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ARGONAUT REACTOR DATABOOK 

by 

W. J. Sturm and D. A. Daavettila 

ABSTRACT ^ 

This compilation has been p repared in o rder to p r o ­
vide a comprehensive unified summary of the pr incipal e le ­
ments of the design, operation and nuclear cha rac t e r i s t i c s 
of the Argonaut Reactor . Its p r i m a r y content is made up of 
the theore t ica l and exper imenta l evaluations of bas ic r e a c ­
tor p a r a m e t e r s , both stat ic and kinetic, which have been made 
to this date. The Databook includes a lso some p rac t i ca l in­
formation on the react ivi ty worths of fuel, modera to r , and 
a b s o r b e r s , as well as some data on radiat ion in the r eac to r 
vicinity. 

A world l is t of Argonaut- type r e a c t o r s and a bibliog­
raphy of Argonaut work is included. , 

INTRODUCTION 

This repor t is a compilation of exper imenta l and theore t ica l r e su l t s 
of work done on, or with, the Argonaut Reactor up to July I960. 

Since the initial operat ion of the Argonaut in late 1956, numerous 
invest igators have per formed exper imenta l and theore t ica l work with the 
Argonaut. Designed for univers i ty t raining, the r eac to r was ass igned to the 
International School of Nuclear Science and Engineering (ISNSE) at Argonne 
National Labora tory upon its completion. The ISNSE staff, in most cases 
with the cooperation of the internat ional and Amer ican students, set about 
answering the p rob lems of charac te r iz ing the r e a c t o r and developing a 
se r i e s of r eac to r exper iments to fulfill i ts pedagogical needs . The extent 
to which this was an internat ional cooperat ive effort can be es t imated from 
a cu r so ry study of the bibliography. 

Some form of wri t ten r eco rd is at hand for much of the per t inent 
work, and this compilation was made to provide a comprehensive review of 
the Argonaut l i t e r a tu re in a unified and genera l ly access ib le form. It is 

I expected to be an aid in the orientat ion of students and in the planning of 
staff and student t ra ining and r e s e a r c h work. It may a lso be helpful to the 
growing number of insti tutions which have their own Argonaut- type r e a c t o r s . 
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The scope of the Databook is linnited to a reproduct ion of a r e p r e s e n t ­
ative se r i e s of the main r e su l t s of Argonaut work. For detai ls and discussion 
of a par t icu la r study by Argonne staff, reference naust be made to the original 
published source . All student and some staff work was perfornaed using e s ­
tablished techniques and mate r i a l s , and publication other than in this Databook 
is not general ly available. There is given reference for each curve and table 
that includes original work and author as given in the bibliography, and in­
cludes in addition the r eac to r core descript ion. 

In general , the annular core region of the r eac to r can be loaded with 
fuel in any one of seve ra l ways to produce a c r i t i ca l sys tem. Much of the 
work repor ted has been with the single slab, in which but one quadrant of the 
annulus contains fuel; other work cha rac te r i zes the two-slab reac to r , involv­
ing two loaded quadrants d iamet r ica l ly opposed. In the annular loading, fuel 
completely sur rounds the in ternal t he rma l column. All data a r e identified 
as pertaining to one of th ree loading sys tems . 

A modified bibliography a r r anged according to subject ma t t e r is p r o ­
vided as a guide to work a r e a s that have been investigated to date. This b ib­
liography includes both formally published r epo r t s and genera l work projec ts 
whose r e su l t s a r e considered to be of a p re l iminary na ture . Also this bibl i ­
ography se rves as an author credi t l is t for the data included in this Databook. 
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Section A 

CHARACTERISTICS OF THE ARGONAUT 

The Argonaut Reactor was designed for t raining in both nuclear 
engineering and r e s e a r c h , and the exper ience of nea r ly four yea r s of ope ra ­
tion has proved the design to be p rac t i ca l . The r eac to r , because it is s imple 
to opera te and ex t remely safe, is well suited for t ra ining people without 
previous reac to r exper ience . Safety is a p r i m a r y design fea ture . As a r e ­
sea rch tool, the usefulness of the r eac to r is enhanced by the fact that the 
core is readi ly access ib le and that the core geomet ry is flexible. A graph­
ite t he rma l column and a la rge water tank a r e in tegra l pa r t s of the r eac to r , 
and numerous types of exper iments can be done in these media . 

The 10-kw maximum operat ing power of the r eac to r prohibi ts ce r ta in 
types of exper iments , but this disadvantage is far outweighed by the fact that 
fuel does not become a ser ious radiat ion hazard . Fo r all the exper iments 
whose resu l t s a r e presented in this compilation, the operat ing power was 
l e s s than 100 watts and for mos t l e ss than 10 wat ts . 

This sect ion l i s t s some genera l nuclear and engineering data of the 
Argonaut Reactor in o rder to p resen t the bas ic design. The data cover 
only the main points of a broad a rea , but this will be expanded in la ter s e c ­
t ions . The nuclear data given in this sect ion a r e the resu l t of the f i rs t 
theore t ica l calculat ions and p re l im ina ry c r i t i ca l s tud ies . 



General (Ref. 1-7) 

Type: 

Design power: 

Normal operat ing power: 

Normal operat ing schedule: 

Pr inc ipa l uses of r e a c t o r : 

Fuel 

Nominal f resh loading: 

Total fuel inventory: 

Fue l e lement shape: 

Fuel mix tu re : 

Fuel d imens ions : 

Cladding th ickness : 

Cladding m a t e r i a l : 

Type of subassembly : 

No. of e lements per 
subassembly: 

Subassenably d imens ions : 

Normal number of 
subassembl ies in c o r e : 

Normal a r r a n g e m e n t s of 
subassembl i e s : 

Normal l ifetime of s tandard 
subas sembl i e s : 

Reactor 

Overal l act ive core d imens ions : 

Training r eac to r 

10 kw 

'~100 watts 

8 hours a day, 5 days a week 

Education and t raining 

1 s lab: 2.0 kg U"^ 
2 s l abs : 3.6 kg U"^ 
3-in. annular : 4.0 kg U^^^ 

6 kg U"5 

24 x 2.84 X 0.098-in. p la tes 

39 w/o Al, 7.8 w/o U"^08, 31.2 w/o 
Uf^^Og; Al ma t r i x . 

24 X 2.84 X 0.094 in. 

0.002 in. (avg) 

Aluminum 

Stacked pa ra l l e l p la tes 

17 

6 X 3 X 24 in. 

1 s lab: 6-9 subassembl ies 
2 s l abs : 12 subassembl ies 
3-in. annular : 24 subassembl ies 

1 s lab , 2 s labs , or full c i r c l e in 
cyl indr ica l annulus. 

Indefinite 

1 s lab : Annular sec tor - 30 in .OD, 
24 in. ID, 24 in. high, sub­
tending a 90° angle . 

2 s l abs : 2 of above, d iamet r i ca l ly 
opposed. 



C o r e - c o n t a i n i n g v e s s e l : 

M o d e r a t o r : 

R e f l e c t o r : 

B i o l o g i c a l sh ie ld : 

R e a c t o r c o n t r o l : 

2 c o n c e n t r i c a l u m i n u m t a n k s , one 
30 in. in d i a m e t e r , 48 in. high; the 
o the r 24 in. in d i a m e t e r , 48 in. h igh 
M a t e r i a l : A l u m i n u m 
M e a n o p e r a t i n g 

p r e s s u r e : a t m o s p h e r i c 
M e a n o p e r a t i n g 

t e m p e r a t u r e : R o o m t e m p e r a t u r e 

H2O b e t w e e n p l a t e s ; g r a p h i t e b e t w e e 
s u b a s s e m b l i e s . 

V e r t i c a l : 
R a d i a l : 

1 ft of w a t e r 
1 ft of g r a p h i t e 

O r d i n a r y c o n c r e t e b lock on s i d e s ; 
h e a v y c o n c r e t e t op plug, m a s o n i t e 
and s t e e l in s o m e e x p e r i m e n t a l 
f a c i l i t i e s . P r e s e n t s h i e ld is suf­
f ic ien t for n o r m a l o p e r a t i n g p o w e r 
of a p p r o x i m a t e l y 100 w a t t s . 

I. C o n t r o l and s a f e ty m e c h a n i s m s : 
a. T h r e e 7 x 7- in . c a d m i u m v e r ­

t i c a l sa fe ty b l ades wi th s t e e l 
c l add ing ; m o t o r d r i v e n . 

b. T h r e e 7 x 7 - in . (or l e s s ) c a d ­
m i u m v e r t i c a l c o n t r o l b l a d e s 
wi th s t e e l c l add ing ; m o t o r 
d r i v e n . 

c. W a t e r m o d e r a t o r and r e f l e c t o r 
d u m p i n g . 

d. I n e r t g a s in j ec t ion in c o r e . 

II. S c r a m - i n i t i a t i n g f e a t u r e s : 
a. H i g h - l e v e l , l o w - l e v e l , and 

p e r i o d t r i p s . 
b. H i g h - b a c k g r o u n d m o n i t o r s , and 

p e r s o n n e l a l a r m . 
c. E x p e r i m e n t a l f a c i l i t i e s and top 

s h i e l d i n t e r l o c k s . 
d. M a n u a l 

III. S t a r t u p : 
M a n u a l ; a u t o m a t i c o p e r a t i o n a t 
p o w e r a v a i l a b l e . 



4. P r i m a r y Coolant 

Fluid: 

Circulat ion: 
a. Direct ion of flow: 
b . Flow induced by forced 

ci rculat ion. 

Heat diss ipat ion naethod: 

Avg core heat flux: 

Ratio of maximum to average 
heat flux: 

Means of purification: 

5. Nuclear Data 

Fuel Loading: 

a. Minimum cr i t i ca l m a s s : 
b. Nornaal f resh fuel loading: 

.^ c. Excess k, fresh loading: 

F luxes : 

a. Avg t h e r m a l flux: 
b . Peak t he rma l flux: 
c. Avg fast flux: 
d. Peak fast flux: 

Reactivi ty Coefficients: 

a. T e m p e r a t u r e : 
b . Void: 

Water 

Upward 

Water to water heat exchanger. 

360 Btu/f tYhr at 10 kw. 

3 

Mechanical fil ter and ion-exchangs 
column. 

1980 gm U^̂ ^ for 1-slab loading. 
2010 gm U^̂ ^ for 1-slab loading. 
0.5% 

2 X lO^^n/cmYsec at 10 kw 
5 X lO^^n/cmYsec at 10 kw 
4 X l O ^ n / c m Y s e c at 10 kw 
5 X l O ^ n / c m Y s e c at 10 kw 

-1 X 10"* Ak/k/°C 
-2 X 10-^ Ak/k/% void 
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Section B 

DETAILS OF REACTOR DESIGN 

An expanded view of the sys tem design and layout is p resen ted in 
this sect ion. The physical re la t ionship between the var ious components 
is shown, together with dimensions in some c a s e s . This information will 
aid in visualizing the location and understanding the data of the exper i ­
ments d iscussed in the following sec t ions . 

Some of the safety philosophy in the r eac to r design can be rea l ized 
from a study of the drawing of the inter lock sys tem. The inter lock sys tem 
requ i re s that s ta r tup operat ions follow a definite o rde r and prohibi ts pos ­
sibly unsafe s teps in the subsequent operat ion, because the e lec t r i ca l power 
requi red to per form a step is available only if all the requi red previous 
steps a r e completed. During r eac to r operat ion, an at tempt to undo a nec ­
e s s a r y completed step par t i a l ly will automatical ly cause the r eac to r to shut 
down. The inter lock sys tem par t ia l ly a s s u r e s safe s tar tup procedure and 
opera t ion. Per iod m e t e r s and power level ins t rumenta t ion complete the 
a s s u r a n c e , prac t ica l ly r e g a r d l e s s of the capabil i t ies of the r eac to r opera to r . 

The per iod m e t e r linaits the maximum ra te of change of reac to r 
power to be less than a factor of 2.7 in 10 seconds . The power level in­
s t rumenta t ion r equ i r e s an ins t rument range change for every change of a 
decade in power or the r eac to r will automatical ly shut do-wn. This i n s t ru ­
mentat ion r equ i re s that the r e a c t o r opera tor be aware of the power level 
at all t i m e s , and it finally l imi ts the naaximum power . 



o 

WOODEN BEAMS 
(6<6inches) 

WATER TANK 

EXTERNAL THERMAL 
COLUMN 

B.l. ISOMETRIC VIEW OF REACTOR IRef . I - I ) 
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8.2. PLAN SECTION OF CORE LATTICE AND REFLECTOR ( Ref. T - 7 ) 

NORTH 

CONTROL ROD POSITIONS 

FUEL ASSEMBLIES 
TWO-SLAB CORE 

SAMPLE THIMBLES 

GRAPHITE-INTERNAL 
THERMAL COLUMN 

-GRAPHITE BLOCK 

GRAPHITE WEDGE 

24" 0 0, INNER TANK 

6" ANNULUS 

36" ID. OUTER TANK 

GRAPHITE REFLECTOR 



NORTH 

B.3. LOCATION CODING OF THE 

CORE AND THERMAL COLUMNS 

ET9 

ETt 

tT7 

ET6 

ET5 

ET4 

ET3 

ET2 9 

O-

J-10 STRINGER 

2 5 3 . 9 CM 

- 233.8 cm 

213.5 cm 

I92 .9c fn 

172.7 cm 

152.4cm 

131.9 cm 

111.7cm 

25.5 cm 

— y \ -/- — — — 10.2 cm 
2 0 cm 

— 0 cm 



B.4. INTERLOCK SYSTEM 

( R e f . 1 - 7 ) 

M O V AC 
LINC POWEK 

T 4 f ^ -y>f- - 7 * f ^ -*f-

CONTRCH. 
U SWITCH 

MIGHfLU» TniP-

i * 

CONTROL POWIM 
K£Y I 

->t f -

K t Y ! ^ 1 I ^ 

• ^ ^ A ; 

C0WT1KX 

CRM HtCM l E V E l TW^ 

CXAH P TANK i . 
FLOAT 

SWITCH 

-.•f-

LOW SCONCE 

LOW LtVCL \ 
CUM TKtP \ 

—11 11-
J JAFTY HOC 
Uf L IMIT 
•WITCHES 

II 

sounccIN 
U M I T SWITCH 

-HI 5«^ 

HIGH WUCnPLICATION 
T H I P 

di\ MJXILMKY 
I N T t BLOCKS 

DUMP VALVE 
KC1 SWITCH 

SOURCE 

-nmrwinr 
DNIVE I N 

SAFETY 
A^BOO POWER 

S CONTROL ROO 
OOWN U U I T 
SWITCHES CONTROL s w m > 4 

-HI If 1 

NATURAL I 
CONVECnoH 

DUMP VALVE 
POWER V v ^ 

NATURAL OCKXJMC 
WIRTE^,'—NVALVE f l V ^ ~ \ V 

A 
CONTROL S. SW I 
COMTROL ROO T 
POSIT IONS I 

PUMP 
ON 

DUMP VALVE 
1( i » L . 

O P t R A T I N * 
LEVEL ruOAT 
SWITCH 

REACTOR TOP 
PERSONNEL 
ALARM 

- 7 < f -

HIOH LEVEL 
FLOAT S W I T C H 

PUMP POWER 

1^ 
WATER LEVEL 

^ 
MIGH 
MUITPUCATION 
TRIP 

-HI-

W>L ROD 

7«^ 
AREA MONITORS 

QONTROL 
ROO 

A POWER 

\rr^ ' 

COMTR 
POWER RESET 

NITROCeN 
IHJECT 
SWITCH 

NITROCEN 
ALVEfNO) 

- 1 ^ -A; 
VENT FAN 
POWER 

- ^ 

SOURCE HOLD 
RET SWITCH 

• ^ 

aouMCE ORMCOUr 

NOTE: 
THE SEQUENCE OF STEPS DURING STARTUP 
IS FROM TOP TO BOTTOM. 
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B.5. FLOW DIAGRAM 
OF THE WATER SYSTEM 

(Ref. 1-7) 

^ ^ 
^—4» 

\ 

* & 

COMOUCTIVITY 
MK>»C 

tWltCM 

<s^ I 

tAtt , 

IMOICATOt] 

Hx>T>^l^>oig5gjr 

\ 

OUklP TANK I 
\ (ro«<m/«e 



M V. 
SIGNAL 

P R E A M P 
^^MAL —^ 

PtVEAMP 

PREAMP 

I— PREAMP 

POWtlt'*-

SmNAL -»• 

poweit^ 

SICNAL — 

£tUK£*-^ 

S/SMA l — 

pomti*-^ 

DUAL H.V. 
SUPPLY 

eo 

It 

#1 
A I D 

AMPL. 

#2 
A I D 

AMPL. 

SHieUMMG 

1- N 

w o 

COUNTERS B AND D ARE COVERED WITH Cd 

CROSS SECTION OF E A S T FACE TAKEN OUTSIDE THE 
REFLECTOR WHERE T H E D E T E C T O R S ARE LOCATED 

DUAL 
SCALE 

T I M E R 

AUDIO 
PANEL 

C . R . M . 
LOW LEVEL TRIP 

0 - 1 0 0 C / M 

HIGH LEVEL TRIP 

O - I C * C / M 

BROWN 
RECORDER 

NOTE: 
THB ZP^HTSR B^^e ^eren CAM B€ 
coHNecreo ro #iAMPtA-B> on 
tt2AMP(C-0) 

AU. THE et4ASS/S MK IN THE MOOm 
ItAOf EXCEPT THE PPEAMPS l¥tffCH 
AttE LOCATED IM TNE qEACrotl SMtBIMtte 

B.6.BF3 PROPORTIONAL COUNTER CHANNELS 
(Ref.1-7) 

ts) 



B.7. B ' ° I 0 N CHAMBER CHANNELS ( R e f . 1 - 7 ) 

SAFETY TRIP 1 

SAFETY TRIP 2 

6e"-

siupnirt 

•a 

•<2 

SOUTH REFLECTOR ELEVATION 
SHOWING LOCATION OF CHAMBERS 
IN REFLECTOR FACE 

r I 
i _ 

LOG PREAMP. 

HOP 0 0 

4FI 
D C 

M I G M 
L . E V e k . 

T R I P 

10 0 P M 

'rirF 

« 2 
o. c 
A M I P 
H I O M 

L.eveu 
TBIP 

\ 
^ 

I> 
^D-

SHI -LO'NC 

LOG. CHANNEL 

•SAFETY TRIP 3 

fUtOR UHt 

4Ui 
X-

i_oo 
p e m o D 
METEP 

P O S I T I V E 
P E R I O D 

-T«IP T B I I 

Bno^WlM 
n e c o n o e n 

" " H C K R S T E 

i_eveu 

R E M O T E 
F>ERlOD 
M E T E R 

a. 
« 3 
D C 
A N ^ P 
MI<3M 

V _ E V E U 
T R I P 

I M E Q A T I V E 
V O U T A O C 

C M A K 4 B E R 
SLJPP1_Y 

F»0 S T I V E 
M I G H 

VOL.TA.OE 
CMA.N/ IBER 

S U P P L Y 
T R I P 

ALL CHASSIS IN THE SOUTH RACK EXCEPT LOG PREAMP, 
REMOTE PERIOD METER STHE LOG LEVEL RECORDER 

http://VOL.TA.OE


B.8.BORON CHAMBER LOCATIONS IN SOUTH FACE OF REACTOR ( R e f . Y - 1 2 ) 

CHAMBER SIZE: ' 
2"DIA.X 91/4" LONG, 
NORTH END OF CHAMBER 
167/8" FROM SOUTH FACE 
OF REFLECTOR 

CHAMBER SIZE: 
2"DIA.x9l/4"L0NG, 
NORTH END OF CHAMBER 
15V4 FROM SOUTH FACE 
OF REFLECTOR 

H0LE:2'/2DIA 
XISWDEEP 

CO 

/" 
CHAMBER SIZE: 
4 DIA.xll ' /g'LONG, 
NORTH ENCrOF CHAMBER 
2 2 " F R 0 M SOUTH FACE 
OF REFLECTOR 

^CHAMBER SIZE: 
'^ 2"DIA.x9l/4"L0NG, 

NORTH END OF CHAMBER 
16" FROM SOUTH FACE 
OF REFLECTOR 

00 
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J 
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Section C 

REACTOR OPERATIONS 

This section outlines in some detai l the p rocedures to be followed 
during checkout, s ta r tup , operat ion, and shutdown of the r e a c t o r . Many-
pr inciples of safe operat ion a re implied. The typical behavior of the 
mult ipl icat ion m e t e r during s ta r tup is shown. Also, the use of the m e t e r 
as a safety device is p resen ted by showing how i ts reading is re la ted to 
kg^ during s ta r tup . A calculated curve showing the expected neutron flux 
behavior after s tep reac t iv i ty inser t ion and consequent power level t r i p is 
included to point out the essent ia l Scifety of the sys t em. 



C . l . Reactor Checkout (Ref. 1-7) 
( 

1. Renew, s tandardize and date log level char t . 

2. Renew Brown r eco rde r char t s if nece s sa ry . 

3. Turn on high voltage to BF3 counters . 

4. Turn pulse height, band width and gain controls in pulse 
amplif iers to operating pos i t ions . 

5. Set all l inear channels and CRM to most sensi t ive r anges . 

6. Clear high- level , period and multiplication t r i p s . 

7. Obtain keys for reac to r control power, dump valve clutch, 
and source-hold . 

8. Obtain control power by turning key switch to s t a r t posit ion. 

9. Determine t r i p condition in low-level t r i p s . Attempt to r e s e t 
t r i p s . If rese t t ing is not possible , proceed to next s tep. 

10. Inser t source-hold key and energize c i rcu i t . 

11. Turn m a s t e r se lec tor switch to source position, push control 
switch forward to dr ive source in until period me te r reads 
about ten seconds . If per iod t r i p occurs at that t ime and con­
t ro l power is lost , proceed to next s tep . 

12. Reset per iod t r i p , regain control power and drive source all 
the way in. 

13. If, with source in, safety rod clutches a r e not energized (orange 
light off) before rese t t ing low-level t r i p s , proceed to next s tep . 

14. Clear low-level t r i p s ; set h igh- level t r i p s at normal operat ing 
conditions (90% of full sca le ) . 

15. Turn m a s t e r se lec tor switch to #1 safety rod position and 
dr ive rod out for about 15 sec , until orange light goes off. 

16. Induce t r i p condition in CRM and l inear channel #1 by chang­
ing t r i p set t ing. If control power is lost as indicated by orange 
light, proceed to next s tep . 

17. Move t r i p set t ings back to normal , r e se t t r i p s , regain control 
power. 

18. If orange light indicates that safety rod #1 has dropped, proceed 
to next s tep . 

19. Turn m a s t e r se lec tor switch to #2 safety rod position and dr ive 
rod out for about 15 sec , until orange light goes off. 
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20. Change t r ip setting in l inear channel #2 to induce t r ip condition. 
If control power is lost and safety rod falls all the way in, p r o ­
ceed to next s tep . 

21 . Take t r i p sett ings back to normal , r e se t t r i p s , regain control 
power. 

22. Turn m a s t e r se lector switch to #3 safety rod position and dr ive 
rod out for about 15 sec , until orange light goes off. 

23. Change t r i p setting in l inear channel #3 to induce t r i p condition. 
If control power is lost and safety rod falls all the way, proceed 
to next s tep. 

24. Move t r i p set t ings back to normal , r e se t t r i p s , regain control 
power. 

25. Drive each safety rod out. Inser t dump valve clutch key and 
turn to s ta r t posit ion. Close dump valve by turning m a s t e r 
se lector switch to dump valve position and by pushing forward 
on the control switch until green light turns on. 

26. Close main ni t rogen supply valve; bypass dump tank float switch 
by depress ing button in pit . 

27. Depress s c r a m button. If dump valve opens freely and if 
ni t rogen p r e s s u r e reading in p r e s s u r e gage falls to ze ro , 
proceed to next s tep . 

28. Watch green light at console for indication of ni trogen p r e s s u r e . 
If light is off and control power cannot be obtained with key 
switch, proceed to next s tep. 

29. Open main valve for ni t rogen supply; regain control power with 
key switch. 

30. Drive out all th ree safety rods , close dump valve and pump 
water until no rma l operat ing level is achieved, as indicated 
by green light. Plug in photo cel l . Pumping t ime: about 
1 2 min . 

31. Withdraw shim control rod for about 15 sec, until orange light 
goes off. 

32. With hand gamma source induce t r i p condition in North a r ea 
moni tor . If power to control rod clutches and the heating and 
ventilating fans is lost, and if shim rod falls all the way in, 
proceed to next s tep . 

33. Reset a r e a monitor t r i p . 

34. Withdraw coa r se control rod for about 15 sec , until orange 
light goes off. 



35. With hand gamma source induce t r ip condition in West a rea 
monitor , if power to control rod clutches and the heating and 
ventilating fans is lost, and if coa r se rod falls all the way in, 
proceed to next s tep. 

36. Reset a r e a monitor t r i p . 

37. Withdraw fine control rod for about 15 sec , until orange light 
goes off. 

38. With hand gamma source induce t r ip condition in South a rea 
moni tor . If power to control rod clutches and the heating and 
ventilating fans is lost, and if fine rod falls all the way in, 
proceed to next s tep . 

39. Reset a r e a monitor t r i p , 

40. Withdraw any control rod for about 15 sec , until orange light 
goes off. 

41 . Interrupt light beam to photocell . Power to control rod clutches 
should be lost if a l a rm sys tem is working proper ly . 

2. Genera l Startup P rocedure (Ref. 1-7) 

The following is a condensed vers ion of the p r o c e s s as descr ibed 
ANL-60 36, Operating Manual for the Argonaut Reac tor . 

1. Secure the keys for reac to r control power, and dump valve 
clutch. 

2. Turn on both the high-voltage supplies to the four BF3 counte rs . 

3. Turn the pulse-height se lec tor and the gain controls in the 
AlDampl i f i e r s to their normal operat ing posi t ions . 

4. Set r ange - se l ec to r switches of all th ree l inear t r i p channels 
to their most sensi t ive sca les (10~^° amp full sca le) . 

5. Reset the four high-level , the positive per iod and the high-
mult ipl icat ion t r i p s . 

6. Turn on the ni trogen p r e s s u r e . 

7. Inser t both keys and turn the control power on. 

8. Turn the m a s t e r se lec tor switch to the "Source" posit ion. 
Inser t the source by pushing forward on the control switch. 

9. Make log book en t r ies in the appropr ia te columns. 

10. Reset the low-level t r i p s in the source in ter lock and the 
count ra te channels . 

11. Raise each safety rod. 
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12. Turn the se lec tor switch to the "Dump Valve" position; energize 
the "Dump Valve Clutch" key switch and push forward on the 
control switch to close the valve. 

13. Turn se lector switch to "Water Level" posit ion. Turn pump 
switch to "Pump on." Hold control switch in the forward pos i ­
tion, admitting water to the co re . 

14. Make the appropr ia te log book e n t r i e s . 

15. Raise the control rods as requi red for c r i t ica l i ty . 

16. To inc rease the power to a des i red operat ing level , a control 
rod (coarse or fine) should be withdrawn further to produce a 
conveniently short posi t ive per iod. When the r eac to r power 
nea r s the des i red level , minor readjus tments needed to ma in ­
tain c r i t ica l i ty can be made . 

17. Make the appropr ia te log book en t r i e s . 

18. Additional log book en t r ies should be made when r eac to r power 
level is changed; any other significant event occu r s ; or run is 
t e rmina ted . 

C.3 . Shutdown (Ref. 1-7) 

The following is a condensed vers ion of the p r o c e s s as desc r ibed 
in ANL-60 36, Operating Manual for the Argonaut Reac tor . 

1. Depress the s c r a m button (manual s c r a m ) . 

2. Turn off the high voltage to BF3 counters . 

3. Make appropr ia te en t r ies in the log book. 

4. Determine that the exper imenta l facil i t ies a re plugged and 
locked, that power to the c rane is shut off and locked, and 
that the keys a r e put away in the key safe, 

5. Withdraw the r eac to r keys and s tore them in the key safe. 



o 

M 

1.5 

C.4BEHAVI0R OF MULTIPLICATION METER DURING STARTUP 
(One-slab Loading) 

OF REACTOR 

.0 -

I -
UJ 

< 

a. 
I -
3 
^ 0 . 5 

CRITICAL 

kexOF CORE 0 .45% 

_L 
4 6 

TIME, minutes 

20 40 
ROD POSITION 

60 80 
scale divisions 

100 
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C5 
MULTIPLICATION M E T E R READINGS vs kgx 
FOR VARIOUS LOADINGS ( R e f . I - l l ) 
(ONE-SLAB LOADING a TWO-SLAB LOADING) 

kex VARIED BY MOVING FUEL FROM AN 
AREA OF LOW SPECIFIC WORTH TO A 
REGION OF HIGHER SPECIFIC WORTH 

18 -

17 -

16 

15 

to 
o 
z 
Q 
< 

UJ 

2 

< 14 
o 
_ i 
Q. 

1 -

Z> 

2 

13 

< 

12 

10 

SYMBOLS AND INTERPRETATiON-l 
FUEL MOVEMENTS IN OUTER 
PERIPHERY OF CORE 

2-FUEL MOVEMENTS NEAR RADIAL 
CENTER OF CORE 

3-CHANGES MADE IN A TWO-
SLAB CORE 

A-FUEL MOVEMENTS IN BOX 13 
B-FUEL MOVEMENTS IN BOX 16 
C-FUEL MOVEMENTS IN BOX 18 

3 4 
POTENTIAL K EXCESS % 
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C6 
POWER LEVEL TRIP;SAFETY 
ROD SHUTDOWN AFTER 
POSITIVE STEP REACTIVITY 
INSERTION (Ref. 1 2 - 2 ) 

THEORETICAL CURVES OBTAINED WITH 
THE ANALOG COMPUTER 

FLUX RATIO n, = n /ngvs TIME 
Positive step input k|gj^ 
P /PQ = 1.5 follow/ed by insertion of -3.0 
dol lars of react iv i ty 

!*= 2 x i O " * s e c o n d s , ^ = 0.00755 

DELAYED NEUTRON PARAMETERS 

Group 

1 
2 
3 
4 
5 
6 

a = 
di = 

A 
B 
C 

1 
2 
3 
4 

Fract ion 

h 
0.00025 
0.00166 
0.00213 
0.00241 
0 .00085 
0.00025 

Decay Constant 
X j , Seconds " ' 

0 . 0 1 2 4 6 
0.0315 
0. 1535 
0 .4560 
1.612 

14.30 

MACHINE SCALING 

20 
10 

CURVES 

1.05 dollar + 
0.90 dollar + 
0.50 dollar -t-

No tr ip 
3.00 - s tep 
3.00 delayed 
3.00 delayed 

b = 5 
e = 20 

step 
step 
step 

- Step 
\N\th 0.28 second rod 

prof i le drop 

I -

J . 
0.2 0 .4 0.6 

TIME , seconds 
0.8 1.0 

file:///N/th
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Section D 

REACTOR CONSTANTS 

The nuclear and engineering constants of a r eac to r a r e bas ic to the 
init ial design work. After the r eac to r construct ion, they a r e of fundamental 
importance in the design of exper iments and in the understanding of the 
r e s u l t s . 

Various constants for the core and ref lector of one-s lab , two-s lab , 
and annular core loadings a r e given. Most of the data is the resu l t of 
theore t ica l calculations using two-group theory and assuming a homog­
enized co re , with the r emainder being exper imenta l va lues . 
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D.l. One Slab - Theoretical Two-group Constants for the Homogenized 
Argonaut One-slab Loading. (Ref. 11-4) 

The constants given below were used to calculate the critical miass 
(kg Û ^̂ ) of the Argonaut one-slab loading when located on the North side of 
the annulus. A PDQ code on the IBM-704 was used to make the calculation. 
The annular one-slab loading was approximated by a straight slab of volume 
equal to six fuel boxes plus five graphite wedges. The critical mass of U 
obtained from this calculation was 1.90 kg; the experimental value was 
1.93 kg for a loading with even distribution of U^̂ .̂ 

W25 = kilograms of Û ^̂  in Argonaut 

D.l.a. Core Constants 

Volume Fractions 

f(graphite) = 0.211170 f(Al) = 0.205380 - 0.0133114 Was 

f(H20) =0.583450 f(U308) = 0.0133114 W25 

Temperatures 

^moderator = 20 C 

D.l.b. Thermal Group Constants (including disadvantage factors 
and temperature effects) 

Disadvantage Factors 

^H^O 
x - 1.0577 (P-3 calculation assuming 20 g U 
'Pfuel plate p^^ plate) 

_ g^ophite ^1097 (diffusion theory) 

*̂ fuel plate 

2^ = 0.013545 + 0.025273 W25 cm"^ 

^2fiss = 0.0518305 W25 cm"^ 

T 2 - I ^rn^ 
0.064073 + 0.11955 W25 

Dth - 0.21503 cm ^ . , A ^ f ^xr 
L approx. independent of W25 

2 = 1.5502 cm"^ J 

K =^i^|j- = 1.5996 for W25 - 1.90 kg 

2fiss = 0.020984 W25 cm - 1 
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D . l . c . F a s t G r o u p C o n s t a n t s 

T = 61.3 cm^ 

Df = 1.300 cm 

E^ = 0.181 ev 

Zf = 0.02120 cm"* 

D . l . d . R e f l e c t o r C o n s t a n t s 

G r a p h i t e 

L^v = 1700 cm^ ( e x p e r i m e n t a l ) 

T = 385 cm^ 

Dt;h = 0.916 cm 

D£ = 1.14 cm 

S = 0.000539 cm"* 
ci 

2£ = 0.002961 cm"* 

W a t e r 

BI = 0.00176 c m - ^ 

T = 31.8 cm^ 

D^j^ = 0.142 cm 

Df = 1.19 cm 

Z^ = 0.0195 cm"* 

Zf = 0.0374 cm"* 

T o t a l R e f l e c t o r Savings ( t h e o r e t i c a l ) 

R^ = 14.0 c m 

R^ = 22.9 cm 

R y 
28.5 c m 



D . l . e . M i s c e l l a n e o u s C o n s t a n t s (Ref. I I - l ) 

Vo lume f r a c t i o n p e r kg U"^ = 9.86060 x 1 0 " y k g 

at 2 kg at 2.2 kg 

^ a u 

•2 a m 

L^ 

B^ 

k 
00 

Two Slab 

D .2 . a . 

D . 2 . b . 

Mi sce 

^ a u 

^ a m 

\} 

K 
K 
Misce 

0 .05641912 c m - * 

0 .01303442 c m - * 

3.92866935 cm^ 

0 .01038971 c m " ^ 

1.6896420 

d l a n e o u s T h e r m a l 

at 2 kg 

0 .05641912 c m " * 

0 .01303442 c m - * 

3.92866935 cm^ 

0 .00983 c m " ^ 

1.6896420 

iUaneous E x p e r i m e 

(Ref. 

mta l 

II-

0 .06206097 cm"* 

0.01303186 crn"* 

3.63363576 cm^ 

0.01089301 c m - ^ 

1.71903181 

• 1 ) 

at 2.2 kg 

0 .06206097 c m - * 

0 .01303186 c m - * 

3.63363576 cm^ 

0.01089301 c m - ^ 

1.71903181 

(Ref. IV-6) 

1957 A S E E - A E C S u m m e r In s t i t u t e R e p o r t 

T w o - s l a b load ing of 1 2 fuel b o x e s 

R e f l e c t o r s av ing 9-9 c m 
V e r t i c a l buck l ing 0.01 c m " ^ 
P e a k flux at 10 kw in 

t h e r m a l c o l u m n c e n t e r I . l 6 x 10** n / c m / s e c 

A v e r a g e flux = 0.618 p e a k flux 

3. Annulus - T h e o r e t i c a l T w o - g r o u p C o n s t a n t s for a H o m o g e n i z e d 
A n n u l a r Load ing 

D .3 . a . C o r e C o n s t a n t s (Ref. I I - l and I I -6) 

T = 65 cm^ Z ^ = 0 .07715 cm"* 
a. 

° t h ^ 0-27286 c m ^ ^̂ ^ = 0 .06412 c m - * 



Dj = 1.27 c m Sg-m = 0 .01303 c m - * 

k ^ = 1.72868 2a.f = 0 .01953 c m - * 

B^ = 0 .00175 c m " ^ z 

C o r e v o l u m e f r a c t i o n p e r kg U = 5 . 6 0 3 x 10 "•* (M in kg) 

Inner r e f l e c t o r : Df = 1.1 

D,^ = 0.903 

W25 = 4.0 kg 

T M = 20°C 

V = 87.003 l i t e r s c 

D . 3 . b . T h e r m a l G r o u p C o n s t a n t s 

2 ^ = 0.014701 + 0 .016226 W25 c m - * 
ci 

^ f i s s = 0 .033223 W25 cm"* 

L^ = 2.657 cm^ 

D.3.C. F a s t G r o u p C o n s t a n t s 

r = 58.8 cm^ 

Df = 1.315 cm^ 

Sf = 0 .022364 c m - * 

D.3 .d . R e f l e c t o r C o n s t a n t s 

G r a p h i t e 

T = 385 cm^ 

Df = 1.14 c m 

Dth = 0.916 c m 

Zf = 0.002961 c m - * 

2 ^ = 0 .000539 c m - * 

H2O C o n c r e t e 

T = 31.8 cm^ T = 205 cm^ 

D^ = 1.19 cm D^ = 1.51 c m 

Z ^ = 0 .0374 c m - * 2 f = 0 .00737 c m 

D^h = 0.142 c m D -̂h = 0.70 7 c m 

Z = 0 .0195 c m Z = 0 .00736 c m a a 



D.3.e. Mater ia ls outside Graphite Reflector 

2 /3 concre te , 1/6 graphi te , 1/6 H2O 

T = 140 cm^ 

Df = 1.37 cm 

Zf = 0.00979 cm-* 

Dth = 0.439 cm 

Z = 0.00822 cm-* a 

D.3.f. Fluxes and Reactivity Effects 

*( th)core = ^'^ "" ^°'° V ^ ^ ^ ' A e c 

for 10-kw^ operat ion 

t^^^^hn^ = 2 . 2 2 

'^(th)core 

where the maximum is in the in ternal t he rma l column 

Worth of Al tanks and thin H2O shell ~ - 1 . 3 % Ak/k 

Worth of control plate voids ~ - 0 . 3 % Ak/k 

D.4. Six Sets of Two Boxes 

koo = 1.76062 B^ = 0.01161 cm-^ 
Z^ = 0.8484 cm"* B^ = 0.00175 cm"^ 

a- z 
I / L ^ = 0.31092 cm^ 2 = 0.07182 cm"* 
I / L ^ + l / r = 0.32758 cm"^ T = 60 cm^ 



Section E 

KINETICS 

A s e r i e s of theore t ica l curves in ter re la t ing neutron density, t ime, 
and the magnitude of s tep changes in react iv i ty is presented . One important 
use of this s e r i e s is for control rod cal ibrat ion; a ca l ibra ted control rod is 
a basic react iv i ty s tandard for other r eac to r exper iments . The following 
section (Section F ) deals with rod cal ibrat ion. 

The sensi t ivi ty of the above curves to the basic assumpt ions of 
neutron lifetime and choice of delayed neutron p a r a m e t e r s is shown. One 
curve is included that compares the theore t ica l and exper imenta l de te rmina ­
tions of flux ra t io with t ime after a negative step change in react ivi ty . Theo­
re t i ca l and exper imenta l curves of the effect of ni t rogen injection on r eac to r 
power a r e given. The effect of introducing a negative reac t iv i ty step when 
the reac tor is on a positive period has been studied exper imenta l ly and with 
the analog computer; the resu l t s a r e included. 



40 

( 

E . l . F lux- t ime Dependence (Theoret ical) 
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E.I.d. 
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AT TIME AFTER STEP (REF. IX-8) 
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E.l.g. 
NEGATIVE REACTIVITY VS ROOTS OF CHARACTERISTIC 

(INHOUR) EQUATION (REF. IX-8) 
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COEFFICIENTS OF FLUX EQUATION VS NEGATIVE REACTIVITY 
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E.l.i 
PER CENT ERROR IN ASYMPTOTIC POSITIVE PERIOD MEASUREMENT 

VS TIME AFTER STEP CHANGE IN REACTIVITY 
(REF. PRIVATE COMMUNICATION - AUTHORS OF IX-8) 
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Flux- t ime Dependence as a Function of Delayed Neutron P a r a m e t e r s 
(Theoretical) 

E.Z.a. Delayed Neutron P a r a m e t e r s (Ref. IX-2) 

G 

Ke. 

Slow fission: 
Group Index 

i 

1 
2 
3 
4 
5 
6 

F a s t f ission: 
Group Index 

i 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

ro i 

1 
2 
3 
4 
5 
6 

Hughes Delayed N 

ip F r a c t i o n 

2.50 X lO'-* 
1.66 X 10"^ 
2.13 X 10'^ 
2.41 X 10"^ 
8.50 X 10 '* 
2.50 X 10"* 

epin Delayed Neut ron Data 

Half-l ife, Ti 

U^" (99.9% 235; 
n / F = 0.0158+0.0005) 

55.72 ± 1.28 
22.72 ± 0.71 

6.22 ± 0.23 
2.30 ± 0.09 
0.610 ± 0.083 
0.230 ± 0.025 

Half-l ife, Ti 

U235 (99.9<7<, 235; 

n / F = 0.0165 ±0.0005) 

54.51 ± 0.94 
21.84 ± 0.54 

6.00 ± 0 . 1 7 
2.23 ± 0.06 
0.496 ± 0.029 
0.179 ± 0.017 

U238 (99.98% 238; 
n / F = 0.0412 ± 0.0017) 

52.38 ± 1.29 
21.58 ± 0.39 

5.00 ± 0 . 1 9 
1.93 ± 0.07 
0.490 ± 0.023 
0.172 ± 0.009 

eutron Data 

Decay Constants 

1.246 X 10"^ sec" 
3.150 X 10"^ sec" 
1.535 X 10"^ sec" 
4.560 X 10"^ sec-
1.612 
14.300 

[Phys . Rev. , 107, 

Rela t ive 
abundance, 

a / a 

0.033 ± 0.003 
0.219 ± 0.009 
0.196 ± 0.022 
0.395 ± 0.011 
0.115 ± 0.009 
0.042 ± 0.008 

Rela t ive 
abundance, 

a . / a 

0.038 ± 0.003 
0.213 ± 0.005 
0.188 ± 0.016 
0.407 ± 0.007 
0.128 ± 0.008 
0.026 ± 0.003 

0.013 ± 0.001 
0.137 ± 0.002 
0.162 ± 0.020 
0.388 ± 0.012 
0.225 ± 0.013 
0.075 ± 0.005 

3 

•1 

-1 

-1 

-1 

(4)] 

Absolute 
group 

yield (%) 

0.052 ±0 .005 
0.346 ± 0.018 
0.310 ± 0.036 
0.624 ± 0.026 
0.182 ± 0.015 
0.066 ± 0.008 

Absolute 
group 

yield (%) 
(for pure 
isotope) 

0.063 ± 0.005 
0.351 ± 0.011 
0.310 ± 0.03 
0.672 ± 0.00 
0.211 ± 0.00 
0.043 ± 0.00 

0.054 ± 0.005 
0.564 ± 0.025 
0.667 ± 0.087 
1.599 ± 0.081 
0.927 ± 0.060 
0.309 ± 0.024 
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THEORETICAL WORK WITH AN ANALOG COMPUTER 

FLUX RATIO nj • nln^ VS TIME 

Negative step k̂ jj • Iĉ jj - 1 

!• - 2 X 10'^ sec 

DELAYED NEUTRON PARAMETERS 

KEEPIN 

P -0.0064 
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0 • 0.00755 
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E.2.C. 
COMPARISON OF HUGHES AND KEEPIN DELAYED NEUTRON DATA 

IN THE CALCULATION OF FLUX RATIO VS TIME AFTER 
A POSITIVE STEP (REF. IX-2) 

THEORETICAL WORK WITH AN ANALOG COMPUTER 

FLUX RATIO H i • n;n„ VS TIME 

Positive step kgx • kgff 1 

! • • 2 X 10 ^ sec 

DELAYED NEUTRON PARAMETERS 

A B 

^ • 0 0O755 

FRACTION DECAY CONSTANT FRACTION DECAY CONSTANT 

GROUP 0 , X , sec 1 13 X , sec 1 

ami's 
0 00166 

0 00213 

0 00241 

0 00085 

0 00025 

0 01246 

0 0315 

0 1535 

0 456 

1612 

14 3 

SECONDS 
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E.3 . F lux- t ime Dependence as a Function of Neutron Lifetime (Theoretical) 

I 



E.3.a. 
FLUX RATIO VS TIME FOR SHORT TIMES AFTER 
NEGATIVE STEP INSERTIONS, COMPARISON OF 

EFFECT OF NEUTRON LIFETIME (REF. IX-2 ) 
1 1 1 

THEORETICAL WORK WITH AN ANALOG COMPUTER 
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E.3.b. 
FLUX RATIO VS TIME FOR SHORT TIMES AFTER 
POSITIVE STEP INSERTIONS, COMPARISON OF 

EFFECT OF NEUTRON LIFETIME (REF. IX-2) 

12 

10 • 

8 -

6 

4 

2 

.9/50 

.9/200 

1 
-

i 
yU 
^ ^ 

\ ^ w 
0 

1 

.9/1000 

/ / 

/ / / 

/ / / 

/ / / 

/ / 

^ ^ 

THEORETICAL WORK WITH 

FLUX RATIO rij 

+ step k|̂ ^ 

f • 5 X 10 

1 

.7/50 
/ / 

/ / 

/ 

1* 

l̂ex 

.7/200 

/ 

/ / 

^ 

in 
In 

/ 

/ 

/ 

/ 

AN ANALOG COMPUTER GROUP 

n/no VS TIME 

k //3 (dollarsl 2 

' 2X10^ 

1 X 10 sec /3 0 00755 

DELAYED NEUTRON PARAMETERS 

DECAY CONSTANTS X 

1 1 

3 
4 
5 
6 

Mad 

1 

^sec 
dollars 

FRACTION ;3 | 

0 00025 
0 00166 
0 00213 
0 00241 
0 00085 
0 00025 

me scaling a - 5 

1 

7/1000 .6/50 

/6/200 

/ / -

.6/1000 

/ ' 

.5/50 -

^<5aooo -

/A sec _ 

0 01246 
0 0315 
0 1535 
0 4560 
1612 

14 3 

b d, 10 e 20 

SECONDS 



COMPARISON OF THEORETICAL AND EXPERIMENTAL VALUES 
OF FLUX RATIO VERSUS TIME AFTER INTRODUCTION OF STEP 
CHANGE IN REACTIVITY (Ref. IX-8) 

0-slab Loading of 2010.3 Grams of \P^ 
• Experimental Results From Argonaut Reactor 
o Theoretical Results 

100 150 

Time t, Seconds After Rod Drop 
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t 0-
1 

kex 
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Note 
(A) Theoretical curves computed with the 

Page Analog Computer. 

(B) Nitrogen Injection Pressure- 15psi. 

Reactivity generating functions 
for the analog computer 
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E.6 
THEORETICAL CURVES AT NEUTRON LEVEL VS TIME FOR VARIOUS NEGATIVE REACTIVITY 

STEPS INSERTED WHILE THE REACTOR WAS ON A POSITIVE PERIOD (Ref. IX-7) 

0 100 
TIME, sec 
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Section F 

CONTROL ROD CALIBRATION 

A cal ibrated control rod is one for which there exists a curve of 
react iv i ty v e r s u s the rods ve r t i ca l position. The par t icu la r curve is 
dependent on the core geometry and conditions that existed during ca l i ­
brat ion. A represen ta t ive s e r i e s of control rod cal ibrat ion curves for a 
number of loadings is given. Some effects on the calibrat ion curve of 
smal l changes in core makeup and type of m e a s u r e m e n t employed have 
been investigated and the r e su l t s a r e presented . Composite curves show­
ing the re la t ive worths of the var ious rods a r e included. 

Control rod cal ibrat ion is a s tandard student exper iment . The 
common procedure is to s t a r t with a c r i t i ca l r eac to r at a re la t ively high 
power, then the rod to be cal ibrated is dropped, and the neutron level 
change with t ime observed. F r o m the observed resu l t s and the kinetics 
curves , the magnitude of the negative react ivi ty s tep can be determined. 
An a l te rna te method is to withdraw the rod from its c r i t i ca l position and 
to m e a s u r e the period of the r eac to r . The period is converted to r e a c ­
tivity with the aid of the kinetics curves . 
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F . l . One-s lab Control Rod Calibrat ions 
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F.2. Control Rod Cal ibrat ions , Annular Loading 
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Section G 

RAMP STARTUP 

Usually, react ivi ty changes introduced into the Argonaut a r e s tep 
changes because they a r e eas ie r to understand and perform. A step 
reac t iv i ty change is a s sumed to take zero t ime, while during a r a m p input 
the react iv i ty is changing with t ime, usually l inear ly . Very little work 
has been done with the exper imenta l study of r a m p inputs to date at the 
Argonaut. 

Curves of power level ve r sus t ime for var ious r a t e s of remova l 
of the fine control rod ( ramp input of react ivi ty) a r e presented, but because 
of the shape of the rod cal ibrat ion curve, this is not a l inear r a m p input. 
The t ime to r each cr i t ica l i ty depends on the remova l r a t e of the control 
rods , which in turn depends on the Variac setting of the rod speed control . 
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Section H 

TRANSFER FUNCTION (ONE-SLAB GEOMETRY) 

A typical s e r i e s of curves obtained performing the student automatic 
r eac to r control exper iment a r e presented together with ineasurements of 
the reac tor t ransfer function. This t ransfer function desc r ibes the re la t ion 
between a sinusoidal input reac t iv i ty dis turbance, 6k(s), and the resul t ing 
neutron level behavior, 6n(s): 

G(s) = 6n(s)/5k(s) 

The phase shift and magnitude of G(s) depend on the frequency of the r e a c ­
tivity dis turbance. The curves of the phase shift and magnitude of G(s) 
v e r s u s frequency constitute the t ransfe r function. 

Work to date has only been with the one-s lab core . 
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Section I 

FLUX PLOTS (RELATIVE) 

Relative flux means that the exper imenta l points have not been 
de termined in absolute units of neutrons per cm^ per second, but r a the r 
in other units, such as counts per minute per g r a m of foil weight. Re la ­
tive flux then is the neutron distr ibution in a r b i t r a r y units. The de t e r ­
mination of the total, fast, and slow neutron flux distr ibut ions in the core , 
ref lector and the rma l columns is a s tandard student experiment . Because 
knowledge of the var ious dis tr ibut ions is bas ic to the design of exper iments 
and in the study of exper imenta l r e su l t s , much ear ly student effort has been 
d i rec ted to this measu remen t . Although it is c lear that there is room for 
bet ter work to be done, the following curves at leas t indicate the r e su l t s of 
the theore t ica l and exper imenta l effort made to date. 

The r e su l t s were obtained with bare and cadmium-covered gold and 
indium foils, but other techniques a r e possible . 
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I . l . Core 

L I . a . Flux Distribution in the One-slab Core 
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I. l . b . Flux Distr ibut ions in the Two-s lab Core 
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I . I . e . Flux Distr ibutions in the Annular Core 
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1.2. Flux Distr ibut ions in the Thermal Columns 
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1.3. Flux Distr ibutions in the Water Shielding Tank 
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I.3.b. 
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1.4. Flux Measurements in Beams and Beam Channels 

) 



I.4.a. 
MEASUREMENT OF RELATIVE FLUX IN BEAM HOLES 
(Ref. 7-5)(Two-slab Loading) 
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I.4.b. Effect of Cadmium Next to Beam Hole. (Ref: II-6) 

The neutron beam from a 1-inch square beam hole in the 
J-10 s t r inger was monitored using a BF3 long counter outside the biologi­
cal shield. The effect measu red was the reduction in neutron flux when 
8 square inches of Cd was replaced by 15 square inches placed next to the 
beam hole at the reac tor face. 

Reduction in the rmal neutron cur ren t 4.6 ±1 .1%. 

Reduction in epicadmium neutron cur ren t 11.2 ± 2.5%. 
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hoi 

15 sq in. = A + B 
8 sq in. = A 

-1 in. sq 



108 

1.4. c. 
THERMAL NEUTRON BEAM EXTERNAL TO REACTOR SHIELD 
FROM J-10 (Ref. Xm-5)(Two-sIab Loading) 

T T T 
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Cd slab with hole close against reactor shield. 
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L4.d. 
EPITHERMAL NEUTRON BEAM EXTERNAL TO REACTOR SHIELD 
FROM J-10 (Ref. Xin-3)(Two-slab Loading) 
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1.4. e. 
THERMAL NEUTRON BEAM FROM J-10 TRAVERSED WITH TWO DIFFERENT 
RESOLUTIONS OF THE DETECTOR (Ref. 2m-5)(Two-slab Loading) 
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Section J 

ABSOLUTE FLUX MEASUREMENTS 

The exper imenta l r e su l t s of absolute thermal -neut ron- f lux m e a s ­
u rements in the core and external t he rma l column a r e given. Also, one 
measu remen t of the gamma flux in the operating reac tor has been made 
and the r e su l t s presented in t e r m s of r / h r / w a t t . The absolute flux is a 
basic bit of knowledge in the design of and in work with the r eac to r . 

An absolute flux measu remen t is one which de te rmines the flux at 
a cer ta in point in units of n e u t r o n s / c m / s e c . The absolute flux is p ropor ­
tional to the reac tor power level as indicated by ion chamber cu r ren t 
readings ; hence, the ion chamber readings a r e given with the flux. Also, 
this m e a s u r e m e n t will s t rongly depend on the core geomet ry and condi­
tions that exist during measu remen t . 

The technique involves the i r rad ia t ion of a gold foil at a steady 
power for a known t ime. A compar ison of the activi ty of this gold foil 
to one i r r ad ia t ed in the Argonne s tandard pile yields the absolute flux. 



J. 1. Absolute Flux at Head of J -10 Stringer with a One-slab Core 
(Ref. V - l l ) 

Core Loading: One slab, north side of r eac to r , containing six fuel 
boxes with 1896.08 g r a m s . 

Foi l Location: In f i rs t hole of J -10 m e a s u r e d from core end of J -10 . 

Ins t rument Log 1 x 10" 
Reading (amp): #1 - 0.69 x 10"^ 

#2 - 0.12 X 10"^ 
#3 - 0.23 X 10"^ 
Power level - 230 watts 

The rma l Flux: 2.05 x lO' cm"^ sec~ ' 

Cadmium 
Ratio: 4.5 

Core Loading: One-slab loading of six fuel boxes on nor th side of 

r eac to r . (Ref. V-6) 

Foi l Location: On core end of J -10 . 

Ins t rument Log 1 x 10"^ 
Reading (amp): #1 - 0.89 x 10"^ 

#2 - 0.16 X 10"= 
#3 - 0.36 X 10"^ 
Power level - 360 watts 

The rma l Flux: 3.61 x lO' cm"^ sec"^ 

Core Loading: One-s lab , nor th side of r eac to r , containing six fuel boxes 
with 1898.59 g r a m s . (Ref. V-12) 

Foi l Location: In pocket 2 in. from core end of J -10 s t r inger . 

Ins t rument Log 8 x 10"* 
Reading (amp): #1 - 0.16 x 10"'^ 

#2 - 0.22 X lO"'^ 
#3 - 0.06 X lO"'' 
Power level - 5.7 watts 

Absolute 
The rma l Flux: 5.90 x 10^ cm"^ sec 
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J .2 . Absolute Flux at Center of One-s lab Core (Ref. V-13) 

Core Loading: One slab, north side of r eac to r , containing six fuel 
boxes with 1898.59 g r a m s . 

Foil Location: Central , ver t ical ly , radial ly , and azimuthally. 

I n s t r u m e n t 
R e a d i n g ( amp) : 

Log 5.0 X 10"" 
#1 - 0.28 X 10"* 
#2 - 0.8 X 10"* 
#3 - 0.11 X 10"* 
Power level - 1.05 watts 

Absolute 
Thermal Flux: 1.47 x 10^ cm"^ sec"^ 

J . 3 . Absolute Flux at Center of Each Slab of a Two-s lab Core (Ref. V- l6 ) 

Core Loading: Two-s lab loading of s ix fuel boxes. 1918.67 g r a m s 
U 235 in north slab and 1935.79 in south slab. 

Ins t rument 
Reading (amp): 

Resul t s : 

The rmal 
Neutron Flux: 

Cadmium 
Rat ios : 

- 7 Log 8.0 X 10 
#1 - 0.18 X 10"'' 
#2 - 0.075 X 10"^ 
#3 - 0.12 X lO"'' 

Power Level - total = 2.64 watts 
nor th s lab = 1.330 watts 
south slab = 1.313 watts 

North slab - 2.080 x lO'' n / c m Y s e c 
South slab - 2.275 x lO'' n / c m Y s e c 

North slab gold foil - 1.79 
South slab gold foil - 1.98 

North slab in fuel plate - 15.95 
South slab in fuel plate - 16.72 
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18 26 34 42 

DISTANCE FROM END OF J-10 STRINGER (in) 
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J. 5. G a m m a - r a y Intensity in the One-s lab Core during Operation 
TRef. Y-13) 

At the power level of 0.1 watt the following r eac to r instrunnent 
readings (amp) were observed. 

Log - 4 X 10"' Linear #2 - 0.06 x 10"* 

Linear #1 - 0.19 x 10" ' Linear #3 - 0.05 x 10"' 

Resul t s : 

(1) At the approximate center of r eac to r core the intensity is 
270 r / hou r /wa t t . 

(2) At the head of the J -10 s t r inger the intensity is 
50 r / h o u r / w a t t . 

These values can probably be taken as re l iable within ±50%. 
They were obtained with film packets loaded with duPont type 53 5 film, 
and the packets were p rocu r red from and purchased by R. S. Landauer 
and Company. 

I 



o
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Section K 

TEMPERATURE COEFFICIENT 

If the t empera tu re of core changes, the c r i t i ca l r eac to r will become 
superc r i t i ca l or subcr i t ica l , depending on the sign of the t empe ra tu r e 
coefficient of react ivi ty . Low-power r e s e a r c h r e a c t o r s like the Argonaut 
a r e usually designed to have a negative coefficient as a safety m e a s u r e . In 
such a case an accidental r eac to r power inc rease would tend to be self-
l imiting. 

The t empera tu re coefficient is an important concept in r eac to r theory 
and in p rac t i ce , especial ly with power r e a c t o r s . A m e a s u r e m e n t of this type 
is a common student exper iment and the r e su l t s presented a r e mainly their 
work. The coefficient has been measu red in the one-s lab , two-s lab, and 
annular core loadings. 

The technique employed to de te rmine the coefficient is to observe 
the c r i t i ca l rod posit ions and the core (water) t e m p e r a t u r e . The core t e m ­
pe ra tu r e is changed ( increased or decreased) and the new cr i t i ca l rod pos i ­
tions observed. F r o m previously determined rod cal ibrat ion curves the 
corresponding react ivi ty change can be calculated. Because of t he rma l 
t ime- lag effects in the graphi te modera to r and ref lec tor , the nonequil ibrium 
t empera tu re coefficient will depend on whether the water was being heated 
or cooled; in sufficient t ime (approximately 1 hour) equi l ibr ium will be 
reached and a t e rmina l net coefficient can be measu red . 
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0.20r 

0.15 

< 
0.10 

0.02,1 

I I I I I I I I I 

K.I . 
NEGATIVE REACTIVITY VS TEMPERATURE (Ref. 21-4) 

(one-slab loading) 

• -Stable Points 

Temperature coefficient = 0.00977% Ak/oc 

± ± ± 
4 15 16 17 

± 
18 19 20 21 ^22 23 24 25 26 27 

Temperature (OC) 
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Jit: 

< 

.90 

.80 

.70 

.60 

.50 

.40 

.30 

.20 

.10 

t-

1 1 1 

K.2. 
NEGATIVE REACTIVITY VS TEMPERATURE 

(Ref. 21-3) (two-slab loading) 

' / / 
/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / 

/ / Note - Both curves obtained during 
/ / cooling 

1 1 1 1 1 1 
3( 3 40 50 60 70 80 

— 

— 

— 

— 

— 

— 

90 

Temperature, °C 
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0.5 

0.4 

0.3 

0.2 

0.1 

K 3 
NEGATIVE REACTIVITY VS 
TEMPERATURE (Ref.2I-2) 

(annular loading) 

o ^ Cooling Curve 

i 

Heating Curve 

2r ir 1 "Sd go loo—rio l ir 
Temperature, ^F 



Section L 

VOID COEFFICIENT (ONE-SLAB GEOMETRY) 

Because safety is an important aspect of the Argonaut r eac to r , it 
is designed to have a negative void coefficient. Then should the reac tor 
power i nc rease sufficiently to r a i s e the core t empera tu re to 100°C, the 
water modera to r will boil (form voids) and negative reac t iv i ty will be 
effectively inser ted . The power r i s e will thus tend to be self- l imit ing. 
It follows that the void coefficient is an important considerat ion of water 
or l iquid-moderated r e a c t o r s . 

Because the flux distr ibution in the core is not flat, the void 
coefficient will be dependent upon position. The coefficient as a function 
of position in the reac tor is de te rmined as a s tandard student exper iment . 
Lately, the investigation has been broadened to seek a m o r e basic under­
standing of the nature of the void coefficient, and some studies of the 
effect of fuel plate spacing on the magnitude and sign of the coefficient 
have been made . The r e su l t s of these exper iments a r e shown with some 
typical r e su l t s of the spat ial void worth exper iments . 

The exper imenta l technique is to de termine the c r i t i ca l rod pos i ­
tions of the ba re core , or with the void holders filled with water . Then 
the control rod c r i t i ca l positions a r e r ede te rmined after the voids a r e 
in position. The change in c r i t i ca l rod posit ions is converted to a r e a c ­
tivity change with the aid of the rod cal ibrat ion curves . 
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L2. 
VOID COEFFICIENT VS ANNULAR 

VOID LOCATION (Ref. S n - l ) 
(one-slab loading) 

-0.5 

-0.4 

^ 

i -0.3 

-0.2 

-0.1 

16 17 

Annular Void Lxation, Fuel Box No. 
3-1/4-in,voids placed between 

plates 6-7,7-8, and 8-9 for each box 

18 



4^ 

0.2 

0.1 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

— 

— 

— 

— 

— 

3 

1 

1 
1/4 

L3. 
1 1 

VOID COEFFICIENT AS A FUNCTION OF FUEL PLATE 

X 

SPACING (Ref.XEL-l) (one-slab loading) 

1 
1/2 

1 

y 
y 

y 
y 

^y 

Voids 17 in. long x 3/4 in.at center of Box 16. 

Plexiglass holders 

1 1 
3/4 1 

—̂  

—̂  

— 

—̂  

—̂  

Fuel Plate Spacing, in. 



.3 
• f 

_-—o-

percent change in reactivity 

percent ratio of the volume of voids 
to the volume of moderator 

Fuel Plate Spacing (in) 

l-W 
L.4. 
VOID COEFFICIENT a AS A FUNCTION OF FUEL 
PLATE SPACING (Ref.2II-6) (one-slab loading) 

Curve A - voids placed in boxes 14 and 16 (Ref.2I I-8) 
Curve B - voids placed only in box 16 with a fuel plate 

between them (Ref .2 I I - l ) 
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Section M 

NEUTRON LIFETIME 

The neutron lifetime is the average t ime that e lapses fronn the 
fission capture of a neutron in one nucleus until one of the neutrons r e ­
leased in the subsequent fission suffers a fission capture by another 
nucleus. It is a fundamental reac to r pa rame te r , but, unfortunately, it 
is difficult to m e a s u r e . Relat ively little effort has been made in this 
category to date. 

One of the two quoted values is the r e su l t of a pile noise 
measuremen t . The other is from t ransfer function m e a s u r e m e n t s . It 
is hoped that more r e su l t s will be obtained from work with the pulse 
neutron source exper iments that a r e now being considered. 

I 



M.l . Resul ts of Pile Noise Measurement (One-slab) (Ref. XIII-2) 

+295 
Assuming B r̂ = 0.0070, the lifetime was 142 microseconds . 

M.Z. Neutron Lifetime for the One-slab Loading Determined from Transfer 
Function Measurements (Ref. Pr ivate Communication - G. Pawlicki) 

The neutron lifetime was determined to be 1.80 i 0.05 x 10"'* sec . 

The value of the lifetime was determined by comparing the shape of 
the exper imenta l t ransfe r function magnitude with digital computations of 
the l inear ized kinetic equations, using the Hughes data for delayed neutron 
p a r a m e t e r s . The comparison of experiment and computation was made in 
the frequency range from 1 to 30 cps. The digital computation was done on 
IBM 650 using the BUM code. 

It has been shown exper imental ly that the m e a s u r e d phase shift of 
the Argonaut t ransfer function does not agree with the phase shift of the 
lowest mode bare r eac to r kinetic equation. The d iscrepancy in the phase 
shift becomes ex t remely large at higher frequencies when the ion chamber 
is located in the external the rmal column at la rge dis tances from the fuel 
region. Even if the ion chamber is cadmium covered in measur ing the t rans­
fer function, the re is some measu rab l e difference in the phase-shif t curve 
when compared to the 180-microsecond lifetime phase-shif t computation. 
Regard less of the chamber location or cadmium covering, the shape of the 
t ransfer function magnitude ag rees with the digital computation within 
0.5 db at all f requencies. 



Section N 

POWER CALIBRATION 

The Argonaut reac to r power level is indicated by B^°-coated ion 
chamber s . The cu r ren t output in a m p e r e s is not a convenient unit for 
analyzing or understanding all exper imenta l r e su l t s ; in addition, the 
reading itself is dependent upon the chamber location, voltage, and the 
assoc ia ted electronic c i r cu i t s . A more useftil unit is the watt, because 
the reac tor power in watts is direct ly re la ted to the fission ra te and neu­
t ron flux. Some effort to re la te the ion chamber readings to power in 
watts has been made , and the resu l t s a r e repor ted in this section. 

The exper imenta l techniques requi re determining the core flux 
distr ibution and the i r radia t ion of a gold foil at a steady power (indicated 
by the ion chambers ) for a known t ime . The counting of this gold foil and 
one i r rad ia ted in the Argonne s tandard pi le , enables the absolute thermal 
flux to be determined. With knowledge of the absolute flxix and the fuel 
m a s s , the power in watts is calculated, assiiming a homogeneous core . 



N . l . One-s lab Power Calibration Data (Ref. V-12) 

Core Loading: 

Foil Location: 

Instrument Reading: 

Chamber No. 

One-slab, north side of reac tor , six fuel boxes with 
1898.59 g r a m s 

Central ver t ical ly , radial ly and azimuthally. 

1 
2 
3 

Log 

Current Reading 
(amp x lO") 

0.28 
0.8 
0.11 
5.0 

Chassis Serial No. 

56267 
Special tes t unit 

56269 
56266 

The detectors were located as shown in d iagram on page 23, Section B. 

Reactor Power Level: 1.05 watts ± 8.7% 

N.2. Two-slab Power Calibration Data (Ref. V-14) 

Core Loading: Two slabs of six boxes in each slab. Fuel weight in 
nor th s lab is 1918.67 g r a m s , and in the south is 
1935.79 g r a m s . 

Ins t rument Reading: 

Chamber No. 
Current Reading 

(amp) 

1 
2 
3 

Log 

- 7 0.18 X 10 
0.075 X 10"^ 
0.12 X 10"'^ 
8.0 X lO"'' 

Chassis Ser ia l No. 

56267 
56268 
56269 
56266 

Reactor Power Level: nor th slab = 1.33 watts 
south slab = 1.31 watts 

total = 2.64 watts 

The e r r o r is believed to be ± 13.9%. 
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N.3. 
CALCULATED POWER AND MEASURED ABSOLUTE THERMAL FLUX 
DI STRIBUTIONS IN A TWO-SLAB CORE (Ref. Y-14) 

I 
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Section O 

REACTIVITY WORTHS 

Any change in the core or ref lector composition or geometry will 
introduce a react iv i ty dis turbance that will affect the r eac to r . This fact 
is a basic considerat ion of reac to r safety, and of r e s e a r c h into r eac to r 
physics and reac to r engineering, i .e . , kinet ics, control rod design, fuel 
worth, and compensation for burnout and poison buildup. Also, numerous 
other types of exper iments such as c ro s s - s ec t i on and danger coefficient 
m e a s u r e m e n t s inake use of the sensi t ivi ty of the r eac to r to per turba t ions . 
It is obvious that there is a la rge number of these cause and effect 
re la t ionships to study. 

Some react iv i ty worths of fuel, modera to r , and ref lector have been 
m e a s u r e d in var ious core geomet r i e s . The fuel w^orth has been m e a s u r e d 
as a function of core position, fuel m a s s , and worth re la t ive to graphi te . 
The worth of the graphite modera to r has a lso been de termined as a func­
tion of position. Integral and differential worths of the water and graphi te 
ref lector and modera tor have been measu red . The reac t iv i ty effects of 
gold foils and other a b s o r b e r s placed in the core or t h e r m a l columns have 
been determined, and the r e su l t s a r e presented. 

I 



1. Fuel and Core Graphite (One and Two-slab Data) 

O. l .a . Reactivi ty Worth of Fuel at Various Locations in the 
Core (Pr ivate Communication - W. E. Carey) 

Date 

4 /19 /58 

4 /10 /58 

4 /11 /58 

Location of 
Fuel Change 

Box 16, Position 2 
near outer edge 

Box 16, Position 9 
in middle 

Box 16, Position 16 
near inner edge 

Fuel 
Change 
M, gm 

4.52 

4.52 

4.52 

Reactivity 
Change, $ 

0.093 

0.040 

0.080 

Reactivity 
Worth 

of Fuel, 
$/gm 

0.0206 

0.0088 

0.0177 

(one-s lab loading.) 



005 

004 

0.1.b. 
•̂ EXCESS VS '^ASS OF U235 | N CORE 

EXPERIMENTAL DATA FROM LOG BOOKS 3, 
4,6 ARGONAUT (Ref. n - 5 ) (one-slab loading) 

Uneven Loading High 
Concentration In Central 
Fuel Boxes 

Uneven Loading High 
Concentration In 
Outermost Fuel Boxes 

003 

002 

001 

000 
Critical Mass 
Even Loading 

1:95 

Wu235 (kg) 
1.85 1.90 2.00 ^05 
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I 

0.30 REACTIVITY VS MASS OF \P^ IN CORE 
(Ref. n"-2) (one-slab loading) 

0.25 

• - measured using control rod 
calibration curves 

o -measured using all rods out; 
period measurement 

1985 1990 1995 2000 

Mass of U235 (gm) 

2010 



CORE 

0.06 

- 0 .02 

No. 1 

6 

13 

18 

Z 

5 

14 

17 

F u e l Box 
N u m b e r 

3 

4 

15 

16 

0.006 

0.007 

0.006 

0.005 -
u 
60 
•ii 0.004 -

< 0.003 

0 002 

0 001 

REACIIVirV GAIN DUE TO SHIFTING FUEL 
TOWARD INSIDE OF ANNULAR CORE REGION 

F u e l Box 
N u m b e r 

O.l.d. 
REACTIVITY VS FUEL LOCATION IN TWO-SLAB CORE 
(Ref. 1-8) 



i 

0.1.e. 
RELATIVE WORTH OF GRAPHITE VOLUME VS MASS 

OF U^3^ IN CORE (Ref. IS -3 ) (one-slab loading) 
1000 

0 20 40 60 80 100 

Total Mass of U235 Removed From Core(gm) 

( 
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T T T T 
0.1.f. 
WORTH OF LARGE GRAPHITE WEDGE VS POSITION IN CORE 

(Ref. W-A) (one-slab loading) 

0.60 

0.50 

0.40 

X 

0.30 

0.20 

0.10 

Description of Positions 

13 14 15 16 17 18 
Fuel Box Numbers 

1 1 1 
3 4 5 6 

Graphite Wedge Position 



T T 

0.1.g. 
REACTIVITY WORTH OF \P^ IN THE 

INTERNAL THERMAL COLUMN 
(Ref. rSM5) (one-slab loading) 

(North Rectangular Stringer) 

50 

Fuel Added (gm) 



O.l.h. Reactivity Worth of Fuel at Various Locations in the 
Internal Thermal Column (Ref. IV-19) 

Core geometry: One-slab on nor th side of reac tor . 

r235 A fuel plate containing 21.01 g r a m s U was placed at the 
locations shown on the sketch, and the react ivi ty effect was determined 
from control rod worth curves . 

Notation of 
Fuel Plate 

North s t r inger 

North side of 
Eas t s t r inger 

Reactivity 
Worth, 
% Ak/k 

0.29 

0.121 

Average 
Specific 

Worth, 
%/gm 

0.014 

0.00576 

Tota lExcess 
Reactivity of 

Lattice in 
which 

Measurement 
Was Made, % 

0.29 

0.298 

South side of 
Eas t s t r inger 0.097 0.00462 

Eas t side of 
South s t r inger 0.006 0.000285 

0.319 

0.319 

All S t r i nge r s 
3 ^ X 1 ^ in 

West 

INTERNAL THERMAL COLUMN 

North 

North St r inger 

4:J-in O D Cent ra l 
Thimble 

Eas t S t r inger 

Eas t 

Outer Edge of the 
T h e r m a l Column 

24-in O D 

(dimensions m inches) 



O.2. Moderator and Reflector 

0 .2.a . Reactivi ty Worth of Moderator and Reflector (One Slab) 
(Ref. IV-6) 

The following data apply only to a specific exper imenta l 
t es t section in the graphite ref lector , but perhaps they a re of in te res t as 
re la t ive number s . 

(A) D2O compared to graphite = +260 Arb i t r a ry Units 
( B ) D2O compared to void = +260 Arb i t r a ry Units 
(C) Graphite compared to void = +100 Arb i t r a ry Units 

(Ref. IV-7) 
The loading was a 7-box, one-s lab loading of 2273.90 gms. 

(1) The worth of ref lector was found to be 11.6 x 10"^ 6k 
for 22.3-cm ref lec tor . The effectiveness of the 
ref lector about 15 cm above top of fuel was a lmost 
negligible. 

(2) The worth of modera to r was found to be 0.86 x 10 6k 
for 31.2-cm modera to r . This value corresponds to 
31.2 cm below top of fuel. The total height of fuel 
was 61 cm. 

(3) In the Argonaut r eac to r the effective reflector is about 
15 cm or 5 diffusion lengths, the diffusion length in 
water being 2.88 cm. 



0.2.b. 
REACTIVITY VS WATER LEVEL IN UPPER REFLECTOR 

(Ref.3in-4) (two-slab loading) 

-10 

Integral Curve of A k 

- O I 

no 

- 8 

- 4 

Distance, cm 



Distance, cm 
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0 . 3 . A b s o r b e r and Voids in J - 1 0 S t r i n g e r (One Slab) 

0 . 3 . a . Some R e a c t i v i t y Ef fec t s in J - 1 0 S t r i n g e r (Ref. IV-14) 

A s e r i e s of m e a s u r e m e n t s of r e a c t i v i t y ef fects on the 
A r g o n a u t r e a c t o r due to c h a n g e s in the J - 1 0 s t r i n g e r and w a t e r t ank w e r e 
p e r f o r m e d and the r e a c t i v i t y ef fec ts o b s e r v e d a r e t a b u l a t e d below. 

O n e - s l a b G e o m e t r y (Nor th) A p , % 

1. R e a c t o r in i n t e g r a l condi t ion : J - 1 0 s t r i n g e r 
in; w a t e r t ank in; no a b s o r b e r or vo ids 
involved . 0 

2. Same r e a c t o r s y s t e m ; J - 1 0 s t r i n g e r c o m ­
p l e t e l y r e m o v e d . - 0 . 1 7 5 

3. J - 1 0 s t r i n g e r r e i n s e r t e d wi th 4 x 4-in. 
c a d m i u m on f ront f ace . -0 .370 

4. S t r i n g e r c o m p l e t e l y r e m o v e d ; 4 x 4-in. 
c a d m i u m p l a t e left a t h e a d of c h a n n e l 
( south) ; p l ane of c a d m i u m n o r m a l to ax i s 
of channe l . The change w a s n e g a t i v e and 
in ex ten t , g r e a t e r than the m a x i m u m 
m e a s u r a b l e u n d e r the cond i t i ons of the 
e x p e r i m e n t . >-0 .399 

5. J - 1 0 s t r i n g e r r e m o v e d , 4 x 4-in, c a d m i u m 
p la t e d r a w n b a c k 20 c m f rom the sou th end 
of the c h a n n e l . -0 .300 

6. J - 1 0 s t r i n g e r r e m o v e d , 4 x 4 - i n . c a d m i u m 
p la te d r a w n b a c k 40 c m f r o m the sou th end 
of the c h a n n e l . - 0 . 2 1 2 

7. The w a t e r t ank w a s c o m p l e t e l y w i t h d r a w n , 
i t s f ront face c o v e r e d wi th c a d m i u m 
('^16 ft ), and r e a c t i v i t y ef fec ts m e a s u r e d 
a s a funct ion of t ank pos i t i on r e l a t i v e to 
the r e a c t o r c o r e . In r a n g e of 4 ft w i t h ­
d r a w n to fully i n s e r t e d no r e a c t i v i t y effect , 
e i t h e r p o s i t i v e or n e g a t i v e , w a s o b s e r v a b l e . 0 
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0.3.b. 
NEGATIVE REACTIVITY VS AREA OF 
CADM lUM LOCATED AT END OF J-10 

(Ref. Iff-5) (one-Slab loading) 

1 

/ 

/ Cadmium Sheets 40 mil Thick 
/ of Square Geometry 
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10 

Area, in^ 
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O.3.C. 
NEGATIVE REACTIVITY VS AREA OF 
CADMIUM LOCATED AT END OF J-10 

(Ref. I3I-3) (one-Slab loading) 

Note - Samples used were 
sectors of a circle at 
2-in. radius. The 
center of the circles 
were located at the 
center of J-10 

in.' 

1 

10 

60 120 180 240 300 

Angle in Degrees 

360 



0.3.d. 
INTEGRAL VOID WORTH VS VOID VOLUME IN J-10 (Ref. IZ-3) (one-slab loading) 

Graphite 

J-10 

Void 
Area = 4-1/16 X 4-1/16 ln.2-

400 

Volume, in. 
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LTV 
I 

o 
X 100 

3 

^ 

50 

0.3.e. 
DIFFERENTIAL VOID WORTH VS INCHES OF WITHDRAWAL 

OF J-10 STRINGER (Ref. IX-3) (one-slab loading) 

\ 

10 15 20 

Distance, in. 
4^ 



O.4. Absorbers in Central Thimble (Two-slab Loading) (Ref. IV-8) 

1 

2 

3. 

4. 
5. 
6 

Absorber 

Cadmium 
(sheet) 

Cadmium 
(wire) 

B4C 

u " S n A l 
#480 Tape 
#33 Black 

Expe 

Length, 
c m 

31 
31 
31 
31 
15.5 

256 

256 
128.5 
381 

30.5 
30.5 

28.6 
2,54 
2.54 

r imenta l Reactivity Values 

Width, 
c m 

2.5 
1.3 
0.61 
0.29 
5.0 

5.1 
5.1 

6.7 

Thick­
nes s , 
mi l s 

20 
20 
20 
20 
20 

30 

30 
30 
30 

20-2.5 

Geo­
met r i c 
Area, 

cm^ 

77.5 
40.1 
18.9 

8.9 
77.5 

61.2 

61.2 
30 8 
91.2 

155.6 
155 6 

191.6 

for Va 

Weight, 
g m 

36.85 
19.07 
9.00 
4.22 

36.85 

3.06 
0.70 

3.38 

n o u s Absorbers 

. 

. 

^ 

Location 

Central thimble. 
4 m. above mid-
plane, & wrapped 
around graphite 
cylinder 

Wire wound 
around cent ra l 
thimble with 1-cm 
pitch 

Wire wound 
around cent ra l 
thimble with 
3-cm pitch 

Powder sprinkled 
on #471 tape. Re­
activity of tape 
not included m 
Ak/k value 

Central thimble. 
4 in. above 

. mid-plane 

Ak/k, 
% 

0 236 
0.146 

)• 0.086 
0.046 
0 222 

0.141 

0.125 
0.080 
0.191 

0.207 
0 083 

0 0041 
- 0.0013 X 10 

0.020 X 10" 
tape 

The effective a rea for the wire: geometr ic a r e a / 4 

The effective a rea for the sheet: geometr ic a rea /Z , or total surface a r ea (2A)/4 
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O.5. Reactivity "Worth of Nitrogen Injection (One-slab Loading) 
(Ref. Pr iva te Communication - L. Lawyer, R. Springer) 

Nitrogen injection react ivi ty worth as a function of ni trogen p r e s ­
sure , and also as a function of t ime. The react iv i ty vs p r e s s u r e data is the 
average of the values at 40 and 50 sec after s t a r t of injection. 

Core 
Condition 

Clean 

Clean 

Clean 

Modified Fuel 
Box #16 

Clean 

Clean 

Modified Fuel 
Box #16 

Mass 
u"^ gm 

1878.59 

1878.59 

1896.08 

1900.19 

1896.08 

1896.08 

1900.19 

Water 
Temp, °F 

93 

89 

93 

93 

89 

Nitrogen 
P r e s s u r e , 

p s i 

11 

11 

12 

14 

16 

16 

20 

% Ak 

-0.115 

-0.165 

-0.056 

-0.214 

-0.410 

-0.430 

-0.503 

Reactivi ty in % Ak (all changes negative) 

Time after s t a r t Time, sec 
of injection 0 10 20 30 40 50 

16 psig - run 1 0 0.36 0.40 0.43 0.43 0.44 

16 psig - run 2 0 0.32 0.35 0.39 0.41 0.42 

12 psig 0 0.043 0.047 0.050 0.055 0.058 
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0.6. Summary of Miscellaneous Reactivity Changes for a Two-slab Core 
(Ref. I - l ) 

Configuration: Two groups of six c lus te r s each, symmetr ica l ly 
a r ranged . 

Cr i t ica l m a s s : 3.748 kg U"^ 
Void introduced into fuel c luster : -0.25% k/% void 
Replace graphite with water at 

edge of fuel c lus te r : -4.4 x 10~'*%k/cc water 
Bubbles from gas injection s y s ­

tem introduced into one fuel 
c lus te r : -0.09% k 

7 X 7-in. cadmium sheet cen­
t e red on fuel midplane next 
to r eac to r tank: - 3 . 1 % k 

24 X 3-in. cadmium sheet: 
next to tank: -3.7% k 
1.5 in. away from tank: -2.7% k 
3 in. away from tank: -1.9% k 

Removal of s t r inger from 
in terna l ref lector : -0.22% k 

Inser t ion of U ^ at center of 
in ternal ref lector : +0.026% k /gm 

1 X 1-in. cadmium sheet at 
center of in ternal ref lector: -0 .11% k 

Insert ion of U next to outer 
tank: +0.022% k /gm 

Fuel box displaced ver t ica l ly 
1 ft: -3.2% k 

4 X 6-in. void next to outer tank, 
36 in. high: -2.2% k 

Rise in t empera tu re : -1.065 x 10"'* k /C 



7. Summary of Miscellaneous Reactivity Changes for a 6 x 2 Loading 
(Ref. I I - l ) 

Uniform addition of fuel to core 0.41906 x 10"^A2^.j^(cm^) 
regions 

Addition of fuel to in ternal 1.105 x 10"^A2^j^(cm^) 
the rma l column 

Void at center of in ternal -0.702 x 10" / c c 
t he rma l column 

Void in middle of annular -2.862 x 10~ycc 
graphite 

Void in graphi te at edge of fuel -20.24991 x 10"'ycc 
box 

"Water rep laces graphite at -1.62 x 10" / c c 
center of in ternal t h e r m a l 
column 

"Water rep laces graphite at -1.373 x 10" / c c 
middle of annular graphi te 

"Water rep laces graphite at -0.232 x 10 / c c 
edge of fuel box 

Uniform t empera tu re change -1.065 x 10" / °C 
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O.8. Sensitivity for Various Absorbers at Center of One-slab Core 
(Ref. IV-17) 

Sample 

Cd sphere 
Al holder 

Cd tube 

Al holder 

Cd s t r ip 

Al holder 

Cd plate 

Cd plate 

Al holder 

Cu 

Z n 

B r a s s 

Mn 
A l 

Mg 

Al *2 & 7 

Weight, 
gm 

1.468 
5.2 

0.368 

5.2 

0.1850 

5.2 

11.0686 

3.400 

5.2 

35.994 

27.607 

35.455 

1.336 
10.5 

28.693 

20.435 

Area , 
cm^ 

Trr̂  = 0.353 
22.6 

" f =0 .314 
4 

22.6 

^ ^ - = 0 . 2 9 9 

22.6 

Iw 
2 = '^-^ 

' J = 3.94 
22.6 

25.0 

25.0 

25.0 

20.5 
22.6 

25.0 

22.6 

React ivi ty 
Change, $ 

0.0329 
-

0.0251 

-

0.0247 

-

-

0.2198 

-

-

-

-

0.0265 
-

-

0.00536 

Reactivi ty 
Change 
Due to 

Holder ,$ 

_ 

0.0013 

-

0.0013 

-

0.0013 

-

-

0.0013 

-

-

-

-

0.0077 

-

-

Reactivity 
Change 
Due to 

Sample, $ 

0.0316 

0.0238 

0.0234 

0.555 

0.2185 

0.0735 

0.01750 

0.04795 

0.0188 

0.0055 

Sensitivity 

0.0895 

0.0758 

0.0746 

0.044 

0.055 

0.058 

0.065 

0.093 
0.051 

0.123 

0.051 
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Section P 

CRITICAL MASS AND CORE LOADING 

The amount of fuel requ i red to susta in a nuclear chain react ion 
is a function of numerous considera t ions , one of which is core geometry . 
The Argonaut is designed to have a flexible core geometry in that the 
fuel box location and fuel plate spacing a r e readi ly var iable . 

In this section, data of the c r i t i ca l m a s s for var ious core geome­
t r i e s and plate spacings a r e presented. Most of this data was obtained 
by extrapolation from the mult ipl icat ion exper iments , and the r e s t from 
cr i t i ca l r eac to r work. The re su l t s of the two sources a r e essent ia l ly 
identical. 
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P. 1. Cr i t ica l Mass (kg) as a Function of Core Geometry (Ref. I - l ) 

Data from multiplication exper iments f}<.^^ 

Two groups of six boxes each: 3.748 
Four symmet r i ca l groups of th ree boxes each: 5.2 
Three s y m m e t r i c a l groups of four boxes each: 4.6 
Slab loading on one side (8 boxes): 2.2 
Honnogeneous loading with 3-in. annulus on a 

2-in. I.D. 4.3 

Typical exper imenta l r eac to r data 

One-s lab loading of six boxes 1.90 
Two-s lab loading of six boxes in each slab. 3.8 
Annular loading 4.2 

P .2 . Cr i t ica l Mass (kg) as a Function of Pla te Spacing. (Ref. I - l ) 

Experinnental data taken on one-s lab loading. 

Pla te spacing (in.): 

l / 8 3.4 
2/8 2.2 
3/8 2.7 
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Section Q 

RADIATION SURVEYS 

The radiat ion level about an operating reac to r is a ve ry important 
aspect of the design. About a r e s e a r c h and training r eac to r it is of special 
importance that the radiat ion level be low because of the number of people 
who a r e often in the reac tor vicinity. "Within the Argonaut reac to r building 
the gamma activity is continuously moni tored whether or not the r eac to r is 
operating, and eight-hour a ir filter samples a r e taken every working day. 

The radiat ion level has been checked many t imes at var ious points 
about the reac tor over the yea r s of i ts operation (Bibliography en t r ies 
VIII 1 and 4), but few complete surveys have been made . In this section 
the resu l t s of these surveys a r e presented. More work in this category is 
being planned. 
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Q.I-
TOTAL GAMMA-RAY ISODOSE LINES ALONG MIDLINE N - S PLANE OF ARGONAUT 

(Ref.3niI-2) (one-slab loading) 

» 10 mr/hr 
• 20 mr/hr 

Nominal power level, 250 watts 

n Reactor 

0 1 2 3 4 5 
Feet 
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TT 
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Q.2. 
TOTAL GAMMA-RAY ISODOSE LINES IN HORIZONTAL PLANE ABOUT ARGONAUT 

(3 Feet above Floor Level) (Ref. 3n i I - 2 ) (one slab loading) 

«» 2 mr/hr 
• 10 mr/hr 

Nominal power level. 250 watts 

D Reactor 
Core 

.̂ _ 

I — I — I — I — I — I 

0 1 2 3 4 5 
Feet 

N 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
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Q.3. 
GAMMA ISODOSE CURVES AT EXTERNAL THERMAL 
COLUMN (Ref. ¥111-3) 

K 

30 
29 1 -
28 
27 
26 
25 
24 
23 

0.5 

I I I I r ~ v ^ I I I I I I 

1.1 mr/hr 

0.7 1.51 5 8/ 

12 mr/hr 

\ 

1.5 Reactor power^^-100 watts 

2.2 
All Readings in mr/hr 

(Juno & G-M Meter Readings) 
Taken at 3' off Floor 

V 
\ 

I I I 

External 
Thermal 
Colilmn 

I 

100 at J-10 

/ 

/ 
7 

ft. 5 4 3 2 1 0 1 2 3 4 5 ft. 
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04^ 
FAST NEUTRON FLUX ON 

REACTOR TOP SHIELDING 
(Ref. 2 m - 3 ) (one-slab loading) 

(N-S Midline, 20 in. from floor; 
Power Level ~ 100 watts) 

-Top Surface of Reactor Shield 

T 
W- Shielding 

18" Thick 
K *H 

1ft N 

cr̂  



tSJ 

8 105̂  
SLOW NEUTRON FLUX ALONG MIDLINE N-S 

PLANE ON REACTOR TOP SHIELDING 
(Ref.3niL-3) (one-slab loading) 

A 

(Power Level '^3.0 watts) 

4 -

u 
<u 

c5" 
E o 

c-2 

-Top Surface of Reactor " ~ — •* 

W Shielding 9" 

Void 

Concrete 
Plug 

1ft 
-»H 

N 
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Section R 

"WORLD LIST OF ARGONAUT REACTORS 

Throughout the world there a r e about twenty-five r e a c t o r s of the 
genera l Argonaut type, ei ther in operat ion or in some stage of the plan­
ning and construct ion. This is a re la t ively large number of r e a c t o r s to 
have basical ly s imi la r des igns , probably thus forming one of the l a rges t 
common design r eac to r groupings in the world. 

This section was compiled in the in te res t of promoting informal 
sharing of information by listing the var ious r eac to r locations and some 
reac tor data and the name of a represen ta t ive for each r e s e a r c h group. 
"When this section was compiled, a l l of the des i r ed reac to r information 
was not available and numerous omiss ions a re obvious. Yet, the infor­
mation is complete enough so that contacts can be made . 



R . l . List of Argonaut Reactors 

REACTOR LOCATION REACTOR NAME 
PERSON WHO WILL 
ANSWER INQUIRIES 

1. Argonne National Laboratory 
Argonne, Illinois 
USA 

Argonaut 
10 kw - (Oper) 
Annular Core 

Dr. William J. Sturm 
Reactor Supervisor 

Argonne National Laboratory 
Argonne, Illinois 
USA 

Juggernaut 
250 kw - (Oper) 
Annular Core 

Mr. John Beidelman 
Reactor Supervisor 

3. University of Flor ida 
Gainesville, Flor ida 
USA 

10 kw - (Oper) 
Annular Core 

Dr. Uhrig 

4. Iowa State University 
Ames, Iowa 
USA 

UTR-10 
10 kw - (Oper) 
Two-slab Core 

Dr. Glen Murphy, Head 
Nuclear Eng. Dept. 

5. Kansas State College 
Manhattan, Kansas 
USA 

Dr. W. R. Kimel, Head 
Nuclear Eng. Dept. 

Virginia Polytechnic Inst. 
Blacksburg, Virginia 
USA 

UTR-10 
10 kw - (Oper) 
Two-slab Core 

Mr. Andrew Robeson 
Department of Physics 

University of Washington 
Seattle 5, Washington 
USA 

University of California 
Los Angeles 24, California 
USA 

Engineering Nuclear Mr. Thomas E. Hicks 
Reactor Department of Engineering 
10 kw - (Oper) 
Two-slab Core 

Comision Nacional 
de Secuijia Atomica 

Avenida Liberatador 
Qeveral San Martin 8350 

Buenos Ai res , Argentina 

RA-1 
(Oper) 

Ing. Otto Gamba 
Head, Nuclear Reactors Dept. 

10. Atomic Energy Establish­
ment, Winfrith 

Dorset 
Dorchester , England 

Nestor 
(Oper) 

11. Hawker Siddeley 
Nuclear Power Co. 

Sutton Lane Langley 
Nr. Slough Bucks 

England 

Jason 
LTD 10 kw - (Oper) 

Annular Core 
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12. AEG - V e r s u c h s a n l a g e 
G r o s s w e l z h e i m / U n t e r f r a n k e n 
S e l i g e n s t a d t e r S t r a s s e 
W e s t e r n G e r m a n y 

A E G P r e u f r e a k t o r 
- (UC) 

M r . G e r h a r d R i e s c h 

13 . S i e m e n s 
R e a k t o r Sta t ion G a r c h m g 
G a r c h m g be i Munchen , 
W e s t e r n G e r m a n y 

S i e m e n s Argonau t 
R e a k t o r 
10 kw - (Oper) 
A n n u l a r C o r e 

14. K e r n r e a k t o r B a u - u n d 
B e t r i e b s g e s e l l s c h a f t 

K a r l s r u h e , W e s t e r n G e r m a n y 

S i e m e n s 
10 kw - (UC) 
A n n u l a r C o r e 

M r . R i s s e 

15. R e a c t o r C e n t r u m N e d e r l a n d 
P e t t e n , N e t h e r l a n d s 

Low F l u x R e a c t o r 
10 kw - (Oper) 
Annu la r C o r e 

I r . J . H. B . M a d s e n 

16. Eng . School of B a r c e l o n a 
B a r c e l o n a , Spam 

( c o n s t r u c t e d by) 
Jun ta de E n e r g i a N u c l e a r 
S e r r a n o 121 
M a d r i d , Spam 

17. Eng . School of B i lbao 
B i lbao , S p a m 

( c o n s t r u c t e d by) 
Jun ta de E n e r g i a N u c l e a r 
S e r r a n o 121 
M a d r i d , Spam 

A r g o s 
U C 

A r b i 
- (UC) 

A u s t r a l i a n A tomic E n e r g y 
C o m m i s s i o n 

Lucas Heigh ts 
New South W a l e s , 
A u s t r a l i a 

U T R - 1 0 Moata 
10 kw - (UC) 
T w o - s l a b C o r e 

Kmki U n i v e r s i t y 
Osak i , J a p a n 

U T R - B 
10 wa t t s - (UC) 
T w o - s l a b C o r e 

20. Rio de J a n e i r o U n i v e r s i t y 
Rio de J a n e i r o 
E s t . da G u a n a b b a r a 
B r a z i l 

A r g o n a u t 
10 kw - (UC) 
A n n u l a r C o r e 

2 1 . Queen M a r y Col lege 
U n i v e r s i t y of London 
London, England 

J a s o n Spec i a l 
S o u r c e R e a c t o r 
10 kw - (planned) 
A n n u l a r C o r e 



22. Universit ies of Manchester 
and Liverpool 

UKAEA Site 
Risely, Lancashire 
England 

Jason 
10 kw - (planned) 
Annular Core 

23. Institut National des Sciences 
et Technique Nucleaires 

Saclay France 
(A total of three are proposed) 

ULYSSE 
100 kw - (UC) 

24. USA - AEC 
Traveling Exhibit 

UTR-B 
10 watts - (Oper) 
Two-slab Core 

SYMBOLS 

UC - under construction 
Oper - operational 
Planned - proposed and being planned 
Annular Core - core built in the annulus 
Two-slab Core - core built in two slabs 
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Section S 

BIBLIOGRAPHY OF ARGONAUT WORK 

This is a l is t of published repor t s and unpublished work di rect ly 
related to the Argonaut Reac tor . Published repor t s a re available through 
the usual channels. 

The repor t s have been separa ted into th i r teen classif icat ions 
according to subject, and each classif ication is numbered separa te ly . 
Some of the repor t s l isted contain detailed sections on each of severa l of 
the th i r teen c lass i f icat ions . These sections a r e l isted as separa te ent r ies 
in their proper c lassif icat ions, and a r e marked with an a s t e r i sk , A r e fe r ­
ence is given to the main bibl iographical ent ry . 

To emphasize the internat ional cha rac te r of the efforts, the name 
of the sponsoring country as well as the school sess ion during which he 
worked is included after the name of each author. Students from the USA 
are s imi la r ly identified, and work done by Argonne National Labora tory 
personnel is identified as "ANL Staff." The following coding is used in 
this identification: 
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