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AN IN-PILE GAS-COOLED LOOP INSTALLED 
AT THE BATTELLE RESEARCH REACTOR 

George T. Bodnar , Wallace J . S tevens , Gera ld A. F r a n c i s , 
Sherwood L. Fawce t t , and Alber t M. Rockwood 

A developmental program was conducted to provide a loop facility 
for use in evaluating fuel specimens for gas-cooled^reactor applications. 
The program included the design, construction, and operation of a recir­
culating in-pile loop featuring high-pressure gas as the primary coolant. 
The loop facility was designed for gas pressures of up to 200 psig and 
gas-flow rates up to 0.415 lb per sec with nitrogen as the coolant. Design 
features incorporated into the facility included the mounting of the com­
plete "package" on the movable bridge at the Battelle Research Reactor 
(BRR). This provided ease in moving the loop away from the reactor core 
for service and specimen transfers. 

The loop design featured an aluminum pressure wall and concentric 
counterflow gas passages with static-gas insulation adjacent to all pres­
sure walls. The entire circulating system was located beneath the water 
level of the pool to provide shielding and simplicity. The blower was designed 
for use at 750 F inlet-gas temperature, and it featured both oil and water 
cooling. The instrumentation was designed to protect personnel and equip­
ment, and to provide information on the specimen during irradiation. The 
specimen-transfer mechanism was designed to utilize pool-water shielding 
while moving a dry specimen from the loop cask located approximately 20 ft 
below the pool surface. 

The complete loop system was subjected to both out-of-pile and 
in-pile evaluation. The blower has operated satisfactorily over 2000 hr 
and specimen transfers have been effected without water leakage into the 
loop or transfer cask. 

INTRODUCTION 

In the development of fuel a s s emb l i e s for a new r eac to r sys t em it is impor tant to 
evaluate proposed fuel-e lement designs and m a t e r i a l s under conditions which s imulate 
as closely as poss ible the r eac to r envi ronment . Specific p rob lem a r e a s in fuel -e lement 
development may be studied by such means as capsule i r r a d i a t i o n s , co r ros ion t e s t s , 
the rmal -cyc l ing and fluid-flow e x p e r i m e n t s , e tc . Ul t imate ly , however , it is des i rab le 
to de termine the per formance of the e lement design under the combined effects which 
will be p r e s e n t in the r e a c t o r sys t em. F o r this purpose in-pi le forced-convect ion loops 
a re a convenient and n e c e s s a r y exper imenta l tool. 

In support of the ga s - coo l ed - r eac to r p r o g r a m of the A r m y Reac to r s Branch of the 
AEC, a p r o g r a m was under taken to des ign , cons t ruc t and operate an in-pi le loop facility 
at the Battel le R e s e a r c h Reac tor (BRR) for the purpose of evaluating fuel -e lement 



2 

assembl i e s for this application. This r e p o r t desc r ibes the design, cons t ruct ion , and the 
init ial operat ion of this loop facility. 

CONCEPTUAL-DESIGN CONSIDERATIONS 

The design of an in-p i le - loop facility mus t take cognizance of (1) the r eac to r s y s ­
tem for which the fuel e lements a r e being developed, (2) the abili ty to obtain or develop 
the n e c e s s a r y components for the loop sys tem within prac t ica l l imita t ions on t ime and 
cos t , and (3) the l imi ta t ions and r equ i r emen t s of the tes t r eac to r in which the loop faci l ­
ity is to be ins ta l led . These th ree p r i m a r y factors a r e perhaps never completely com­
patible and many compromises a r e n e c e s s a r y . 

Tes t -Spec imen Operat ing Requi rements 

At the inception of the p r o g r a m nei ther the specific design c r i t e r i a of the g a s -
coo led- reac to r sys tem nor the specific fuel sys t em for this r eac to r p r o g r a m had been 
es tabl ished. Thus it was n e c e s s a r y to a s sume specifications as to the size and type of 
fuel-e lement tes t spec imen , the coolant-gas condit ions, and the specimen-power genera­
tion. These assumpt ions lead to the following design specifications pertaining to the 
tes t conditions in the loop: 

Coolant 

Gas p r e s s u r e 

Gas-flow ra te 

Available p r e s s u r e head 
a c r o s s specimen 

Gas t empe ra tu r e 

Inlet to the specimen 

Outlet from the specimen 

Tes t sect ion size 

Hea t - r emova l capacity 

Reci rcu la t ing ni t rogen gas with hel ium 
as a possible a l ternat ive 

Ambient to 200 psig maximum 

0. 415 lb per sec maximum 

5 psi at max imum flow ra te 

750 F 

1150 F max imum 

1. 5 in. ID X 24 in, long 

50 kw maximum 

Durat ion of tes t 10,000 h r max imum 
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Loop and Reactor Operat ing Requi rements 

Safety considerat ions and adequate exper imenta l m e a s u r e m e n t s requ i red that the 
loop systemi be well ins t rumented for m e a s u r e m e n t s of gas flow, t e m p e r a t u r e , and 
p r e s s u r e , and that it be stable and well controlled in these v a r i a b l e s . A l so , the sys tem 
should be leaktight and of min imum gas volume. 

F r o m a maintenance and operat ing standpoint it was des i rab le to be able to make 
r e p a i r s or rep lace loop components eas i ly , and remove and i n s e r t fuel spec imens with­
out affecting the condition of the specimen and loop. In addit ion, the r eac to r downtime 
caused by loop or specimen failure mus t be an absolute min imum. 

These c r i t e r i a a r e quite genera l and applicable in varying degrees to any loop 
sys tem and t e s t - r e a c t o r instal la t ion. However , they a r e mentioned he re because they 
had a d i rec t bear ing on the concept of this loop sys tem. 

Location and Layout of the Loop Fac i l i ty 

The BRR is a modified pool r eac to r l icensed for operat ion at 1 megawat t . The r e ­
actor core is supported from a movable br idge . The core is normal ly opera ted at one 
end of the pool. In this location one ve r t i ca l face of the core is adjacent to a t he rma l 
column, and two faces a r e adjacent to six beam tubes . The remain ing ve r t i ca l face is 
open to the pool. The r eac to r pool is divided by a movable gate to p e r m i t draining the 
back pool while keeping the core submerged. A separa te movable bridge is available 
for exper imenta l pu rposes . 

The size of the tes t section and the operat ional r equ i r emen t s of the BRR dictated 
that the tes t section be located ver t ica l ly at the open core face immedia te ly adjacent to 
the co re . Two poss ib i l i t ies suggested themse lves as to the location of the remain ing 
loop components: 

(1) Alongside the pool at the pool -surface floor level . 

This a r r angemen t would r equ i r e the loop piping to come 
to the pool sur face . Shielding would be requ i red against a tes t 
specimen failure which r e l ea sed fission products throughout the 
loop sys t em. F u r t h e r m o r e , the loop components outside the 
pool would have to be enclosed in a gastight envelope which 
could be vented to the stack in a control led fashion. /A 

In addition to the shielding and gas-contaminat ion f ac to r s , ' •' 
the t e s t sect ion would have to be fixed at the core locat ion. 
Consequently, r eac to r operat ion independent of a loop component 
or specimen failure would r equ i r e at l e a s t duplicate b lowers , 
hea t exchange r s , e tc . , in the loop sys tem. 
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(2) Ar ranged in a movable "package" and submerged in the pool. 

This scheme appeared to have advantages in flexibility and 
s implici ty since the ent i re loop sys tem could be moved away from 
the reac to r core for maintenance and specimen t r ans fe r . Also , 
the total gas volume of the sys t em could be minimized — a d e s i r ­
able feature from the standpoint of g a s - s y s t e m contamination. 
It had the disadvantage of making the sys tem components re la t ively 
inaccess ib le even to minor r e p a i r s . 

The package loop could be supported on a movable bed res t ing 
on the pool floor or suspended from the exper imenta l br idge . In 
ei ther event the loop layout would have to be capable of passing 
through the gate of the r eac to r pool. 

After study of these poss ib i l i t ies it was decided to pursue the concept of a packaged 
loop suspended from the exper imenta l br idge . 

Loop Components 

Having committed the loop design to the submerged-package concept, it was d e ­
s i rable to minimize the number , s i z e , and complexity of the loop components . The cost 
of the loop sys tem and the t ime schedule for i ts completion a lso favored this d i rect ion. 
Accordingly, the loop systemi was visual ized as comprizing the t e s t sec t ion, a heat ex­
changer , and a blower with the n e c e s s a r y control and ins t rumenta t ion . A p rehea te r was 
not included since p re l imina ry hea t - l o s s calculat ions indicated that the des i red gas 
t e m p e r a t u r e s could be mainta ined by the spec imen-power generat ion (as will be d i s ­
cussed l a t e r , the heat l o s s e s turned out to be higher than init ially predic ted) . R e g e n e r a ­
tion (an economizer) was not included, per s e , also in the i n t e r e s t of space and 
s implici ty . 

Blower 

Since a p rehea t e r and an economizer were not provided in the design, the blower 
was requi red to be capable of operat ion with h igh - t empera tu re g a s . The design gas 
t empera tu re chosen was 750 F . 

A survey of the existing technology and commerc i a l availabil i ty of high-
t empera tu re b lowers , shaft s e a l s , and bear ings led to the following conclusions: 

(1) No commerc ia l ly available blower would mee t the r equ i r emen t s of this 
application. 

(2) Reliable shaf t -seal m a t e r i a l s and designs for ni t rogen at these tejtnpera-
t u r e s and p r e s s u r e s were not known. 

(3) Exist ing gas -bea r ing technology did not indicate that gas bear ings could 
be uti l ized with confidence under these conditions. 
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These considerat ions led to the decision to design a blower which was completely 
canned in the coolant g a s , and which contained o i l - lubr ica ted bear ings . 

Piping 

Neutron economy in the t e s t - s ec t i on region favored the idea of utilizing cold p r e s ­
sure walls of a luminum, a s tat ic gas annulus for insulat ion, and thin h igh - t empera tu re 
ducting within. This design scheme was used throughout the loop piping system.. In 
addit ion, it appeared des i rab le to run the inlet and exit gas s t r e a m s coaxially wherever 
possible to gain some inherent regenera t ion . This a r r angemen t a lso permi t t ed the use 
of sl ip joints in the h igh - t empera tu re ducting — a factor which elimiinated t h e r m a l - s t r e s s 
and dis tor t ion p rob l ems . 

DESIGN AND CONSTRUCTION OF THE LOOP FACILITY 

Loop Design 

A schemat ic longitudinal sect ion of the loop assembly is shown in F igure 1. 
F igure 2 shows a photograph of the loop a s sembly p r io r to instal la t ion in the r eac to r 
pool. 

As shown in F igure 1, gas flows from the blower to the diffuser section and then 
through an orifice plate for f low-rate m e a s u r e m e n t . After leaving the or i f ice-pla te 
a s sembly , the flow is diverted into an annulus formed by two concentr ic tubes and thence 
to the bottom of the tes t section. The coolant then p a s s e s up through the t e s t specinrien, 
leaving the tes t section through the center tube. The flow continues through the center 
tube past the f low-control va lve , through the heat exchanger , and then on to the blower. 

Inconel pipes a r e used in the p r ima ry - loop sys tem to contain the hot g a s e s . The 
Inconel p ipes , in tu rn , a r e contained in a luminum pipe which s e rves as a p r e s s u r e wall . 
The annular space between the Inconel pipes s e rves as the supply passage to the t e s t 
specimen. The annular space between the outer Inconel and the a luminum p r e s s u r e wall 
contains s tat ic gas at loop p r e s s u r e . This gas ac ts as an insulator to reduce the heat 
l o s se s from the loop and to hold the a luminum p r e s s u r e walls at a reasonably low 
t e m p e r a t u r e . A view of the tube a r r a n g e m e n t is shown in F igure 3. 

The relief of the rmal s t r e s s e s in the Inconel pipe by the use of expansion joints 
did not appear feasible in the confined space within the p r e s s u r e wall . Since any type 
of mechanical expansion joint would have resu l ted in r e s t r i c t i ons in the flow a r e a , slip 
joints were incorporated in the design at al l 90-deg turns and at all flanged connect ions. 
The slip joints a r e 1 in. long and have a c learance of 0.005 in. on the d i ame te r . 

The m a t e r i a l s selected for use in the loop piping were Inconel for the in te rna l flow 
path and aluminum for the p r e s s u r e wall . Inconel was selected r a the r than s ta in less 
s teel because of i ts abili ty to r e s i s t ni t r iding at higher t e m p e r a t u r e . The select ion of 
aluminum for the p r e s s u r e walls was based on two cons idera t ions : (1) power attenuation 
in the tes t sect ion, and (2) weight. The ra t io of flux attenuation between aluminum and 
s ta in less s t ee l , using the same size p ipe , is of the o rder of 0 .95 to 0 . 6 3 . If s ta in less 
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FIGURE 3. CONCENTRIC-TUBE ARRANGEMENT IN LOOP PIPING 
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pipe had been used for the p r e s s u r e wall a dec rease in power of approximately 30 per 
cent would have resu l ted . A saving in the weight of the p r e s s u r e - w a l l piping was 
achieved by the use of aluminum pipe. 

All flanged connections in the loop assembly a r e sealed with s ta in less steel self-
energizing O-r ings backed up by rubber O-r ings of a formulation suitable for this 
application. The meta l O-r ings a r e made from 1/8-in. OD by 0 .010- in . wall Type 321 
s ta in less steel tubing. The se l f -energiz ing feature is accomplished with holes dri l led 
at the inside d iameter of the O-r ing . These holes act as vents to allow the p r e s s u r e 
being sealed to get inside the tube and prevent collapsing of the tube. An unbalance of 
forces then exis ts a c r o s s the sealing surface to inc rease the res i l i ence of the O-r ing , 
A Buna S compound was selected for the rubber O- r ings . This m a t e r i a l was selected on 
the basis of i ts r e s i s t ance to radiat ion damage and its per formance in oi l , wa te r , and 
nitrogen at t e inpera tu res up to 260 F , Hea t - t r ans fe r calculations showed that t e m p e r a ­
tu res at the rubber O-r ings will be from 160 to 180 F . 

Tes t Section 

The tes t section which houses the tes t specimen consis ts of three ve r t i ca l concen­
t r ic tubes . The outermost tube is made from standard 4-in. aluminum pipe and p r o ­
vides the p r e s s u r e wall . The outside d iameter of the pipe is 4. 500 in. and the wall 
thickness is 0. 237 in. The two inner tubes a re made from standard 2- and 3-in. Inconel 
pipe machined to a l / l 6 - i n . wall th ickness . These inner tubes form the passages for 
conducting the gas to and from the tes t specimen. The coolant flows to the tes t spec i ­
men through the annulus c rea ted by the two Inconel tubes and then r e tu rns to the heat 
exchanger through the inside tube. The tes t specimen is located in this center tube. 
The annular space between the outer Inconel tube and the aluminum p r e s s u r e wall con­
tains stat ic gas . 

Cooling System 

The secondary cooling sys tem is a closed water loop consist ing of the water 
pumps , the gas -wate r heat exchanger , and cooling coils for exchange of heat to the r e ­
actor pool water . 

Two cas t i ron turbine- type water pumps a r e connected in para l le l in the secondary 
cooling sys tem. Ei ther unit will supply a maximum of 10 gal per min of cooling water 
to the heat exchangers . One unit is for s tand-by use but it can be connected in s e r i e s 
with the other unit to boost the water flow if n e c e s s a r y . 

The heat exchanger is of shel l -and- tube construct ion consist ing of twenty-four 
3/16 in. -ID cooling tubes and one 1-1/2-in. -d i ame te r bypass tube contained in a wa te r -
cooled shel l . The amount of heat removed from the gas is controlled by a pneumatic 
d iaphragm-actuated valve on the bypass tube which controls the flow of cooling gas 
through the tubes . The heat exchanger is approximately 13 in. long. 

The cooling coils a r e composed of 80 ft of 3 /4- in . -OD by 5 /8- in . -ID aluminum 
tubing. The coils a r e mounted below the horizontal piping of the loop as shown in 
Figure 1. Water leaving the heat exchanger p a s s e s through the cooling co i l s , to the 
blower a s sembly , where it pa s se s through the lower blower housing. The cooling water 
then p a s s e s to the s torage tank on the ins t rument bridge for r e tu rn to the heat exchanger. 
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Blower Assembly 

The blower a s sembly is composed of four components: the main blower, the oil 
pump, the labyrinth pump, and the blower cask. 

Main Blower 

The main blower is designed to operate at 10,000 rpm and to del iver approxi­
mate ly 0.415 lb per sec of ni t rogen at a p r e s s u r e of 200 psia and 750 F against a head 
of 10 ps i . The main blower , shown in F igu re s 4 and 5 has a 5-hp motor mounted on a 
common shaft with the impe l l e r . The impel le r is cas t and machined from an ASTM 
A297 (ACl-HT) h e a t - r e s i s t a n t alloy. 

The i m p e l l e r , a rmiature , and shaft a r e supported by two se ts of o i l - lubr ica ted 
bea r ings . The upper bear ing cons is t s of a duplex se t of p rec i s ion angular contact 
bea r ings . The lower bear ing is a p rec i s ion floating-type bear ing. The bear ing tempera­
tu re s a re maintained at a safe level by cooling water which p a s s e s through the upper 
blower housing and oil which c i rcu la tes through a s ta t ionary tube to the top of the shaft 
and flows back to the sump. Oil is d i rec ted to the bear ings by two methods . Lubr ica t ­
ing je ts in the shaft supply oil by centrifugal force and a secondary force-feed sys tem 
supplies oil through the bear ing housing. 

A labyr inth- type seal is used between the blower impel ler and the upper set of 
bear ings to prevent oil f rom enter ing the p r imary - loop sys tem. The oil leakage is 
further r e s t r i c t ed because the oil in the upper bearing is forced to flow down through 
the bear ing or out by centrifugal force at the top of the bear ing. The oil leaving the top 
of the bearing is collected under a bearing cover and drained through the bearing hous­
ing to a col lector plate . This plate allows the oil to drain out of the motor housing and 
back to the sump. The effectiveness of this sys tem is augmented by the labyrinth pump 
which will be descr ibed below. 

Labyrinth Pump 

The labyr inth pump is a gear - type pump capable of del ivering 1 gpm. The pump 
is mounted par t ia l ly submerged in the oil sump with the d ischarge line terminat ing above 
the pump-discharge outlet . This insu res that oil will always r ema in in the pump during 
per iods of shutdown. The suction side of the pump is connected to the top of the outer 
labyrinth sea l . Any liquid oil that may be t r a n s f e r r e d to the top of the seal by differ­
ential p r e s s u r e s is drawn down the outside of the outer seal through 12 longitudinal 
grooves to the c i rcumferent ia l groove in the lower blower housing and thence to the 
pump which d i scharges the oil into the cask. 

Oil Pump 

The oil pump is an 11 gpm gear - type pump driven by a 1-hp motor . The pump 
takes oil from the 5-gal sump and de l ivers it to the s ta t ionary tube of the main blower. 
A smal l port ion of the oil is diver ted to the force-feed sys tem for bearing lubr icat ion. 
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FIGURE 4. MAIN-BLOWER ASSEMBLY 
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FIGURE 5, SECTION OF MAIN-BLOWER ASSEMBLY 
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Blower Cask 

The blower cask is approximately 21 in. in d iameter and 42 in. long. The cask is 
made from 6061-T6 aluminum with 2-in, - thick f langes , and it contains the double O-r ing 
seal used in the loop piping. A 5-gal sump is located below the lower flange of the cask. 

Ins t rumenta t ion and Control 

Inst rumentat ion has been provided to m e a s u r e and r e c o r d per t inent loop conditions 
during operation and to provide the control n e c e s s a r y to insure safe operat ion of the 
sys tem. The functions of the ins t rumenta t ion a r e divided into no rma l loop opera t ion, 
the safety f ea tu re s , and p o s t s c r a m control . A schemat ic of the ins t rumenta t ion piping 
is shown in F igure 6, and a schemat ic wiring d iagram is shown in F igure 7. 

Normal Loop Operat ion 

During normal operat ion of the loop, the ins t rumenta t ion pe r fo rms the following 
functions: 

(1) Continuously r eco rds the t e m p e r a t u r e at a point in the fuel- tes t 
specimen and controls the loop- sys t em t e m p e r a t u r e from that 
point. The control feature automatical ly posit ions the hea t -
exchanger bypass valve. 

(2) Continuously r e c o r d s any two t e m p e r a t u r e s on two single-point 
disk-type r e c o r d e r s . 

(3) Records any two p rese lec ted t e m p e r a t u r e s using two points on a 
multipoint r e c o r d e r . 

(4) Records the t e m p e r a t u r e s in the main blower upper and lower 
bear ings using four points on the multipoint r e c o r d e r . 

(5) Indicates any twelve selected t e m p e r a t u r e s on a t e m p e r a t u r e 
indicator which incorpora tes a twelve-posi t ion se lec tor switch. 
Normal ly included in the twelve selected a r e the following 
t e m p e r a t u r e s : 

(a) Blower- in le t gas 

(b) Blower-out le t gas 

(c) Inlet gas to the heat exchanger . 

(6) Continuously indicates and controls the gas p r e s s u r e . 

(7) Continuously indicates the gas-flow r a t e . 
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(8) Continuously moni tors the g a s - s t r e a m activity in a bypass line 
which c i rcu la tes gas from the blower outlet back to the blower 
inlet . 

(9) P e r m i t s manual control of the gas-flow r a t e . 

(10) P e r m i t s sampling of the gas in the bypass line as r equ i red . 

Safety F e a t u r e s 

The operat ion of the loop sys tem is controlled so as to pro tec t pe r sonne l , pro tec t 
the t e s t spec imen, and pro tec t the loop equipment. The loop safety sys t em includes 
two groups of e l ec t r i ca l r e l a y s . Any one of the r e l ays can init iate the reduct ion to zero 
of power generat ion in both the r eac to r and specimen. One group of r e l a y s , r e f e r r e d to 
as the low-level s c r a m s y s t e m , is designed to mainta in gas flow during and after any 
malfunction of loop components or a r eac to r s c r a m . A second group of r e l a y s , r e f e r r e d 
to as the high-level s c r a m s y s t e m , is provided to pro tec t the main blower a s sembly 
from damage which would r e su l t f rom excess ive ly high bear ing t e m p e r a t u r e s , loss of 
lubr ica t ion, and the loss of cooling wate r . In the second case the blower is stopped, 
since blower protect ion is m o r e impor tan t than specimen cooling after a r eac to r s c r a m . 

Relay System. The r eac to r power- reduc t ion sys t em is based on the use of a 
normal ly open re lay in conjunction with each control device. As each control point 
comes within the no rma l operat ing r a n g e , the assoc ia ted re lay is energized, A re lay 
is connected in s imi la r fashion to each i tem of a c c e s s o r y equipment. T h u s , all of the 
control r e l ays a r e energ ized while the loop is operat ing in a no rma l manne r . Whenever 
any of the control points gets out of range or there is a malfunction in the sys t em or loss 
of power to any of the components , one or m o r e of the control r e l ays will open. One 
set of normal ly open contacts on each re lay is connected in s e r i e s with a set on each of 
the other r e l ays and with the coil c i rcu i t of the main control r e lay . T h u s , whenever one 
of the control r e l ays becomes de -ene rg i zed , the power to the ma in control re lay is in­
te r rup ted and it is de -energ ized . This will s c r a m both the loop and the r e a c t o r . 

The control points a r e so in t e r re l a t ed and the a c c e s s o r y equipment so inter locked 
that any malfunction of the sys tem or equipment will indirect ly affect severa l r e l a y s . 
Thus , the sys tem provides mult iple protect ion in all c r i t i ca l a r e a s . Except for the r e ­
mote possibi l i ty of the main re lay failing to open when its coil is de -ene rg ized , the 
sys tem is essent ia l ly failproof. This one poss ib i l i ty , even though r e m o t e , is minimized 
by the use of two re lays for this p r i m a r y function. 

An indicating sys t em featuring l ights shows which control points a r e out of opera t ­
ing range and indicates the loss of power to any of the a c c e s s o r y components . An 
e lec t r i c clock is connected in pa ra l l e l with each control r e l ay . The clocks a re s ta r t ed 
and will run during per iods of normial operat ion. The cause of a sys tem s c r a m can then 
be de termined by an ana lys is of the e lapsed t ime accumulated on each of the c locks . 

Low-Level S c r a m Sys tem. Any of the following events will initiate a low-level 
s c r a m ( s c r a m reac to r and let loop blower run): 

(1) A r e a c t o r s c r a m for any reason 

(2) Loss of power to the loop ins t rumenta t ion 
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(3) Loss of ins t rument a i r p r e s s u r e 

(4) High b lower-bear ing t e m p e r a t u r e s (approximately 300 F) 

(5) A change of more than 10 psi in no rma l loop operat ing p r e s s u r e 

(6) Loss of coolant-gas flow (below 50 per cent of no rma l flow) 

(7) T e s t - s p e c i m e n in le t -gas t e m p e r a t u r e s 150 F above no rma l 

(8) T e s t - s p e c i m e n out le t -gas t e m p e r a t u r e s 150 F above normal 

(9) T e s t - s p e c i m e n surface t e m p e r a t u r e s 150 F above no rma l on any 
of the three thermocouples . 

High-Level S c r a m System. The high-level s c r a m sys tem is designed to pro tec t 
the main blower assembly from ser ious damage. The following events will initiate a 
high-level s c r a m ( s c r a m reac to r and stop loop blower): 

(1) Loss of e lec t r i ca l power to the lubr ica t ing-oi l pump, water pumps , 
or labyrinth pump 

(2) Loss of e l ec t r i ca l power to the f requency-conver te r drive motor 

(3) Loss of excitation to the conver ter 

(4) Loss of 180-cycle power to the blower motor 

(5) B lower -bear ing t e m p e r a t u r e s above 350 F . 

P o s t s c r a m Control 

The ins t rumenta t ion sys tem is designed to pe r fo rm cer ta in functions after any 
loop and r eac to r s c r a m . When a low-level s c r a m o c c u r s , the ins t rumenta t ion will: 

(1) Sc ram the Battel le R e s e a r c h Reac tor 

(2) Sound an a l a r m and light a warning light 

(3) Close the sys tem gas-supply valve 

(4) Close the sys tem exhaust valve 

(5) Indicate the cause of the s c r a m (if caused by the loop sys tem) . 

When a high- level s c r a m o c c u r s , the ins t rumenta t ion sys tem will shut off the bloAver in 
addition to performing the functions l i s ted for a low-level s c r a m . 
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Trans fe r Equipment 

The location of the loop assembly under approximately 20 ft of water in a pool-
type r eac to r requi red the design of special equipment for the loading, unloading, and 
s torage of the i r r ad ia t ed t e s t spec imens . A spec imen- t rans fe r device and a lead s to r ­
age cask were designed and const ructed for this purpose . 

Spec imen-Trans fe r Device 

The t rans fe r device is designed to load and unload tes t specimens dry under ap­
proximate ly 20 ft of water and to t r ans fe r specimens to a lead cask for safe s torage and 
handling. 

The device cons is t s of a p r e s s u r i z e d a i r bell equipped mechanical ly to pe r fo rm 
these functions. The device is approximately 24 ft long. The a i r -be l l pa r t of the 
mechan i sm consis ts of 7 ft of 5-in. a luminum pipe with a rubber seal on the open bottom 
The top end contains rubber O-r ings for seal ing the t e s t - s p e c i m e n operating rod, A 
second rod is positioned on the outside of the a i r bell for removal and inser t ion of the 
plug which seals off the loop after a tes t specimen has been removed. This rod en te rs 
an enlarged section at the lower end of the a i r bell through rubber O-r ing s e a l s . This 
enlarged sect ion houses the dummy plug and contains the mechan i sm for positioning and 
rotat ing the plug as it en te r s the t e s t section. The complete mechan i sm is suspended 
from the reac tor -bui ld ing crane and is or iented so that the a i r bell can be lowered 
alongside the ins t rument bridge over the ve r t i ca l leg of the t e s t section. When in pos i ­
tion to effect a t r a n s f e r , a rubber seal at the bottom of the a i r bell r e s t s in a grooved 
flange on the tes t section, A hose supplies a i r to the bell to maintain sufficient p r e s s u r e 
to keep water from enter ing the bell during a t r ans fe r . 

Transfe r Cask 

The t ransfer cask was designed for s torage of the tes t specimen under water and 
for i ts safe remova l to the hot -ce l l fac i l i t ies . The top of the cask has the same con­
struct ion as the tes t sect ion. A removable s ta in less s teel container is secured in the 
cask with a s teel pin for ease of r ep lacement . The cask is approximate ly 25 in, in 
d iameter over mos t of i ts length and t ape r s down to 10 in, in d iameter at the top. The 
outer and inner walls a r e made of s ta in less s teel with 10 in. of lead in between for 
shielding. 

Tes t s of Trans fe r Equipment and P r o c e d u r e s 

Extensive dry and wet t r ans fe r t e s t s were conducted between the t r ans fe r m e c h a ­
n i sm and the s torage cask to perfect a safe method for loading and unloading spec imens 
and to fami l iar ize personnel with the use of the equipment. The dry t ransfer t e s t s were 
conducted out of the pool between the t r ans fe r mechan i sm and a dummy t e s t sect ion. 
Minor modifications were made to the mechan i sm and the t e s t s continued between the 
mechan ism and the s torage cask using a dummy tes t specimen. During the t e s t s , a p ­
proximate ly six successful t r a n s f e r s were conducted. The wet t r ans fe r t e s t s were con­
ducted in the r eac to r pool between the mechan i sm and s torage cask. A very slight 
amount of mois tu re accumulated in the s torage cask during these t e s t s . 
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A new specimen can be handled safely out of water but once a specimen has been 
i r r ad ia t ed in -p i l e , it naust be handled underwater the rea f te r . A new spec imen can be 
loaded into the t rans fe r mechan i sm out of the pool. The t rans fe r device is then lowered 
into the pool and maneuvered into position until a seal with the tes t specimen is effected. 
By means of th ree mechanica l dev ices , the plug at the top of the t e s t sect ion is un­
screwed and moved out of the way. The t e s t specimen is then lowered into position in 
the tes t section and the threaded plug at the top of the spec imen-suppor t rod is screwed 
into mating threads in the tes t sect ion until a seal is insured . The t rans fe r device is 
then withdrawn and the loop p repa red for operat ion. 

To unload a tes t spec imen, the p r e s s u r e within the loop is reduced and the t r a n s ­
fer mechan i sm is lowered into the pool and posit ioned on the tes t sect ion. When a seal 
is insured , the t e s t spec imen is unscrewed and withdrawn from the chamber , A plug is 
then inse r ted in the tes t section to seal out the wa te r . The hot specimen is then loaded 
into the s torage cask in the same manner in which it was originally loaded into the loop 
tes t section. 

OUT-OF-PILE SHAKEDOWN TESTS 

An out-of-pile tes t p r o g r a m was set up to s imulate r eac to r operat ing conditions. 
A water tank, 8 ft in d iameter and 10 ft high was const ructed for these t e s t s . A 50-kw 
e lec t r i c heating e lement , s imi la r in configuration to a tes t spec imen , was used to 
supply the n e c e s s a r y power. The out-of-pile tes t p r o g r a m provided an opportunity to 
study the sys tem behavior under var ied operat ing condit ions, and to gain exper ience in 
perforining routine opera t ions . The tes t consis ted of s t e ady - s t a t e , t r ans i en t , and 
continuous operat ion. 

Steady-State Operat ion 

T e s t s were f i r s t run with a i r at a tmospher ic p r e s s u r e to obtain data for an analy­
s is of blower per formance and to check the behavior of the bypass and flow-control 
valves and auxi l iary equipment. These t e s t s were repeated at 10, 30, and 60 ps ig . All 
of the equipinent and valves per formed sat is factor i ly during these initial t e s t s . Small 
amounts of power were then applied to the heating e lement to check t e m p e r a t u r e s and 
flow r a t e s . At 4 kw the out le t -gas tenaperature showed a change of 100 F for full t r ave l 
of the f low-control valve at a loop p r e s s u r e of 60 ps ig . Power was then inc reased to 
10 kw. The equipment continued to function p roper ly under the new condit ions. Data 
taken in these t e s t s were used to calculate blower per formance at design condit ions. 
The curve shown in F igure 8 is the r e su l t of these calculat ions and shows the design 
point taken from the original design calcula t ions . 

F u r t h e r t es t s were made with ni t rogen and p r e s s u r e s inc reased to 140 and 185 
psig. The per formance of the loop was then checked at these p r e s s u r e s with an e l e c t r i ­
cally heated e lement from a min imum power of 4 kw up to a max imum of 25 kw. Ap­
proximately 120 F of t e m p e r a t u r e control was obtained from the hea t -exchanger bypass 
valve at an e lement power of 25 kw. 
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Trans ien t Operat ion 

The purpose of these t es t s was to observe the effect of 10 per cent changes in 
power to the heating element and the effect of power changes from zero to full power and 
full power to ze ro . The 10 per cent power-change t e s t s were run in the 22 to 25-kw 
power range . The t e s t s revealed that the automatic t empe ra tu r e - con t ro l sys tem would 
not hold the loop t empera tu re s at a constant level following a reac tor power change of 
this magnitude. Calcula t ions , based on exper imenta l data , indicated instead that the 
effectiveness of the automatic control sys tem would be l imi ted to power changes of 
about 5 per cent, A power change g rea t e r than 5 per cent is not considered unsafe, 
since the safety features built into the ins t rumentat ion would cause the reac to r to shut 
down if the automatic control sys tem were to become ineffective. However , since the 
reac to r power seldom changes m o r e than 1 or 2 per cent in normal opera t ion, the con­
t ro l sys tem was considered adequate. 

The zero-to-fuU power (26 kw) t e s t s were conducted to s imulate the s tar tup 
procedure normal ly used at the r e a c t o r . The s tar tup from 4 kw to 26 kw was made in 
3 min. Adjustment of the loop p r e s s u r e and flow-control valve provided a safe no rma l 
s ta r tup . The full power - to - ze ro t e s t s showed a rapid drop in loop t e s t - s ec t ion t e m p e r a ­
tu re s from 1150 F to 400 F . 

Tes t s were also conducted at normal loop operating conditions to s imulate m a l ­
functioning of the loop components . The following conditions were investigated: 

(1) 

(2 

(3 

(4 

(5) 

(6] 

(7 

(8] 

(9 

Elec t r i c -power failure 

Reco rde r - con t ro l l e r failure 

Loss of coolant flovi/ 

P r e s s u r e changes of plus or 

Al ternator failure 

Cool ing-water-pump failure 

Outlet-gas t e m p e r a t u r e s 150 

Inle t -gas t empera tu re 150 F 

Bear ing t e m p e r a t u r e s above 

minus 10 psi 

F above normal 

above normal 

300 F . 

All of the above tes t s resu l ted in a s c r a m of the loop with a resu l tan t s c r a m of the 
heating element which r ep resen ted the r e a c t o r . 

Continuous Operat ion 

A number of continuous t es t s were undertaken as a final check on loop p e r f o r m ­
ance. The duration of these t es t s var ied because of oil contaanination in the loop. The 
gas was sampled per iodical ly to de te rmine the magnitude of the oil contamination. 
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Tes t s 83. 2, 89. 3, and 89. 5 hr in duration were run. These t es t s were run at a 25-kw 
input from the heating e lement and a loop p r e s s u r e of 185 psig. Sannples of the gas in 
the f i r s t run showed an oil content of 250 ppm. The oil contamination in the second tes t 
was reduced to 212 ppm through the addition of the labyrinth pump to the blower a s s e m ­
bly. A further reduction to 21 ppin was effected during the l a s t run by changes in a po r ­
tion of the top of the outer labyrinth seal and by r e s t r i c t ing the flow of oil out the top of 
the upper blower bear ing . A s u m m a r y of the loop running t ime during the out-of-pile 
t e s t s appears in Table 1. 

TABLE 1. SUMMARY OF OUT-OF-PILE LOOP RUNNING TIME 

Conditions of Operat ion Tes t T i m e , hr 

Atmospher ic 312. 6 

Under 20 kw 48. 5 

Over 25 kw 19.0 

At 25 kw 265. 3 

Total t ime 645.4 

Examinat ion of the inside of the loop sys tem after the l a s t run showed no evidence 
of oil contamination. F u r t h e r m o r e , e s t imates of the minimum oil content in the gas 
owing to vapor p r e s s u r e indicated that this amount of oil was about as low as could be 
expected. 

INSTALLATION IN THE REACTOR POOL 

The genera l a r r angemen t of the loop assembly in the r eac to r pool is shown in 
F igu re s 9 and 10. The top of the tes t section is located approximately 18 ft below the 
surface of the water . The weight of the loop assembly is supported by a s t ruc tu ra l 
aluminum frame which is fastened to the main beams of the exper imenta l bridge and 
bolted to the loop assembly . The aluminum support tower is constructed in three s e c ­
tions to facili tate instal lat ion and removal of the loop assembly from the reac to r pool. 
Aluminum tubing and tube fittings were used for all the l ines between the loop assembly 
and the ins t rumenta t ion . The in-pi le instal lat ion is shown in F igu re s 11 and 12, The 
movable ins t rument bridge and ins t rumenta t ion a r e shown in F igure 13. 

Work on the instal lat ion was r e s t r i c t e d to normal shutdown days at the r eac to r 
when the gates separat ing the front and back pool were lowered into position and the 
water in the back pool was pumped to a s torage tank. 
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FIGURE 9. TOP VIEW OF LOOP IN REACTOR POOL 
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FIGURE 10. SIDE VIEW OF LOOP IN REACTOR POOL 
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INITIAL IN-PILE OPERATION 

The BRR gas-cooled loop has been operat ing in-pi le since March 7, 1958. Since 
that t ime it has logged approximately 2200 hr of tes t operat ion with two different fuel 
spec imens . The sect ions following s u m m a r i z e the inform.ation concerning the loop per­
formance and operat ional exper ience gained thus far . 

Pe r fo rmance of the Loop F r o m the Standpoint of 
Gas Flow and Temiperature 

During the initial phases of the in-pi le tes t on the f i r s t fuel-e lement spec imen, 
approximately 25 sets of data were taken with the loop operat ing under var ious condi­
tions of flow ra t e and specimen power. The flow ra te was var ied between about 0 .05 
and 0. 3 lb per s e c , and the specimen power was var ied in the range of 3 to 16 kw (by 
varying both the r eac to r power level and the loop position re la t ive to the r eac to r core) . 
However, in all of the t es t s the hea t -exchanger bypass valve was maintained in the posi­
tion of min imum heat rem.oval and the sys tem gas p r e s s u r e was 140 psig . 

These data were analyzed to predic t the general t he rma l -pe r fo rmance c h a r a c t e r ­
i s t ics of the loop sys tem. The r e su l t s of this analysis a re p resen ted below. It should 
be recognized that the extrapolat ion of the cor re la t ions derived from these l imi ted data 
to higher specimen powers and higher gas t e m p e r a t u r e s contains l a rge uncer ta in t ies . 
These might be expected owing to the hea t - l o s s dependence on gas p r e s s u r e and the 
nonlineari ty of radiat ion cooling effects with t e m p e r a t u r e . 

The m e a s u r e d t e m p e r a t u r e s through the loop sys tem a r e identified in the s che -
miatic d iagram of F igure 14. 

f3 

T4 

Heat exchanger 

Compressor 

\ 

To 

Test 
speci­
men 

T, 

A-29047 

FIGURE 14, SCHEMATIC DIAGRAM OF THE 
LOOP GAS-FLOW SYSTEM 
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The salient features of the loop from a t he rma l -pe r fo rmance standpoint a r e : 

(1) A r e - e n t r a n t t es t section where the inlet gas flows down around the 
outside of the tes t specimen and up through the specimen 

(2) A coaxial piping sys tem which ac ts as an economizer . The outside 
p r e s s u r e walls a r e aluminum in contact with the r eac to r pool water ; 
the flowing gas is ducted through Inconel inner p ipes . The s ta t ic 
gas annulus provides the insulat ion, 

(3) A gas -wa te r shel l -and- tube heat exchanger with a par t ia l bypass line 

(4) A blower designed to pump the gas at t e m p e r a t u r e s up to 750 F , 

Fo r any specified heat generat ion in the tes t spec imen, QQ^ ^-^d gas-flow r a t e , w, 
the equi l ibr ium gas t e m p e r a t u r e s a r e de te rmined by the equations given below. The 
forms of these equations might be readi ly in fe r red , to a f i r s t approximat ion, from the 
usual hea t - t r ans fe r equations. The constants were determined empir ica l ly from a bes t 
fit of the in-pi le m e a s u r e m e n t s . 

A. Coaxial Ducts . Regenera t ive heat is t r a n s f e r r e d between inlet 
and outlet gas in the coaxial ducting sect ions of the loop. The equation 
governing this t r ans fe r is 

To - T2 = 0 .113 w"0 -6 (To+ T2 - T4 - Tj ) , (1) 

where 

TQ = specimen-out le t gas t e m p e r a t u r e , F 

T£ = spec imen- in le t gas t e m p e r a t u r e , F 

T T = gas t empe ra tu r e at inlet to heat exchanger , F 

T4 = gas t empe ra tu r e at outlet from c o m p r e s s o r , F 

w = gas-flow r a t e , lb per sec 

B . Heat Exchanger . Heat is exhausted to essent ia l ly poo l - t empera tu re 
water at the heat exchanger . The re la t ion between irdet and outlet hea t -
exchanger gas t empe ra tu r e with the bypass valve nominally open (minimum 
hea t - r emova l condition) is 

(T3 - 83) = (T2 - 83) e"0-0935 w"0.979^ ^̂ ^ 

where 

T3 = out le t -gas t empera tu re from heat exchanger , F . 
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C. C o m p r e s s o r . The work done on the gas by the compres so r in­
c r e a s e s the gas t empera tu re through the c o m p r e s s o r by the re la t ion 

T 4 = T 3 + 40. (3) 

D. Heat L o s s e s . The heat balance of the sys tem yields a heat loss 
which has been cor re la t ed by the following re la t ionship: 

(Ti + T A - 216) 
Q ^ ^ 0.0311 ~ , (4) 

where 

Q„ = heat l o s t , kw. 

These equations may be solved simultaneously to yield the predic ted g a s - t e m p e r a ­
ture behavior of the sys tem. F igure 15 shows the predic ted gas t empe ra tu r e at the 
specimen outlet as a function of spec imen-power generat ion for var ious flow r a t e s . 

These r e su l t s indicate that the specimen-out le t gas t empe ra tu r e is strongly de­
pendent upon spec imen power at high flow r a t e s . This evidently occurs from two 
reasons : 

(1) A l a rge fraction (~50 per cent) of the heat genera ted by the specimen 
is diss ipated in heat l o s se s from the sys tem. These l o s se s inc rease 
with increas ing w through the dependence of Tj and T4 on w. 

These l o s se s turned out to be severa l t imes higher than predic ted by 
initial calculat ions of heat flow through s t a t i c -gas annuli based on 
conventional na tura l -convect ion hea t - t r ans fe r co r r e l a t i ons . 

(2) The min imum heat remova l by the heat exchanger is s trongly dependent 
upon the flow r a t e . This r e su l t impl ies that the bypass line through the 
heat exchanger is not effectively divert ing a l a rge enough fraction of 
the gas flow from the smal l hea t -exchanger tubes . 

P r o c e d u r e s for Neut ron-Flux Measu remen t s of Loop-Tes t Specimens 

During an in-pi le- loop test ing p r o g r a m it is n e c e s s a r y to make neutron-flux m e a s ­
u remen t s on fuel specimens in situ in the loop. These m e a s u r e m e n t s general ly involve 
foil or wire activation at a low reac to r power level . This p rocedure r equ i r e s that flux 
m e a s u r e m e n t s be made during scheduled r eac to r shutdown days — a per iod when t ime is 
p remium for performing other maintenance functions on the loop sys tem. 

In o rde r to provide maximum flexibility in the loop opera t ions , a mock-up loop 
was constructed for making flux nneasurements independently of the actual loop sys t em. 
The mock-up loop is identical to the ve r t i ca l t es t section of the actual loop. It is 
supported from the r eac to r core bridge and posit ioned in the normal operat ing posit ion 
of the loop t e s t sect ion. 
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Since the mock-up loop is i r r ad ia t ed only for shor t t imes at low reac to r power , it 
does not become highly act ivated. It can be loaded and unloaded at the r eac to r pool side 
with l i t t le inconvenience from activation. 

This p rocedure has been exceedingly efficient in permi t t ing para l le l operat ions to 
be performed during reac tor -shutdown pe r iods . 

GENERAL DISCUSSION OF THE LOOP DESIGN AND PERFORMANCE 

Thus far the loop and the fue l -assembly specimens under tes t have been exceed­
ingly well behaved. Loading and unloading, loop s ta r tup and shutdown, as well as s teady-
state operat ions have gone as well as the loop des igners might have hoped. While the 
loop sys t em has not yet been exposed to a fai lure of a major component or fuel spec imen, 
the experience thus far indicates that the BRR loop sys tem is a feasible and valuable tool 
for studying the in-pi le behavior of fuel specimens under s imulated gas - coo l ed - r eac to r 
conditions. 

Through the generous use of hindsight seve ra l factors a r e apparent which might 
have been incorpora ted in the loop design to improve the genera l pe r fo rmance . These 
a re mentioned he re with the hope that they may benefit future des igners of in-pi le loops . 

(1) Owing to the high heat l o s s e s , a gas p rehea te r would great ly inc rease 
the in le t -gas t empe ra tu r e obtainable with low-power specimens and 
high coolant-flow r a t e s . 

(2) The heat l o s s e s from the sys tem might be reduced by baffles or other 
insulation in the s t a t i c -gas r eg ions . However , bulk insulation would 
have to be selected with the possibi l i ty in mind of i ts exposure to water 
or oil in the event of loop operat ional malfunctioning. A l so , loose 
pa r t i c l e s of insulation could not be permi t ted in the flowing gas s t r e a m , 

(3) A broader range of gas-flow operat ing conditions might be obtained by 
p re s su r i z ing the cooling water to the heat exchanger . This would p e r ­
mit higher t empera tu re cooling water without boiling heat t r ans fe r . 

(4) Gas bear ings in the blower would considerably simplify the blower 
sys tem. In the per iod since this loop design was ini t ia ted, g a s -
bear ing technology has p r o g r e s s e d considerably. 

It cannot be overemphas ized that the success of the concept of a packaged sub­
merged in-pi le- loop sys tem hinges upon the re l iabi l i ty and main tenance- f ree cha rac t e r 
of every component in the package. While r e p a i r s can and mus t be planned for , they a re 
bound to be expensive and t ime consuming re la t ive to a d ry , fixed sys tem. This factor 
forces a conse rva t i sm on the des igner beyond even the normal ly s t r ingent safety consid­
era t ions of in-pi le- loop expe r imen t s . 
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