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ABSTRACT 

A new reactor, called the TSR-11, has been constructed t o  replace the 
TSR-I a t  the Tower Shielding Faci l i ty .  
uranium-aluminum pla tes  shaped in to  a spherical  fue l  annulus from which a 
symmetrical f l u x  is  emitted. 
i s  moderated and reflected by l i gh t  water flowing between the fue l  p la tes  
and through a spherical in te rna l  ref lector  region. 
devices operate inside the in te rna l  ref lector  region and are supported by 

an aluminum matrix. Reactivity adjustments are accomplished by replacing 
aluminum plugs i n  the matrix w i t h  other materials. The design power for  
the reactor i s  5 Mw, but before a safeguard report f o r  t h i s  power can be 

prepared it w i l l  be necessary t o  perform a ser ies  of low-power (100 kw o r  
less) experiments t o  establish i ts  nuclear character is t ics .  This report 
describes the mechanical features of the reactor, the  nuclear parameters 
t h a t  have been determined by calculations, three simulated kinet ic  tests 
used t o  evaluate the reactor safety, and the proposed preliminary tests. 

The TSR-I1 consists of M'IX-type 

The fue l  annulus contains 8.1 kg of 835 and 

The reactor control 
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The construction of the Tbwer Shielding R P B C ~ Y P  I?: wezs made possible by 
the combined effor ts  of many i~div2dda:s, 

were established from experiments peyfomed at the Bulk Shielding Facility 
by K. M, Henry, E. B, Johnson, and Jo Do Kington and at the Critical Experi- 
ments Facility by D. F, Cro~in?, J K O  Fox) %ad Lo W, Gilley, all 0% the 
Neutron Physics Division. Ma Eo Laye Pectron Physics Division, performed 
the nuclear calculations which were used. to establish the reactor dimensions, 
and D. K, Tmbey, Neutron Physics Division, and W. W. D u m , *  USAF, performed 
the Monte Carlo calculations to determine tihe gamma-ray heating in the leaa 
shield. The mechanical design of the rea 
group in the Engineering and MechanicaL D Z v l s 4 m 9  in particular by F, Lo Hannon, 
under the supervision of C. W. Angelo 
tower structure was carried out fn c ~ ~ p ~ t g a t 2 ~  with J o h ~  A ,  McCarthy of the 
McPherson Company, Greenville, Sou%h CaroZl aa e The water cooling system 
design was coordinated in the Engineering and MeehanTcal Division by 
A, B, Fuller and in %he Instrmerrkatiod and C m t r o l a  Division by R,  K O  Adamso 
Tkae reactor controls system was designed under %be supervision sf Lo C. Oakes, 
and component development work for Zhe e o z & ~ ~ L s  was hmd?.ed ’by Jo E. Marks 

The analog studies of the reactor kixkics weye perfomed by R,  K. A d w ,  

F. P. Green, and E. R. Mann of the Instrumenttation and Controls Divisicn, 
The fuel element development work and fabria,at;im w e ~ e  zlnaer the supe~~fsiz~n 
of J. H, Erwin of the MetalSxrgy Di~rfsim. P~eltmSnary stdies of the dist;ri- 
bution of cooling water flow fa the reac%car were carried out by W. R,  GambTlP, 

H. ’de Hoffman, and Fo E. Lynch of the Reactar P ~ s j e c t s  Division, The finaa 
flow distribution studies, which are still underway, are being performed by 
J. Lewin, Engineering and Mechanical Division, swd V. R ,  Cain, Neu%ron Physics 
Division. 

This report was prepayed with the as;slst,ar,~e of L., S o  Abbo-bt, 

The aeafgn ?~.2%eria for -%“ne reactor 

r r  m s  dona by mmbers of a design 

-An. invesfigation of the loading on the 

R ,  ]Me Freestone, and Do R. Ward, all of the Neutron Physics Div%sfaan, 

*On assignment to ORNL. 
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Since the construction of .f;he Tbwer Shielding Fac i l i t y  (Fig, 1) a t  
- Oak Ridge National hbora tory  i n  1954, a TOO-kw KPR-type Tower Shielding 

Reactor I (TSR-I) has been used successfully fo r  ext;enaiva nuclear experi- 
ments in which it was  r e q e r e d  tha t  the radiation scyur@e be positioned a t  
a l t i tudes  as high as l9O f t  akove the ground. 
it w i l l  be necessary to use a higher-powered reactor which will emit a 
symmetrical flux. 
the  or iginal  reactor, a second reactor, designated as the Tower Shielding 

Reactor I1 (TSR-11), has been constPu@ted t o  replace the TSR-I. 

In  fart~re experiments, however, 

Since neither of these requirements could be me% with 

Like the  TSR-I? the WR-I1 core consists sP MTR-type uranium-aluminum 

pla tes  cooled and moderated w i t h  l i gh t  water. However, the shapes of the 
p la tes  i n  the TSR-11 a r e  such t h a t  the assembled core is  a spherPcaE fue l  
annulus from which a symmetrical f lux w i l l  be emitted. 
f o r  the reactor are contained i n  the cen%ral fuel-free region insiae the 
fue l  annylus. 
than the power of the TSR-I. 

The control devices 

The design power fo r  the TSR-I1 is  5 Mw, t en  times greater 

The deviations of the TSR-I1 from the  usual pool-type design make it 
necessary t o  check out the reactor with a series of low-power experiments 
before a meaningful safeguard report can be prepared. 

nuclear character is t ics  of the reactor can be determined and eer'tainz values 
which have been derived by calculation or  by individual component tes t ing  
can be confirmed. 
of the control pla tes  and determinations o f  the void and temperature eoef- 
f i c i en t s ,  
dis t r ibut ion throughout the core will a lso  be included. 

A l l  of these preliminary tests w i l l  be performed wikh the  actual  reactor 

From such tests the 

These w i l l  include a deterrdnation of the reac t iv i ty  worth 

Mappings of the thermal-neutron flux dist r ibut ion and temperature 

i n  i t s  complete and f i n a l  geometry. 
100 kw, and the t o t a l  operating time a t  th i s  power w i l l  not; exceed 500 hr. 

The reactor power w i l l  be Limited t o  

The tests w i l l  be performed a t  the  TSF site, which i s  located on a h i l l  

about 1 mi from ORNIL, 6 t o  13 m i  from the c i t y  of oak Ridge, and 17 to 24 m i  

1 
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from the  c i t y  of Knomille ,(see Fig, 2) .  

report for  the TSR-I, 

h is tory of the region make t h i s  a fayorable-location f o r  a reactor. 
complete descriptions of the TSF geography and the dimatology were included 
i n  the ea r l i e r  report, they w i l l  not be repeated here. 

A s  was pointed out i n  the safeguard 
1 

the low population density and the seismological 
Since 

This report includes a description of the TSR-IT and i t s  control system, 
a discussion of those nuclear character is t ics  which have been established 
e i ther  by computations o r  with some very preliminary experiments with the  f u e l  

annulusJ and a discussion of the safety of the reactor as determined from a 

ser ies  of simulated kinet ic  t e s t s .  
described. 

The planned low-power experiments a re  a lso 

I. MECHANICAL DESIGN OF THE REACTOR 
_L Core Assembly 

The core assembly consists of three regions: the spherical  fue l  annulus; 
t he  in te rna l  reflector,  including the control mechanisms ariditheir’lspherlcal 
housing; and the s ta t ionary shielding around the fue l  a p u l u s .  A s  shown i n  

Fig. 3, a l l  three regions a re  located i n  the lower section of a cylindrical  
aluminum tank with a hemispherical bottom. 

The spherical fue l  annulus, which is  5.5 in .  thick w i t h  a ‘$+in. outside 

diameter, consists of 21 fue l  elements fabricated so tha t  the plates  i n  
adjacent elements join t o  form many concentric cylinders. Inside and outside 
views of the pa r t i a l ly  assembled core a re  shown i n  Fig. 4. A s  i s  apparent 
from these photographs, the spherical contour of the core was accomplished 
by varying the lengths of the  fue l  plates ,  

Each fue l  p l a t e  consists of a sandwich of uranium-aluminum al loy clad i n  
aluminum,* the t o t a l  thickness of the  p l a t e  being 0.060 in .  
plates  were welded and peened in to  aluminum side p la tes  0.120 in .  apart  t o  form 

elements. Three types of elements a re  used: annular elements, so-called 

because they form a cylindrical  fue l  annulus when assembled together; central  

elements, which are  used i n  the upper and lower sections of the core; and one 

*The fue l  p l a t e  thickness and spacing are basical ly  the same as those of 

Groups of fue l  

the pool-type Bulk Shielding Reactor. 
1. C. E. Clifford and L. S. Abbott, I_- The Tower Shielding Fac i l i ty  Safeguard 

Report, ORNL-1550 (1953). 
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Fig. 4. TSR-I1 Elements Assembled i n  a Q.uarter Sphere 

.ts, two of which a re  sho7 

.uminum cylinder positionc 
s, shown i n  Fig. hb, are 
- I .  . -  - 

3-in.-dia cylindrical  "plug" elerncut, WLUCR IS cenr;erea i n  the  lower central  

elements. The central  elemen wn i n  Fig. 4a, a re  con- 
tained within a bottomless a1 

tank, and the annular element held i n  the region 
between the inner cylinder ana 

elements and eight central  elei ir lower). The reactor 
source i s  located i n  the cente: 

The in te rna l  re f lec tor  reglon i s  aunosz compie-ceiy f i l l e d  with a l7-in.- 
11 rods* and the  mechanisms 

The completely assembled sphere i s  bolted t o  four blocks 

E d  inside the reactor 

~ - - * t n r  t m n k  m-9 are twelve annular 

dia aluminum sphere which hou 
f o r  operating them. 
which are mounted inside the central  cylinder a t  the horizontal reactor mid- 

plane. 
outer surface of the sphere i s  shown i n  Fig. 5. 
a re  a l so  visible i n  the figure. 

An exploded view of the close-fi t t ing cover plates  which form the 
The contents of the  sphere 

There are s i x  control rods, each consisting 

v u -  4. .cU~"V* "LILY%. J.&ALJ.K  

nents (four upper and foL 
r of the plug element. 
_._._.. . -  .- - 1 - .. I -, 

ses the reactor contrc 
- . -  - -  - - 

*The term '%od" i s  used throughout t h i s  report for  a l l  references t o  a neutron 
absorbing device since it has been almost universally used i n  t h i s  manner. 
I n  the  case of the TSR-11, the rods are actual ly  plates .  



NOTE THE ALUMINUM FRAMEWORK FROM WHICH THE 
ALUMINUM SPHERE IS SUSPENDED AND WHICH 
WITH COVERS ATTACHED COMPLETES THE CON- 

TROL SPHERE, HAS BEEN OMITTED FOR CLARITY 

7 

UNCLASSIFIED 
2 - 01 - 060 -75 

Fig. 5 .  TSR- II Control Mechanism and Housing. 
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of dished, hemeLiea1ly sealed plates ta f  stai~iaPeas steel f i l l ed  w i t h  'boron carbide. 
!The tmtal thickness of each rod is 1 fa,, the  s-ta'irJess s t e e l  p la tes  each being 

1/16 i n o  thick,  
tha t  moves downwayd toward the lower fuel elemeat8, a r e  shim-safety roda operat- 

ing ELS a mlt. 

B C-filled plates,  which are keyed so t ka t  20 coniact i s  made with the plugs 
during the p l a t e  traverses,  (As  discussed Later i n  Sections I1 and IV,  the  

plugs; are incorporated in the  design %o allow f o ~  reac t iv i ty  adjustments. 

They can be replaced with plugs of other mate~fals or removed completely.) 
The ~ i i x t h  rod, which m w e s  ulp.t~e;rd, sexves as %he xgtilat,lng rodo All cavi t ies  
within the spherical, control mechmfszri kzouaiag are filled w i t h  waxero 
reactor i s  Lhus cQnLrolled by prary%ag the Ycfcrkncsa of water between the  
control rods and the  Inner surface c?f t h e  f u e l  amulus. 
achiebved by a combination of mechanicai asd hydraulic forces as described i n  

Section 111 ) 

Five of these rods9 four t ha t  move rad ia l ly  outward and one 

Four removable aPmfrmm plugs extend %h~.ougb each sf these 

4 

The 

(The rod movement i s  

The lower central  f u e l  elements are bolced -LO the in%emal cylinder a t  
the horizontal  reactor midplane. 
the tube extending up from the c o n + ~ o l  mechanfsm kousing. 

the twelve annular elements a re  mounted on the outside of the intesnal  cylinder 
by means of screw-operated wedges which expand Into beveled rectangular open- 

ings<, 
w h i c h  hold the elements against the outside of the  cylinder but do not 
r e s t r i c t  vertical. movement caused by thermal. expansion. The w a t e r  layer 

between the spherical  control mechanism hous3z  and the i m e r  surface of the 
f u e l  tmndus i s  l / 4  in .  thick. 

The upper central  elements a re  bolted t o  
The upper ends of 

The lower ends of the  annular elements fit; i n to  rectangular guides 

Outside the fue l  annulus, but separated from it by 1/2 i n ,  of water, i s  
a spherical shel l  of lead shielding 2 Ino thick, followed by a 1/4-ino-thick 
s h e l l  of bora1 (aluminum-clad suspension of borax! carbide in aluminum). 
lead-bora1 region i s  canned in aluminum9 Yne lead being bonded t o  the 
aluminum. Gama-ray shielding immediately above the central  fue l  elements i s  

provided by a permanent 2-ft-layer of lead shot and water contained within 

the inner cylinder. 
through which the cooling water eaters  the core, 

This 

?"ais shielding i s  penetrated by 133 he l i ca l  tubes 

Shaped shield plugs that 
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can be f i l l ed  w i t h  any specified material are mounted above the outer elements. 
Additional shielding i s  provided by water which floods both the inner cylinder 
and the  reactor tank above the  core. 
the  TSR-I1 w i l l  be used a special ly  designed shield will be mounted on the 

outside of the reactor tank, i n  which case the  material i n  the shaped shield 
plugs will. match the materials i n  the special  shield. 

During many of the experiments i n  which 

Reactor Control Chambers 

The reactor control chambers consist of one f i ss ion  chamber, two 
coqensated ionization chambers, and three meompensated safety chambers. 

All a re  located in the central  cylinder above the  central  fue l  elements as 
shown i n  Fig. 3 .  The f i ss ion  chamber, which i s  used f o r  observing the nuclear 
a c t i v i t y  during reactor startup, is  i n i t i a l l y  located about b/2 in .  from the  
fue l  region and i s  gradually withdrawn in to  a boron carbide coffin as the 

neutron count r a t e  increases. 
positions i n  shielded regions fa r ther  from the reactor core. 

The f ive  other chambers a re  i n  s ta t ionary 

Heat Removal System - 
The water used f o r  cooling and moderating the reactor enters the  central  

cylinder near the top and follows the path shown by the arrows i n  Fig. 3 
(p. 5). 
shield, through the upper fue l  elements, around the spherical control mechanism 
housing, and through the lower f u e l  elements, a f t e r  which it turns and flows 

upward through the annular f u e l  elements t o  the region above the core, and 

then out of the assembly. A s  the water flows upward it a lso  cools the lead- 

boral  region since some of the flow i s  between the  outer surface of the fue l  
and the inner surface of the aluminum can holding the lead and boral. A small 

portion of the flow is  bypassed through a hole i n  the bottom of the lead-bora1 
region and flows upward between the outside of the aluminum can and the 
reactor tank. 

It flows downward through the 133 he l i ca l  ducts i n  the lead-water 

A general layout of the closed-circuit heat-removal system i s  shown i n  

Fig. 6. 
capable of punping at  a rate of 200 t o  1000 gpm, depending on the  se t t ing  of 

The water is  pumped in to  the  central  cylinder by a 60-hp pump which is  
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a three-way bypass valve. 
spwatisns . ) 
main 60-hp pump. 

an electric power failure, will ptm;p water to the reactor at a rate of 
40 gpm, 

reduced to as low as LO gpmj which is convenient for certain special low-power 
runs. 

(The lower flow rates are desirable for low-power 
A 5-hp battery-operated emergency pump operates parallel to the 

The emergency pump r m s  continuously, and, in the event of 

By means of a bypass valve, the flow rate of the 5-hp pump can be 

When the water leaves the reactor assembly it flows to a 5-Mw forced- 
draft air cooler which removes the heat from the water by means of two 
large variable-pitch fans blowing air across aluminum tube-and-fin radiators. 
The pitch of the fans and the position of the radiator louvres are controlled 
thermostatically so as to maintain a fixed temperature for the water leaving 
the cooler. 

Most of the water from the heat exchanger flows to a 15OO-gal aluminum 
detention tank and eventually returns to the reactor. 
cooled water is diverted to a plastic-lined mixed-bed demineralizer which 
removes both anions and cations. The water that leaves the demineralizer is 
then pumped back into the main system with 8 5-hp demineralizer pump. 
pump may also be used to circulate water from the pool through the demineralizer 
when the reactor is not being used. 

However, 50 g p m  of the 

This 

When the electrical conductivity of the water leaving the demineralizer 
rises to a predetermined value, the unit shuts off and a signal, light indicates 
the need for regeneration of the bed. 
demineralizer for this purpose is retained in a 5QOO-gal holdup tank until 
its radioactivity is reduced sufficiently for it to be disposed of. 

The water flushed through the 

A special water circuit feeds a small portion of the water from the heat 
exchanger through a fission break monitor.* 
of the gamma-ray spectrum of the water and will annunciate the presence of 
iodine, which indicates that fission products are present in the coolant. 
the event that this occurs, the reactor will be shut down. 

This instrument monitors a part 

In 

*Victoreen Model No. 900-69. 



The pressure i n  the heat r z a x a l  sp%em i s  maintained by a head pump which 

dwfng operation maint;ains a low flov 5hrougn the detention taBk %ad a constant 

presciwe valve. 

comcctsd t o  the abave loop betweem a check valve and the  constant pressure 
valve. 
switches which open either a drain ~Jezlkve 3 the storage pool o r  a f i l l  valve. 

The water l eve l  i n  the pool i s  higher than it Is i n  the  l eve l  tank. 

A 250-gal water Se'vel tank which is open to the  a%mosphers is  

The water leve l  i n  $his tank i a  maintained automatically by level  

The water flowing from the detention tank t o  the reactor is  first pumped 
t o  t h e  120-ft l eve l  of tower leg No. 2 through a &in. schedule 40 aluminum 

pipe (see Pig. 7).  
the  reactore  
hose is  supported by a 1/2-in. messenger cable.) 
6-in. neoprene hose car r ies  the water from the  s l i ng  bar down t o  the reactor. 

Swivel f i t t i n g s  a t  the 120-ft l eve l  on the h w e r  leg and a l so  a t  the s l ing 

bar  permit the various hose movements needed 8s  the reactor i s  hoisted, 
Similar hoses, swivels, and pipes carry the water from the reac-tor t o  tower 

leg  No. E and back down t o  ground level .  

A &in. neoprene hose then carr ies  It  t o  a s l ing  bar above 

(In addition t o  i t s  o m  in te rna l  s t e e l  wire support, the  neoprene 
Another 33-ft section of 

iZZl  of t he  maJor components of t h e  heat removal system, e.g., the  

demineralizer, radiators, filters, pumps, and valves, are located i r i  small 
buildings which a re  equipped w i t h  autoriatic e l e c t r i c  space heaters t o  prevent 

freezing. 
automatic 40-kw water heater i n  t h i s  c i r cu i t  provides heat f o r  the water as  
required. 

A s  mentioned above, She emergency pump runs continuously and an 

Reactor Suspension 
-s 

System 

As explained above, the  core assembly i s  meuuted within a cylindrical 
a1umin.m tank with a hemispherical bott,am. 
from :1/4-in.-thick type 5052 aluminum, i s  8 f t  b a g .  

diameter a t  the hemispherical end and a 40-in. inside diameter a t  the  ope^ 

end. The la rger  diameter near the top i s  t o  f a c i l i t a t e  removal crf %he 

shielding, fue l  elements, e tc .  from the tank. The tank was designed, fabri- 

cated, inspected, and tes ted  i n  accordance with the l a t e s t  published ASME 

This tank, which was fa3ricFzted 

It has a 37-in. inside 



LEG NO. I -- 

/ , 
DEADMAN 

ROPE SLING 
TWO-E-in din 

I -m-- TSR I I  (WITH SHIELD) 
ONE 6-in -dia HOSE, 170 ft  LONG 
FOUR ELECTRICAL CABLES 
TWO 5k-1" -die HYDRAULIC HOSES 

UNCLASSIFIED 
2 -01P060~76 

LEG NO I1 

~ CABLE, %PART LINE, I - in  dia 

, ONE 6-1" -dia HOSE, 
14ft LONG. TYP 

'k \ DEADMAN 

6-in STD WT ALUMINUM PIPE, TYP 

Fig.  7. Over-all Suspension Arrangement of TSR-II Cooling Water Hoses and Electrical Cables. 



code f o r  urafired pressure vessels2 and deviates from it m l y  i n  t h a t  %he 

yield strength of the  a P W x m .  i n  %Le hexuis@mr5.@aP head is  89,000 t o  919000 
p s i  instead of the  specified 95r000 p s i e  The hemisphere s t i l l  w%ths%a.nd 

0 the design pressure Of L5S p s i  E%% 180 F B a saf$.$y factor of 4,  
For ?nos% i~~-%fr  o p t ~ T a $ i D ~ ~  tta T E ~ ? ~ O P  %CB$ be suspended from the SUPPOX% 

pl.atfom shown i n  Fig, 8 ,  'Ibis platfarm is, i n  turn, suspended by shackles 
from the  hois t  cables of tower Lege Nos. 1 and 2 0  

f c r m  i s  a 4-ft-dia bal l  bearing, the outer race of whibh is  anchored t o  the: 
pl.atfom. 
from the imer ramo This pexmi.1;~ %he az$or t o  'be rotated aroma i t s  

vertical. axis fo r  certain eqs r imen~so  
in a "beam" shfeld, 

f m m  the reactor w i l l  sweep a krorizon%al plane. 1 
extension, shield su~p0r-b collar, and metetar supyort rim are equipped wi%h 

a series of discontimous interlocking 1eCtges. 

ment permits the support platform fa be, used fo r  lifting the reactor alone o r  
the reactor and shield together as a mi%J t h e  mode of l i f t i n g  depending on the 

angular posit ion of the inner bearing raceo 

I n  the center of the plat- 

zvhe reactor (aad also ita snield i f  one fs used) is supported 

(In Fig, 8 the reactor i s  encased 
In eqerfmanes i n  which t h i s  shield is used a. beam 

The inner bearing race 

Tkjs bayonet-look arrange- 

A second type of support w i l l  be: used for some in-a i r  operations i n  which 
I n  t h i s  case t he  reactor a beam from the  reactor w i l l  sweep a ve r t i ca l  plane. 

w i l l  be f i rmly clamped faside a shield, and %he shield w i l l  be? supported by 

two girder-l ike members 9s shown i n  Fig, 9. 
and leave the shield through. swivel Joints  a t  %he large hollow bearings. 

The reactor cooling water w i l l  enter  

The suspension of the "SR-11 and i t s  ae&ssory equipment from the tower 
legs w i l l  result in greater  stresses in t he  %over s tzucture  than the TSR-I 

and i ts  equipment have causedo SpeciflcaEly, the  G i n .  reactor water hoses 

attached to t he  120-ft l eve l  sling boxes an toirep legs Nos. I and. 2, and a l so  
the additional e l e c t r i c a l  cables attached t o  these boxes, w i l l  add loads t o  

these two legs.  
from these junctions have been attached t o  the tower dead men, thus canceLling 
out prac t ica l ly  a l l  of the horizontal forces (see Fig, IS>, 

In order t o  avoid excessive s ide loadsp guy l i nes  leading 

Since these 

2, A S M  Boiler and Pressure Vessel Code: Section V I I I .  Unfired Pressure 
__9 I_ 

Vesselsg R e v i s e m . , -  
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Fig. 10. Tower Suspension Arrangement of Reactor Cooling Water Lines. 



additional hoses and cables a l so  cause a greater  ve r t i ca l  load, a new analysis* 

w a s  undertaken t o  determine the stresses in the  tower s t ructure  mder maximum 
loading conditions, which were assumed t o  be as follows;: 

(1) Reactor assembly weight = 5.5 tons,  
(2) Instrument csrmpadment weigh% = 40 tons, 

( 3 )  Wind veloci ty  = 80 aph.** 
(4)  Weight of two water hoses = 25 l b / f t  (each hose i s  170 f t  long) 
(5) Weight of four e l ec t r i ca l  cablea = 2-75 l b / f t  (each cable i s  170 f t  

long) D 

The msul.ts of t h i s  investigation showed t h a t  the stresses i n  the tower 
s t ructure  would be within the maximum allowed, 

11, REACTOR PHYSICS 

Many of the nuclear character is t ics  of the TSR-I1 have been determined from 
The a series of calculations performed concurrently with the  mechanical design, 

va l id i ty  of t he  c r i t i c a l  mass cabedatdon f o r  the  completely water-reflected 
TSR-I1 fue l  annulus was later ver i f ied  by a preliminary experiment performed a t  
the ORNL Cr i t i ca l  Experiments Faci l i ty .  
coqpletely water-reflected f u e l  annulus t o  inveetigata the temperature coef- 
f'ic:lent of r eac t iv i ty  demonstrated the necessity f o r  performing full-geometry 
low-power experiments (see Section I V )  t o  fimnly establ ish a l l  t he  nuclear 
character is t ics  of the reactor,  This section is  devoted t o  a discussion of the 

calculated parameters with references t o  the results of the  preliminary experi- 
men1;s. 
Corn Pone Code 
in which the Goertzel-Selengut approximation aa.d cross sections from the Eyewash 

Code? are used). 

A second preliminary experiment w3th the - 

"he calculations were performed on the  Oracle computer w i t h  either the  
3 o r  with the Cornwash Code (modiffeation of the Corn Pone Code 

(An exception t o  t h i s  i s  the calculation of the heating in 4 
~ -~ 

#:By John A,  McCarthy, McPherssn Co., Greeneville, South Carolina, and 
F. L. Hannon, ORNL. 

%*Operating procedures require that the  reactor be lowered and stored when 
the wind i s  expected t o  reach 40 mph. 
The Corn Pone (consistent P-1) Code has been described by W. E. Kinney 
e t  a l .  in ORNL-2081, Appl..Nuclear Phys. Ann. 
i n  ORNL-299, Apple Nuclear Phys. Ann. 
0 ~ 1 ~ 2 6 0 9 ,  Neutron Phys. Am. s. 195 , p. 
J, D. Alexander and N. D. Given, A Machine Multigroup Calculation: 
Eyewash Program f o r  Univac, OR.NL-ig-5) e 

3* 
Sept, 10 1956, p.  133; 

Se t, 1, 1957Tb.145; eznd'in 
_1- s_ 

-33-r - - 4. The 
s_ - 



the lead-bora1 region, which was determined by an Oracle Monte Carlo calcula- 

tion.) 
case i n  which a 20-cm-thick light-water shield-reflector surrounds the control 
rod-fuel-lead-boral assembly. 

Except where noted othezwtse, the information presented i s  f o r  the 

Cr i t i ca l  Mass and Reactivity -- 
"he TSR-I1 fue l  elements contain a t o t a l  of 8.1 kg of 835e Both the 

calculations and a preliminary experiment have shown tha t  when the assembled 
fue l  elements a re  completely water reflected, both in te rna l ly  and externally, 
with water a t  7OoFt they are s l igh t ly  subcritical. even i n  the absence of the 
control rods. 

t o  increase the reac t iv i ty  by adding elements, reac t iv i ty  i s  added t o  the 
assembly by displacing the water i n  the in te rna l  re f lec tor  region with the 

spherical aluminum housing fo r  the control mechanism. 
operate within water-filled pockets inside the housing, 
required f o r  the control mechanism i s  f i l l e d  with aluminum i n  which plugs of 
various materials, such as boron carbide or  air, can be inserted t o  adgust the 

reac t iv i ty  (see Fig, 5)  
w i l l  be adjusted t o  a 0.7$&/k excess. 
will be no appreciable burnup of fue l  or  buildup of xenon during the experiments, 

This amount of reac t iv i ty  w i l l  a l so  be sufficient t o  permit a measurement of the 
temperature coefficient a t  powers up t o  100 kw. 

Since the design of the fue l  annulus w i l l  make it impossible 

The control rods 
The volume not 

For the proposed low-power experiments the reac t iv i ty  
L 

This should be suff ic ient  since there  

Control Rod Worth 

A s  discussed i n  Section I, the TSR-I1 i s  controlled by s i x  radial ly  operated 
Each shim-safety rod control rods: 

i s  worth O.329& Ak/k i n  i t s  f u l l y  withdrawn posit ion and 0 ~ 8 3 %  Ak/k i n  i t s  most 
effect ive position. Inserting a l l  f ive  shim-safety rods should, therefore, 
e f fec t  a 2.55$ reduction i n  reac t iv i tyo  
i s  nearly l i nea r  over the operating range. 
which w i l l  operate independently and w i l l  not scram, w&11 be comparable t o  

the  e f fec t  of a shim-safety rod. 

f i ve  shim-safety rods and a regulating rod, 

Figure 11 shows tha t  the reac t iv i ty  change 
The ef fec t  of the regulating rod, 
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Temperature Coefficient 

UNCLASSIFIED 
2-04-060-69 

5 ,  I I I I 

2 3 4 5 6 0 1 
DISTANCE BETWEEN SAFETY RODS AND FUEL (cm OF WATER) 

F i g . l l .  Reac t i v i t y  Worth of t h e  T S R - I I  Sa fe ty  Rods 
as a Func t ion  o f  t h e i r  D is tance  f rom t h e  Fuel Region.  

The resu l t s  of a calculation 
of the reac t iv i ty  of the completely 
water-reflected TSR-I1 fue l  annulus 
as a function of the bulk water 

temperature a re  compared with the 
values from a preliminary experi- 
ment i n  Fig. 12.  

fue l  annulus c r i t i c a l  f o r  t h i s  ex- 
periment the separation distance 

between the upper and lower fue l  
elements was  decreased by 0.5 i n . )  
The calculated reac t iv i ty  change 
as a function of bulk water tem- 

(To make the 

perature fo r  the full-core geometry 

( that  is, the complete core assembly with the control mechanism housing and 
lead-bora1 shield)  i s  a lso shown. 
geometry follows tha t  f o r  the experimental water-reflected case, no excess 

If the  actual  reac t iv i ty  f o r  the full-core 

UNCLASSIFIED 

Fig. 12.  Reactivity of the  TSR-I1 Fuel Annulus with Different 
Reflector Materials as a Function of Bulk Water Temperature 

(Calculation and Experiment ) 
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loading will be required f o r  higher temperatures even thaugJ3 the reactor w i l l  

be protected by a negative temperature coefficient a t  the proposed mean operating 

temperature Of b37OFo It i s  apparent from exanination of these curves, how- 
ever, t ha t  the temperature coefficient of reac t iv i ty  should be measured w i t h  

the  completely assembled reactor before any attempt i s  made t o  specify the  
amount of reac t iv i ty  required fo r  5-Mw operation. 
calculated for a rapid rise in fue l  p la te  temperature before a s ignif icant  
amount of heat can be transferred t o  the water was -4,8 x 10 

A temperature coefficient 

-6 pk /k  per OF. 
Since the calculated temperature coefficient i s  not in agreement w i t h  

%he experimental measurenlent f o r  the s i q l e  case investigated, it is assumed 

tha t  the calculation f o r  the complete reactor i s  a l so  i n  e r ror  i n  magnitude 
but correct i n  trend. On the basis of t h i s  reasoning, the two negative temper- 
atwe coefficients chosen f o r  the  simulated kinet ic  studies presented i n  
Section I V  (dk.28 x 10-=5,Uqk per OF and -6.5 x 10- Ak/k per OF) were both 
larger  than the experimentally observed temperature coefficient,  
measwed coefficient f o r  the full-geometry ease differs from these values 
significantly, the simulated k ine t ic  tests w i l l  be rerun. 

5 

If the 

Neutron Lifetime 

The prornpt thermal-neutron lifetime in the TSR-I1 core is  40 p e e ,  
Assuming a 10-psec slowing-down t h e  resu l t s  i n  a neutron generation t i m e  of 

50 pseco 
the additional time spent by neutrons diffusing i n  the in te rna l  aluminum or  
the  external lead. 

This is a conservative figure because no correction was made f o r  

Void Coefficients - 
Void coefficients f o r  the core were computed from changes in the  multiplf- 

cation constant produced by deleting the water (but not t he  aluminum or uranium) 
from t h i n  spherical  shells of the core. 
meter of a void, a re  shown as a function of the rad ia l  posit ion i n  the core 

i n  Fig, 13. bk/k  

per cubic centimeter of void i n  the core. 

'The resul ts , in  Ak/k per cubic eetnti- 

-6 The volume-averaged mean void coefficient i s  -2,l5 x 10 
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Fig. 13. Core Void C o e f f i c i e n t  as a F u n c t i o n  of R e a c t o r  Radius. 

Thermal-Neutron Flu Distribution - -- 
m e  neutron f lux  distributions in the core were calculated on the Oracle 

computing machine with the Cornwash code for 30 fast groups, one epithermal 
group, and one thermal group. The resulting thermal-neutron f lux distribution 
for a 5-Mw operation is shown in Fig. 14. For this calculation it was assumed 
that the control device was a spherical boral shell positioned 4 cm from the 
inner surface of the fuel annulus. 
neutron distribution in the core will be affected only slightly when the 
external shield and internal reflector are changed. 

The calculations indicate that the thermal- 

Power Distribution and Heat Flux in the Fuel -- ------ 
The results of a Cornwash calculation of the distribution of neutrons born 

in the core during a 5-Mw operation are shown as a function of the distance 
from the center of the reactor in Fig. 15. Again the control device was assumed 
to be a spherical boral shell positioned 4 cm from the inner surface of the fuel 
annulus. From this neutron distribution the power distribution for each fuel 
plate was determined. 
shown in Fig. 16, and cesults f o r  plates in an annular fuel element are shown 

Results for several plates in a central fuel element are 

. 
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i n  Fig, i7. 
the fuel plate.  
i s  shown i n  Fig, 18 ancl t ha t  i n  each p l a t e  of an annular element; i n  Fig. 19. 
The maximum heat f lux a t  5 rJew i s  %cl, 200 Bt'uohr 

i s  26,,000 Btu*hr-l*ftm2. 
plate:, the numerical value of tqhe heat fltus at, a pirat 5s Just  one-half the value 
of t he  power generation,) 

An integration over each Ituel p l a t e  gave the t o t a l  power generated i n  
The t o t a l  power gerserated i n  each f u e l  p l a t e  of a central  element 

-9. -2 
eft, m d  the average heat flux 

(Since heat is  rammed froHl bath sides of each f u e l  

H e a t E r g  i n  the Lead-Bora1 Shield 
_ _ u y -  - 

'.ke gamma-ray heating in the 2-fn.-thick lead shield outside the core region 
was compuxed i n  two steps., 
core-shield interface was first performed. 

depth i n  the  lead was determines by Monte Car90 techniques, 
shown Ln the  histogram of Fig. 20.* A later Monte Carlo calculation has shown 
%he i n i t i a l  values of heating a t  the core-shield interface t o  be too high by a 

fac tor  of 2. 
neutrcin heating. 
114 kw a t  5 Mw. 

A hand calculation of the  gamma-ray heating a t  the 

Then the heating as  a function of 

The resu l t s  are 

The conservative value was used and no attempt was  made t o  estimate 
The t o t a l  gamma-ray heaking i n  the lead was calculated to be 

The heating due t o  neutron absorption in the boralwas calculated t o  be 

26.5 kw a t  5 Kw. 
111. REACTOR CONTROLS AND SAFETY SYSTEM 

The reactor controls and safety system f o r  the TSR-I1 w a s  designed in ae- 

cordance w i t h  the same basic philosophy usea fsr other solid-fuel water-moaerated 
research reactors constructed a t  ORNZ. There are, of coursej many irastrmenta- 
t i on  problems peculiar t o  a reactor tha t  i s  t o  be suspended in a i r ,  but since 
most of these were described in the  safeguard report  f o r  t he  TSR-I (Ref. 1) they 
w i l l  not be repeated here. 

t o  the TSR-II1 however. For example, it w a s  required tha t  the control and safety 
system be designed so tha t  it w i l l  operate whether the reactor i s  i n  a verCicaL 
posit ion o r  a horizontal  position. 
the fLux i n  the reactor by the control rods be as  spherically symmetric as pos- 

sible .in order t o  insure the emission of a symmetrical flux from the surface of 
t he  rei3ctor. 

There are some additional problems which a re  unique 

It; was a l so  required tha t  the perturbation of 

*This analysis was performed when the design of the lead region called for 
two Payers of lead separated by a water layer.  
lead layer  would be approximately the same, however. 

The heating i n  the so l id  
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F i g .  18. Power Generated in Each Fuel Plate of a Centra l  Fuel E lemen t  of t h e  TSR I1 as a Funct ion of Plate No. 
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The control system designed t o  meet these requiremeEts u t i l i z e s  f ive  s h i m -  

safety rods and one regulating rod, a l l  of which a re  contained w3%hin the in- 
t e rna l  re f lec tor  region. 
Section I, a re  actual3.y thick plates  containing boron, move rad ia l ly  within 
water-filled pockets inside an aluminum sphere i n  the in te rna l  re f lec tor  region. 
Four of the shim-safety rods move horizoratalBy and one moves downward, a l l  f i ve  
operating as a uni t  t o  provide the shim-safety rod (coarse control) action. 
The top rod moves independently and serves as the regulating rod ( for  f ine  
control)  e 

These so-called "rods9" which, as shorn i n  Fig. 5 of 

The mechanical construction of a typical  shim-safety uni t  can be seen i n  

the photographs of a disassembled uni t  s%om i n  Fig, 21. 

mechanism i s  more clear ly  presented i n  Figs. 22 and 23. The central  drive shaf t  
rotates  the horizontal worm by means of miter gears, causing the non-rotating 

drive nut t o  move horizontally. The piston, r ig id ly  attached t o  the  rod, 

maintains firm contact with the nut because the hydraulic pressure of the  
water t o  the l e f t  of the piston i s  greater than tha t  t o  the right of the nut, 
This water pressure i s  supplied by a special  pump located on the  reactor tank, 
A s  the  piston and control rod move farther t o  the right, compressing the spring, 

t he  force exerted by t h i s  spring on the rod approaches the  force produced i n  
the opposite direction by the d i f f e ren t i a l  water pressure across the piston. 
A scram i s  triggered by a drop i n  water pressure a t  the l e f t  of t he  piston, 
permitting the spring t o  separate the piston from the nut and drive the rod 
rad ia l ly  outward. 
traverse the nut outward u n t i l  it contacts the piston, a t  which posit ion the 
hydraulic pressure d i f f e ren t i a l  i s  re-established t o  again cause the piston and 
nut t o  cling together and operate as a unit .  The other four shim-safety rod 
uni t s  operate i n  the same m e r ,  the  t o t a l  t r ave l  of each control rod being 
about 2 in.  
force of springs rather than gravity; therefore, scrams a re  independent of the 

reactor orientation. 

l k e  operation of t h i s  

Rotating the drive shaft  i n  the proper direction will 

It should be noted tha t  the scramming motion i s  caused by the  

A prototype of the  control mechanism has undergone a l i f e  test of 5000 

cycles. 
operated less than 2000 times i n  i t s  normal l i f e , )  
on a tes t  stand which was placed i n  a stainless steel  barrel .  

( I t  i s  expected tha t  the control mechanism i n  the TSR-I1 w i l l  be 

The prototype was mounted 

The mechanism w a s  
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Fig. 21. Exploded Views of TSR-II Control Rod Drive. 
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operated a t  twice the proposed frequency in r a w  water which was heated par t  of 
the time. A% various times during the tes% the zycling action was stopped f o r  
b.8 hr ts simulate n o m 1  shutdom. 
clusion of the test. 
ma?x?rials. 

indicated tha t  it had cleaaea the cyluder  wa%; a8 intended. I n  the reactor, 
demine-alized filtered water ell be used, kkdn_12 shcxdii radace the buildap of 
the debris. 

No aoticeab3.e wear w a s  apparent a t  the con- 
Nor were %here ary  signs of d.9ggiag or scoring by foreign 

The wiper ring on %he travelf.-g na% had aec7mulated some debris, which 

Separate water limes lead from a comok? manifold t o  the f ive  independent 
shim-safety rod mechanism. Each l i n e  contains a flow-limiting o r i f i ce  m d  a flow- 
re@dat%ng solenoid-eantrolPed valve which responds $8 ebecLrir; signals from a 
standarc3 magnet amplifier circuit. Whem the solenoid i s  de-energized, an 
internal spring closes the valve (see Fig. 24) e A t  reactor s tar tup the  salenoid 
current i s  a& its maximum and the valve stem, in tegra l  with the solenoid plunger, 
ass~mes the f u l l y  withdrawn position, perxi t t ing about 1-8 gpm of water t o  flow t 0  

%he control mechanism where it Peaks past the loose-f i t t ing piston. 
power inereasee., the solenoid current i s  reduced and the valve opening i s  reduced 
a corresponding amount, resul t ing i n  lower f l o w  and a lower pressure drop across 
the pis tan of the control. mechanism. 
of the maximum permissible reactor power the water flow becomes so res t r ic ted  
%ha% the scr-ng spring overcomes the hydraulic forces on the  piston and dr.ives 
the shim-safety rod outward t o  produce a scram. 
the  solenoid c u r r a t  and hydraulic pressure a t  the reactor console, a monitoring 
feature which contributes t o  the  safe operation of the reactor. 

A s  the  reactor 

The system i s  adjusted so tha t  ad; I50 percent 

The reactor operator may read 

The shim-safety rod drive permits the addition of reac t iv i ty  a t  a r a t e  sf 
0.1% Ak/k per second. 
an addition of 0.025 Ak/k pes second i s  a l so  provided. Full motion of the  

shim-safety rods changes the  reac t iv i ty  a t o t a l  of 2.55% Ak/k. 

For greater opwating convenience, a slower speed giving 

Since the regulating rod operates independently of the shim-safety rods, it 

i s  fastened d i rec t ly  t o  a nonrotating tube which is  concentric with the  geared 
shaft t o  which the f ive  shim-safety rods are  attached. There i s  no quick- 
release scramming mechanism associated with the regulating sod, i t s  only move- 

ment being a slow r i s ing  or  lowering by means of an electric motor drive. Tr,e 
regulating rod has a t o t a l  worth of approximately 0.5% Ak/k and a sens i t i v i ty  
of 0.035 bk/k per second. 
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A signal from each of the five shim-safety rods indicates to the operator, 
by means of panel lights, when the rod is in the fuZly extended (scrammed) 
position. 
Water pressure is supplied to the nozzle by a pwrrp located in the control 
turret, and blocking the nozzle reduces water flow in the line connecting it 
to the pump, thereby actuating a pressure-sensitive seat switch connected 
across the nozzle of that particular control rod. 

The signal is initiated when a tiny nozzle at each rod is blocked. 

Upper and lower limit switches are actuated directly by the rod drives 
to indicate the fully inserted or withdrawn rod positions. 
system is used to indicate the position of the shim-safety rod drive while a 
single synchro indicates the regulaking rod position. 
a magnetic operation in most reactors, is a function of the differential 
hydraulic pressure in this Feactor, and such "clutch" infopmation is indicated 
individually for the five shim-safety rods by five pressure gages located at 
the reactor control console, 

A dual synchro 

Shim-safety rod pickup, 

5 The TSR-I1 safety system is designed so that it shuts down the reactor 
whenever it receives a signal that the power level is too high or the reactor 
period is too short. 
The neutron level is sensed by the three 2-in. PC'P ion chmbers.* 
then Etmplified and presented to the sigma bus which responds to the highest 
amplifier output signal. 
level is too high it causes all magnet amplifiers to reduce the current flowing 
in their respective solenoid-controlled valves and thus a scram is produced. 
Similarly, a period that is shorter than 3 see, Will, by the  period and sigma 

sections of the composite amplifier, reduce the solenoid current and cause a 
scram. 

A block diagram of the primary system is shown in Fig. 25. 
!The signal is 

If any one of these amplifiers indicates the neutron 

The following control and/or safety information i s  presented to the 

(1) The neutron population from source level to full power is obtained 
operator at all times during an operation: 

from a fission chambe+* and associated electronic equipment. 
is presented in logarithmic form and covers five decades from any given 

The information 

5 .  Given in detail in 0rn-2609, Neutron Phys. -7 Ann. Prog. s. Sept. E? -3 1958 
p. 20. 
*Parallel circular plate ionization chambers, designed and built at O m .  
HThis fission chamber was constructed from ORNL design drawing No. Q-2014. 
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position of the fission chambero 
the full range of reactor power, 

The chamber may be moved remotely to cover 

(2) The power level is presented on two channels: (a) A Westinghouse 
WL-6377 compensated ion chamber and a Log N amplifier provide a five-decade 
logarithmic presentation of power level; and (b) a Westinghouse WL-6377 
compensated chamber and a micromierometer provide a linear power indica- 
tion from the limit of compensation of the chamber, approximately lom5 full 
PQWW, up to full power, 

above] which gives d Log N/dt. 

All chambers used in the reactor are sealed and require no purge gas. 

(3 )  Period information is obtained by differentiating the output of 2(a) 

(4) The safety chamber currents may be read from monitor instruments. 

A servo system is provided to maintain the power level at any point 
within the operating rangeo 
Shielding Reactor and the Pool Critical Assembly. 

The servo is of the on-off type used in the Bulk 

Design improvements have made it possible to remove virtually all the 
electronic instruments from the vicinity of the reactor and relocate them in 
the control room. 
the pulse premplifier in the fission chamber circuit, 

The only electronic chassis remaining at the reactor is 

A time delay interlock prevents starting the reactor until the miin 
pump has circulated water through the reactor at full flow for a period of 
3 m5.n. 
such mixing will help smooth out any temperature gradients. 
reduction of main pump flow to below approximately 100 gpm w i l l  produce a 
sera. Likewise, if the emergency pump flow falls below lO*gpm, a reverse is 
produced causing automatic insertion of the control rod. 
minimum water-flow requirements may be bypassed for special low-power reactor 
tests, and the aerial hoses to the reactor may be left disconnected if 

This allows the water to make one complete pass through the system; 
After startup, 

Both of these 

desired, For such operations 
power level from rising above 

an additional control command prevents the 
500 watts. 
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IVo REACTOR SAFETY 

The performance of the TSR-13: safety systerr, has been predicted on the 
basis of three analog compdter t e s t s  simulating the Iseactor kinet ics  and 
heat t ransfer  system. 
of accident considered. The configuration assumed for  these tests included 
the reactor tank and the  associated i n l e t  and out le t  pipes. It did not 
include the  water coolant system external t o  the reactor tank since the 
choice of the  i n i t i a l  conditions for  the t e s t s  precluded the need f o r  an 

an,slysis of the external system. The test  parameters and consitions a re  
shown i n  Fig. 26. 

Each test represents t h e  l imiting case f o r  the ty-pe 

In  the first tes t ,  a simulated rod-drop tes t ,  it was found tha t  f o r  
100-kw operation the safety system i s  capable of reversing a 14.5-msee 
period wfth a power excursion t o  a peak power of 20.2 Mw without the advantage 
of the negative temperature coeff ic iem being considered. By comparison, the 

peak power i n  the Spert I Reactor, 
sa fe ty  mechanisms of water-moderated reactors, was approximately 350 Mw fo r  
a 3.5.8-msec period. 

6 
which w a s  l imited only by the inherent 

The second simulated t e s t  was run t o  determine the e f fec t  of suddenly 
reducing the temperature of the i n l e t  cooling water while the reactor is  

operating a t  a power of 5 Mw, and the t h i r d  % e a t  was carried out t o  determine 
the e f fec t  of a sudden stoppage i n  the water flow, 

i n  the  reactor does not exceed l .O$bk/k,  no reactor excursion could occur 
tha t  would r e su l t  i n  damage t o  the reactor, and i f  the power leve l  i s  limited 
t o  100 kw there would be no afterheat problem and possible meltdown i n  the 
event the cooling water i s  l o s t .  A s  stated previously, the excess f o r  the 
low-power experiments proposed i n  Section V w i l l  be limited t o  0.75 Ak/k. 

It i s  apparent from the resu l t s  of these three tests tha t  i f  the excess 

A more detailed discussion of the three simulator t e s t s  i s  presented i n  
the paragraphs below and i s  followed by a br ief  discussion of the 
coqpared w i t h  the Spert I Reactor. 

TSP-I1 as 

6 .  J. C. Haire, Subcooled Transient Tests i n  the Spert I Reactor 
-’ Data ~0-1634-J~ 

--- - - Emerimental 
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Analog Computer Tests -- _Ip 

Rod-Drop Tes t .  The TSR-I1 rod-drop test  was  performed t o  determine the  - - 
minimum period f o r  which the safet;y syst;en. could reverse an excursion i n  less 
than a three-decade power rlse froa the i n s t m t  the  fnacments  first detected 
the excursion. 
a t  time t = 0 is clanrped i n  -transient a t  a 9ov leve l  represented by a voltage 
of 0,1 t o  0.5 v a  This voltage is proportional. t o  reactor power o r  flux and, 
by proper adjustment of the  computer pa-Pmeters, can be made t o  represent a 

nuclear power, 
the  infomatiean tha t  an ~ X C W S ~ Q C .  is -%n.pprogress, 

the safety system delay, pmvides $he corrective action, and shows the reactor 
behavior, heat t ransfer  characterist ics,  and component temperataxe rises during 
the complete t ransient  e 

I n  the  analog technique used, the reactor simuPa.Gor (computer) 

A t  t = 0 the clamp is rernwed and the  safe ty  system is  given 
simulatfona allows for  

In the TSR-I1 tes t  the i n i t i a l  powec" of O , 5  (Fig. 27) corresponds t o  a 
power of 5 Mw, 

Since the l eve l  sa fe ty  of the TSR-I1 i s  intended t o  actuate a scran a t  
150 percent of the maximum power, the Level sa fe ty  was assumed t o  be 705  Mw, 

A t  7.5 Mw infomation was  supplied t o  %he safe ty  actuator reqilesting a scrm.  

A rilelay of 37 msec in the safety devfce was simulated, during which t i m e  the 

excursion continued m a l b y & .  The corrective actior, was them initiated, 
afiter which the excursion w a s  reversed and the simulated reactor was shut 
down, 
water coolant temperature coefficient, which would only have improved the 

performance of the  safety system, was not considered, 

A three-decade rise than woula yield a peak power sf 5000 Mw. 

Since the test w a s  f o r  the safety system, the  e f fec t  of the negative 

The power excursion curves obtained i n  t h i s  tes t  are shown i n  Fig., 27, 
along with the  safe ty  rod r eac t iv i ty  prof i le ,  
i s  noted alongside each power excursion curve. 

seen tha t  the  TSR-I1 safety system i s  capable of reversing a power excursion 

caused by a 14.5-msec period with a maximum power rise of 2,02 x 10 

the  i n i t i a l  power; t h a t  is, wZth a peak power of 1010 Mw. 

7 .  E, R. Mann and Fo P.  Green, "Analogue Simulation of Corrective Action f o r  
a Nuclear Excursion," Reactor Safety System Response, om-2318, p. 8 3  
(1958) 0 

The associated reactor period 

From these data it can be 

2 above 
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The mean temperatuye increase of the fue l  i~ the amdar elements and the 

temperature rise of the water i n  t h e  amirkar fue; region are shown i n  Fig. 28 

for  each of the power excursions plot,%& i n  Fig. 27. 

FIX the proposed low-power eqe.rim%14s, the level safety w i l l  be set a t  

150 kw. 

be 20.2 Mw. 

peak power for ~ X C L P S ~ C ) ~  Caused by a I h * 5 - ~ e c j  period thein w o d d  

"Cold-Water Slugging" Test. Because of the negative coefficient of re- -- - 
a c t i v i t y  of the  TSR-11, an analog simulator test  was performed t o  investigate 
the e f fec ts  of a sudden drop i n  the reaetm i n l e t  cooling water temperature. 
Figures 29 and 30 show the  effects ox? the reaclor paver and temperature of" 
suddenly changing, within 0.5 sec, the i n l e t  cooling water temperature from 

145.8'F ta 32'F while the reactor is  operating a t  5 Mw. 
assumed coefficient of -4.28 x lo-'& k/k per 
assumed coefficient of -6.5 x 
incl-uded i n  the simulation. 
pernlitt ed e 

Figure 29 is  f o r  an 
0 F and Fig. 3Cl i s  f o r  an 

k/k per OF. Prompt gamma-ray heating was 
No safety rad action or control sod action was  

The simulation has no va l id i ty  i n  the  cross-hatched areas of the f igure 
since no attempt w a s  made t o  simulate boiling conditions within the reactor. 
An a.ssumed pressure of LO psig w a s  used t o  calculate the boi l ing temperature 
of ;?JgoF. 

The "cold-water slugging" analysis w a s  carried out without actuating the 

safe ty  system. 
f o r  the safe ty  system t o  shut the reactor down before the fue l  temperature 
r i s e s  appreciably since the  safety system can complete i t s  action i n  less 
than 1.50 msec (Fig. 27). 

It should be noted tha t  there i s  far more than adequate time 

Water-Flow Stoppage Test .  Mechanical conditions; inherent i n  the design -- - 
of t h e  TSR-II cooling water system prompted a t e s t  t o  determine the e f fec ts  of 
a sudden stoppage of the coolant water flow. Figure 31 shows the results f o r  

an assumed temperature coefficient of -4.28 x 10 d k/k per OF, 
ray heating w a s  again included i n  the simulation, and no safe ty  or control, rod 
action was permitted. 

-5 Prompt gamma- 

The sirnulatian included on ly  the  amula r  f u e l  region 
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UNCLASSIFIED 

Fig.  30. Effect  on Reactor Power and Temperatures of Reducing the Inlet  Water Temperature from 
145.8’F to 32OF (Temperature Coefficient = 6 . 5  x 10’’ A k / k  per OF). 

i 
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of the reactor since this  i s  where the highest temperatures are most l i k e l y  

t o  be located, 
area i n  Fig, 31. 
shut the reactor down before any appreciable change occurs i n  the temperature 
p ro f i l e  

Again the simulation has no va l id i ty  f o r  the cross hatched 
A s  before, the test showed tha t  the safety system could eas i ly  

Comparison of TSR-I1 t o  Spert I Test - -- 
The excess loading of 0.7$Ak/k t o  which the  TSR-I1 w i l l  be limited f o r  

the low-power experiments f a l l s  w e l l  below the 1.546 bk/k where i n s t a b i l i t i e s  

became evident with saturated water conditions i n  the  Spert I Reactor, 
subcooled Spert I tests, however, provide an additional basis for evaluating 
the  effectiveness of the TSR-I1 safety system i n  l imit ing an excursion. For 
a 50-psec prompt thermal-neutron generation t i m e ,  which i s  the genepation t i m e  
i n  both the QePt I Reactor and the TSR-11, the stable period for  a reac t iv i ty  
inser t ion of Oe7$4k/k is  25 mec.  
period resulted i n  a maximum power of approximately 110 Mw, and nei ther  the  

pressure nor the  temperature rise was suff ic ient  to cause damage t o  the core. 
For a 20.0-msec s table  period i n  the  simulated 100-kw TSR-I1 rod-drop test, 
the safety system l imited the excursion t o  approximately 3.3 Mw (Fig, 27), 
which is  more than a factor  of 30 lower i n  peak power than tha t  observed i n  

the Spert I Reactor. 
lower. 

examined was 14.5 msec. 
20.2 Mw. 
was appr6ximtely 350 Mw, which is very close t o  a fac tor  of 17 higher, 

8 

The 

I n  the unlimited Spert I tests, a 23-msec 

- 

Maximum temperatures and pressures are correspondingly 

I n  the simulated TSR-I1 rod-drop test the minimum period which w a s  
For a LOO-kw operation t h i s  gave a pe& power of 

I n  the Spert I Reactor tests the peak power f o r  a 15.8-msec period 

V. PRWOSED LOW-Po;JER EXPERIMENTS 

A s  mentioned previously, several  low-power experiments with the TSR-I1 
core assembly w i l l  be required before the nuclear character is t ics  of the 
reactor can be firmly established. The i n i t i a l  experiment w i l l ,  of course, 

be performed t o  determine the c r i t i c a l  condition of the reactor and t o  test 

b- 

8, S. Q. Forbes, F. Schroeder, and W. Me Nyer, Nucleonics 15, No0 1, 41 
0957 ) 0 



the safet,y system9 after whit& %he ar;iJust;nerxt t o  :he 0,746 dk /k  excess re- 
quired for  the remaining e;c;i?eririen%s can be m&. ExperEmenC,s %c calibrate 
the  control and safety rods9 $2 measure %he bulls temperature caeff ic ient  ef 

re~3,~S;t~F"t;~ $0 d e t e m n e  the .;iDEd : ~ e f f i r t e ~ t > ~ ,  w i l l  them be c;Lrpied 

out. 
A l l  of the proposed experiment& w L l  be p"Pfc.rmed a$ %ne Tower Shielding 

Faci l i ty .  
m m t  @if the experiments w i l l  be carried. oct 8% 8 power considerably lower 
-khan $00 kw. 

A power of LOO kw wTPl be required fo r  some operations, although 

The t o t a l  operating t i m e  a& 100 kw w l f l l  not exceed 500 far. 

The varisus expe-PbmellCs are described briefly 2.r; the fcrll6~wfn.e; 
paYagraphs. 

Rea c s t i v i t y  AdJ ustment - 
Since 2% w i l l  not be necessary for the water coolant t o  flow through 

t h e  core assembly during the i n i t i a l  low-power c r i t i c a l  eqerimen-t, the 

aseembhy w i l l  not be mounted i n  t h e  TSR-I1 reactor %a&. 

elementsg in te rna l  reflector,  and. control system w i l l  be supported 'by the 

central  cylinder i n  an open-top tank tha t  can be slowly f i l l ed  with water. 

"ke lead-boPal shield will receive separate support from a stand i n  the 
tank. The water f o r  the  controls w i l l  be obtained d i r ec t ly  from the ex-peri- 

mental tank so tha t  the water leve l  i n  the tank w i l l  rsmiw. constar&, Watm- 
w i l l  be circulated through the control mecharzism a t  approximately 8 g p ~ .  

Instead, t h e  fuel 

The experimental tank w i l l  be a 4-ft-dia s ta in less  steel cylinder placed 
about 5 ft above the f loor  of the drained 25-ft-deep reactor hana ing  pool 

as  shown i n  Fig. 32. Water w i l l  be provided f o r  the experiment i n  a second 
tank which w i l l  be placed at a lower l eve l  i n  the pool than the experimental. 
ta&, 

quantity of water it contains can be made at  any td..xne. "ke water w i l l  be 
transferred t o  the  experimental tank by a constant displacement pump, the 

wal;er leve l  i n  the experimental tank being observed contiqususly through 

closed-circuit TV cameras with additional monitoring by a float-actuated upper 
anti lower l eve l  indicator. 

This second tank w i l l  be equipped so tha t  accurate measurements of the 

Automatic dunping of the water from the  tank dll 
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be in i t i a t ed  e i ther  by a Ezvel s c s m  x by a peyiod ~ ! c P ~ ,  

danger of the handling pool. bei:bg a?c:iijental’ly fS1Led w i t h  water during the 
experiment since the  drains wiLL be lscked gpen. 

6 in .  /hr, whereas the  drafnlng rate is abouc i ft/m;in. 

(There w i l l  be no 

The maximum f i l l i n g  r a t e  i s  

The procedure used f o r  the i n i t i a l  critical EQading w i l l  follow %he 
technique employed ad the QRKL C ~ i t i c : s l  Experiaen%s Fac-Plf%y, Before the fue l  

i s  loaded, the control and safety systems will be Inata%f_ed i n  a f u l l y  operat- 
ing condition, The reactor core w i i l .  %ken be iompletely assembled i n  the 
drained experimental tank, and add i t im&l  lola- level ehabers ,  which w i l l  be 

connected t o  the safety syxtsn, w l l i  be pi38 r d  zea- the core, Operation 
of the chambers w i l l  be checkad 132 p a ~ a f f 2 ~ 1  ~ 5 t h  a Po-Bz &.jurce, af%er which 
the source w i l l  be moved t o  a posit ion 8djwen-t t o  the Piel elements, 

dunrp va.l.ire i n  the experimental tank will then be elased and a small amount of 

water w i l l  be pwrped in to  the tank. 

elements.) 
and the operation of the mechanisms will be chscke8, !&e xmt ro l  and shim- 

safety rods w i l l  then be withdrawn halfway, and the  water required f o r  the 
c r i t i c a l  experiment w i l l  be pumped i m o  the %a&, 

The main 

(TkLe water l e t e l  w i l l  be below the  fue l  

The pump t o  operate the control mechanisms will then be dtarteci, 

A 5  the  water leve l  i n  t i e  experimental tank ~ i s e s ,  %he change i n  the count 
ra te  from the f i s s ion  chamber will be observed continuously. 

not anticipated that; the reactor w i l l  become c r i t i c a l  before the water f f l l s  the  

tank, provision f o r  rapid reduction i n  eri t icaL%t,y i s  prsvfaed during this period 
by -‘,he large dump valve a t  the  b o t t m  of the exyerimental tank, 
of 1:he water i n  the tank i s  approximately 20 cm above the core assembly, t;ke 

shirn-safety rods will, be camful ly  witharam t o  t h e  c r i t zca l  posit ion,  
c r i t i c a l i t y  point, w T l l  be  checked by obtaining two p’swer levels f o r  the same 

posit ion of the rods. When it has been established +,hat the reactor and i t s  

controls a re  operating sa t i s fac tor i ly ,  the pmer l e v e l  will be raised slowly t o  
test  the leve l  scrams, which w i l l .  be s e t  at, the  lowest; p rac t ica l  l eve l ,  

Although it i s  

When the leve l  

!The 

If i n  the f i rs t  attempt it i s  not possible to reach, c r i t i ca l i t y ,  some of 
the so l id  aluminum plugs i n  the control mechanism housing i n  the  internal. 
re f lec tor  region (see Fig. 5 )  w i l l  be replaced w i t h  afr-f i2led plugs t o  
increase the reactivity,  and the approach Lo c r i t i c a l i t y  w i l l  be repeated as 



53 

described above. 

reactor i s  more than the 0,7$ Ak/k required for  the low-power experiments, 
i n  which case some of the so l id  al,&num plugs i n  the  control mechanism 

More probably, it w i l l  be found tha t  the  excess i n  the 

housing w i l l  be replaced with boron-loaded pluge. Before any plug exchange 
can be made, however, the experimental tank w i l l  have t o  be drained and the 

upper fue l  elements and control hsusing removed from the  assembly, It w i l l  
then be reassembled f o r  another c r i t i c a l  experiment, 

Regulating sp Rod Calibrations 

The regulating rod w i l l  be calibrated with the core assembly s t i l l  i n  
the experimental tank by taking period meaBwpements For a given rod movement 
and then calculating w i t h  the inhour equation the reac t iv i ty  worth of that  

movement of the rod, 
f u l l  t r ave l  of the r e m a t i n g  rod w i l l  be calibrated,  

By adjusting the posit ion of the shim-safety rodsd the 

Shim-Safety Rod Calibration Excess Loading Measurements - . 
1 

Since it i s  not possible t o  move the shim-safety rods independently, the  
calibration of these rods must be done by two differen% methods t o  cover the 
en t i r e  rod t rave l ,  The worth of the shim rods from the c r i t i c a l  posit ion t o  
t h e i r  f u l l y  withdrawn position, and a l so  the excess loading of the  reactor, 
w i l l  be measured by adding solutions of boric acid t o  the  experimental tank. 

A known amount of boric acid solution of a specified concentration w i l l  be 
placed i n  a known volume of water i n  the supply tank, 

thoroughly mixed the solution will be pumped in to  the eqerimental  tank and 
the control rods will be wi%hdrawn u n t i l  the reactor i s  c r i t i c a l ,  The process 
w i l l  be repeated f o r  several  rod positions u n t i l  the  reactor is  j u s t  c r i t i c a l  
with the rods completely withdrawn, 

will be calculated from the change i n  thermal u t i l i za t ion  within the  core, 

and the excess k of the reactor w i l l  be equal t o  the in tegra l  of the 

measurements. 

After it has been 

The reac t iv i ty  f o r  a given rod movement 

Since a l l  rods are ganged together, it will be necesary t o  remove a11 but 

two of the rods from the system i n  order t o  cal ibrate  them over t h e i r  f u l l  

t ravel .  Boric acid solution will again be p q e d  in to  the experimental tank 



rads coqletely withdrawn. The safe%y rods w i l l  t&en be calfbra7;ed v e ~ s u ~  t h e  

regulating rod to within approximkely 112 CK 02 their fu2.E travelo The worth 

and the  automatic water daunp valve w i l l .  be avall.ab1e f o r  an emergency shutdown 
should orre become neceh;swyo 

Meaeuremerrts of Void Coefficients - -- 

foam and observing the reactivity charge with ruci positions. 
will remain in the experimental tank for these measurements. 

'Phe core assembly 

Measurement of Temperature Coefficient - 
For the measurement of the temperature coefficient of reactivity a heater 

and an agitator w i l l  be placed in the water st the eqerimental tank, and the 
regulating rod position will be measured as a Ewictlsn o f  the temperatare of the 

core. The core temperature will be detemdneia Ssarr thermocouple measurzmenk? -2 

seveml locations in the fuel elements. The. tempe~aTiure coefficient can then t e  

detemdned from the control rod calibrations and the o%semed temperatures. 
It w i l l  also  be necessary to deteraim the effect cm. the reactor cperaticsn of 

a temperature gradient through the coree llhfs w i l l .  be &served in later t e s t s  

after the core assembly has been placed in the reactor fank. 

operated at powers up to 100 kw and the caoling m3er mlL Elm zhrough the reactor 

at a l o w  rate. 

!&e reactrar w i l l  be 

Determination of the Effect of Adding Reactor Sbie3ds -- 
During some of the shielding experiments at t he  TSF the TSR-11 w i l l  be c ~ % i i 3  

in spec5ally designed shields. Since each stielcl may affect the opera%ion of 
the rea.ctor differently, two low-power experiments w i l l  be perfanned wi%b the 
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TSR-11 in a shield. 
reaetm tank, which w i l l  stay positioned in the experimental tank. 
men$ the effect sf a water shield w i l l  be detemned by observing changes in the 
reactivity as water is pumped into the experimenta9 tank to a level approximately 
20 em above the core. 
effect 0% a lead and water shield. 
experimental tank around the reactor tank to a height approximately 20 @m above 
the top of the core, and changes in reactiviky will be observed as water is 
pumped i n to  %he tank to the same height as the lead. 

For these experiments the core assembly w 3 l l  remain in the 
In one elcperi- 

n e  second experimen% wiU be performed to determine the 
Small lead cylinders w i l l  be poured in the 

The resulting shield wil l  be 
505 lead &rad 50s Water, which is the same Psad-water ratis used in the specfally 
designed TSR-I1 beam shield (see Fig. 8). 

Measurements of Flux Distribution and Leakage Speckra -- - 
Measurements of the thermal-neutron flux distribution in the core W l l b e  

made with the reactor encased in the TSR-I1 beam shield. The flux distribu- 
n 

8 tion w i 1 1  be determined by the neutron activation of foils tha% will be insert& 
in the fuel elements with a f o i l  stringer. 
first low-power ( N 1-watt) m s ,  and cobalt foils will be used for higher powers. 

The spectnun and intensity of the leakage radiation from the beam shield 

Gold f o i l s  will be used for the 

as a function of direction from the reactor w i l l  also be measured during the 
low-power experiments. 
which the reactor is intended. 

This information is needed in the shielding research f o r  

VI. WERATING PROCEDURE 

"he same procedure used for operating the 700-kw TSR-I will be used for 
the TSR-I1 (see F. N. Watson et al., Manual of Routine and Emergency Operating 
Procedures s_-- for the Tower Shielding Facility, ORML-CF-57-11-39]. low-power 
experiments proposed in this report will at all times be directly supervised 
by an engineer or scientist experienced both in reactor operation and in the 
performance of critical experiments. 
w i l l  be present during the critical experiments, and one additional technical 
person w i l l  be on duty during n o m 1  operation. Reactor and hoist operation wi l l  

be limited to technical persons who have been qualified by experience or training. 
Skilled technicians and electronic specialists W U  complete the staff. 

- - 

Two additional experienced %echnicab persons 



Although the proposed TSR-11 experiments w i l l  be performed i n  the 
handling pool, the pool w i l l  be drained; therefore, a l l  operations must be 

t rea ted  as in -a i r  operations. That is, a l l  persons present must be inside 

the shielded underground building before any operation beginso 

n 
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