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The Argonayf Reactor 

The expansion of the nuclear field at Argonne National Labora tory 
has c lear ly indicated our need for a low level supplementary reactor 
facility. In designing a r eac to r to fill these requi rements , we considered 
the probabil i ty that such a r eac to r might also be of in teres t to univers i t ies 
engaged in a p r o g r a m in the nuclear sc iences . Recognizing the importance 
of the cost aspec ts of such a p rogram, we have designed to a cost goal 
which we feel is compatible with safety and flexibility of use . This reac to r 
is hereinaf ter r e f e r r ed to as the Argonaut, and is now in the tes t s tage. 

The reac to r is a t he rma l heterogeneous type, with an annular core , 
with in ternal and external re f lec tors , and with water moderat ion. The 
max imum flux is about 5 x 10^^ neutrons per cm per sec at a power level 
of 10 kw. The cr i t ica l loading is about 4 kg of U^^ .̂ 

The Argonaut lat t ice is basical ly a cube of graphite 5 ft by 5 ft by 
4 ft high, containing a central ly located water annulus 2 ft I.D. by 3 ft O.D. 
by 4 ft high formed by tAvo concentric aluminum tanks . A 2 ft diameter 
in ternal graphite ref lector is thus formed and contains a center hole plus 
four additional holes around the per iphery . These ports may be used as a 
locus for Pi le Osci l la tor Measurements and Danger Coefficient Exper i ­
m e n t s . This internal reflector plug is removable and may be replaced by 
a portion of a la t t ice a s sembly for internal exponential exper iments . The 
top of the r eac to r mus t be access ib le for loading of fuel a s sembl ies , for 
inser t ion of experi inents in the center reflector, and for the possible 
placement of an external exponential assembly . Therefore, this a rea is 
kept free of control m e c h a n i s m s . Against one face of the graphite lattice 
is a graphite t he rma l column 5 ft wide by 5 ft long by 4 ft high, containing 
15 horizontal exper imenta l p o r t s . Opposite to this face on the other side 
of the lat t ice is a mobile flat bed t ruck to which is assembled a demount­
able water tank 4 ft wide by 6 ft long by 3-1/2 ft high. 

This tank may be used for shielding studies using aqueous media, 
or, by renaoving this tank, solid ma te r i a l s may be stacked on the bed of the 
t ruck for tes t ing . Concrete blocks a r e stacked against the remaining two 
lat t ice faces, each of which contains an additional experimental por t . The 
Argonaut r eac to r , therefore , contains a total of 22 experimental por t s , five 
of which a r e ver t i ca l and 1 7 of which a r e horizontal . 

The a r e a direct ly over the lat t ice is shielded by a 5 ft square by 
1 ft high steel box containing a removable plug located directly over the 
in ternal graphite ref lec tor . Adjacent to this plug a r e additional removable 
plugs which provide a p e r t u r e s for the inser t ion of fuel a s sembl i e s . This 
ent i re steel box, including the plugs, is filled with heavy concrete . For exper­
iments a th igher power, additional ordinary concrete br icks will beused to 
supplement the heavy concrete shield. A jib crane of 3-ton capacity with a 
boom a r c of 15ft is provided for the removal of these shielding components. 
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The upper shielding over the lat t ice and shield tes t facili ty is sup­
por ted by a s t ruc tu ra l assembly formed by bolting together 6-in. wide 
flange aluminum b e a m s . In addition, a five foot square by 1/2 in. thick 
aluminum plate is bolted over the la t t ice , and 6 in. by 6 in. wooden beams 
are mounted over the water shielding tes t tank. This forms an adequate 
s t ruc ture which may be assembled with the s imples t of tools , yet one 
which may be dismantled with ease if, at some la te r date, it is n e c e s s a r y 
to move the r eac to r . The column loading at the four inside columns is 
10,000 pounds per column, and at the two outer columns is 4700 pounds 
per column. The maximum bending s t r e s s on the hor izontal beams is 
7000 ps i . The floor loading aside from the column loads is 1500 psf. 

The moderat ing water is contained in an annulus. There a re ap ­
proximate ly 190 fuel plates a r ranged in 1 2 c lus te r s which a r e separa ted 
by graphite segments . This graphite is waterproofed by spraying with 
Krylon Aluminum Paint . The fuel plates a re 2-27/32 in. wide by 24 in. 
long by 0.096 in. thick, and a re made of 40 weight %, UjOg (20% enriched) 
in an aluminum mat r ix . The source is an antimony plug inse r t ed in a 
beryl l ium cube, and is moved into the fuel zone by an e lec t r i c d r ive . 
The source is capable of 10 neutrons per second. 

At an allowable short t e r m power level of 10 kw, the heat gene ra ­
tion is about 50 watts or 170 BTU pe r hour pe r p la te . Heat removal i s 
accomplished by circulat ing water between the fuel p l a t e s . At the max i ­
mum power level the c i rculat ion rate is about 6.5 gpm. The water sys tem 
contains a l / 4 - H . P . , s ta inless s teel centrifugal pump (capable of 20 gpm 
against a 14-ft head), a 34,000-BTU s ingle-pass shell and tube s ta in less 
s teel heat exchanger (containing 4.3 square feet of surface) , a 3-kw heater 
for modera tor t empera tu re control , suitable solenoid va lves , s t r a i n e r s , 
check valves, 1-in. aluminum line piping, and finally a 275-gallon dump 
and make-up water tank. A 5-gph labora tory ion exchanger is supplied to 
provide water of adequate pur i ty . A utility t r ench located under the r e a c ­
tor tank contains the dump line, cooling water l ine, gas line and e lec t r ic 
l ines . This t rench t e rmina tes in a 7 ft wide x 11 ft long x 4 ft deep covered 
utility pit . Thus, all the above elements a re eas i ly access ib le for s e r v i c ­
ing. The pit cover may be locked to prevent access to this a r e a by un­
authorized p e r s o n s . 

The dump line is a 6-in. aluminum pipe located d i rec t ly under the 
main reac tor tank and t e rmina tes in the utili ty pi t . The t e rmina l end of 
the dunap line is connected to a 6-in. rubber- l ined, e lec t r i ca l ly operated, 
butterfly valve which is held closed by a magnetic clutch. A weighted 
lever a r m opens the valve when the clutch is de-energ ized , emptying the 
water into the duinp tank. Loss of modera tor effects posit ive shutdown. 

Control is obtained by conventional absorbing m a t e r i a l s located 
next to the core in the outer ref lector . There a re now four types of con­
t ro l devices under t e s t . They a r e : 
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1. Gravi ty-actuated rods replacing the graphite ref lec tor with a 
cadmium-plas t i c abso rbe r . This is opera ted by a winch type 
of mechan i sm. 

2. Same rod as No. 1, except the actuator is a magnet ic jack. 

3. Cadmiuin p la tes r iveted to a clock spr ing . This is opera ted 
from a drum mechan ism s imi la r to a window shade. 

4. Void control , using a vacuum pump to move D2O into the con­
t ro l zone. 

A supplementary safety sys tem is provided by effecting a rapid de­
c r e a s e in modera tor bulk density by introducing bubbles . This is done by 
injecting ni t rogen gas through a quick-opening valve s imultaneously with 
the operat ion of the 6-in. dump sys tem. This gas line is made to fail safe 
by using the ni trogen p r e s s u r e to close a normal ly open naercoid switch in 
the inter lock sys tem. Thus, two completely independent systenas effect the 
shutdown. 

The reac tor is contained in a prefabr ica ted meta l building 40 ft by 
60 ft with 21 ft head room from the floor to inside the r idge . The util i ty 
r equ i rements a re water at 2 gpm at a t empera tu re of 75°F., and 40 kw of 
110-v. A.C. single phase e lec t r ic i ty . 

The design as descr ibed has been developed on the "do-i t -yourself" 
philosophy, using a min imum of skilled help for the e rec t ion and t ryout . 
Exclusive of fuel charges and e rec t ion cost , this r eac to r may be built for 
| 1 0 0 , 0 0 0 . 
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The figures in this book a r e intended to supplement the general de­
scr ipt ion of Argonaut given in ANL-5647, ANL-5552 and in Nucleonics 15 (3), 
62 (1957). A complete descr ipt ion is in preparat ion as ANL-5705. This 
m a t e r i a l is published now for the information of those who may have an 
in t e re s t in constructing Argonaut r e a c t o r s , or supplying components for 
them. 

Descr ipt ive Drawings 

FIGURE 1 (RE-1-17500-D) ARGONAUT REACTOR AND BUILDING 
This key drawing shows the locations of the r eac to r , work a r ea , 
pit, t r enches , and control console a rea in the bmlding. The posi ­
tions of the lat t ice and shielding a r e indicated for c lar i ty . 

FIGURE 2 (RE-1-20605) HORIZONTAL SECTION A-A This figure 
is taken through the r eac to r at the top of the f irs t level of shielding 
blocks, locating shielding, graphite reflector and thermal columns, 
s t ruc tu ra l a s sembly and the i r radia t ion facility. 

FIGURE 3 (RE-1- I7598-E) STRUCTURAL ASSEMBLY This shows 
the supporting beams , cover plate and shielding over the i r r a d i a ­
tion facility; methods of construction and ma te r i a l s a r e indicated. 

FIGURE 4 (RE-1-20634-C) IRRADIATION FACILITY ASSEMBLY 
This figure indicates components and working c learances within 
the a s sembly for conducting exper iments . 

FIGURE 5 (RE-1-20606-E) HORIZONTAL SECTION B-B This fig­
u re is taken through the reac tor at the top of the second level of 
shielding blocks. This section locates the l iners for the horizontal 
beam holes and can se rve as a general plan of the reac tor core and 
r e f l ec to r s . 

FIGURE 6 (RE-1-17507-D) REFLECTOR GRAPHITE ASSEMBLY 
This drawing indicates the configuration of the 4 in. square graph­
ite that was used to construct the Argonaut ref lector . It should be 
noted on this and the following drawing that l a rge r s izes of graph­
ite block a r e under considerat ion as being preferable . 

FIGURE 7 (RE-1-17617-D) THERMAL COLUMN ASSEMBLY This 
assembly shows the location and construction of the fifteen (15) 
s t r i nge r s and the t he rma l column assembly . It should be noted on 
this drawing that l a r g e r s izes of graphite block a r e under cons ider ­
ation as being p re fe rab le . 

/f 

FIGURE 8 ( R E - l - 1 7 6 3 i - C ) HORIZONTAL PLUG AND FOIL HOLDER 
This figure indicates plugs for beam holes extending to the r eac to r 
tank. 

FIGURE 9 (RE-1-17771-C) INTERNAL THERMAL COLUMN This 
drawing indicates cen t ra l thimble with inter lock and the four (4) 
rec tangular s t r i n g e r s . See descript ion of F igure 6 concerning 
graphite module. 

FIGURE 10 (RE-1-17774-F) FUEL, ANNULAR REFLECTOR AND 
GAS SPARGER ASSEMBLY This drawing indicates the fuel and 
graphite a r rangement in the annulus. The gas spa rger heads and 
piping for the spa rge r s a r e shown. 

FIGURE I I (RE-1-17751-C) FUEL ASSEMBLY This is the Mark I 
Fuel Assembly now in u se . This and the following figure a r e sub­
ject to revis ion according to the method of handling adopted. 

FIGURE 12 (RE-1-I7753-B) ARGONAUT FUEL PLATE - MARK I 
This figure shows plate as reworked for the Mark I a s sembly . 

FIGURE 13 (RE-1-20571-D) DRUM TYPE CONTROL ROD MECH­
ANISM The drawing shows the major components of the control 
mechan i sm. 

FIGURE 14 (RE-1-20588-C) CONTROL ROD The actual size of 
cadmium and method of at tachment for the drxim control rod is 
shown on the drawing. 

FIGURE 15 (RE-1-20607-D) NORTH-SOUTH ELEVATION "C-C" 
This figure is an elevation taken through the pit , t rench, and r e ­
ac tor , showing the piping and the fuel t r ans fe r tools in place on 
the top Shield Box Assembly . 

FIGURE 16 (RE-1-17686-D) ARGONAUT PIPING ASSEMBLY This 
i s an i somet r ic drawing of the piping and i ts location in the r eac to r . 
A description of the various units is included. 

FIGURE 17 (RE-1-20608-D) EAST-WEST ELEVATION "D-D" This 
figure through the ver t ica l center l ine of the r eac to r locates the top 
shield box assembly (RE-1-17761-F) and source drive unit 
(RE-1-17643-D). 
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FIGURE 18 (RE-1-17643-D) SOURCE DRIVE This shows the major 
components and the space requ i rements of the source assembly . 

FIGURE 19 (RE-1-17761-F) TOP SHIELD BOX ASSEMBLY This 
drawing indicates the removable center plug section which can be 
posit ioned as requ i red for fuel removal . 

FIGURE 20 (RE-1-20609-C) CONCRETE BLOCK SHIELDING AS­
SEMBLY This figure is a key for the detailed shielding drawings. 

FIGURE 21 (RE-1-176I0-E) LAYER #1 SHIELDING BLOCKS This 
drawing shows the configuration of shielding in relat ion to the major 
r eac to r components which is c a r r i e d out through the other l a y e r s . 

FIGURE 22 (RE-2-20633-C) ARGONAUT ELECTRICAL EQUIP­
MENT LOCATIONS This drawing is a m a s t e r key to all the 
e lec t r i ca l \inits that a r e used in the r eac to r operation and control . 

FIGURE 23 (RE-2-20570-F) ARGONAUT CONTROL CONSOLE 
ASSEMBLY This figure r ep re sen t s the control console desk, s e ­
quence panel and ins t rumentat ion rack cabinets . The operation and 
control of r e a c t o r i s conducted from this a r e a . 

FIGURE 24 (RE-2-17796-F) ARGONAUT MASTER CONTROL 
PANEL WIRING This figure indicates the wiring from the control 
console to the var ious units within the reac tor and pit. 

FIGURE 25 (RE-2-20536-F) ARGONAUT CONTROL CIRCUIT -
PART I Schematic drawings showing complete e lec t r ica l ope r ­
ations of the r e a c t o r . 

FIGURE 26 (RE-2-20537-F) ARGONAUT CONTROL CIRCUIT -
PART II Schematic drawings showing complete e lec t r ica l oper ­
ations of the r e a c t o r . 
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COST INFORMATION 

FIGURE 27 (RE-1-17500-Supplement, Sheet 1) ARGONAUT 
REACTOR COST SUMMATION 

FIGURE 28 (RE- l - i7500-Supplement , Sheet 2) ARGONAUT 
REACTOR COST SUMMATION 

FIGURE 29 (RE-1-17500-Supplement, Sheet 3) ARGONAUT 
REACTOR COST SUMMATION 

These F igures 27, 28 and 29 show all the units requ i red for con­
struct ion and a break down on thei r cost . Labor and m a t e r i a l a r e shown 
in separa te columns when the unit was fabricated in ANL Central Shops, 
and is indicated by the prefix S. O. xxxx. Pu rchased pa r t s a r e noted in 
the P . O. column. 

FIGURE 30 FOOTNOTES OF THE ARGONAUT REACTOR COST 
SUMMATION 

MISCELLANEOUS 

FIGURE 31 (RE-8-20646-C) FLOW DIAGRAM 

FIGURE 32 (RE-2-20651-C) PICTORIAL DIAGRAM OF ARGONAUT 
INSTRUMENTATION 

FIGURE 33 (RE-6-20640) ALTERNATE SHIELDING ARRANGE­
MENT NO. 2 This method uses s tandard solid concre te building 
blocks. 

FIGURE 34 (RE-6-20641) ALTERNATE SHIELDING ARRANGE­
MENT NO. 3 This is a m.onolithic concrete construct ion. 
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• 'X. 
FOOT NOTES 

(OUTSIDE QTOTATIOMS) 

1^ S t ruc ture Assj^ RE-1-17598-E, Heq« # 3 6 0 1 ^ ^ $855.61 
BIDDERS 

Schelm BrothCT's 
Chicago Boiler Comiany 
Sherman Reynolds Company 
OaM.ey Comi»iy 
Chicago Metal Mamafacturing Gom^ny 
A n i s Chalmers Company 

2» Reactor Tanks Otiber and Inner BE-1-176C^E & 
RE-l-1762k-B, R ^ ^ 35901+7. $832.54 

Bin iRS 

Cherry B m r e U Compaiy 
S# BlickmaQ, Incorpsrated 
Schelm Brothers 
Process Equipaent Company 
Aliminum Com^ny of America (NO BID) 
Stacy Manufacturing Company (10 BID) 

3# 6" Dimp Valve (Less Opa*ator) R&.1-17655 -
P , 0 . 193857 - Pr ice $167#00. 

6« Dtmp ValTe Assy^ RE-1-17655, Req^ 360062^ f?606^00 

BIDDmS 

Boyar Schultz Com^ny ( l e s s val-re) 
Lay Strom Mfg# CoEiiany ( l e s s valve) 
General MiUs Company (time and mate r i a l only) 

MO BIDS OR BIDS OFFHIIHG SIBSTITOTES ON DUMP VALVE 
FROM FOLMmiGi 

. toer ican Bosch, Arma Division 
le iapai i th Machine Company 
l o r t hwes t em Tool & Eng# Company 
Acme I n d u s t r i a l Comjany 
Cook E l « t r i c ComiBiy 
Merz Ifachine & Tool Tforks 
Johnson C o l o r a t i o n 
R# G# temrence Compaiy 
Associated Valve & Eng® Company 
S® Morgan & i t h Comiai^r 
Ever las t ing Valve Compaiy 
?/# P® Nevins Comiany 
A l l i s Chalmers Company 

Ryggles Lingenan Mfg# Compaiy 
Davis Regulator Company 
McRae Corpjrat ion 
Meters & Controls 
Akomatic Valve Company 
HamnBl-Dahl Valve Company 
Automatic Switch Company 

ll^ Dianp Tank Assy# RE-l-2053l|-B, Req# #35Iil95.$299A3 
BIDPglS OM ALUMIMUM TMK 

Schelm Brothers 
Chicago Boiler Company 
AlTMiniM Company 

BIDPmS OM STEEL TAKE 

Bennett I n d u s t r i e s , Inc® 
TankSj Incorporated 
Chicago Boi ler Company 
Chicago S tee l Tank Company 

5# Water Shield Tank RE-l-2(^3ij.-C (Cart and 
Tank Only) Req# ^{^35ia77# $410^00 

BIDDffiS 

a ' e t t Ifachine Gomiany 
Montgomery Equipaent Company 
Howe Hand Trucks 
Merc-ury Mantifactiffing Company 
Midwest Handling Company 
Mater ia ls Trans® Comiany 
E l p ^ Engineering Company 

6 , Winch^type Control Mechanism RE-1-20610-D, 
Req^ #36OT63# 1572.76 (Six U n i t ^ a s i s ) 

BIDDffiS 
General MUls lJech# Divis ion 
A^F^C^ Tool & Machine Compaiy 
American Mamjfacturing Company 
Colmb-as Tool, Die & Machine Co# (NO BID) 
Economy Machine ft'odimts (NO BID) 
American Machine & Foimdry (NO BID) 
United Shoe Machinery Company (10 BID) 
Ford Instrument Company (NO BID) 

7# Solid Shield Blocks, Req^ #366702 - 150 lbs/ft^ 

Density ̂  Actiml Size 7-5/8 x 7*.5/8 x 15-5/8" # 

$ 0 «35 ea# BIDDHIS 

Werden Buck Company 
Joliet Concrete 
ft*oducts Company 

Materials Service Corporation 

8^ Graphite - BIDDEBS $22^300^00 

lational Carbon Company 
United Carbon Plroducts Company 
Great Lakes Carbon Company 
Stackpole Carbon Company (KG BID) 
International Graphite Company (IJO BID 
U« S^ Graphite (NO BID) 
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