent a r r a n g e m e n t to supplement the th rus t b e a r 
ing descr ibed below. Adequate provision shall be made to prevent d i s to r 
tion, binding, excess ive leeikage or th rus t due to e i ther d i rec t o r differential 
expansion of the ro to r p a r t s . 

Although min imum specified physical NPSH is avai lable , t he re 
will normal ly be enough subcooling p resen t at both sys t em pump suction 
inlets to provide good opera t ing c h a r a c t e r i s t i c s . However, all pumps mus t 
be designed to opera te under t e m p o r a r y cavitat ing condit ions. 

The impe l l e r s for the f i r s t s tage shall be designed to min imize 
requ i red NPSH. All impe l l e r s shall be carefully machined and polished. 
Each impe l l e r shall be s ta t ica l ly and dynamical ly balanced before a s sembly 
on the shaft. 

Diffusers , channel r i ngs , and stage p ieces , if used, shall be of 
ch rome steel of not l e s s than 12% chirome content. All water pas sages shall 
be carefully machined and polished. 

Wearing r ings shall be suitably heat t r ea t ed to provide adequate 
difference in ha rdness cind to prevent galling between running p a r t s . They 
shall be secured in such a manner as to prevent turning. Bidder shall s ta te 
in proposal the dicimetral c l ea rance between wear ing r ings or su r faces . 

Any shaft s leeves used shall be of a sui table heat t r e a t e d or 
hard- faced m a t e r i a l , and a r r anged so that they will not turn on the shaft. 

Such s leeves shall be a t tached to the shaft in such a manne r as 
to min imize d is tor t ion , eccent r ic i ty , o r s t r e s s caused by differential ex
pansion of shaft and s leeve in s e r v i c e . The shaft s leeves shall be polished. 

Shafts shall be of forged alloy s tee l , accura te ly machined and 
grovuid. 
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The complete ro tor of the feed-water pump shall be s ta t ical ly 
and dynamically balanced. 

D. Ins t rumentat ion 

The Vendor shall provide connections for the following ins t ru
mentat ion: 

1. Lubricat ing oil level indicator for each different oil sump in 
the pump and motor . 

2. Bear ing t empe ra tu r e thermocouple wells on the pump, motor , 
fluid dr ive , etc . 

3. Seal leakoff flow. 

4. Thermocouple wells to m e a s u r e water t e m p e r a t u r e adjacent 
to the seal faces . 

5. Over speed warning indicator for control room indication, 
where applicable. 

IV. Cleaning 

Cleaning p rocedures at va r ious s tages of fabricat ion and inspection 
shall be as follows: 

A. Cleaning p r i o r to inspection in the green: Cast ings shall be 
well cleaned with heads and gates removed for inspection in such a manner 
as not to impai r the contour of the cast ing. This shall be followed by such 
cutting or grinding as n e c e s s a r y to complete the removal of the heads or 
gates to the sat isfact ion of the inspec tor . 

B. Cleaning after annealing: Before final inspection cas t ings shall 
be thoroughly cleaned cind all sand and sca le removed by mechanica l m e a n s . 
Surfaces in contact with the p r i m a r y fluid shall be degreased in f resh a c e 
tone or detergent . P a r t s containing c r ev i ce s or joints shall be degreased 
only with acetone. 

C. P r i o r to a s sembly , individual p a r t s shall be cleaned as follows: 

1. Remove heavy dir t by scrubbing with a stiff b r i s t l e b rush , 
soap, and water . 

2. Rinse thoroughly in tap water . 

3. Immediately after (2), r inse thoroughly in f resh c o m m e r c i a l 
dis t i l led or deminera l ized wate r , followed by methyl alcohol or acetone. A s 
sembly shall be done with gloves. 
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v. Inspection and Testing 

In o rde r to minimize the number of inspection t r i p s , all pump com
ponents shall be p repa red simultaJieously for each inspection s tep. 

Hydrostat ic leak tes t ing, whenever poss ib le , shall be accompl ished 
on rough or semi-f inal machined p a r t s . This will provide for any n e c e s s a r y 
co r rec t ive welding to be done before final machining. 

The pa r t to be tes ted shall be subjected to a hydrosta t ic p r e s s u r e of 
at l eas t I-j t imes the max imum allowable working p r e s s u r e as de te rmined 
in accordance with Section VIII, ASME Boi ler and P r e s s u r e Vesse l Code. 

Rough or semi-f ina l machined pa r t s may be t e s t ed with o rd ina ry 
potable tap water . When it i s n e c e s s a r y to t es t a finish machined pa r t , 
f i l tered tap water may be used. 

The t e s t water shall be at room t e m p e r a t u r e . The p r e s s u r e in the 
tes ted par t shall be brought to i ts r equ i red value; after which the source of 
p r e s s u r e mus t be disconnected. All a i r pockets mus t be el iminated. 

The unit shall withstand the t e s t p r e s s u r e for a per iod of two hours 
without any weeping, leakage or drop in p r e s s u r e g r e a t e r than that expected 
because of surrounding t e m p e r a t u r e changes. 

Cast ings shall be r epa i r ed by the foimdry to mee t Class II specif i
cation r equ i r emen t s . Three copies of a r e c o r d drawing of the r epa i r loca
tions with X- r ay films shall be approved by the Labora to ry and pump Vendor. 

The manufac turer shall check the comple teness of removal of a 
defect by the following methods : 

Defect revealed by Hydrostat ic Leak Tes t : A combination of v isual , 
fluid penet rant and radiographic examinations as n e c e s s a r y to r e 
move the defect to sound meta l . 

Defect revea led by Fluid Pene t ran t Tes t o r Visual Examinat ion: 
The completeness of the removal shall be de te rmined by the 
fluid penetrant t e s t . Fluid penetrant shall not contain any halogens. 

Defect revea led by Radiographic Examinat ion: The comple teness 
of removal of a defect shall be de te rmined by a combination of 
visual fluid penetrant and radiographic examination. 

Weld r e p a i r s when made shall be examined at the manufac tu re r ' s 
expense by radiographic inspection and fluid penet rant t e s t s . 
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Per fo rmance Tes ts 

The pumps shall be shop tes ted by the Vendor in accordance with 
the p rocedures of the Test Code of the Standards of the Hydraulic Insti tute. 
Due notification shall be given the Labora to ry so that his inspector may be 
p resen t . F i l t e red tap water may be used for t e s t s . Pumps shall be com
pletely d i sassembled , inspected, cleaned, and r ea s semb led after t e s t s , in 
a clean a rea , 

A cer t i f icate of shop tes t of the pumps shall be furnished the Labo
ra to ry , whether or not his inspector was p resen t at the tes t , and the pumps 
shall not be shipped until the Labora to ry has approved the pump c h a r a c t e r 
i s t ics and the tes t r e s u l t s . 

After instal lat ion, the pumps will be thoroughly t es ted by the Labo
ra to ry to verify the pe r fo rmance under actual operat ing conditions. The 
pumps shall mee t all r equ i rement s of these specifications and all the Ven
do r ' s guarantees p r io r to acceptance by the Labora tory . 

The pumps a r e requ i red to be smooth running and free from v ibra 
tion. The pumps shall also opera te f ree from cavitation, providing the 
Vendor ' s r equ i rements for min imum NPSH a r e met . 

VI. Protec t ion for Shipment 

Each pump shall be finished all over to give a smooth and finished 
appearance . The ex te r io r surfaces shall be cleaned thoroughly and painted 
with a p r i m e coat of Dupont "Dulux" Metal Pro tec t ive P r i m e r or approved 
equal. Final painting and the application of insulation will be done by the 
Labora tory . 

A nameplate shall be at tached to the pump so that it is vis ible after 
insulation. 

Each unit of equipment and unassembled pa r t shall be m a r k e d sui t
ably to facil i tate identification and instal lat ion. 

Before shipment all inlets and outlets shall be blanked off or plug
ged and all ex te r ior carbon steel b a r e machined surfaces shall be coated 
with a suitable an t i - ru s t compound. 

All pumps a r e to be completely bagged in polyethylene and c ra ted 
for shipment in boxes suitable for outside de s e r t s to rage . The c r a t e s 
mus t be const ructed so that bags a r e not broken during shipment. 

The Vendor shall furnish special maintenance tools . Tools shall 
be new and of f i rs t c lass quality. Tools shall be shipped to the job in 
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separa te conta iners c lear ly marked with the name of the equipment for 
which they a r e intended. Bidder shall furnish a p r i ce l i s t of tools he 
proposes to furnish. 

A complete l i s t of recommended spa re pa r t s and thei r p r i ce s 
shall be submitted with the proposal . 
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SECTION II 

SPECIFICATIONS FOR REACTOR FEED-WATER PUMP 
ARBOR FACILITY 

ARGONNE NATIONAL LABORATORY 

1. Scope of Work 

Vendor shall furnish and deliver f.o.b. siding, Scoville, Idaho, the 
following: 

One (1) mo to r -d r iven r eac to r feed-water pump complete with a p 
pur tenances , including motor drive and var iab le speed fluid drive 
(if r equ i red) as here inaf te r specified. 

2. Drawings (Vendor 's) 

After notification of award . Contrac tor shall submit to the Labora to ry 
for approval : 

A. Six (6) se ts of drawings showing the genera l a r r a n g e m e n t and 
pr inc ipa l dimensions of equipment, including c r o s s sect ion of 
pump taken along center line of shaft, and such detail drawings, 
loading and anchor bolt r e q u i r e m e n t s , e tc . , as may be requ i red 
by the Labora to ry . 

B . Six (6) sets of cer t i f ied copies of manufac tu re r ' s outline di
mension pr in ts of motor giving s ize of t e rmina l boxes, e tc . 

Vendor shall furnish head-capac i ty and horsepower curves based 
on actual shop t es t s of pumps for the Labo ra to ry ' s r e c o r d s . 

•̂ ' Operating Conditions and Capacit ies 

The feed-water pump will be r equ i r ed to per form over a wide range 
of operating condit ions. The NPSH available is 55 ft. Suction p r e s s u r e s 
may va ry from 250 ps i to 1800 ps i a t nea r sa tura t ion t e m p e r a t u r e s . Some 
represen ta t ive conditions a r e given below: 
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Capacity 

(gpni) 

1440 
1730 
1770 
1800 
1850 
1980 
2030 
2160 
2200 
2240 
2540 
2920 
3240 

Developed 
Head (ft) 

1130 
386 

1630 
1940 

415 
2460 

516 
2940 
3710 

540 
726 
930 

1310 

Specific 
Gravity 

0.860 
0.806 
0.812 
0.800 
0.786 
0.775 
0.756 
0.756 
0.763 
0.731 
0.699 
0.675 
0.649 

Suction 
P r e s s u r e 

(psi) 

250 
540 
500 
600 
680 
750 
900 
900 
850 

1100 
1350 
1600 
1800 

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

(°F) 

400 
475 
467 
486 
499 
510 
531 
531 
524 
556 
582 
604 
621 

Obviously a l l of the above conditions cannot be achieved with a s tandard 
design boiler feed pump. However, the employment of a var iab le speed 
drivq will help to br ing per formance to within throt t l ing range of the feed-
water flow cont ro l valve. Pximp curves shal l be supplied with the proposa l 
showing the pump speeds and amo\mt of throt t l ing r equ i r ed to reach i n t e r 
media te condit ions. 

Pump shal l opera te sa t i s fac tor i ly between shut-off p r e s s u r e and full 
load. Pximp cha rac t e r i s t i c shall be such that the head will continue to in 
c r e a s e with decreas ing capaci ty \intil a nnaximum p r e s s u r e is r eached a t 
zero capacity. The head at zero capacity shall not exceed approximate ly 
120% of the head a t r a ted capacity for full speed of ro ta t ion. 

4. Pump Design and Construct ion 

Pump should be of the hor izonta l , centrifugal , b a r r e l - t y p e , d i r e c t -
connected to motor and fluid dr ive , if used, by approved flexible couplings, 
and shall conform in genera l to r equ i r emen t s l i s t ed below. However, o ther 
a r r a n g e m e n t s will be considered. 

Pump Support 

The pump will be located as shown on the accompanying Drawings 
RE-6-24030-A and RE-6-24031-A. Pump foundation r equ i r emen t s shal l 
accomipany the p roposa l . 

file:///intil
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Suitable base plates shall be provided for pump and d r ive r , a r r a n g e d 

to catch oil and water dr ips and furnished with a r i m for retaining these 
d r i p s . The base pla tes shall be designed so a s to drain readi ly through 
tapped connections provided in one or both ends . Holes shall a l so be p r o 
vided in the base plates so that grout may be applied between the plates 
and foiindation. 

Bear ings 

Sleeve bear ings shall be employed for the pump shaft and shal l have 
l ibe ra l bear ing surfaces with horizontal ly split boxes . Effective seal ing de
vices shall be provided on al l bear ings for prevention of oil, g r e a s e or water 
leakage. 

A suitable th rus t bear ing shal l be provided to locate the shaft longi
tudinally and to compensate for end th rus t under any condition of opera t ion. 

Lubricat ion 

An adequate and posit ive sys tem of lubr icat ion shall be provided 
for, and common to, a l l bear ings of both pump and d r ive r . The Sel ler shal l 
provide an adequate cooler for the lubricat ing oil , an oil r e s e r v o i r with 
level indica tor , and a suitable oil pump, posit ively dr iven from the main 
pump shaft and p r imed at a l l t imes to insu re immedia te del ivery of oil 
when the main pump is s t a r t ed . 

An auxi l ia ry oil pump dr iven by a 440-v, 3-phase , 60-cycle AC, 
totally enclosed fan-cooled motor shal l be provided and mounted on the 
main bed p la te . This auxi l ia ry pump shall build up sufficient oil p r e s s u r e 
to p e r m i t safe s ta r t ing of the feed pump and motor d r ive r and shall be 
suitable for continuous operat ion of the pump and motor equipment. 

Mercoid p r e s s u r e switches for operat ion on 250-v DC shall be p r o 
vided to pe r fo rm the following functions: 

A. Star t ing s tand-by auxi l ia ry oil pump on low lubr icat ing oil 
p r e s s u r e . 

B . Stopping s tand-by auxi l ia ry oil pump on high lubricat ing oil 
p r e s s u r e . 

C. Sounding a l a r m to Control Room when ai ixi l iary oil pump 
s t a r t s on low lubr icat ing oil p r e s s u r e . 
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Suction and Discharge Connections 

The 12-in. suction and 10-in. pump discharge nozzles shall be p r o 
vided with beveled ends for welding, as approved, for P u r c h a s e r ' s piping 
connections. Top connections a r e requ i red . Nozzle shall be provided on 
pump discharge for r e -c i rcu la t ing connection. 

Insulation 

Pumps shall be fitted with a sui table heavy s tee l lagging, l ined with 
sufficient thickness of high qviality insulating m a t e r i a l . Lagging shal l be 
made in sect ions for easy removal and rep lacement . 

5. Var iable Speed Fluid Drive 

Pump shal l be furnished complete with a var iable speed fluid drive 
unit, which shall be mounted on a substant ia l welded s tee l bed plate together 
with the pump and motor . 

The fluid dr ive shal l be of the fully enclosed type with four (4) r ad ia l 
s leeve bear ings and two (2) Kinsbury th rus t bea r ings , gear dr iven gear type 
oil pump and control shaft for connection to P u r c h a s e r ' s feed-water control 
equipment. 

Twin oil coolers shal l be built into the oil r e s e r v o i r base of the fluid 
dr ive and al l ex ternal oil piping shall be of s tee l pipe with s tee l fittings and 
welded jo in t s . F l anges , where n e c e s s a r i l y used for dismant l ing, shal l be of 
forged s tee l of the welding neck or s l ip-on type. Oil cooler shal l be designed 
for max imum oil t e m p e r a t u r e of 180F, with 85F inlet water t empe ra tu r e and 
for a maximum water operat ing p r e s s u r e of 75 p s i . 

The fluid dr ive shal l be provided with a gauge board for m.ounting in 
control room, containing one (1) oil p r e s s u r e gauge and two (2) oil t e m p e r 
a t u r e gauges, one for each group of bea r ings . E l ec t r i c a l t r a n s m i s s i o n of 
signals from the fluid dr ive unit to the gauge board shall be used. 

Fluid dr ive shal l have suitable heavy, one-piece s tee l , flexible cou
pling guards , mounted on b racke t s a t each end of unit to enclose input and 
output shaft flexible couplings. 

Speed Indicator Equipment 

Pump shall be equipped with an e l ec t r i ca l speed m e a s u r i n g device 
and a speed indicator for mounting on P u r c h a s e r ' s Control Room board 
( remote) . 
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Speed-measur ing device shall be furnished mounted and connected 
to the boi ler feed pump shaft. Belts o r couplings, if used, shal l be provided 
with suitable guards to pro tec t them from the weather during shipment . 
Speed-measur ing device shall be totally enclosed and shall have suitable 
conduit opening. Device shall be Weston E lec t r i c Ins t rument Corporat ion 's 
Model 758 Type WAG Magneto or equivalent. 

Speed indicator shall have sca le range of zero to the maximum rpm 
expected of the pump and shal l be of the rec tangula r type, approximate ly 4 i n . 
square a r r a n g e d for flush mounting on a s teel panel 1/4 in. thick. Indicator 
shal l be Weston E lec t r i c Ins t rument Corpora t ion ' s Model #741 or equivalent 
to match and line up with other in s t rumen t s to be provided by P u r c h a s e r for 
control board . 

6. Motor 

Motor shall have the following c h a r a c t e r i s t i c s ; 

Type 

Voltage 

Horsepower Rating 

F r a m e 

Bear ings 

Class of Insulation 

Horizonta l , single speed, s q u i r r e l 
cage induction. 

4160-v, 3-phase , 60-cycle AC 

Not l e s s than max imum b r a k e h o r s e 
power r equ i r ed by the dr iven appara tus . 

Drip proof. End shields on coupling 
end shal l be spl i t on m o t o r s of NEMA 
504 f rame s ize or l a r g e r . 

Sleeve bea r ings . Bear ing on coupling 
end shall be spli t on mo to r s of NEMA 
504 f rame s ize or l a r g e r . 

Class H radiat ion r e s i s t a n t 

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

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

Locked Rotor (s tar t ing) Torque 

Breakdown Torque 

Locked Rotor Cur ren t 

40C 

60C 

75% full load torque 

Not l e s s than 190% of full load torque 

Not m o r e than 700% of ra ted full load 
cu r r en t . 



Control and Externa l Wiring Furn i shed and ins ta l led by P u r c h a s e r . 
Each motor shal l be furnished with a 
conduit box for 4000-v Motor. 

Standards In accordance with ASA-C-50. 

7. Pe r fo rmance Tes t s 

Tes t s shall be made a s follows on the completed, a s s e m b l e d full 
s ize pump at no rma l operat ing speeds: 

a. Conditions - 150F max imum t e m p e r a t u r e clean water 

b . Suction P r e s s u r e - Nominal (above min imum NPSH r e q u i r e 
ment s of the pump). Mininaum NPSH requ i r emen t s shall be 
de te rmined during these t e s t s . 

c . The tes t shall consis t of taking the following m e a s u r e m e n t s : 

(1) Bear ing t e m p e r a t u r e s 
(2) Seal face t e m p e r a t u r e 
(3) Seal leakage ra t e 
(4) Head, capacity and input hp at 0%, 20%. 50%, 75%, 90%, 

100%, 120% of design capaci ty (cor rec ted for t e m p e r a t u r e ) . 

d. After the above readings a r e taken, the pump shal l be run at 
design head for two (2) h o u r s . The following m e a s u r e m e n t s 
will be made at 10 min . in te rva l s : 

(1) Head and capaci ty 
(2) Bear ing t e m p e r a t u r e s 
(3) Seal face t e m p e r a t u r e 
(4) Seal leakage r a t e 
(5) Input horsepower . 

e. After contipletion of the above tes t s e r i e s , the following tes t 
s e r i e s will be made: Conditions: 15 hr at each of the 13 op
erat ing conditions l i s ted under I tem 3, Section II (Operating 
Conditions and Capaci t ies) . The following m e a s u r e m e n t s shal l 
be made a t 1-hr i n t e rva l s , with cycling at 1-hr i n t e rva l s . 

(1) Head and capacity 
(2) RPM 
(3) Input horsepower 
(4) Bear ing t e m p e r a t u r e s 
(5) Seal face t e m p e r a t u r e 
(6) Seal leakage ra t e 
(7) Operat ing log will be kept and curves p r e p a r e d 

f. The L a b o r a t o r y ' s r ep re sen t a t i ve s shal l witness a l l t e s t s . 
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SECTION III 

SPECIFICATIONS FOR FORCED CIRCULATION PUMPS 
ARBOR FACILITY 

ARGONNE NATIONAL LABORATORY 

1. Scope of Work 

Vendor shall furnish and del iver f.o.b. siding, Scoville, Idaho, the 
follo'wing: 

I tem II - Three (3) Ver t ica l , Motor-Dr iven Forced-Ci rcu la t ion 
Pumps including Motor Drive and Appurtenances as 
here inaf ter specified. 

Item III - One (1) Ver t i ca l , Motor-Dr iven Forced-Ci rcu la t ion 
Pump identical to the above th ree except that a 440-v, 
60-cycle , 3-phase AC motor shal l be mounted on the 
main shaft in addition to the main d r i v e r . This motor 
i s r equ i red to c i rcu la te approximately 1000 gpm at 
40 psi for emergency cooling. The 440-v motor will 
opera te f rom the emergency d i e se l -gene ra to r c i rcu i t . 
Al ternate methods of secur ing this flow will be con
s idered , 

2. Drawings (Vendor 's) 

After notification of award . Vendor shal l submit to the Labora to ry 
for approval : 

A. Six (6) se t s of drawings showing the genera l a r r angemen t and 
pr inc ipa l d imensions of equipment, including c r o s s sect ion of 
pump taken along center line of shaft, and such detai l d rawings , 
loading ajid anchor bolt r e q u i r e m e n t s , e tc . , as may be r e q m r e d 
by the Labora tory . 

B. Six (6) se t s of cert i f ied copies of manufac tu re r ' s outline d imen
sion p r in t s of moto r s giving s ize of t e rmina l boxes , e t c . 

Vendor shall furnish head-capac i ty and horsepower curves based 
on ac tual shop t e s t s of pumps for the Labo ra to ry ' s r e c o r d s . 

t 



3. Operating Conditions and Capacit ies 

Suction P r e s s u r e va r i e s from 600 psi at 486F 

to 2000 ps i at 636F 

NPSH available 30 ft -45 ft 

Specific Gravity va r i e s from 0.801 at 486F to 

0.625 at 636F 

Discharge Head 348 ft at 486F 

Total Capacity 36,000 gpm 

No. of Pumps (9,000 gpm each) 4 
Pumps shall opera te sa t is factor i ly between shut-off p r e s s u r e and 

full load. F u r t h e r m o r e , the pumps shall opera te sa t i s fac tor i ly in para l le l 
without hunting or other d is turbance at all loads down to 30 per cent of 
ra ted capacity. Pump c h a r a c t e r i s t i c s shall be such that the head will con
tinue to i nc r ea se with decreas ing capacity until a max imum p r e s s u r e not 
to exceed approximate ly 120 per cent of the head at the ra ted capaci ty, is 
reached at zero capacity. Stepwise control of the flow will be achieved by 
bringing on additional pumps as requi red . The four pumps opera t ing in 
para l le l shall be designed to give vmiform i n c r e a s e s of flow ra te over the 
ent i re range of capacity r equ i r emen t s . 

A sys t ems capaci ty Vs head curve to show the total head r e q u i r e 
ment s at all flows is enclosed to aid in final evaluation of p\imp c h a r a c t e r 
i s t i cs (Graph No. 1). 

Neces sa ry pump c h a r a c t e r i s t i c curves shall be submit ted by the 
b idder for determinat ion of throt t l ing r equ i r ed a c r o s s control va lves . 

4. Pump Design and Constr-uctjon 

The pumps shall pe r form sa t i s fac tor i ly under all the conditions 
l i s ted above under I tem 3. The pump motor shall be s ized to del iver 348 ft 
TDH at 486F. Although the pumps will opera te on 60F water at s t a r tup , 
the flow will be throt t led to prevent motor overloading. 

All designs shall conform to the c r i t e r i a of the ASME Unfired P r e s 
su re Vesse l Code. 

The pumps will be ve r t i ca l shaft units with the mo to r s mounted 
above and connected to the pumps by a flexible coupling. The pumps will 
have counter -c lockwise rotat ion when viewed from the motor end. Single 
suction pvimps will be r equ i t e d for the above application. 
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Discharge nozzle will be 12-in. Schedule 160 pipe s ize (approx.) 
p r epa red for welding. Suction nozzle will be 16-in. Schedule 160 pipe s ize 
(approx.) p r epa red for welding. Exact I.D. of nozzle bo re s will be sup
plied by the P u r c h a s e r when contract is placed. The weld p repara t ion will 
be in accordance with the ASA B31.1-1955, Code for P r e s s u r e Piping. 

Because of t he rma l expansion p rob l ems , support of the pumps on 
the piping or by three-poin t suspension hangers is requi red . Swaying w^ill 
be prevented by guides or sway b r a c e s . Bidder shall define method of sup
port proposed and i l lus t ra te in detail with a drawing. 

The pumps shall be designed to opera te with 45 ft NPSH and be cap
able of operat ion with 30 ft NPSH for shor t per iods of t ime . The pump mus t 
pass through this t r ans ien t without s eve re damage or discontinuance of 
pumping. Continuous operat ion at 30 ft NPSH would be highly p re fe rab le , 
if economical ly a t ta inable , s ince a 45-ft NPSH requ i r e s deeper building 
excavat ions. 

Bal l - type th rus t bea r ings shall be used with a self-contained lub r i 
cation sys tem. Due to the high level of radioact ivi ty in the pump a r e a it 
will be n e c e s s a r y to change oil frequently. Eas i ly access ib le oil dra in and 
fill connections a r e requi red . Effective seal ing devices shal l be provided 
on all shafts for the prevent ion of contamination of p r i m a r y sys tem fluid 
with cooling water or oil . 

Pump and motor cooling water r equ i r emen t s shall be s ta ted in the 
data summary . 

The pumps shall be designed so the complete motor and rotat ing 
element can be removed from the casing without dis turbing the piping and 
by removing only the casing p r e s s u r e joint bolts and the hangers and sway 
b r a c e s . The motor need not be sepa ra ted from the rotat ing element during 
this removal operat ion. Designs shall be such that an absolute minimiim 
number of bolts mus t be loosened or removed during removal of the r o 
tating element and motor . 

5. Lubricat ion 

Auxil iary lubr icat ing r equ i r emen t s shall be desc r ibed by the Bidder . 

6. Insulation 

Method of insulating with Type 430 s ta in less steel wool shall be p r e 
sc r ibed by the Bidder , but furnished and applied by the Labora to ry . 
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7. Motor /y^r 
Motor shall have the following c h a r a c t e r i s t i c s . 

Type 

Voltage 

Horsepower Rating 

F r a m e 

Insulation 

Tempera tu re Rise 

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

Locked Rotor (start ing) Torque 

Breakdown Torque 

Locked Rotor Cur ren t 

Control and External Wiring 

Standards 

Ver t i ca l , bal l bear ing , 
s ing le-speed , squ i r r e l cage 
induction. 

4160 V, 3-phase , 60-cycle A.C. 

Not l e s s than maximvim b rake 
horsepower r equ i red by the 
dr iven appara tus . 

Drip proof 

Class H radiat ion r e s i s t an t 

40C 

60C 

75 per cent full load 

Not l e s s than 190 per cent of 
full load torque 

Not m,ore than 700 per cent of 
ra ted full load c u r r e n t 

Furn i shed and ins ta l led by P u r 
chase r . Each motor shall be 
furnished with a conduit box for 
4000-v motor . 

In accordance with ASA-C-50 

8. Pe r fo rmance Tes t s 

Complete t e s t s shall be made as follows on all completed, a s sembled 
full s ize pumps at no rmal operat ing speeds . 

a. Conditions - 150F m.aximum t e m p e r a t u r e clean water 

b . Suction P r e s s u r e - Nominal (above min imum NPSH r e q u i r e 
ments of the pump) 
Minimum NPSH requ i r emen t s for each pump 
shall be de te rmined during the t e s t s . 
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c. The tes t shall consis t of taking the following m e a s u r e m e n t s : 

(1) Bear ing t e m p e r a t u r e s 
(2) Seal face t e m p e r a t u r e 
(3) Seal leakage ra te 
(4) Head, capacity and input HP at 0 per cent, 20 per cent, 

50 per cent, 75 per cent, 90 per cent, 100 per cent , 
120 per cent of design capacity ( cor rec ted for t e m p e r a 
ture) 

d. After the above t e s t s a r e run, a t es t s e r i e s shall be made at 
the following conditions of suction t e m p e r a t u r e and p r e s s u r e : 

(1) 486F ± lOF - 600 psia 
(2) 545F± lOF - 1000 psia 
(3) 596F± lOF - 1500 ps ia 
(4) 6 3 6 F ± lOF - 2000 ps ia 

Each pump shall run for 75 h r at each of the four t e m p e r a t u r e s 
l i s ted above, at design head with cycling every two hours during the tes t . 
The following m e a s u r e m e n t s shall be made at two-hour in te rva l s . 

(1) Head and capaci ty 
(2) Bear ing t e m p e r a t u r e 
(3) Seal face t e m p e r a t u r e s 
(4) Seal leakage ra t e 
(5) Input horsepower 
(6) Operat ing log will be kept and curves p r e p a r e d 

e. The L a b o r a t o r y ' s r ep resen ta t ives shall wi tness all t e s t s . 
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