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[57] ABSTRACT 
This invention relates to a control and shim rod ar-
rangement for a nuclear reactor. A second shield of 
concrete completely encloses a biological shield. 
Moveable plugs are mounted in said shield. 

4 Claims, 5 Drawing Figures 
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shield 2 and into the mass 1 for accommodating control 
CONTROL AND SHIM ROD ARRANGEMENT rods 4 and are lined with aluminum tubes of the same 

WITH MOVEABLE PLUGS general cross section as the rods 4 and only slightly 
This invention relates to neutronic reactors, and par- larger, the tubes being sealed in place to prevent escape 

ticularly to a control and shim rod shield room for a 5 of helium from the reactor. 
reactor. The rods in the example shown are arranged in verti-

As is more fully described in the copending applica- cally spaced tiers, three rods in each tier, the tiers and 
tion of Robert M. Evans Ser. No. 649,407 filed Feb. 21, the rods of each tier being spaced about five feet apart. 
1946, in which is disclosed a neutronic reactor with Each rod proper contains neutron absorbing material 
which the present invention finds particular adaptation, 1 0 and is water cooled. A driven means, which preferably 
it is necessary for control of the operation of the reac- . is in the form of a rack 5, is connected fixedly to each 
tor to provide control and shim rods of neutron absorb- rod in end to end relationship and is rigid with the rod 
ing material which can be inserted into the reactor and forms a linear extension thereof, the rod proper 
preferably from one lateral face, and withdrawn there- and driven means in the illustrative example forming in 
from partially or fully as dictated by the activity of the 1 5 effect opposite end portions, respectively, of a unitary 
reactor. For this purpose, suitable passages are pro- rod structure. 
vided in the reactor and control and shim rods are The driven means or rack 5 cooperates with a driving 
mounted for movement into and out of the passages. means, which includes a reversible motor driven pinion 
For further more detailed discussion of the nuclear 6, for driving the rods selectively endwise in opposite 
physics and physical characteristics of neutronic reac- 2 0 directions. The rods are supported on rollers 7 which 
tors, particularly control and shim rods, reference is are carried on a suitable framework 8. The rods are 
made to the copending application of Fermi and Szi- water cooled by circulating water therethrough from 
lard, Ser. No. 568,904, filed Dec. 19, 1944, now U.S. suitable inlet and outlet hoses 9 carried on reels 10. 
Pat. No. 2,708,656. The driving means for the rods, including the pinions 

However, the rods are highly radioactive when they 2 5 and motors (the motors not shown) and the water cir-
are withdrawn from the passages due to the high degree culating fittings are shielded from the reactor by means 
of neutron bombardment to which they have been of a shield wall 11. 
subjected while in the active portion of the reactor and The wall 11 has rod passages 12 therein and is the 
a problem is presented of safeguarding personnel from end wall of a'room 13, the opposite wall of which is the 
the radiations from the withdrawn rods and from the 3 0 shield 2 of the lateral face of the reactor. The room 13 
open ends of the passages leading into the reactor. is kept completely closed, except for the passages 12 in 

One of the principal objects of the present invention the wall 11 and the passages 3 into the reactor, access 
is to provide novel simple and effective means of being had to the room only by a suitable shield door 
shielding control and shim rods when they are in their (not shown) which normally is kept closed and locked, 
withdrawn position. 3 5 The room 13 is known as the "hot room" and is of 

Another object is to shield personnel from radiations greater length, endwise of the rods, than the length of 
from the control and shim rod passages into a reactor those portions of the rods which are capable of inser-
when the rods are fully removed for servicing or re- tion into the reactor. For example, the rods illustrated 
pairs. can be inserted into the reactor to a depth of about 28 

Other objects of the present invention will be appar- 40 feet and the length of the room 13 is about 31 feet, 
ent from the following description wherein reference is Consequently, upon fully withdrawing a rod which is 
made to the drawings, in which: active due to neutronic bombardment in the reactor 

FIG. 1 is a diagrammatic vertical sectional view, passages 3, the active portion lies wholly within the 
partly in elevation, showing a portion of a neutronic room 13 and no active part of the rod is exposed out-
reactor, the control rods therefor, and the shielding 4 5 wardly of the wall 11. The desirability of such shielding 
means of the present invention; is apparent from the fact that the rods emit about 

FIG. 2 is a fragmentary enlarged cross sectional view 10,000 roentgens per hour upon withdrawal from a pile 
taken on line 2—2 of FIG. 1, partly in elevation; of 250,000 kilowatts capacity and may not be ap-

FIGS. 3 and 4 are an enlarged top plan view and an proached safely for about a week after withdrawal, 
enlarged side elevational view, respectively, of a main 5 0 In cross section, the passages 3 and 12 fit the cross 
shield gate of the present invention; sections of the rods 4 with very slight clearance so that, 

FIGS. 5 and 6 are enlarged sectional views taken on while a rod extends into the passages, the stream of 
line 5—5 of FIG. 4 and line 6—6 of FIG. 3 respectively; neutrons issuing around the rod through the passages is 

FIG. 7 is a cross sectional view taken on line 7—7 of substantially blocked or greatly reduced compared to 
FIG. 1 partly in elevation, showing the intermediate 5 5 the stream of neutrons which would issue from a fully 
shield gates of the present invention and the operating open end of a passage 3 or 12. However, when a rod is 
means thereof; fully removed from a passage 3 a stream of very high 

FIG. 8 is an enlarged vertical sectional view taken on neutron and other radiations, such as gamma radia-
line 8—8 of FIG. 7; and tions, emanates from the passage. To prevent such 

FIG. 9 is an enlarged transverse cross sectional view 6 0 direct radiations, suitable shield gates are provided, 
through one of the control rods. The main shielding of the passages 3 is effected by 

Referring to the drawings, the reactor comprises a main shield gates 14, arranged one for each passage 3. 
mass 1 of graphite moderator in which is disposed suit- As better illustrated in FIGS. 2 through 6, each gate 14 
able fissionable material (not shown), all of which is comprises a frame 15 which is rigidly mounted directly 
enclosed in a suitable biological shield 2, or a shield of 6 5 in front of the open end of one of the passages 3. 
a material of sufficient radiation absorption character- Mounted in each frame 15 is a plug 16 which is mov-
istics and thickness to protect living organisms outside able laterally of the axis of the associated passage 3 in 
of it from radiation. Passages 3 extend through one a suitable guideway in the frame 15. The plug 16 has a 



3 ,947 ,321 
3 4 

lead portion positioned to overlie the open end of the the water to a minimum while affording adequate cool-
passage 3 when the plug 16 is in closed position. The ing of the rods 4, each rod, as illustrated in FIG. 9, 
plug 16 is operated by a suitable double acting pneu- preferably is formed from aluminum blocks 29 in which 
matic piston 18 which is fixedly secured to the frame 15 are enclosed a water inlet tube 30 and outlet tubes 31 
and which moves plug 16 back and forth by means of 5 which connect to inlet and outlet hoses 9, respectively, 
piston rod 17, as shown in FIGS. 3, 4, and 6. Each The tubes 30 and 31 are spray coated exteriorly with a 
piston 18 is individually controlled by suitable remote layer of boron which absorbs neutrons effectively and 
control valves (not shown) to move the plug 16 in front reduces the possibility of rendering active any foreign 
of and clear from the passages 3 selectively. Limit matter which may be present in the cooling water, 
switches 18a are provided which are engaged by adjust- '0 Water is circulated through the tubes at a rate of 
able stop members 18b riding on the plug 16, the stop about 10 gallons per minute. The activity of the rods 
member 18b to the right breaking an electric circuit decays very rapidly so that after about a week the rods 
when the piston rod 17 is retracted causing the member c a n b e approached to within a foot or so safely without 
to strike the limiting switch 18a to the right, thereby exceeding a tolerance dose in 8 hours, 
actuating a relay (not shown) so as to cause the retract- 15 Having thus described the invention, what is claimed 
ing motion to stop, and conversely the stop member js. 
I8b to the left breaking an electrical circuit when the j c i a j m -
piston rod pushes plug 16 forward to the closed posi- L I n c o m binat ion with a neutronic reactor having a 
tion, thereby actuating a relay (not shown) so as to m a s s o f moderator in which is disposed fissionable 
cause the forward motion of piston rod 17 to stop. 20 m a t e r i a l e n c l o s e d i n a biological shield of sufficient 

In cases wherein it becomes necessary to remove a r a d i a t i o n absorption characteristics and thickness to 
rod for service or repair, it is necessary also to prevent c t i s m s o u t s i d e i t b y absorbing neu-
radiation from the "hot room" 13 out through the t r Q a a n d o t h e r r a d i a t i o n emanating from 
passages 12 where it wou d be dangerous to personnel t h e m £ f a , a t e r ^ f a c e Q n s a i d b i o l o g i c a l s h i e i d having 
directly exposed and would contaminate the operating 25 & ^ ^ Q f a p e r t u r e s t Q p a s s o n l y a p l u r a l i t y o f c o n _ 
equipment. t r o j r o c j s s a j d c o n t r o i r o d s being of equal length and 

For this purpose, each passage 1 2 . s provided at its c r i s i n e u t r o n a b s o r b i n g material, said mass hav-
inner end with an intermediate gate 19, as better ulus- . ° .. , . , . . . .. 
A , . - j o mg passages aligned with said apertures, linear exten-trated in FIGS. 7 and 8. . b ^ 6 . , & , , , , » .u . . . ... .. , . . , n sions on said control rods at the ends opposite to the The passages 12 are provided with suitable sleeve ->« . . . . ^ , , \K . 
r -in ? , • . . „ r. , . ends disposed toward the mass, and driving means liners 20 and headers 21 and the gates 19 are fixed in • • e „ t+u .. • e r - a s s o c i a t e d with said extensions adapted to impart position in front of the passages on the inner face of the ^ . , , . . ^ , * • . j | movement to said control rods into and out of said 

Eachgate 19 comprises a frame 22 in which a plug 23 passages in the mass, the improvement comprising a 
is movable in opposite directions by a jack-screw 24. 35 second shield of hydrogenous concrete forming a com-
The screw 24 is operated by an internally threaded plete enclosure over said lateral face of the biological 
bevel gear 25 rotatably mounted in the frame 22. Each s

J
h , e l d a n d h f m S a w a l 1 P^allel with said lateral face 

gear 25 cooperates with a driving gear 26 which is d l s t a n t therefrom the length of the neutron absorbing 
rotatable by a rotatable shaft 27, operated in turn by a portions of the control rods and a small part of their 
detachable crank 28 from locations outside of and 40 extensions, said parallel wall having apertures aligned 
shielded from the room 13. with said passages in the mass to permit said extensions 

Each plug 23 is thus operable to be moved into align- t o P a s s between said complete enclosure and said driv-
ment with its associated passage 12 and clear thereof, , n S means, shield gates comprising movable plugs 
and each has a lead portion 29 for preventing the pas- mounted in front of each ofthe plurality of apertures in 
sage of radiations through its associated passage 12 45 the biological shield and shield gates comprising mov-
when the lead portion is brought into alignment there- able plugs mounted in front of each of the apertures in 
with. the second shield, and means for moving said plugs 

Thus, personnel and the operating equipment are laterally to open and close said apertures. 
protected both from direct radiation from the rods 14 2. The improved structure of claim 1 wherein the 
and passages 3 and from radiations from the room 13. 50 second shield is at least 5 feet thick. 

The wall 11 preferably is of hydrogeneous concrete 3. The improved structure of claim 1 wherein the 
and may be 5 feet or more in thickness. The other walls passages in the mass are horizontal and the movement 
of the room 13 are of comparable thickness. The lead imparted to said extensions is horizontal. 
portions of the gates may be 6 inches thick in a direc- 4. The improved structure of claim 1 wherein the 
tion lengthwise of the passages. The aforesaid dimen- 55 biological shield gates are enclosed in frames and the 
sions will, of course, depend upon the power of the means for moving the plugs to open and close the aper-
particular reactor. tures in the biological shield comprises double acting 

As mentioned, the rods 4 are fluid cooled, and the pneumatic pistons fixed to the frames of the gates with 
water is circulated therethrough from hoses 9 in the piston rods movably fixed to the plugs. 
apparatus or control room. To reduce radiation from 6 0 * * * * * 
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