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FOREWORD 

The cooperation of a large number of employees made possible 
the success of the work described i n  t h i s  report. 
from the effor ts  of the others, mention should be made of a few who 
carried a large part  of the responsibility for placing t h i s  f ac i l i t y  
in operation on the scheduled date. 

Without detracting 

The building and pool were designed by the ORNL Engineering De- 
partment under the supervision of Gibson M a r r i s .  Construction w a s  
accomplished by John A. Johnson and Sons, contractors. "he reactor, 
reactor bridge and instrument bridge and associated equipment were 
a l so  designed by the 0RN.L Engineering Department, under the direction 
of W, R G a l l ,  of the Reactor Technology Division, and C . W. Angel, 
and bu i l t  i n  the ORNL Shops. 
mechanical installation was IC. E. Jamison. The safety and Control 
c i m u i t s  were designed (or i n  some cases adapted from MTR designs) 
by T. E ,  Cole, and the instal la t ion was under the supervision of J. 
E. Owens. Procurement and, when necessary, design of the measuring 
equipnent were the responsibility of J. L. Meem. Some of the equipment 
was adapted from C .  E. Clifford's "Lid Tank". 
quipment was constructed in  the ORNL Instrument Department under the 
direct  supervision of F. W. Manning. 

The f i e ld  engineer i n  charge of the 

A great deal of the e- 

A t  present writing, the Facil i ty i s  being operated by J. L. Meem 
and i s  part  of the ORNL Shielding Group headed by E. P. Blizard. 
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THE NEW BULK SKIELDInT: FACILITY AT CJRaL 

HISTORY 

In the f a l l  of 1949 it became evident tha t  a shield tes t ing f ac i l i t y  
with a much stronger neutron and gamma source than the one in  the "Lid 
Tank" was necessary i f  experimental work on shields w a s  t o  be prosecuted 
successf'ully. In addition, it was apparent that the f a c i l i t y  should be 
much more flexible than the l i d  tank. Several designs were considered, 
and it was f ina l ly  decided tha t  a l o w  power reactor operating in  a pool 
of water would most nearly meet the requirements of a bulk shield t e s t -  
ing f ac i l i t y  as they were lmown a t  that  time. 
was submi-ktet? t o  the Atomic Energy Commission, and shortly thereafter a 
directive t o  proceed with the work was received. 
standard plumbing and electr ical  equipment, and the pool were constructed 
under a 1- sua bid by John A. Johnson and Sons, Inc., the low bidder. 
Bids were opened on May 1, 1950 and work began shortly before June 1st. 
One hundred and f i f t y  days were allowed for this construction. Labora- 
tory personnel moved into the building November 10th and began instal-  
la t ion of the reactor and instrument bridges, although the contractor 
did not complete a l l  detai ls  of h i s  contract un t i l  January, 1951. 

Accordingly a proposal',' 

The building, w i t h  

The reactor instal la t ion was completed on December 14th and the 
f i r s t  c r i t i c a l  experiment was successAtlly concluded on December 17th. 

DESCRIPTION OF BUILDING 

The f ac i l f ty  is housed i n  a s tee l  fYame building with Q (corrugated 
The building i s  77 f t .  by 51 Ft. overall,  and houses the metal) siding. 

pool and reactor i n  a bay 77 f t .  by 32 f t .  and an office, two a i r  con- 
ditioned instrument rooms, and 8. small shop. 
drawings describing the building, pool, plmbing, e lectr ical  work, e tc . ,  
are l i s t ed  i n  Appendix I. 
ft. deep, and in  addition has a well 14 f t .  by 14 f t .  by 5 ft, deep 
centered 15 f t ,  from the north end. 
of the pool and reactor bridge, but without the i n s t m e n t  bridge, and 

The ORNL construction 

The pool i s  40 f t .  long, 20 f t .  wide, and 20 

Fig. 1 i s  a three-dimensional sketch 

' j 2  A l i s t  of references w i l l  be found a t  the end of t h i s  report. 
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Figs. 2 and 3 are cross-sections of the pool. An aluhinum gate 12 ft. 
by 21 f t .  canbe lowered between guides 10 ft. f r o m  the south end of 
the pool, blocking off this end and permitting the r e s t  of the pool t o  
be pumped dry. 
Superheater Corporation i n  Chattanooga, Tennessee. 
of t h i s  gate ready t o  be lasered into position. 

The gate was made by the Cambustion Engineering - 
Fig. 4 i s  a view 

The removable concrete blocks were made from the following mix 
suggested by Arnold Kitzes. 
of mfx. 

Qumti t ies  given are for  one cubic yard 

2210 lbs. Barytes aggregate 
1050 lbs. Bary te s  aggregate 
1220 lbs. Limonite (2Fe2O3.%0) 
610 lbs.  Portland Cement 

(BaSO4) Coarse 
(BaSO4) Fine 

46 gallons water 

The blocks have a density of 3.2 and exhibit good neutron and gamma a t -  
tenuating properties. Measurements t o  determine the exact attenuation 
characteristics of these blocks are scheduled, In  addition t o  giging an 
adjustable floor level  i n  the bottom of the pool, these blocks wi l l  be 
used t o  piece out shielding samples. 

The reactor i s  suspended from a movable bridge by an aluminwn f’rane 
so that  the top of the active l a t t i c e  i s  16 f t .  below the surface of‘ the 
water. 
section), 
end of the pool, replace the alumfnum barrier and empty the r e s t  of the 
pool. 
and be protected From radjiations f!rm f iss ion products i n  the fuel  
elements by the water behind the alunainuna gate. 

(A complete description of the reactor i s  given i n  the next 
It i s  possible t o  r o l l  the bridge and reactor t o  the south 

Personnel can then work on a shielding sample i n  the empty section 

It was elcpectea that  this f ac i l i t y  would be used t o  make attenuation 
aseasurements on bulk samples as well as t o  t e s t  mock-ups of practical  
shields. 
source should have sufficfent st;r”en&;th t o  permit rough neutron and 

Such measurements require a leakage f lux  (fission spectrum) of about 10l1 
neutrans/cm*/se@, which, with th i s  type of reactor, corresponds t o  an 
operating power of some 10 h. 
tenuations several magnitudes greater than 108 me measurable. 

A t  the time it was des-lgued, calculations indicated that the 
amma 

ray spectroscopy through shields w i t h  overall attenuations up t o  10 8 

With this power, thermal neutron at-  
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The reactor Safeguard Committee found no f a u l t  with our plan of 
operatfon a t  10 'kw., and we expect t o  make all of our shielding measure- 
ments wfthout exceeding t h i s  pewee. 
quipment, etc.,  were designed for operation a t  power levels up t o  100 
kw., and the depth of water over the reactor is sufficient t o  protect 
personnel a t  t h i s  level. 
s t i l l  be adequate a t  levels as high a s  1000 kw., but operation a t  t h i s  
power w i l l  requfre some modification of the reactor and controls and 
probably the addition of some 2 in. of lead shielding. 
lead s h h  rod should be supplied before operating at  megawatt levels t o  
take care of xenon poisoning and depletion. 

Actually, the reactor, control e- 

It i s  calculated tha t  convection cooling w i l l  

One more cadmium- 

Operation of the reactor under water as a neutron and gamma source 
for bulk shielding measurements has several advantages. 
fac t  that  the water supplies foolproof protection t o  the operating person- 
nel ,  the foblaring can be l is ted:  

Beside the 

1) Absorption in  water and human tissues i s  about the sameo Thus 
the absorption of radiation in  water directly behind the shield cor- 
responds t o  the absorption i n  a person similarly located. 
according t o  a calculation by W. S. Snyder of the ORNL Health Physics 
Division, the amount of radiation absorbed i n  the layers close t o  the 
shleld i s  substantially independent of the material ( a i r  or water) more 
than 30 em. from the shield, 

Further, 

2) Water surrounding the source permits extremely simple arrange- 
nents for metal-water shield tes ts .  

3) The source i s  aeeessfbEe through the water without the removal 
of heavy gamma shielding such as would be required for fission product 
radiations , etc  

4) The water cools the source i n  a simple and more than adequate 
fashion. 

5 )  If the shielding surrounding the sowee becomes radioactive, it 
can be easily replaced (by emptyfng and r e f i l l i ng  the pool) and thus the 
instrument background should always be l o w .  

6) The water shields %he i n s t m e n t s  from outside radiation, 

7 )  The source i s  easfly moved toward or away from the shield sample. 
(The reactor i s  simply moved under water). 

c 

- - 

"Should it become desirable %Q ra ise  the power above 10 kw., permission w i l l  
be requested through the usual channels. 
much submarine work I s  under%&en,.fm this instal la t ion requires much more 
a t  temation . 

Such eventuality may ar ise  i f  

- 12 - 



Among %he disadvantages 

1) Instruments must be 
support 0 

of operation under w a t e r  are: 

canned and located sone distance from the 

2) Eiqufd sarrrples (except water) and solids which are hygroscopic 
must be canned, 

3)  Transmission a t  an air-shield interface i s  different From that 
a t  a water-shield interface, and the relation between the two must be 
determined, or a t  l ea s t  confirmed, by experiments. 

4) Measurements on a divided shield are d i f f icu l t .  This i s  because 
it i s  not possible t o  measure the scattering in  the a i r  between the shields 
dfrectly. !€his w i l l  be discussed i n  de ta i l  i n  a l a t e r  report. 

It i s  possible in  this f a c i l i t y  t o  make measurements on shield samples 
i n  a i r .  
the aluminum gate as shorn in  Fig. 3. The r e s t  of the pool (north of the 
gate) cazl be drained and the shielding sanaple assembled against the gate. 
The p m t  of' the pool south of the alminum gate remains f'ull of water which 
cools and moderates the reactor. 
ing sample aust f'umfsh protection fsem neutrons and gammas for the operat- 
ing personnel, cr another shield must be constructed behind the sample. 

To accomplish this, the reactor i s  positioned behind and close t o  

In a test of t h i s  kind, either the shield- 

A second set  of fuel  elements which i s  not intended fo r  use a t  power 
These w i l l  be used levels greater than a watt or so has been fabricated. 

for low level measurenents where it is  necessary tha t  there be no high 
gamma act ivi ty  f'ronn f iss ion products. 

DESCRIPTPOB OF REACTOR AND POOL 

A Pis t  of the drawings covering the reactor, reactor bridge, fuel  
elextents, and corntr03.s i s  given i n  Appendix I. 

The reactor i s  a water cooled and moderated, par t ia l ly  Be0 reflected, 
thermal pile. 
for the Materials Testfng Reaet0r.3,~,7 
labora;tory personnel had experience in  building and operating such a 
reactor ( in  the M.T.B. mock up) ; heme development time and expense would 
be saved. Further, i n  comparison w i t h  a hoaogeneous reactor, such as  the 
water boiler, there i s  no problena of disposal of gaseous f iss ion products. 
A photograph of a fuel  elemen% i s  shown in. Fig. 5 and detai ls  i n  Dwgs. 
D-7205 and D-7206. 
24 in. long and 0.060 in. thtele. 
l ess  than 140 grams of U23%. 
72s; the l a t t e r  corrodes preferentially. 
structural  members, the; a1minu.n t o  water I-atio i s  about 0.7. 
lower end boxes of tihe MTR e%emen=ts w e  replaced i n  t h i s  design w i t h  round 
end boxes and the upper end boxes omitted. 

The fuel elements w e  essexxtially the same as  those designed 
This desi@ was selected because 

It consists of 18 convex sandwiches, each 3 in. wide, 
A eonapbe%e assembly contains a l i t t l e  

The sandwiches are 2s aluminm clad with 
Taking i n t o  account the 

The square 
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4 
%e fuel elements 

deep, An aluminum c m  
r e s t  in  an aldnuna grid 28 in. by 19 in. by 5 
containing Be0 blocks occupies 4 in. of the 19 

in. 
in. - 

dinsensfon, 
an array of 9 elements by 5 ebenents t o  be loaded, 
i s  reached wfth many fewer elements, but this grid design permits con- 
siderable variation i n  the loading pattern. Fig. 6 i s  a photograph of 
t he  grid and Fig. 7 is another view showtng the f l a t  altrmfnum can of Be0 
blocks (refleetor) i n  position in  t he  rear (south side) of m e  grid. 
Abopre the reflector the cyl$E&rical alm5num cans containing the ion 
chanber can be seens In  fkon-t of %he c a s  are the electramagne-ts which 
support the safety and control rods. 
l ine  as %he fie1 elements and f i l l e d  w i t h  Be0 blocks have been procured 
and can be placed on the ather t h e e  ver t ical  sides of the active l a t t i c e  
so that %he reactor i s  par t ia l ly  beryllium reflected. 

The free pa%.% of the grid is then 27 in. by 15 ine al.l.owing 
Actually c r i t i c a l i t y  

Aluminum cans with the sane out- 

The Be0 blocks were cold pressed fn the Bureau of Mines laboratory 
These blocks have an average density of 2.3 com- i n  Nomis, Temessee, 

pared t o  a %heoretical density of 3.0. 

The reactor has two cadmium-lead safety rods, each equivalent t o  
between 3 and 4 percent 61~1% (depending on me loading) and a cadraium- 
lead regulatfng rod equivalent to 0.8 percent 6k/k. 
graph of one rod. 
2-1/2" and trave9 Inside speefal fuel  elements which have half the 
plates  removed, 
%o contain the rods. Above these special fue l  elements are 
cylindrical guides for the electromagnets and the magnet m a t u r e s ,  
the Patter being attached t o  the top of the rods. Fig, 9 shows these 
three special fuel  eleaen%s in place together with the nagnet guides. 
Ffg,  10 shows the reactor ecmpletely loaded. The elements visible in  
fpont are %he Be0 f i l l ad  refleetor units. The fuel and Be0 refleetor 
units can be loaded or unloaded from the grid by an operator standing 
on the reae%or bridge w i t h  the aid of a special t oo l  (Dwg. D-7221)- 
This -boo1 has a handle about 20 f%. long, a hook a% the lower end and 
an operating lever a t  the upper end which releases the hook. The fuel  
elements can be handled wader water a t  a l l  times and the operator pro- 
tected frm radiations f ~ m  f iss ion products. When not i n  use, the 
"hot" rUel elenaents are stored i n  a rack under 8 ft, of water. 

Figb 8 i s  a photo- 
These rods have a cross-section roughly 1-1/4" by 

Removing .&he plates provides an aperture 1-1/2" by 3" 

The reactor, controls a 5  control panels w e  ab1 mounted on a bridge 
which s p a s  the pool a d  move as a uni t ;  the only connection t o  the r e s t  
of the butldtng being through the power cables. The operator i s  located 
on a movable platform beside *&e: pool rather %ban on the bridjge. 
i n  opesatioa, %he reactor bridge i s  locked t o  the r a i l s  w l t h  heavy clamps. 

When 
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FIG. 9 REAC!KIEl PAR!l!IAUY I#LDED 

I ?HOT0 7415 



FIG.10 REACTQR CoMpIlETELY LOADED 



A s  presently- designed, the reactor moves 00 along a north-south center 
l i ne  in the pool, 
east-wes% direet-Pons would have considerably complicated the design. 
removable concrete blocks previously described provide a32 adJustable 
floor level i n  steps of 6 in ,  and pemft  considerable lati tude i n  the 
size of the sh%elding samples. 
(lookfng north) with the reactor bridge and the operator*s platform i n  
the foregmwnd and the fns%ment  bridge in the backporndo 

To have made it adjustable i n  the ver t ical  or i n  the 
The 

Fig, 1% f s  a view of one end of the pool 

m e  pool 2s f i l l ed  by gravity flow from the laboratory process water 
supply and i s  engatis4 by pumping. 
a t  i t s  high point which insures that the pool will not empty by any syphon 
action. The water drains innto White Oak Creek and thence into the Clinch 
River. 
the backpsmd e o n %  r i se s  t o  more %hasf 10-3 microcurie per cc. and hence 
no health hazard $9 the creek or In the r iver  will be created, 

The outlet  system has a "vacuum breaker" 

It is expected that  t he  pool w i P 1  be drained and re f i l l ed  bEl'E% 

"The kinetic behador of" the reactor result ing from an instantaneous 
increase of 2$ i n  the prompt reactivity 'was studfed by M. C .  Edlund and 
Eo Cfreu2in.g on the assumptions tha t  the safety and control rods are jammed 
and the reactor fs qeratSng a t  BO kw, a t  an average temperature of 20%. 
The neuwon flux and average power density increase exponentially with a 
period of ffve milliseconds from Initial steady state values of approxi- 
mately lQa-l n.eutroas/ea*/see. and 0,oS caP/cm3 on the basis of 3.2 fuel  
assemblies. 
fission energy, i s  released i n  %&e U-AP alloy core. 
transferrea by eonduc%ion tknpougkn the A l  cladding and by conduction and 
convection through $he water, 

The major part  of the energy, i n  f ac t  about 96 of the 
This energy is 

The process can conveniently be described fm terms of the following 
stages: 

1) The temperature rises erepc9nentiaPI.y in the fuel  plates until 
the ten%pera%ure s l  the AI cladding a t  the smface of the water 
reaches %he boiling p ~ f n t  of the water. The temperature dis- 
tribution i n  the fuel plates d w ~ g  this i n i t i a l  r i s e  was ob- 
tained by assming tha t  there was l i t t l e  heat loss by thermal 
conduction to %he water, since the power density i n  the core 
insreasea very rapidly. The temperature a t  the edge of the fuel 
plate reached %he boiling paint of water approximately 57 mil- 
liseconds after tihe 6 k (effective) jump, At t h i s  t ine  the 

maximm temperature i n  *e core i s  approximately 170~~. 
k 
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A% t h i s  point, the heat =transfer by surface boiling of water 
becsmes effective. It was assumed tha t  the heat f lux e cm2 
per sesoad to the water i s  proportional* t o  ( T A ~  - 3) 3 *66 , 
where 
and !Q i s  the bofling point of the water. 
density is now rising a t  a rapidly increasing rate ,  a surface 
layer of" water i s  vaporized, dPfvirPg out the water Prom 
between 'the fuel plates f ~ !  the order of 4 milliaeeonds. The 
t o t a l  heat produced l a %  t h e  core *ana the i n i t i a l  t h e  is ap- 
proxtsmte~y 560 ca~/cm3. 
is ~ P P P Q X ~ ~ ~ ~ ~ ~ Y  SOOOC and at the edge of the fuel  plate 
about l8oGc. 

is the temperature of the edge of %he f i e 1  plate 
Since %.he power 

m e  naximum temperature in m e  core 

BoiPfcg of the water as  it; retmlas %o the fie1 elements con- 
tinues until the plate temperatmes are reduced t o  the boiling 
point of water, This process may require several seconds, de- 
pe9a"rng on the exact rzatum of the coaabfng mechanism. 
about 10 percent of %.&e water has been driven out of the core, 
the system becomes sub-critical. and the neutron flux f a l l s  
sharply %s a value equal to the fspaction of delayed neutrons 
(0.76 percent,) and %hen decay.; approxhately as eaO*gt, where 
% fs the t i m e  in s e c o i s .  

After 

The power density i n  the core &mediately preceding the exodus 
of the moderator is 1.13 x IG? eal  em-3 sec'ld Thus, when the 
fuel plates .have cooled sufficiently t o  stop boiling of the 
water, %he system. "lae~~nes super-critical again, This tfne, 
however, %Ere in-E%fa% power densily i n  the core has increased 
t o  a value 340 times as  great  as the original steady s ta te  
power density. 

4) The r e a e % ~ r  now m s  only  for about 2 nfllfseeonds before the 
water i s  again egected f im tAe fuel elements. Since the fuel 
plates are a m  a% a t%ap@rature corresponding t o  the boiling 
pofet  of vater, t h e  %%me required t o  vaporize sufficient water 
t o  make the reactor sub-crftieal 5 s  much smaller. 

After 0.25 seconds, t h e  reactor begins t h e  next cycle. The i n i t i a l  
core power density i s  now 8.5 ea1 em-3 se6-1e 
water i s  again expelled, The reactor oseil%ates, damping down t o  a 
steady s ta te  osc.flla%ion in a f e w  seconds. 
time i s  approximately 0,28 seconds and the passive t ine about 0.25 seconds. 
The maximum pmer density fn tke core of the fuel  plates i s  20 ca l  cm-3 
sec-1, and the t o t a l  er,eygy liberated fo r  %his cycle i s  approximately 0.1 
calories cme2 of fuel plate or a t  a rake of 130 Ihkb. for the entire assembly. 

In 6 nflliseconds the 

In  the steady s ta te  the active 
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The raaxfmm power density and plate  tenperatmes a re  1.13 x 105 cal/cm3/sec. 
and 500% and occur 0.061 second af ter  the 8%/k Jmp0 

3 

The phenomenon is consistent wfth the operation of" any stable oscil- 
la t ing sys%enmo S-fnee k9.e pool contains more than 100,000 gallons of water, 
th i s  i s  not a ser%.ous si%ua.f;fon. It should be observed that  because there 
are 16 ft. of water above the reactor, -&e oscil latory operatfon a t  130 Irw. 
average does not present a real radiation hazard. 
indicate that a person s%md"iag beside %he pool would not receive much more 
than the safe daily dose i n  e%&% hours. 

OUP coqutatfons 

Since the calculations discussed above were based on a heat transfer 
mechanism which may not be entirely valid for t h i s  casep we cannot be 
positive that the alminune fuel plates w i l l  not r ise  above 500QC, 
relevant experinen% has besn performed. recently by D r ,  Untermeyer+ a t  
Argome National Laboratory. 
a piece of alumfaku tubing 3/8" dfaneter, 3" long and b m. w a l l  t h i c h e s s  
immersed fn a water tank a t  room $enaperatwe. Ten, twenty, and t h i r ty  
Illii1Pisecond pulses resulting i n  hea% f l u e s  of about 180 cal/cm2-sec0 
fai led to melt %he alminum, but vaporfzed and ejected the water f r o m  the 
interior of the tube. 

A 

A Hargs e leetrfcal  pulse was sent through a 

Our calculations show that during runavay an average heat flux over 
the f i rs t  cycle oz approximately 100 cal/era2-sec. for sixty milliseconds 
fs Lo be expected. However, Br. Untemeyervs conditions m e  not identical 
with CUTS, and results of his experiment should mot be taken as a positive 
fndicatton that  the fuel plates w l L l  not naelt, If they r i s e  above 640OC, 
some of the ab.minwn ~23.1 melt a d  fission products w i l l  be released in to  
the water , " 

If the excess fn k Q V ~ P  c r i t i c a l  i s  less  fhan prompt c r i t f ca l  (such 
a s  night happen if the rods were rafsed and the safety circui ts  in-  
terntionally b h k e d ) ,  %lie reactor power bevel, would r i s e  t o  a point 
between 3 and 10 megawatts a$ whfeh level  the steam fomed between the 
plates WOUX drive the reac%or mb-erftfcaP. 'Thereafter f t  would oscil- 
late somewhat fra the .manner deserf'oed above. 

I f ,  due to some aecibant, dangerous amounts of f iss ion products should 
be released into the pso;, the ~onitzorns would give warning and personnel 
would leave the building. 
i n  the w%er would be conffned t o  akne building except as they d r i f t  out 
through the ventilators i n  the roof. 
t h a t  with a maxhm operating power level of 10 W., the accurraulated 
fission products do c o t  exceed: "$00 curies, 
are gaseous, and this i s  the upper l=%.mi$ of gaseous act ivi ty  which would 
be released fn a compabeee catastrophe. The anaomt which did not dissolve 
i n  the pool water would be s igniffcmtly less =&an th%s. 

Gaseous fission products which did not dissolve 

Operating schedules are so planned 

O f  t h i s ,  some 3700 curies 

*Private correspondence 



COmTROL AND SAFETY CIRCUL'TS 

Over the operating range t h i s  i s  essentially a c o n s t a t  temperature 
reacter. 
vary sufficiently t o  stabil ize the reactor, a d  a servo c a l z o l  i s  s u p  
plied =to hold %he pmer level  constant. This servo system was designed 
and bufP% a t  PTEPA as pard; of a possible a i rc raf t  con=trol system and i s  
more than adequate for Its presen-t application. 
NEPA Report entftled, "Final Bepcrt, on m Axplifier and Actuator for 
Reactor Control", by Lxle W t i ~ .  

Hence, -the tenperature coefficient, while negative, does not 

It i s  described in a 

A block diagram of the cfrcui ts  for controlling and observing the 
operatfor. of the reactor i s  shorn i n  Fig. 12. The first i n s t m e n t  i s  
a 4 in. different ia l  chaber* which supplies a Leeds and Worthrup Model 
2430'1) galvmme%er. 
the galvanmeter readfng i s  always directby proportional t o  the chamber 
Cmento 
galvanometer indication and the reactor flux depends on the locatfon of 
the chamber, Another diffe~eri-tial chambes is connected t o  a Leeds and 
Bor%hrup Model 9836A elect?xmic mtcro-micro ameter.  

trols a Brown Recorder which $3 txrri dt.fves the servo amplifier. An 
e&ra slidewirs has teen aaded t o  th i s  recorder, aajld the pssftion of 
the contact QSP %he slide-ire Cietemines the power level which the servo 
w i l l  seek ia confmXl.ling the pile.  
plies a Eoga-i tbic  mpl i f ie r .  
ferentiated t o  give a pile perfod Indication. 
a Brekaan Recosder fpom which a continuous 

the so-called Log N fndlcatcr, 

There are no electron tubes i n  this c i rcu i t  and 

- T W  5s ~3m11-t 2 X 3D4 and the relat ion between the 

With the aid of 
ShmtS, the Page i s  extended to 2 x 105e m e  miero-micro m e t e r  con- 

A third different ia l  chanber sup- 
The output of t h i s  amplifier i s  dif-  

The output also controls 

i s  avaflable, This i s  
d (without changfng 

shmt,s) of the power level over a range 

To provide fnd%Gak,iox dwing start-up, a U235 fission charaber, 
mp l i f i e r ,  scaler and reglster9 an?. log eoimt r a t e  meter and recorder 
m e  provided, With the rods do%m, the s ~ u r c e  i s  of sufficient stren h 

(IO,OOO counts maxinm) aaf both the micro-micro ameter  and the Isg IT 
cfrcufts are respcmding before %his level 4 s  reached, An electr ic  
motor drive rafses the f iss ion chmber to keep It from being activated 
a t  high reactor powers. 

* This fnstPment contalns two chambers, one of whfch is  boron coated. 

t o  supply about 3 com%s per second. This c i r c u i t  has a range of 10 fT 

Both respond t o  gammas but only the boron coated one t o  neutrons. The 
outputs me connected 23 opposition and thus, when the compensation fs 
properly adjusted, the net output is a function only of the neutron 
flux. 
covering this  chmber i s  f ~ ~ c o n a i n g ,  

It is il1ustTat;ed %pa Dwgs. Q-1045-1 md Q-1045-9. A report 
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A PO ce. graphlte gamma chamber fs located against the outer face of 
the large reflee-bor In t h e  back of the reactar. 
in. thick shiebas the c h m b r  *om capture g m a s  i~ t.he water. Thus the 
chembar c~z~aoent i s  very nearly prspoztional t o  the p i l e  gammas. 
chaber  i s  connected %e, an electromter7 and Brown recorder. Some scheme 
such a8 =this l a  requtred t o  give an. accurate measure o f  the gamrraas *om 
the reactor since the- gammas fission products will be appreciable i n  
relatior, t o  those f'ro;n f.issios,s when p i le  power i s  reduced aftw operation 
at. hi& levels. 

A lead half cylinder 3 

The 

The phfkoaophy GQ the safety system is  that it should " f a i l  safe", 
i . e* ,  the safety rods must f a l l  i f  the power is  cut  off or i f  major c i rcu i t  

tPzou&out i n  preference to gas tubp_s or relays. 
monftored a t  several paints and lights warn the operator of ag abnormal 
c o ~ d i t i ~ ~  
exf;ensively tested in the M I 3  Mock-up. 

trouble Csvelops 6 In fu]r%herance of t h i s  idea, vacuum tubes me used 
The amplifiers are 

Tppe safety system i s  a modified copy of the one which has been 

A block diagmm of the system i s  shown i n  Fig. 13 and the t i t l e s  and 
numbers of the eawfngs describing the individual components are l i s t ed  
i n  Appendix Tine "safety" chambers are 3 in. boron coated ionization 
chmbelgs which supply a current proportions1 t o  t h e  neutron plus gamma 
level, 
input of a p r e q % i f i e r  comistPI=g of a single stage cathode fol lmer .  
The outpxt of the p r e ~ ~ ~ p l l f i ~  feeds a De amplifier (the "sigma" amplifier) 
which i s  the source of the signal fss operating the safety circui ts .  A s  
shown in the block diagram, both of these amplifiers are connected t o  a 
commn point called %he "sigma bus". 

This CUYS"BHL~ flows though a high resistance which is  across the 

The electromagnets which support the safety and control rods d r a w  
The inputs t o  these exciting current from separate nagnet amplifiers. 

a q % i f i e r s  me  cantmYBed by the voltage on the "sigma bus"; as  th i s  
voltage i s  increased, the cmnPencL% thrsu@;h the magnets decreases. Thus, 
the result of an increase in Eeutron f l u x  i s  t o  reduce the magnet current 
and the circul t  i s  adjusted to release the rods when the flu reaches a 
predetermined Ze-rel.*. 
input resistance or moving the safety chambers i n  the water away Cram the 
reactor. The speed of operatton of" the electronic p a r t  of the circuit, i s  
Uetermined by the %Inas C Q E S ~ E U I ~  of the chaber ,  cable and input resistor.  
Actually, most of the delay ia operation i s  assocfated with the inductance 
of %he electromagnets. 

Adjustment i s  obtained by changing the preamplifier 

In th i s  f ac i l i t y  the reactor operator must associate himself closely 
with the progress of the measuremena%s. This ca l l s  for a person of more 
than average alertness and ab.ili%y and because of th i s ,  the ci rcui ts  are  
not as thoroughly fnterlocked as  those in the lvITR. 
amount of protection i s  providede The safety rods are  raised by 3-phase 

Nevertheless a certain 

* Grounding the sigma bus . w i l l  also cause .the rods t o  drop. 
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C ----.. 
AC ~ Q ~ O P S  which have a definite & and insure against too rapid with- 
drawal. 1% requires about W e e  mfnutes t o  r a i se  the rods completely. 
The safety rods cannot be rafsed unless the control rod i s  a l l  the way 
in and Wrre contxol rod e m o t  be operated until the safety rods are a t  
l ea s t  t h e e  fourths withdrawn, This last 6 in. of t;savel is the "shlna 
range" md fndfeated by l igh ts  on the control panel, Ins-kructions t o  
the operator require that  %he reactor be operated only when the shfn 
reds are wi.t;hdPam a% leas t  "three fo-mths of the way. 
a aegative 6k of 6 %s 8 percent. i s  always obtainable by dropping: %he rods. 
Since f'ractfonal Fuel assennblies a r e  available, the reactor can be loaded 
$0 coafom wi%h this requirementt;. 
operator to iE,sregaxJ. instmotions deliberately and operate the reactor 
with a larger mount of" possible excess 6k, but the interlocking described 
will prevent hfm fpsna doing so inadvertently, Am interlock, operated by 
the pointer of %he Brown recorder fn the ",om% r a t e  c i rcui t ,  keeps the 
opera%or f$.m rafsing the safety rods unless the count r a t e  i s  nore *an 
two per second, 
sowee a d  the fission chamber are i n  place. 
current will be interrupted 4f %he gate t o  the reactor bridge is opened, 
if the monitrcm fixed on bpiag& shows more than a few m/h  of g m  
rays energing W.m t h e  water, or i f  one of the "scram1' buttons located 
on the control panel and OFU %he walls near the four  corners of the pool 
t s  operated, 
signs located near the pool and above a19 the entrances are lighted 
autmatfcally.  

9 k i s  Insures that 

It is, of course, possible for the 

This prevents start-up unless the  polonim-beryll%um 
In addition, the magnet 

When the magnet cuppent cfreui t  i s  completed, "Reactor oin" 

A general d e w  of the reactor "taPidge i s  shown in  the foreground of 
Flg. 11, A l l  the el@e%ronic equipment for operating and monitoring the 
reactor i s  contained fn  five relay racks which have been located on the 
bridge. 
two located behind these three csn%sina power supplies and the ansplifiers 
for the eontrol rod B B ~ V Q .  
f'ront) has two swi%ehes for raising OF lowering the safety rods, selsyn 
indicators to show their Iocations, a switch t o  ra i se  or bower the fission 
chamber, a "mmual'f or" "servc3" s%Jft@h t o  activate the automtic control 
sys%era, and a switch t o  operate the control rod when the c i rcu i t  i s  in 
%he "aganuaP" poeftfon. 
resets the safety cfrU@ui% after it has been tripped by opening the gate 
on the bridge or operating one of the other scram buttons. 
placed fn %be outgoing gas l ines  of a l l  %he chambers (except the fission 
chamber where the meter i s  in the ingoing l ine)  and these enable the 
operakor t o  deternine whether or not the gas f l o w  through the chambers i s  
satisfactory. 

Three of these, (Pig, 14) Born the control panel. The other 

The operating panel. (the seetion with sloping 

The "scramf1 button, in addttioaa t o  dropping the rods, 

Flowmeters m e  

The flowmeters appear near the top of the center panel. 

The elec%pama@ets which support the safety and control rods are 
detailed in  Dwg. D-7209. 
i n  an iron clad design. 

They- m e  made f2-m one piece of h c o  soft  iron 
The exciting coil has 4800 turns of #3O copper 



FIG. 14 REACTOR CafflllUL PAXIEL 



wire and i s  impregnated under vacuum af te r  assembly i n  the magnet with 
a Irvington Varnish and Insulator Company's Harvel " O i l  Stop". 
foms a waterproof and shock absorbing bulk insulator around the coil .  
Tests i n  the ORNL graphite p i le  indicate that this material i s  stable 
under neutron and gama ray radiations. 
~ ~ f s t t ~ e ,  a l l  joints =e painted with g l n t o l .  

This 

As an added precaution against 

The magnets were designed t o  support the rods with an a i r  gap of 
0.0Op in,  when 30 naillfamperes excitfng current flows fn  the wfndfngs. 
The a f r  gap i s  obtafned by crowning the face of the m a t u r e .  
crowning also makes perfect alignment between magnet and armature faces 
unnecessary, and hence no universal joint  i s  supplied w i t h  magnet or 
armature 

This 

Tests indicate tha t  the release time, with 50 percent more current 

Since the exciting eumernt i s  an inverse function of the 
than i s  requfrsa t o  Bold the control rod, i s  of the  order of 40 n a i l l i -  
seconds. 
reactor power level, the actual release time a f t e r  the reactor passes 
the scram level is  much less  than th i s ,  

The release time can be sharply reduced by laminating the magnetic 
c i rcui t .  However, because it i s  intended that this particular reactor 
will be loaded fn such a way tha t  it w i l l  not reach a f a s t  period, the 
extra expense and trouble required t o  laminate the magnetic parts i s  
not justffied.  

An instrunaent bridge, somewhat sfrailar t o  the reactor bridge, also 
spans the pool. One view of it fs shown i n  Fig. 15. A car t  travels on 
a pair of r a i l s  on one side of" the bridge and a s ta inless  s tee l  frame- 
work f s  suspended fTm the c a r t  and reaches newly t o  the bottam of the 
pool. 
w i t h  a winch (F-fg. 16) carries the various chambers associated with the 
measweraents. 
ver t ical  axis. 
point i n  the pool and poin%ed i n  any direction i n  the horizontal plane. 
The bridge and car t  can be clamped t o  the r a i l s  and the carriage t o  the 
Framework. The l a s t  i s  accomplished with a spring-operated clamp which 
is  released by a compressed a i r  operated piston. I n  addition, by means 
of a pair of telescoping tubes, the fYamework can be clamped t o  the 
bottom of the pool t o  insure fwther  rigidity.  

A easrfage which slides on the fPamework and i s  raised or lowered 

It i s  also possible t o  rotate the framework about a 
Thus the measuring instruments can be placed a t  any 

A catalog of %he various measuring instruments on hand February 1, 
Most of these 1951 when attenuation measureraents were started follows. 

instruments are described by drawings l i s t ed  in  Appendix I. 
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A.  Thermal lfeutron Detectors R ? i  

1/2 in. Fission Chamber (U235) 

3 in.  Fission Chamber (U 

108 - 105 nv 
5 x 105 - 103 nv 235) 

8 in. BF3 Counter 

12-1/2 in.  BF3 Counter 

(Two of the 12-1/2 in. size are used i n  paral le l  t o  
provide t h i s  sensit ivity) 

Indim and Gold Foils 108 - 105 nv 

B e Gamma Ray Detectors 

1000 cc. ion chanaber- 
50 cc. ion chamber 

Proportional counter 
1 

Geiger counter 

C. Fast Neutron Detectors (Spectroscopy) 

- 10-3 r/hr 
changing resis tors)  

5 - .05 r/hr 

.O5 t o  ,005 r/hr 

Range 

U238 Fission Chamber (detects neutrons 
above 1 MeV) 

4 Recoil Proton Counter (developed by 
B. Gossick) 107 - 2 x 10 nv 

Los Alamos) 
muclear Plate Camera (developed a t  

104 - lo2 nv 

Dosimeter 108 - 103 nv 

This l a s t  instrument, developed a t  (IRETL by G. S. H u r s t  of the Health 

The chamber is  a proportional 
Physics Division and Floyd Glass of the Instmuaent Division, has a response 
proportional t o  the neutron t issue dosage. 
counter lined with a hydrogenous medim of thickness greater than the 
maximum recoi l  proton range. The chamber is  f i l l e d  w i t h  methane a t  2 
atmospheres pressure and i t s  dimensions are camparable t o  the proton ranges. 
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. 
The counter i s  connected t o  a c i rcu i t  which el?fei3tW$4r0$n~gr&tem * ; 
the number of pulses (protons) tlmes pulse height, while a t  the sane t i m e  
discarding gamraa pulses. The r a t e  of charge of a condenser depends on 
this integrated value. The condenser is d i s c w g e d  a t  a pre-determined 
voltage and each discharge operates a scaler and register. Thus, w i t h  
chamber l ining of the proper thickness, the reading of the register i s  
proportional to the fast neutron dosage. 
describe t h i s  instrument in detail .  

A forthcoming report will 

The necessary power supplies, scalers, A - 1  amplifiers etc., were in- 
cluded as original equipment and are mounted in the instrtxtent bridge. 
In most cases spares are provided t o  insure continuity of operation. 

Under certain conditions, it is desirable t o  determine isodose 
curves (both neutron and gamma) i n  the water*. 
w i l l  automatfcally move a chamber or counter along a predetermined 
isodose curve has been developed. A "Vaziplotter" (supplied by Electronics 
Associates, Inc. i n  Long Branch, I?. J.) i s  connected t o  follow tbe movement 
of the chamber and record i t s  path on a 30 in. by 30 in. sheet of paper. 
This makes the determination of isodose curves rapid and accurate. 
servo system can, when necessary, be operated manually and in t h i s  way af- 
ford a quick and easy means of positioning a chamber i n  the ver t ical  plane. 
The "Variplotter" autamatically records the chamber position. 

A servo system which 

The 

no trouble has been experienced i n  operating the measuring instrments  
Each instrument i s  enclosed i n  a and associated preamplifiers under water. 

watertight alminum or polystyrene case which i s  supplied with compressed 
gas (C02, argon or dry a i r  as appropriate) a t  8 lb .  psi  above atmosphere. 
This keeps out the water should any leaks develop. 
m e  gathered into a cable and pulled through a length of f lexible Tygon 
tubing which i s  clamped t o  the case. An ionization chamber w i t h  i t s  pre- 
arnpliffer and cable i s  shown i n  Fig. 17. 

The various conductors 

In  order t o  measure distances under water, a s o r t  of a "traveling 
microscope" has been provided (Fig. 18). 
f i t t e d  w i t h  8 long aluminum barrel  and an optically f l a t  glass window a t  
the lower end. 
Relative movements of the transit along the pool can be determined w i t h  
the aid of the pointer and the scale which i s  fastened t o  the side of the 
pool. 
visible e 

This i s  a transit which has been 

This end i s  always beneath the surface of the water. 

When the underwater l igh ts  are on, objects i n  the water are clearly 

Concurrently with attenuation measurements, development work i s  pro- 
ceeding on instnuPents intended for neutron and gamma ray spectroscopy. 

* See Appendix I1 for further discussion of this .  
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When concluded, this w o r k  w i l l  be reported i n  the usual way.  
instruments include: 

These 

a. 

b. 
c. He3 counter for neutrons. 

Scint i l la t ion counter using sodim iodide crystals, for ganma 
ray spectroscopy. 
Conapton Recoil Counter using G-M tubes, for gamma ray spectroscopy. 

The He3 counter makes use of the reaction: 

The reaction i s  exothermal l iberating 0.75 Mev of energy. Each pulse, 
l ess  t h i s  energy, i s  proportional t o  the energy of the neutron. 

CORROSION 

A t  present the f ac i l i t y  i s  being operated w i t h  the pool f i l l e d  w i t h  
ordinary process water. 
amount of chlorine varies with the s ta te  of the Clinch River. 

An average analysis i s  shown i n  Table I. The 

Last f a l l  Arnold Olsen in i t ia ted  experiments t o  detennine the amount 
of corrosion suffered by the Fuel assemblies (2s and 72s aluminum) i n  
process water and the effectiveness of the cmnercialmethods of protect- 
ing aluminum from corrosion. 
badly i n  the process water and that  2s aluminum corroded smewhat more 
slowly. Addition of sodium chromate (Nagrob) i n  a r a t i o  of 50 parts  per 
million by weight appeased tQ inhibi t  corrosion completely. 
commercial methods fo r  treating aluminum, a procedure known as "alodizing" 
was selected for test. This i s  a hot dip process patented by the American 
Chemical Paint Company. In  essence, it deposits a mixed aluminum oxide- 
chromate coating on the surface of the aluminum. Table I1 shows the re- 
su l t s  of the corrosion tests. 

It was quickly evident that the 725 corroded 

O f  the various 

All the fuel elements w e r e  treated in  our shops w l t b  the hot Alodine 
process but because the tests showed that this does not completely inhibi t  
corrosion, the f ac i l i t y  i s  now being operated w i t h  50 parts per million of 
sodium chromate dissolved i n  the water. So far the elements show no signs 
of corrosion. 

Computations indicate that the sodium or  chromlum ac t iv i t ies  w i l l  not 
be objectionable. 
ac t iv i t ies  prove t o  be too great, demineralized water can be substituted 
for the process water. 
deionizing equipment, hercoat ing of the pool w a l l s  and a l l  metal work, 
construction of a 125,000 gallon storage tank ( to  collect  and store the 
deionized water), and extra piping. 
hood of $25,000, and present operation w i t h  process water i s  directed 
toward saving this expense, 

Should corrosion set  i n  or the sodium or chrmium 

This ,  however, involves instal la t ion of additional 

The probable cost i s  i n  the neighbor- 
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T4BLE 
Filtered Water A n a l y s , ~ ~  Five Samples Taken 

at One Month Intervals From August 
Through December 1950 

Concentration of A l l  Constituents 
Ave . - in Sample Units 

PH 

Ppm Alkalinity as CaC03 

M.O. Alkalinity as CaCO3 

Specific Resistance 

Soap Hardness as CaC03 detn. 

Soap Hardness as CaC03 calc. 

Dissolved C02 

Dissolved Solids 

Non-Volatile Solids 

si02 

Fe 
A1 

cu 

Ni 

Cr 

Ca 

M@; 
Na 

s04 

c03 

N03 

PO4 

c1 

HC03 

F 

PH 8.0 

PPm 5.0 
PPm 98.0 

ohms at 103 6.92 
PPm 
PPm 

PPm 
PPm 

PPm 

PPm 

PPm 
PPm 

PPm 

PPm 

PPm 

PPm 

PPm 

PPm 

PPm 

PPm 

PPm 

PPm 

PPm 

P P  

PPm 

112.0 
101.0 

3 -0  
138.0 

80.0 

5.3 
c. 02 

0.08 

4 0.02 

4 0.02 

4 0.02 

30.0 

7.2 
9.6 

25.1 
4.2 

58.2 
118.8 

1.1 

0.8 

0.02 

Max. 

8.3 

10.0 
106.0 

8.26 
120.0 

117.0 

6.0 

131.0 

9.2 
0.08 

164.0 

0.14 

34.0 
8.6 

14.0 
39.6 
5.0 

63.6 
129 * 3 

2.3 

1.7 

Min . 
7.4 

0 .o 
95.0 

4.95 
106.0 
90.0 

0 

112.0 

35.0 
2.7 
0.01 

0.02 

27.8 

4.7 
6.6 
5.4 
3.3 

56.4 
114.7 

0.4 

0.2 
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TABU I1 

Length of Ave.Wt . P i t  Max.Pit 
Inhibitor Test Change Frequency Depths 

Material Treatment ppm Months MDM* Pits/sq D M i l s  Appearance 

2s A 1  None 60 ~ a ~ r O 4  6 -0.8 0.0 n i l  Clean 

2s A1 None 60 I$CrO4 2 -2.0 0.0 n i l  Clean 

Mock Hot 
Assembly Alodine None 3 -4.5 4 40 Corrosion 

product a t  
braze joint  

2s A1 Standard None 6 -6.8 55 40 Corrosion product 

2s a1 Anodized None 6 -4.9 125 1 Grey 

Alodine only a t ' p i t s  

2s A1 None None 5 -30.0 60 46 Grey-Brownish 
product a t  p i t s  

2S-72S A 1  None None 5 -54.5 35 19 Very heavy cor- 
rosion product 

MDM* M i l l i g r a m s  per squaze decimeter per month 

Process water used i n  all t es t s .  Specimen analysis i n  Table I. 
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HEALTH PHYSICS INSrnuMENTS 

The following health physics instruments for personnel protection were 
supplied a f te r  consultation w i t h  the (RUXL Health Physics Divlsion. 

3 Monitrons w i t h  boron coated chambers sensitive t o  gamma 
and thermal neutrons. One i s  mounted on the reactor 
bridge above the water and gives the dose r a t e  t o  which 
the operating personnel i s  exposed. It i s  connected t o  
the reactor c i rcu i t s  and w i l l  scram the reactor if the 
neutrons or gammas emerging from the water exceed a safe 
level. The second is  mounted on the w a l l  of the second 
floor offices and affords protection t o  personnel therein. 
When the pool i s  drained, the reactor i s  not "visible" t o  
people in  the f i rs t  flocn. offices but can be "seen" From 
the second floor. The third monitron i s  available for 
location i n  any suspected area. 

1 Counter-Scaler with recorder and immersion probe for 
monitoring the build up of induced ac t iv i ty  i n  the water. 

1 Mobile Counter-Scaler with beta-gamma probe ("tea car t" )  
fo r  verification of freedom from contamination of 
clothing, etc. 

1 Beta-Gamma Portable survey meter ("cutie-pie") for quick 
determination of beta and gamm radiation levels. 

2 Proteximeters for  determining integrated dosage levels. 

CRITICAL EXPERIMENTS 

Two c r i t i c a l  experiments were performed immediately after the reactor 
was put into operation. The loading for the first one i s  shown i n  Fig. 19. 
Three inches of Be0 reflector were provided on the north, east  and west 
sides and four inches on the south face. When c r i t i c a l ,  the active l a t t i c e  
consisted of 19 units arranged i n  a rectangle 4 uni ts  by 5 units with one 
corner missing and contained 2420 grams of U235. 

For the second experiment the Be0 reflector was removed from the north, 
east  and west faces. The new loading pattern is  shown i n  Fig. 20. It re- 
quired 3240 grams of U235 t o  make it c r i t i c a l  with rods withdrawn. 
experiments with s i m i l a r  aluminum-water mixtures are covered i n  references 

Earlier 
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SAFETY RODS 

7 S T D .  FUEL ASSEMBLY 
REACTOR GRID P L A T E 1  

BE 0 REFLECTOR LCONTROL ROD 

FIG. 19 
FUEL ASSEMBLY ARRANGEMENT -TEST NO. I 

CRITICAL EXPERIMENTS - BULK SHIELDING FACILITY REACTOR 
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REACTOR GRID PLATE I- 
SAFETY RODS 

STD. FUEL ASSEMBLY 

NOTE: BEO REFLECTOR ONE SIDE 
WATER REFLECTOR THREE SIDES 

FIG. 20 
FUEL ASSEMBLY ARRANGEMENT -TEST NO. 2 

CRITICAL EXPERIMENTS- BULK SHIELDING FACILITY REACTOR 
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Since the shielding sample located adjacent t o  the reactor will 

In general, the $35 requirement 

affect  i t s  reactivity,  a c r i t i c a l  experiment procedure will be fo l -  
lowed when s tar t ing the reactor for the f irst  t h e  a f te r  any change 
i n  the arrangement of the samples. 
for c r i t i ca l i t y  w i l l  l i e  between the values found i n  the two experiments 
mentioned above. 
t e s t  so tha t  possible excess reactivity w i l l  always be as small as  
possible. 

However, the reactor w i l l  be loaded for  any given 

Changes in  equipment for  the fac i l i ty ,  development of new instruments, 
and progress of the gteasurements w i l l  be reported in  the Physics Divlsion 
and A.NP Division Quarterly Reports. 
the material jus t i f ies  them. 

Special reports w i l l  be issued when 
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Appendix I contains lists of drawings under the following headings: 

I. Building 

a. C i v i l  

b. Electrical 

C.  Mechanical 

d. Structural 

2. Reactor and Reactor Bridge 

3. 

4. Instruments 

5. 

Instrument Bridge and Scanning Mechanism 

Reactor Control Circuits and Instruments 
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I. Building 

D-7164 Plo t  Plan 
D-7165 Manhole, Catch Basin and Septic Tank Details 

b. Electrical  

D-6947 
D-6948 
D-6949 
D-6950 
13-6951 
D-6952 
D-7179 

Lighting Plan - Fi r s t  Floor 
Lighting Plan - Second Floor 
Power Plan - Fi r s t  Floor 
Power Plan - Second Floor 
Electrical ,  Section "B-B", Tank Reosa 
Power and Lighting - Pump House and Area Plan 
Transformer Station, Plan and Elevations 

c. Mechanical 

c -6928 

D-71-46 
D-7147 
D-7148 
D-7149 
D-7150 
D-7155 
D -7156 
D-7157 
D-7158 
D-7176 
D-7186 

d. Structural 

D-6924 
D-6925 

D-6927 

D-7107 

D -7109 

D-6926 

D-7106 

D-7108 

D-7110 
D-7111 
D-7112 
D-7113 
D-7114 
D-7115 

A i r  Conditioning For Instruraent Roam, F i r s t  Floor 
Instrument Room 
Sanitary Drainage 
Process and C a d .  Drain. Plan 
Plumbing Details 
Piping a t  Tank 
Plan - Hot and Cold Water Supply 
Heating Plan 
Heating Sections and Details 
Outside Steam and A i r  
Inside Piping, Sections and Details 
Potable and Process Water Supply 
Inside A i r  and Water Supply 

F i r s t  Floor Plan 
Second Floor Plan 
Typical Cross-Section 
E levat i on s 
Foundation Plan 
Concrete Tank - Plan and Details, Sheet 1 
Roof Frming Plan 
Crane Runway Framing 
Steel Warning Elevations, Sheet 1 
Steel Framing Elevations, Sheet 2 
Ladders - Plans and Details 
Roof Truss Details 
Concrete Tank Details - Sheet 2 
Pump House - Plan and Details 



d. Structural (Cont ‘a) 
a 

D-7117 Wall Sections 
D-7118 Anchor Bolt Plan 
D-7119 Roof Plan and Details 
D-7120 Stairway Plan and Details 
D-7123 Stairs  far Tank 

2. Reactor and Reactor Bridge 

E -7201 

D-7203 
D-7204 
D-7205 

D-7207 

D -7209 

D-7202 

D-7206 

D-7208 

D-7210 
D-7211 
D-7212 
D -7213 
D-7214 
D-7215 

D -7217 

D-7219 

D-7216 

D-7218 

D-7220 
D-7221 
D-7222 
A-7223 
A-7224 
c-7732 
D-8238 
D-8239 
D-8240 

Reactor Br idge  Assembly 
Grid Plate 
Small Reflector Element 
Large Reflector Element 
Standard Fuel Element 
Special Fuel Element for Control Rod 
Fuel and Side Plates 
Control Rod and Safety Rod 
Lifting Magnet-Assenibly and Details 
Bridge Position Lock, Assembly and Details 
Reactor Suspension Frame 
Waterproof Containers for Counter Chsmbers 
Safety Rod Shock Absorber 
Reactor Bridge 3h.tne 
Reactor Bridge Superstructure 
Motor Drive fo r  Reactor Controls - Assembly 
Motor Drive for Reactor Controls - Detail Sheet #1 
Motor Drive for Reactor Controls - Detail Sheet #2 
Operating Platform 
Emergency A i r  System 
Reactor Assembly Tool - Assembly 
Reactor Assembly Tool - Details 
Moulded Block (BeO) 
Section of Drawn Tubing for C a n s  
Concrete Block Details 
Power Plan - Reactor Bridge 
Power Details - Reactor Bridge Sheet 1 
Power Details - Reactor Bridge Sheet 2 

3. Instrument Bridge and Scanning Mechanism 

D-7601 Instrument Bridge As sembly 
D-7216 Bridge Position Lock Assembly 
D-7602 Instrument Bridge Super structure 
D-7601 Instrument Bridge Frame 
D-8170 Fuel Assembly Storage Rack 
D -8169 Telescope Sub-Assembly Details 
E - 8168 Telescope. - Sub-Assembly 
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3. Instrument Bridge and Scanning Mechanisla (Cont'd) 
E 

D-8167 
D-8166 
E-8165 

D-8163 
E-8162 
D-8161 
E-8160 

D-8157 

D-8164 

D-8159 
D-8158 

E-8156 
D-8155 
E -8154 
E -8153 
E -8152 
E -8151 
D-8363 
D-8365 

D-8366 

D-8368 
D-8367 

4. Instruments 

Q-369 
Q-804 
Q-846-4 
Q-846-5 
Q-1059 
Q-961 
Q-1058 
Q-1057 
Q-954 

"R" Motor and Arm Details #2 
"R" Motor and Arm Details #1 
"R" Motor and h Sub-Assenbly 
Theta Motor Details #2 
Theta Motor Details fl 
Theta Motor Sub-Assembly 
Vertical Structure - Details - Sub-Asserably 
Vertical Structure - Sub-Assembly 
Instrument Mount. Structure - Dolly - Detail Sheet #3 
Instrument ~ o u n t .  Structure - D O U ~  - Detail Sheet #2 
Instmaent Mount. Structure - Dolly - Deta i l  Sheet #1 
Instrment Mount. Structure - Dolly - Sub-Assqdjj 
Fixed Instrument Mounting - Assembly and Details 
Carriage - Detail Sheet #2 
Carriage - Detail Sheet #1 
Carriage - Sub-Assembly 
Instrument Mounting Structure Assembly 
"R" Motor and Ann Detail Sheet #3 
Instsument Mount. Structure Theta Motor Sub-Assembly 
Details #3 
Inst. Mount. Str .  Theta Motor Sub-Assembly Details #4 
Inst. Mount. Str. Theta Motor Sub-Assembly Details #5 
Inst. Mount. S t r .  Inst. Boom Mount Assembly and Details 

. 

Meutron Counter 1" O.D. - 8" Long 
Neutron Counter 2" O.D. - 12-1/2" Long 
Fission Chamber 1/2" Dia. 
Fission Chamber 1/2" Dia. 
Fission Chamber 3" Dia. 
Proportional Counter (Brass Case 1" O.D. x 13-5/8") 
50 ccs Ian Chamber 
900 cc. Ion Chamber 
Watertight Housings 

Q-1100-1 thru 6 Dosimeter (Fast Meutrons) 

5. Reactor Control Circuits and Instruments 

Q-1045-1 
Q-975-33 
Q-1092-1 Fission Chamber 
Q-1058-1 Garma Ion Chamber 
Q-541 A-E 
Q-834-1 1024 Scaler (modified) 
Q-751 A 

4 in. Compensated Ion Chamber 
Neutron Chamber 3 in. PCP Model 2 

A 1  Amplifier and AlA Preamplifier 

Log Count Rate Meter 
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5. Reactor Cantrol Circuits and Instsvrments (Cont'd) 

6-826-1 
Q-995-1 
Q-915-1 
Q-947-1 
Q-889-1 
Q-1054 

HEPA -140173 
=A-140174 
aSpA-ltl.O17!3 
IEFA -140176 

l'dEPA-140213 

=A-E -184 

m~-itl.O178 

Lav Drift Electraaneter 
Power Suppls for Capensated Ion Chamber 
Log I Amplifier (Pile Period Meter) 
S i e a  Amplifier and Safety Preamplifier (modified) 
Magnet Anplifier 
Control System Circuits 
Servo Amplifier 
Servo Motor System 

n n n 

H n W 

n n n 

n n n 

n n n 



A p r i l  20, 1950 

Memorandm 

To : 

FPora: E. P. B l i z a r d  

SubJect: Geemetric Wansfomations 

Dr. W. K. Ergen 

The gecunetry of the shielding reactor cas  be approximated 

by a circular source of unifom isotropic surface strength imbedded 

in an infinite medium of isotropic attenuation properties. 

f r o m  this picture are: 

1) 

Devlations 

The source i s  not inf ini te ly  thin and hence there i s  self-absorption 

and consequent collimation of the radiation. 

The source i s  rectangular and not of exactly uniform surface strength. 

A t  some distance from the source, this deviation w i l l  not be 

noticeable. 

In the case of laminated shields the medium does not possess isotropic 

attenuation properties. 

laminae (e.g. Pb and QO) posses different attenuation properties and 

when the laminae me of thickness greater than about a relaxation 

length. 

2) 

3 )  

"his effect  i s  serious when the different 

If we define a kernel G(R) t o  be the probability that a 

radiation will be detected by a given detector located a distance €3 from 

a point source, then the corresponding measurements a t  a distance Z fkom 

an i&ini te  plane source (the detector i s  nan-directional) is: 
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R2 = f 2  + 2 

Heaslrrenrents op the 8x3s a t  a distance Z from a uniform 

disc source of radius "a" w o u l d  yield 

Then 

F(Z) = & 

J- 

Thus by summing chosen ordinates on a measured curve one can obtain an 

inf in i te  plane geometry attenuation which i s  then directly coaparable t o  

integral  measurements over a constant Z plane. 

In  case the data does not extend sufficiently far t o  supply 

a l l  non-negligible correct im terms, it will often be expedient t o  

extrapolate on an exponential. In this situation one uses: 

m=n-1 

where 

* This resul t  due t o  Hurwi t z  of G.E. 
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and we then make the representation that 

I 

f 

The sum can be conveniently bracketed by an upper l imit  

Ue -''h and a lower limit Le -'b as follows* : 

on evaluating the integrals, one finds: 

L =  

U = L + l  

Furthermore, the best value of F(Z 1 ) i s  given by the average of the 

limits, and this in  turn i s  seen t o  be a larger lower l i m i t  since 

the second derivative of the exponential is everywhere positive. 

Thus we find 

* Assistance of Drs. Murray and Householder i s  acknowledged for  
helpful suggestions here. 
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Given F(2) we now are interested in finding G(R). Dif- 

ferentiating the following, 

we find 
G(Z) = - 1 d F (Z) 

2 n Z  dz 

For a "single collision" kernel, 

For lineas buildup factor, 

and,( =A,  i.e. the relaxation length exhibited in the plane geometry 

case is Just the relaxation length of the penetrating camponent. 

The above transformations allow the detenaination of the point- 

to-point or plane-to-point kernel by means of centerline measurements 

only. 

mapping successive planes, Z = constant, and of integrating the measurement. 

Where these transformations are valid, they save the work of 

Hawever, in the case of strongly unsymmetrical shields, such 

as shields with ducts, or in the case of sources (radioactive coolants) 

in the shield, the mapping will still be required. Automatic equipment 
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for this purpose i s  desirable. This equipment also can be used to  

check the validity of the above transformations prior to  their ex- 

tensive use i n  cases in which they are expected to  be applicable. 

/s/ E. P. Blizard 
E. P. Bl izard  
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