
I I 
FA 

4 

CENTRAL RESEARCH LIBRARY 
DOCUMENT COLLECTION 

LIBRARY LOAN COPY 
DO NOT TRANSFER TO ANOTHER PERSON 

If you wish someone else to see this document, 
send in name with document and the library will I arrange a loan. 

OAK RIDGE NATIONAL LABORATORY 

UNION CARBIDE NUCLEAR COMPANY 

m 

OPERATED BY 

A Division of Union Carbide and Carbon Corporatien 

POST OFFICE BOX P OAK RIDGE, TENNESSEE 

UNCLASSIFIED 
I' 





UNcLlAssIF1m 0~~~-2164 

1 -  

Contract No. W-7405-eng-26 

SOLID STATE DIVISION 

A FLUX DEPRESSION EXPERIMENT I N  THE MlfR 

J. B. "rice 

DATE ISSUED 

OAK RIDGE NATIONAL LABORATORY 
Operated by 

UNION CARBIDE NUCLEAR COMPANY 
A Division of Union Carbide and Carbon Corporation 

Post Office Box P 

1 3 4456 0350305 5 , 
I - .~ . ~ 

UNC Lass IFIED 



. 

. 



. 

-iii- ORNL-2164 
Physics 

TID-4500 (12th ed. ) 

INTWNAL DISTRIBUTION 

1. C. D. Baumann 
2, R ,  G. Berggren 
3. J. 0. Betterton, Jr. 
4. D. S. Billington 
5. D. Binder 
6. T. H. B l e w i t t  
7. E. P. Blizard 
8. A. L. Boch 
9. C. D. Bopp 

10. B. S, Borie 
11. G, E. Boyd 
12. H. Brooks (consultant)  
13. W. E. Browning 
14. W. E. Brundage 
15. A. D. Callihan 
16. D. W. Cardwell 
17. R. M. Carroll 
18. C, E, Center (K-25) 
19. R. A. Charpie 
20. J, W. Cleland 
21. C. E. Clifford 
22. A. F. Cohen 
23. D. D. Cowen 
24, J. H. Crawford, Jr. 
25. S. J. Cromer 
26, F. L. Culler 
27. J. E. Cunningham 
28. R. R. Dickison 
29. S. E. D i s m u k e  
30. La B. Emlet (K-25) 
31. W, K. Ergen 
32. J , ' H .  m e ,  Jr. 
33. J. L. Gabbard 
34. R. J. Gray 
35. W. 0. g arms (consultant) 
36. C. S. Harrill 
37. L, B. Holland 
38. A. Hollaender 
39. D. K. Holmes 
40. A, S, Householder 
41. J. T. Howe 
42. L. K, Jetter 
43. R. J. Jones 
44. W. H. Jordan 
45. C, W. Reifioltz 
46. C. P. K e i m  
47. R. B. Lindauer 
48. P. M. Reyling 

49. M. T. Kelley 
50. F. L. Keller 
51. R. H. Kernohan 
52, E. M. King 
53. T. A. Lincoln 
54. S. C.  Lind 
55. R. S .  Livingston 
56. W. D. Manly 
57. F. C. Wienschein 
58. C,  J. McHargue 
59. A. J. Miller 
60. E, C. Miller 
61. J. G. Morgan 
62. K. Z. Morgan 
63. J. P. Murray (Y-12) 
64. M. L. Nelson 
65. R. B. Oliver 
66. W. W. Parkinson 
67. R.  W. Peelle 
68. A. M. Perry 
69. M. T. Robinson 
70. E, S ,  Schwartz 
719 H. C. Schweinler 
72. E. D. Shipley 
73. 0. Sisman 
74. M. J. Skinner 
75. G. P. Smith 
76. A. H. Snell 
77. R. L. $ p r o d l  (consultant) 
78. E. E. Stansbury 
79. D. K. Stevens 
80. C. D. Susano 
81. J. A. Swartout 
82, E. H. Taylor 
83. D. B. Trauger 
84. J. M. Warde 
85. C. C. Webster 
86. M. S. Wechsler 
87. R. A. Weeks 
88. W, R. W&l.Zts (consultant)  
89. A. M. Weinberg 
9. E, P. Wigner (consultant) 
91. G. C. Williams 
92. J. C. Wilson 
93? C. E. Winters 
94. M. C,  Wittels 
95. Biology Library 
96. Health physics Library 

UmCLASsIFIED 



UNCLASSIFIED -iv- 

97-98. Central Research Librar 120. Reactor Experimental 
99-118. Laboratory Records De Engineering Library 

Document Reference Section 
119. Laboratory Records, 0 121. ORNL - Y-12 Technical Library, . 

MTWNAL DISTRIBUTION 

122, Re FO Bacher, Californ%a Instftute of Technology 
123. Division of Research md Development, AEC, OR0 
124. W. H. Shaver, Corning Glass Works, Cornfng, New York 
125. S. H. Liebson, Naval Research Laboratongr, Washington, D.C. 
3.26, W. C. Sears, University of Georgia 
127. Re L. Doan, Phillips Petroleum Company 
E8. H. V. Klaus, Phillips Petroleum Company 
129. M. Fox, Brookhaven Natfonal Laboratory 
130. J. R. Johnson, Minnesota Mining and Manuf'actuPing Co., St. Paul 
131. J. B. Trice, Operations Analysis, Headquarters, SAC, Offutt Air Force 

Base, Nebraska 
132. R. N. Little, ANP ProJect Office, Fort Worth 
133. G. L. Stfehl, Convair Divfsfon of General Dynamics Corp., San Diego 

134-730. Given distribution as shown in TID-4500 under Physics category 

DISTRIBUTION PAGE TO BE RENOVED IF REPORT IS GIVE3 PUBLIC DISTRIBUTION 

i , 

UNCLASSIFIED 



- 1 -  

ESst of' Figures 

Fig* 4 

Fig. 5 

Fig. 6 

Fig, 7 

Fig, 8 

Fig. 9 

Fig, 10 

Figo 11 

Fig. 12 

Fig. 13 

Fig. u 
Fig. 15 

Fig. 16 

Effective Values of Perturbed Flux vs Amount of Cada%wn in Absorber 
Rod 

Thermal-Flux Depression vs Amout of C a d m i u m  %XI Cme 

Thermal-Neutron Flux vs Reactor Power 

Average Shim-Rod Position for WR fn MY?& 1955 

Thermal-Neutron Flux in Cere vs Wall Thiebess  of Holder 

An Effective Thermal-Flux Axial Traverse Along IB-3 

Thermal-Flux Traverse Through 'PLight Greyvs Absorber h He-3 High-Flux 
zone 

Perturbed and Unperturbed Flux Traverses from Inside t o  8oWalled HolderQ' 
by Using Three Different Neutroa Absmbers i n  I i igh-Fl~.~~ Zme 

Perturbed and Unperturbed Flux Traverses Inside l/l$-in ,-Wall Holder by 
Using Two Different Neutron Absorbers in Low-Flu Zone 

Flux-Depressfon C u r v e  for a 1/8-in.-Walll Holder 

Perturbed and Unperturbed Flwc Traverses %laaide a 3/16-h.-Wall Holder 

Perturbed and Unperturbed Flux Traverses Inside et l/4-fne-Wall Holder 

Unperturbed Thermal-Flux Traverse fm HB-3 

Thermal Flux Measured with Co60 Along the HB-3 Axis with R - l l  Posftfon 
Partially Shadow Shielded 

D i a g r a m  Showing Sectioning of Alloy Rod for Chemical Analysis 

External Part  of ORNL PneumatSc FaciUty at  MTR 

Shuttle-Train Assembly for  aRNL Pneumatic Faci1ft.y at  MTR 

. 



List of Tables 

Table 1 

Table 2 

.Table 3 

Table 4 

Table 5 

Table 6 

Table 7 

Table 8 

Table 9 

Table 10 

Calibration Data t o  Relate Thermal-Neutron Flux t o  Reactor Power 

Flux-Depression Data for 10-Min Irradiatfon at  Position Beginnfig 
13.1 In. from End of Pneumatic Tube and with ReaeLor a t  30 Mw, 

Flux-Depression Data for Irradiations a t  High-Flux End of Fneumatic Tube 

Flux--Depression Data for  Eight Different A l l o y s  with Varying Weight 
Percentages of Cadmium and with Reactor a t  5 Mw 

Chemical Analyses of Samples Listed i n  Tables 2, 39 and 4 

Flux-Depression Data for Eight Different Compositions of Cd-Mg Rods  

Chemical Analyses of Samples from Section No. 1 and Listed i n  Table 6 

Chemical Analyses of Samples from Section No, 5 and Listed i n  Table 6 

Chemical Analyses of Samples from Sections No, 2 or No. 4 and Listed 
in Table 6 

Chemical Analyses of Samples from Sectfon No, 3 and Usted  On Table 6 



-3- 

Thermal-neutron flux intensi t ies  were measured i n  the inter ior  of several 

sol id,  cylindrical rods inserted into an W R  beam hole. 

included both the functional dependence of c r w s  section on neutron energy and the 

extent of absorption - ngreynessn of' neutron absorb&. 

variable has only a small  effect on flux depression i n  the rod. 

Variables tha t  were studied 

It was found that the first 

The second variable, 

has a large effect ,  and for th i s  reason, a graphical relation between 

absorber ngreynessn and thermal-flux reduction was established, 



A FLUX DEPRESSION EXPE3UMENT IN THE MTR 

Introduction 

Many of the experiments i n  the MEt require SOB estimate of the effective 

the rd -neu t ron  flux in or near tkie experimental assemblies, 

beam holes, currently assigned t o  OREJL f m  fast-neutron spectral  studies, an 

opportunity arose whereby the effectiveness of neutron absorbers h reducing thermal 

flux could be determined, 

involves flux depression and se l f  absorption are impractical t o  make, especially 

when complicated geometries are involved, experimental data of the type t o  be 

described is  of considerable importance t o  anyone who must e i ther  design in-pile 

In one of the W R  

Since simple themetical  e s t h h s  of the quantity which 

experiments or interpret  resul ts  from such experfments, 

The sett ing for the group of measurements t o  be described is i l lus t ra ted  h 

Fig, 1, which shows a schematic picture of the Hl3-3 hole and i ts  physical location 

with respect t o  the MTR l a t t i ce ,  

the horizontal-lattice mid-plazie 

Results 

The axis of the bam hole l i e s  i n  a p p s a x h t e l y  

The thermal-neutron flux w a s  measured through the inter ior  of a cylindrical 

assembly containing the neutron absorber and consisting of two major  pieceso 

outer piece w a s  an Inconel cylinder 7 in ,  in length and was hollow so that a sol id  

rod of the neutron absorber could be inserted, 

halves of a cylinder which had been sliced along its axis and was s lot ted a t  intervals 

The  

The solid absarber consisted of two 

in such a way &s t o  allow cobalt f o i l s  t o  be located along the axis in intimate 

contact with the absorber material (See Fig. 2), The variables studAed were the 

effects on flux dimunition caused bg variations in the inner cylinder composition 

(macroscopic cross section), the container wall thickness, and the position along axis 

O f  HB-3. 

. 
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TQ exhibit the relationship between strength of neutron absorber agld the 

effective neutron flux within the absorber, Figures 3 and 4 present data which 

encompass an i n t e r n 1  fsom d m 0 g - b  complete white (H~Q abso~.lpthon) t o  a h m t  c q h t e  

black (c~mplete absopption). 

composit%om of cadmhm-ma~esim allay, 

normalized t~ the mprturbd d u e  for the flux; tht is 

obtained with no mockup inside of the pneumatic t u b ,  

is based on the same data except t h a t  th8 per cent depression is normaklzed t o  the 

flux in an essentially empty fnconel t u b ,  

The data were obtained by using eight d%ffemnt 

In Fig, 3 ,  the effective %lux valuers m e  

tha measurement was 

Figure 4 shows a curve which 

The relationship of reactor power t o  thermal flux is shown in Fig. 5= A 

nonlinear relationship between reactor power and thermal flux is indfcated above 

- ' 20 Mwo Other work(1) also carroborates these data, Control=-rod positfor! seems t o  

have only a small effect ,  if any, on the thermal-flux level  in HB-3, and therefme 

s s n l h e a r  reh t ionship  is thought t o  be due t o  facturs other than tMs, Figure 6 

shows average control.-rod position for  the most important period during which the 

,he 

experimental work was carried out. 

because mimy of the brad ia t ions  were made with the reactor operating at five M%a Sra 

The relation between p m r  and flux was obtained 

order t o  lMt the intensity of gamma heat. 

melted for many of the irradiations -- an unacceptable si tuation, 

A t  30 Mw the core materials would have 

The effect  of w a l l  thickness on the flux i n  the absorber core is s h m  la Fig, 

The abscissa is R l  - R t  where R2 - R1 (the top abscissa) is the w a l l  tMchess, 

W a l l  thicknesses range from 1/19 in, t o  1/4 in,, and core absorbers hc luds  alloys 

containing both cadmium and boran. 

. 
(1) Prat t  and Whitney Aipcraf-b Corp,, private communication with G o  U, Parks, 

April 270 195fiO 
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Figure 8 represents a composite picture of the effective flux as measured with 

three different core compositions and identical  Incmel tube containers with 

1/16-in. w a l l s .  Both the perturbed and unperturbed flux measurements extend about 

20 in, along the axis of HB-3. 

in depression among the three cores represented, calculations, ‘2) based on a thermal- 

Although there appear t o  be no discemable differences 

neutron absorptfon cross section of 3500 barns for cadm%lun, show that the effective 

flux in the cope is not a sensitive function of c ~ r e  composition but, rather,  is 

governed strongly by the average absorption cross section of the ent i re  assembly. 

Figure 9 shows flux measurements a t  the high-intensity location that were taken 

through the absarber core for a weakly absorbing a l l o y  containing 0.574 w t  % cadmium 

(0.187 cm2/ce) e (2) The absorber w a s  contahed in a standard-type Inconel c y U e r  

with l/l&in .-thick w a l l .  

Figure 10 shows similar traverses for  a cadmium-bearbng material, a boron-bearing 

material, and a lithium-bearing material with macroscopic absorption cross sections 

a t  0,025 ev of,2.1 cm2/cc, 2,7 cm 2 /cc and 1.5 cm 2 /cc, respectively, As in Figo 9,. 

these traverses represent the highflux intensity region and were run i n  Inconel 

tubes with a OO269-in, ID ,  a 1/16-in0-Wa11 thickness and which were closed at  both 

ends , 

Figures 11 through U, show measurements t a h n  with cadmium- and boron-contain- 

ing materials over a lower-intensity neutron-flux region than the previous figures, 

Also, the relationship between depression and wall thickness is obtained from this 

series of measurementso T h e  walls of the Inconel tube range from 1/16 in. t o  l/4 h.; 

and as in  a l l  of the measurements for this experiment, the h s i d e  diameter of the 

Inconel cylinders is 0,269 in. 

Figure 15 shows a traverse of unperturbed thermal-neutron flux obtained with 

cobalt samples placed in  a l i gh t  magnesium four-train shuttle in the HB-3 hole, 
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-. 

and Fig. 16 shows another traverse that is identical  except that the first point 

was par t ia l ly  shadow-shielded by an Inconel cup which contained the cobalt for the 

first position, A comparison of these two curves indicates that  the shadowfng 

effect  was small. 

Tablem 
Most of the tables contain a l l  of the data necessary t o  copvert the radio- 

act ivi ty  readings of the cobalt t o  thermal-flux values. 

In Table 1, under the column ent i t led Sample, 2.5 R 1 1  means that the reactur 

instruments read 2.5 Mw and that the masurement was carried out in position R11. 

Sample 220 R11 means the second measurement at 20 Mw i n  position R11. When the 

shuttle t r a i n  is fully inserted, position R 1 1  is 2,6-in0 from the externel end of 

the beam-hole; and subsequent positions, such as R l 2 ,  RU, etc., are spaced a t  two-in, 

intervals, The remainder of Table 1 is obvious, 

In  Table 2, a code w a s  used t o  designate the sample; thus for  sample lH2AO the 

significance of each numerical and alphabetical symbol is given i n  i t s  proper 

sequence . 
Absorber --- 1 refers t o  the first absurber; 2 refers t o  the first preparation 

of cadmium; 3 refers t o  the second group of cadmium cores, 

Inconel W a l l  Thickness -- H is 1/16 in.; G is 1/8 in.; F is  3/16 in,; 

E is  1/4 in. 

Tube hber  -- 2 refers t o  the second Inconel Cube i n  the H serieso 

Position of cobalt f o i l  --- A designates the first position far the cobalt f o i l ;  

B is  the second position; etc. (See Fig. 2). 

hca t lon  of cobalt f o i l  with respect t o  Inconel tube --- 0 means that the f o i l  

is on the outside surface of the Inconel tube; N means it is inside; Ip means it is 

between the cap and the core. 
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The reading i n  

chamber a t  the WR. 

volts is a direct  reading from the 4.r 

The reading corrected t o  the 16' scale of the instrum'ent is 

d- ray  ionization 

shown, and th i s  number can be converted into dis/see of Co6' ky multiplying the vol ts  

obtained on the Id-' scale by 0,76 x lo6, which is the calibration factor  f o r  the 

instrument, Neai the end of Table 2 are a group of data designated as MK?AOp etc,; 

M simply refers +o the f ac t  that  the Inconel t u b  was empty, 

51 Table 3, MH i n  the code identifies an empty t u b  with an H-size w a l l  thick- 

fn the group 6Ga0, e tea ,  6 designates a particular cadmium-containing alloy, nesse 

Below th i s  group, the data are given f o r  samples which were irradiated i n  a solid- 

beryllium pardhepiped about 4-ino long, The beryllium was used i n  an attempt to  

increase the effective thermal flux Q moderating the f a s t  neutrons i n  the hole. (3 1 

Although no increase i n  flux was observed, it is thought that  i n  some cases d e r a t i o n  

by beryllium may be used t o  help offset  effects of f lux  depression, 

r u m  beginning CD5Hlt0, etc. were additional. measurements with cadmium cores; but f o r  

t h i s  group, the end of the Inconel tube which pointed away from the reactor core was 

sawed off,  The next group is  a s e t  of data f o r  boron cores, and the group following 

it is a series of measurements h which empty magnesium shuttles were used and in 

which position E l 1  was p a r t i d l y  shadowedo 

a %upDc made from the end of the Ineonel tube that was sawed off f o r  the CD5H p u p .  

The ffial two measurements i n  Table 3 are f o r  the lithium-base coreo They were made 

in an H-sbe t u b ,  

The group of 

Here the cobalt i n  R U  was contained i n  

Table 4 is a compilation of data obtained with an H-size t u b  which contained a 

core with varying amounts of cadmium and which was in the high-intensity zonec 

that  the ra%io of fluxes a t  30 Mw and a t  5 Mw f o r  t h i s  run is 6,68 a d  is not the 

Note 

smaller numbe~ (4 5 )  measured previouslyo ( 4 )  

c 

(3) ,Recent unpublished measurements in HB-3 indicate tha t  the fast-neutron intensity 
is too law t o  eontribute significantly t o  the thermal-neutron flux by means of 
moderation i n  beryllium, 

(4 )  See Figc 5 c  
/ 

4 
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Table 5 shows a tabulation of important quantities f o r  calculating points in 

the curves given in Figs, 3 and 40 

Table 6 contains in summaq form the data f o r  the alloys of vaPying mmpsi- 

The positions A, B, C, and D refer  t o  the locations shown in Fig, 9 for the t ione 

sequence of points from l e f t  to righte 

is better analyzed by reference to  Figs, 3 and 

results graphically, 

(See explanation of codes used.) This table 

which show the most fmpofiant 

Chemical analyses of alloy rods am shown in Table 7 thsough 10, Several 

sections f o r  analysis were taken on both sides of the piece of stock that  was used 

f o r  the actual sample fabrication, 

Fig. 17 and the sections sampled are indicatede 

BDDarat us 

A diagram of a 

The e q u i p n t  f o r  inserting the samples into 

typical alloy 

the m:=3 beam 

rod is shown i n  

hole is shown i n  

Figso 18 and 19. 

which is a device for  the semiautomatic irradiation and unloading of threshold 

detectors used in the measurement of f a s t  neutron fluxes -0 operations which a t  times 

require counting within a minute o r  so after irradiation, 

ment however, the f a c i l i t y  was manually operated since the shape of the Inconel t u b s  

was not adaptable t o  the automatic features of the fac i l i ty .  

Inconel tube, the c u p  were removed from the %otn end of the shuttle t r a i n  shown fn 

Fig. 19e 

runway, 

used t o  insert  and remove the sample assemblyo 

Figure 18 shows the e x t e r n a l  part of the ORNL pneumatic f a c i l i t y  

For the present experi- 

In order t o  load an 

Then the tube f i t t e d  e a s i l y  i n t o  the shuttle car and was loaded into the 

A stiff aluminum wire attached t o  the outer end of the shuttle t r a in  was 

After each 1O-min irradiation a t  5 Mw, 

the t r a i n  was withdrawn from the flux zone into the reactor shield a t  a point where 

it could be "sensed" by a "cutie pie" next to the reactor shieldo Here it was 

allowed to  ncool" f o r  about an hour before it was removed into a nearby lead shield 

on the f l o o r ,  During the removal of the tube to the shield the radiation level a t  
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abmt l.8 ina (length of the t a g s  used). was apprcdmately 

hour, However, tMs  phase was  performed swiftly in order 

10 t o  50 .. roentgens per 

t o  minimize the t o t a l  

biological dose, 

personnel had stayed w i t h b  prescr5bed tolepnce .Uxn.tta. Since the half aife of Co60 

fs 5J pars, there was no urgent need t o  r e m m  the samples from the beonel  tubes, 

Readings from finger rings and film badges l a t e r  showed that 

and thus several days were allowed for  a weoolbg-offm periode 

radiation level near the tubes was only a few m%l&oetgens per h w ,  and lit was 

Ely t h i s  time, the 

psss%ble t o  proceed with the f i n a l  disassembly, removal, weighing, and counting of 

the samples, 

w s  

Pap the cxilmlatfms, no attempt was made t o  correct for the fact that  the 

ekfeetive temperature of the neutrons was perhaps 100°C hPgher than room temperature 

(0,825 ev) nor was a correction made t o  take i n t o  account the Maxwelgan neutron- 

distribution effect ,  which wguld l w r  the effecti? cross section of the thermal 

neutrons to about 8% of i t s  l i s t ed  value, 

I n t e r n 1  emom occurred in eonuaecthn with weighing, e m t f n g ,  and positionilng the 

samples during fppadiatiora. 

These corrections can be made i f  desired. 

It fet thought that the total. of a l l  these errars  I s  less 

than IC$. 

errors; namely, errors assocfated with the moss ae&Aon and the half lffe of Go6', 

and with the ealfbration of the 4 qp gamma-fonizatim chamber. 

Also, associated with the measurement of absolute fluxes were some constant 

These add another IC$ 

t o  single measurements of absolute flux, but it must be emphasized tha t  a l l  of the flux 

depression results were based on p l a t 2 v e  measurements, whereas the actual f lux measure- 

ments were absolute. 
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APPENDIX* 

Absorption coef f ic ien t ,  /A a *+$ ( cm2/cc) 

Inconel ----------___ 0.37 
Cadmium A and B ------ 2'1 

2.7 Boron Material  ------- 
Lithium Material  ---- l , g  
Cadmium, Light Grey -- O,l9 

Density , 4 ( g / 4  

8 a 4 3  Inconel -------_---__- 
Cadmium A and B ------ 1,72 
Boron Material  ------ 2.7- 
Cadmium Light Grey --- 1374 

Cross Section, c , ( b a r n s )  

3500 Cadmium ------__----_ 
718 Boron --------------_- 

Lithium --------_--_- 67 

% These da t a  were usefu l  throughout the  repor t ,  

/ 



CALIBRATION DATA TO RELATE THERMALNEUTRON FLUX TO mACT0R POWER 
---I_- - ---------I-- 
Sample T h e r m a l  Flux Reactor Fower Date T h e  

(nv x 1043) (W 

3 RU. 3 000 296 3-11-55 0950 

3 m 4  

5 m  

15 Ruc 
15 RIl 

20 Rl.4 

220 R n  

220 Rl4 

30 R11 

30 m4 

0080 

5615 

1.62 

1500 

4c97 

16 649 

21- 5 

7c05 

24 ,; 9 

6,82 

20 ,o 

20.1 0 

2000 

30,o 

30,: 0 

3-11-55 

3-11-55 

3 -11 -55 

3-11-55 

3-11-55 

3-11-55 

3 -11 -55 

3-11-55 

3 -12-5 5 

3-12-55 

0950 

. .  
1015 

1015 
\ 

13 27 

1327 

1400 

1515 

1515 

1100 

1100 

Control Rods, average 
Sample T h e m 1  Flux Reactor Power f o r  four rods 

(nv x IO&> (W {inches withdrawn) 

230 

230 

330 

330 

430 

430 

530 

530 

73 0 

23 880 

23 a880 

2 6 ~ 2 0  

26 120 

27 6125 



Table 1 (Continued) 

Sample Thermal Plux Reactor Power 
(nv x l@3) (W ----- 

35 35 R I l  29.6 

35 R14 

40 lU1 

40 R14. 

9.5 

33.6 

10.3 

35 

40 

40 

, ---- -------,---I-- 
--- 
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TABLE 2 

DATA FOR 1O-MINVTE IRMDIQTIONS AT POSITION BEGINNING 13.1 INc. FROM EM) OF - PNEUMATIC TUBE AND W3TH REACTOR AT 30 Mw 

. 

a, 
rl 

E B 8 

1mo 
lH2AN 

1H2BN 

1H2CM 

??a0 

2H2Bo 

2n2co 

W2AN 

2H2BN 

2H2CN 

2H2DN 

3H3CO 

. 3H3DN 

2G2AO 

B o r o n  

B o r o n  

B o r o n  

Boron 

Boron 

Cd-A 

Cd-A 

Cd-A 

Cd -A 

Cd-A 

Cd-A 

cd -A 

Cd -B 

Cd-B 

Cd-B 

Cd-B 

Cd-B 

Cd-B 

Cd-B 

Cd -A 

2G2BO Cd-A 

20.6 

20.7 

18.5 

1 5  .4 

16 ,9 

20.8 

19 01 

13 06 

8b 1 

9.4 

900 

11.3 

47.2 

30.4 

66.4 

11 e 4  

24.7 

11 .o 

23 e 1  

37.1 

ll b o  

0,102 

0,102 

0 a 702 

0.499 

0 0 473 

0.160 

0.115 

0 790 

0 4 3 4  

003% 

0.302 

0 356 

0 354 

0,160 

0.384 

0.702 

0.101 

0.380 

0.654 

00268 

0.529 

lolo 
do 
loll 

lou 
loll 

1o1O 

1o1O 

loll 

lou 
loll 

loll 

loll 

1010 

1010 

lO1O 

loll 

loll 

loll 

1P 
lol0 

l d l  

7.75 x 104 

7.75 x 104 

3.92 104 

3.71 104 

1.22 105 

5*56 x Id: 

8,74 x l& 

6.27 x 104 

3.40 104 

3.0 x 1& 

203 X 104. 

2.77 x ldl 

2.69 105 

1.21 105 

2.92 105 

5.565 x lo4 
7.676 x ld 

2.957 x Id; 

5.176 x lo4 
2.04 x 1 6  

4.16 x Id: 

4.36 

4.33 

3.48 

2.94 

2.55 

6.81 

5 e30 

6.28 

2.87 

3.70 

3000 

2.84 

6.61 

4.62 

5 e 1 0  

5.66 

3.60 

3 012 

2.60 

6037 

4.38 

2-25-55 

2-25-55 

2-25-55 

2-25-55 

2-25-55 

2-24-55 

2-24-55 

2-24-5 5 

2-24-55 

2-24-55 

2-24-55 

2-24.-55 

2-25-55 

2-25-55 

2-25-55 

2-25-55 

2-25-55 

2-25-5 5 

2-25-55 

2-25-55 

2-25-55 
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TABLE 2 (commm) 

2GXO 

2G26N 

2 G B N  

2G2CN 

2G2DN 

3 2 A O  

2 F Z O  

3x0 

2F2AN 

2F2BN 

2FXN 

2F2DN 

3 F 3 0  

3F3BO 

3F3CO 

3F3U 

3F3BN 

3F3CN 

3F3DN 

Z 2 A O  

2E2EO 

2E2co 

Cd-A 

Cd-A 

Cd-A 

Cd-A 

C d 4  

Cd-A 

Cd-A 

Cd -A 

Cd-A 

Cd -A 

Cd -A 

Cd-A 

Cd-B 

Cd-B 

Cd-B 

Cd-B 

Cd-B 

Cd-B 

Cd-B 

Cd-A 

Cd-A 

Cd -A 

34.0 

6.4 

12.8 

7.5 

7.7 

22.0 

12.8 

29.2 

u.3 

10.2 

11.3 

10.8 

29.1 

23.6 

27 -1 

23 -3 

7.0 

33.2 

32.4 

54.3 

44.0 

29.2 

0,197 

0,298 

0 425 

0.211 

0.198 

0.156 

0.700 

0.865 

0 540 

0.2% 

0 273 

0.228 

0 e190 

0.122 

0.114 

0.872 

0.206 

0.712 

0.628 

0.30'7 

0.192 

0.115 

1.50 105 

3.33 x 104 

1.60 104 

1.18 105 

5.55 1.04 

6.89 104 

2.2 x 104 

1.73 104 

1.44 105 

9.27 104 

2.3 x lob 

1.49 x ldc 

4.25 x ldc 

2.09 x ldc 

8.66 x 1dc 

6.94 x I& 

1.55 x lo4 
5.65 x Id; 

4.96 XI& 

2.33 105 

1.46 105 

8.74 x ld 

5 e12 

4.16 

3.02 

2.47 

2.25 

6.22 

5.03 

2.74. 

3.45 

2.51 

2 a 1 3  

1.85 

5.74 

4.55 

2 . n  

3 4 6  

2.56 

1.97 

1 a77 

4.98 

3.85 

3 .47 

2-24-55 

2-24-55 

2-24-55 

2-24-55 

2-24-55 

2-24-55 

2-25-55 

2-25-5 5 

2-25-55 

2-24-55 

2-25-55 

2-211-55 

2-25-55 

2-25-55 

2-25-55 

2-25-55 

2-25-55 

2-25-55 

2-25-55 

2-25-55 

2-25-55 

2-25-55 
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TABLE 2 (CONTINUED) 

2E2AN 

2E2BN 

2 2 C N  

2 2 D N  

3E3AO 

3E3BO 

3E3CO 

3E3AN 

3E3BN 

3E3CN 

3E3DN 

MH2AO 

ma0 

MH2ApJ 

MH2BN 

MG2AO 

MG2BO 

M G W  

MG2BN 

MF2AO 

MF2BO 

MFm 

Cd 4 

Cd-4 

Cd-A 

Cd-A 

Cd -B 

Cd-B 

Cd -B 

Cd-B 

Cd-B 

Cd-B 

Cd-B 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

18.1 

9.6 

7.6 

7.8 

44.3 

17.1 

53.0 

21.9 

31 -1 

30.3 

% .6 

20.4 

14.7 

15 e5 

17 00 

18.8 

12.3 

25.5 

25.7 

23 04 

a. 5 
11.3 

0*5U 

0.216 

0.147 

0.137 

0.255 

0.750 

0.190 

0.693 

0.564 

0.659 

0.387 

0.180 

0 e858 

0.154 

0.%8 

0 *938 

0.932 

0 SO9 

0 0199 

0.160 

0 .112 

0.762 

loll 

loll 
lou 
l o l l  
do 
1d.l 

lolo 
loll 
l o l l  
loll 
loll 
101O 

loll 
lOl0 

l0U 

loll 

l o l l  
lol0 

lol0 

lou 
1o1O 

l o u  

4.28 x ld: 
1.63 x ldl. 
1.07 104 

0.99 XI& 

1.94 105 

5.95 104 

1.44 105 

5.50 104 

4.45 104 

5.22 x ldi 

3.02 x l& 

1.37 105 

1.17 105 

7.52 104 

7.44 XI& 

8.28 104 

1.22 105 

8.51 1.04 

6.6' x lo4 

6.95 x 104 

1.51 x lo5 

6.09 XI& 

2.74 

1.97 

1.64 

1.47 

5.07 

4.04 

3.16 

0 . 201 

0.165 

0.200 

0.143 

0.780 

0.540 

0.880 

0.47 

0.46 

0.70 

0.38 

0.6s 

0.60 

0.40 

0.63 

2-25-55 

2-25-5 5 

2-25-55 

2-25-55 

2-25-55 

2-25-55 

2-2655 

2-263 5 

2-25;55 

2-25-55 

2-26.55 

2-28-55 

2-28-5 5 

2-28-55 

2-28-55 

2-28-55 

2-28-55 

2-28-55 

2-28-55 

2-28-55 

2-28-55 

2-28-5 5 



M F 2 B M  None 32.3 0.U5 Id-0 8.74 104 0.31 2-28-55 

ME2AO None 18.7 0 . 111 101O ~.L+A 104 0.523 2-28-55 

ME2AN None 34.2 0.166 1o1O 1.26 x l o 5  , 0.427 2-28-55 

m2BN None 23.5 0.661 lou- 5.27 x ld 0.260 2-2 8-5 5 

1E3AO Boron 16 .O 0 -938 1d-l 7.52 104 0 055 2-28-55 

U 3 A X  Boron 26.1 0.283 lolo 2.15 105 0.96 2-28-55 

U 3 A N  Boron 16.8 0.525 lou- 4.17 104 0. 29 2-28-55 

U3BN Boron 1 12.8 0 283 lo= 2.21 104 0.20 2-28-55 

U 3 C N  Boron 12 .I 0.231 loll 1.79 104 0.17 2-28-55 

LE3DN Boron 13 -0 0.207 Id-1 1.60 104 0.14. 2-28-55 

lFUO Boron 14.9 0.90b l o l l  7.26 104 0.56 2-28-55 

l F l A X  Boron 7 0.4 0.387 loll 6.33 104 0.99 2-28-55 

l F l A N  Boron 10.4 0.387 Id-l 3.05 x Id 0.34 2-28-55 

lFlBN Boron 13 01 0 . 361 1d-l 2.84 1.04 0. 25 2-27-55 

0.20 2-27-55 

U I D N  Boron 13.2 0.255 loll 1.98 x ld+ 0.17 2-28-55 

2.12 x 10 4 l F l C W  Boron 12.5 0.272 Id-1 
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Cd5HAN 

Cd5HBN 

Cd5HCN 

Cd5HDN 

B5H2AO 

BH2BO 

B5H2AN 

B5H2BN 

B5H2CN 

B5H2DN 

€211 -H 

FU2-H 

R14-H 

R2l-H 

R22-H 

Cd-A 5.8 

Cd-A 6.3 

Cd-A 7.6 

C d d  11.6 

Boron 4.0 

Boron 10.5 

Boron 9.5 

Boron 9.3 

Boron 8.7 

Boron 8.0 

13.2 --e-- 

--- 14.8 

UI. 14.0 

--- 15.3. 

24.1 I_- 

200 sec 

200 sec 

200 sec 

200 sec 

200 sec 

200 sec 

200 sec 

200 sec 

200 sec 

200 sec 

10 min 

10 min 

10 min 

10 m i n  

10 min 

0.574 

0.460 

0.W8 

0 483 

0.772 

0.756 

0 903 

0.673 

0.404 

0.w4 

0 . 316 

0.307 

0.130 

0.854 

0.800 

4.65 x l& 

3.5 x 104 

3.1 x 104 
4 3.79 x 10 

6.13 x 104 

6.87 x lo4 
7.19 104 

5.33 x 104 

3.76 x Id 
IC 

6 

6 

3.23 x 10 

2.69 x 10 

2.47 x 10 

9.42 105 

4.31 lo7 
6.18 105 

1.21 

0.882 

0 . 680 

0.522 

2.35 

0.887 

1.37 

0.910 

0.589 

0.455 

2.2 

1.86 

0.78 

0.50 

0.30 

3/12/55 

3/12/55 

3/12/55 

3/12/5 5 

3/12/55 

3/12/55 

3/12/55 

3/12/55 

3/12/55 

3/12/5 5 

2/26/5 5 

2/26/5 5 

2/26/55 

2/26/5 5 

2/26/5 5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

30 

30 

30 

30 

30 -- -- - 
Sample Core Exposure Posi t ion,  Thermal Date Reactor Thermal 

Tims distance F l u x  Power F l u x ,  
from nose (nv x 10-13) (h) (normalized t o  

30 Mw(nv x 10-u) --- - (in. 1 ----- 
DU.  Lithium 200 sec 1.68 2.22 4/8/55 5.0 1.0 

D 1 2  Lithium 200 sec 3 009 1 e40 4/8/55 5.0 0.63 

D 1 3  Lithium 200 sec 4.6 0.91 4/8/55 5 00 0 . a  

- 1  

D14 Lithium ' 200 sec 5 04 0.76 4/8/55 5 00 0.34 

Care Melted 



TABLE. 4 

Flux-Depression Data f o r  Eight Alloys with Varying Weight Percentages of 
Cadmium and with Reactor a t  5 Mw 

. weight Sample Thermal Date The& h e r  
Flux Flux Factor - (mg3 

Normalized a t o  
30 & (nv x 10-16) (nv x 10-13) 

A-H-A-N 2*60 6/20/55 ' P 074 6068 2800 

A-H-B-N 1098 6/20/55 ' le32 6.68 4001 

A - H 4  -N 1,51 6/20/55 l o 0 1  6.68 27 e7 

A-H-D-N 1 e l 4  6/20/55 2 0075 6 068 8,8 

A-H-R22 0.4l9 6/20/55 0028 6.68 1566 

B-H-A-N 

B-H-B-N 

B-H-C-N 

B-H-D-N 

B-H-R22 

C-H-A-N 

C-H-B-M 

C-H-C-N 

C-H-D-N 

C-H-R22 

D-H-A 

D-H-B 

D-HIC * 

2030 

i026 

0,521 

2016 

1066 

le22 

8h.1/55 

8/fL1/55 

8/h1/55 

8/11/55 

8/i.l/55 

8/ . /55 

8/11/55 

8/11/55 

1066 

10% 

0099 

0,678 

0028 

1017 

0,906 

0,666 

5 973 

5 073 

5 073 

5 973 

5.73 

3402 

42.5 

16,6 

3708 

25.6 

42 07 

3001 

D-H-D 0.906 8/11/55 0 494  5,46 26.7 

D-H-R22 0 o 513 8/11/55 O e 2 8  5 e 4 6  2000 



Sample Thermal Date Thermal Power Weight 
Flux Flux Factor - (mg) 

Normalizeda t o  
30 Mw (nv x 10-14) (nv x 10 -13 

E-H-B-N 1.61 8 h / 5 5  8 *92 5 4 4  29.3 

E-H-B-N 1.14 8 h / 5 5  0.632 5.54 36 .5 

E - M - N  0 854 8/11/55 00474 5.54 ;?6 07 

E -H-D -N 0,634 8/11/55 0.352 5 054 23.8 

E-Ha22 0 o 505 8/11/55 0.28 5.54 28.9 

F-H-A-N 0.9l4 8/11/55 0,498 5 4 6  26 .i 

F-H-B-N 0.658 8/11/55 0.359 5 4.6 54.9 

F -H-C -N O e 5 0 1  8/11/55 O e  273 5.46 35 e3 

F-H-D-N 0.362 8/11/55 0.197 5 a46 22.7 

F-H-R22 

G -8-A-N 

G-H -B -N 

G-H-C -N 

CrH-D-N 

GH-R22 

H-H-A-N 

H-H-B-N 

H-H-C -N 

H+-R22 

0 513 

0.355 

0.243 

0.166 

0.513 

8/11/55 

8/11/55 

8/11/55 

8/11/5 5 

8/11/55 

8h1/55 

8/13./55 

8/11/55 

8R1/55 

8/11/55 

Oe28 

0 231 

0.16 

0 103 

0.0771 

0.28 

5 046 

5 e 5 4  

5 *54 

5 .54 

5 854 

5.54 

26,8 

23 08 

39.9 

26.9 

43 04 

53.5 

32.5 

5 2 e O  

2 3 0 5  

35 01 

B Position f o r  normalization = R22 

--- 
b, Power f ac to r  E -------- 

(Idth) 5 MJ 
- c Time removed - 0045 A.M. 
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TABLE 5 

. 

CHEMICAL ANALYSES* OF A mom OF m m m  SAMPLES 
REPORTED IN TABIES 2, 3 AND 4 

Sample Method Material Weight @) 
Sought 

Boron- 
Contain- Gravbe t s i c  

Cadmium- 
Containing, A 

Cadmium- 
Containing, B 

Potentiometidc 
T i t r a t i o n  

co1oriIne t r i e  

Gravimetric 

Graidmbtric 

GraTpime t r i c  

Boron 

Iron 

Magnesium 

6,32 
6 e 4 3  
6033 

6.29 
6029 
6033 

5 The analyses for cadmium and boron i n  t h e b  respect ive container materials 
were made under the  s u p e d s l o n  of J, Edgerton of the ClRNL Analytical  
C h e m i s t r y  Divis ion , 



TABLE 6 
FLUX-DEPUSSION DATA FOR EIGHT DPFERENT COMPOSITIONS OF Cd-Mg RODS ---- ---c ----- 

Alloy 
#l #2 #3 #4 #5 i@ #? #8 Posi t  ion 

(8-95 w t  (17.9 w t  (37.9 w t  (83.8 w t  
ZCdL----- 3 Cd) % Cd) % Cd) % cd) % Cd) % Cd) 

(0.58 wt ( 0% w t  

Monitor R22 

A 

B 

C 

D 

Average 

Flux Depressed 

Flux Depressed 

2.8 1013 

1.74 x lG4 
1.32 x 1014 

1.01 1ol4 

7.5 1 0 ~ 3  

100 

100 

100 

100 

100 

0 

79.0 

21.0 

FLUX EXPElESSED AS PERCENT OF FLUX FOR ATJOY I 

95.4 85.0 67.2 51  02  28.6 

94.0 88.5 68.6 47.9 27 .4 

98.0 89.1 65.9 46.9 27.0 

90.5 86 .4 65 09 47.0 26.3 

377.9 349 0 267.6 193 0 lo9 3 

100.0 

94.5 87 -3 66.9 48.3 27.6 
5 05 12.7 33 01 51.7 7 2  -4 

Pi?&CEIVT* OF IJNF'ERTUIBED FLUX 

74.8 69.0 52.9 38.2 21 . 8 

25 a 2  31.0 47.1 61.8 78.2 

2.8 1 0 ~ 3  

1.6 x ld-3 

2.31 x l d 3  

1.03 x lG3 
7.71 x 1G2 

13.3 

12.1 

10.2 

10.3 

45 -9 

11.5 

88.5 

9.1 

90.9 

2.8 1013 

1.94 x d3 
1.33 x ld -3  

11.2 

10.2 

8.97 

10.3 

40.67 

10.2 

89.8 

8.06 

91 094 

* Average 



. 



TABm 8 

Alloy Cadmium &to $1 Magnesium (Wt. $) 

4- 

5 

6 

9 

' 8  

,... 
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. 

TABU 9 

CHEMICAL ANALYSES OF SAMgIES FrOM SECT DDM NO o 2 OR NO o 4 

TABU 10 

CIIEMICAL AIULYSES OF SAp'ipEEs FWM SEXTION NO. 3 

1 

2 

3 



UNCLASSIFIED 
ORNL-LR-DWG 8636A 

-2 8- 

UNCLASSIFIED 

AMOUNT OF Cd IN CORE ( w t  % )  

Fig. 3. Effective Values of Perturbed Flux vs 
Amount of Cadmium in Absorber Rod. 

, 

SHIM RODS FUEL 

3 0  d 
INCHES 

Fig. 1. Lattice Loading of MTR During Period 
of F lux-Depression Study. 

Fig. 2. Alloy Rods and Holder Assemblies for Measuring Flux Depression. 
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' 0  
0)  

N 

'E 
0 
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e 
c 

UNCLASSIFIED 
SSD-A- 1295 

I - RUNNO - 

- E - 
26 
2H - 
3E 
3F 
36 

- 

0 CADMIUM-TYPE ABSORBER 3H - 

-29- 

- 
X 
3 
-1 
LL 

-1 a 
a E 
W 
I 
I- 

$ 

UNCLASSIFIED 
ORNL-LR-DWG 6706A 

- a BORON-TYPE ABSORBER 1H1 I 
- IF1 - 

::: 
POSITION OF MEASUREMENT = 14; in. FROM 

TUBEEND 

. i o 0  

10 

i 

80 70 60 50 40 30 2 0  40 0 

AMOUNT OF Cd IN CORE (%) 

Fig. 4. Thermal-Flux Depression vs Amount of 
Cadmium in  Core. 

( x  1043) 
UNCLASSIFIED 

ORNL-LR-OWG 604OA 

tn c 
e 
5 15 
C - 

J a z 
IT 
w 5  
I I- 

.c 
b- e o  

0 5 10 45 20 25 30 35 
REACTOR POWER (Mw) 

28 

26 

I - 
L 24 
e 

3 22 

r 
e .- 

0 

I 

z 20 
P 
- 

8 48 

8 
16 

44 
40 42 14 46 48 20 22 24 26 28 

DATE IN MARCH 1955 

Fig. 6. 
March 1955. 

Average Shim-Rod Position for MTR in 

40 

Fig. 7. Thermal-Neutron Flux in Core vs Wall 
Thickness of Holder. 

Fig. 5. Thermal-Neutron Flux vs Reactor Power. 
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UNCLASSIFIED 
ORNL-LR-DWG 8832A 40'~ 

5  

2  
I - 
10 

N 10 
I4 

I 
E 

Y) 

E 5  
L 

3 al c - 
X 2 J 

J 

k 2  

a 
I [r 

I- 
g 1of3 

P 
C - 

5  

2  

10'2 
0 5 40 15 2 0  2 5  30 

d41 
2.0 

DISTANCE FROM BLIND E N 0  OF PNEUMATIC TUBE ( i n . )  

Fig. 8. An Effective Thermal-Flux Axial Traverse Along HB-3. 

2.0 ~ 

1 .o - 1 .o 
0 . 8 8  

UNCLASSIFIED 
SSD-A- 1 272 

O R N L -  L R - D W G - 8 8 2 9  

I I 
1 2 3 4 5 6 

'DISTANCE FROM NOSE OF SAMPLE CARRIER (in.) 

0.66 

Fig. 9. Thermal-Flux Traverse Through "Light Grey" Absorber in HB-3 High-Flux Zone. 
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2 x1014 

. 

UNCLASSIFIED 
SSD-8-4273 

ORNL-LR-DWG-8830 

I I I I 

TCURVE TAKEN FROM ( u )  AND (b  1 ABOVE 

I I I I 
A OUTSIDE FOIL, WITH CORE 
0 INSIDE FOIL, WITH CORE . ~ 2 . 6  in TO BEAM HOLE END 

I I I 

I 
I 
I 
I 
I 

I I I I I 

I I I I I I 

8.8 x1612thermal neutrons.cn?.sec' 
(UNPERTURBED) 7 

I A OUTSIDE OF TUBE WITH CORE 

0 IN CORE 

0 IN TUBE WITHOUT CORE 

0 OUTSIDE OF TUBE WITHOUT CORE 

I 

DISTANCE TO BLIND END OF PNEUMATIC TUBE ( in . )  

Fig. 10. Perturbed and Unperturbed Flux Trav- 
erses from inside to "Walled Holder" by Using 
Three Different Neutron Absorbers in High-Flux 
Zone. 
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Fig. 11. Perturbed and Unperturbed Flux Trav- 
erses Inside t,-in.-Wall Holder by Using Two 
Different Neutron Absorbers in Low-Flux Zone. 
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Fig. 12. Flux-Depression Curve for a '4-in.-Wall 
Holder. 
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Fig. 13. Perturbed and Unperturbed Flux Trav- 
erses Inside a 'A ,=in.-Wall Holder. 
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Fig. 14. Perturbed and Unperturbed Flux Trav- 
erses Inside a $-in.-Wall Holder. 

r 

I O  



-33- 

3 
a2 c - 
X '  
3 

L: 

1\ 

I \  
\ 

D E C L A S S I F I E D  
SSD-A-f f 78 

4 

1 
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 

DISTANCE TO BLIND END OF PNEUMATIC TUBE (in.) 

Fig. 15. Unperturbed ThermaLFlux Traverse for 
H B-3. 

NO CORRECTION HAS BEEN'MADE L FOR FAST-NEUTRON CONTRIBUTION 
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Fig. 16. Thermal Flux Measured with Coda 
Along the HB-3 Axis with R o l l  Position Partially 
shadow Shielded. -. 
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Fig. 17. Diagram Showing Sectioning of Alloy Rod for Chemical Analysis. 
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Fig. 18. External Part of ORNL Pneumatic Facility at MTR. 
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Fig. 19. Shuttle-Train Assembly for ORNL Pneumatic Facility at MTR. 


