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ABSTRACT 

This repor t is a summary of the technical p rog re s s made by Atomic 
Power Development Assoc ia tes , Inc. , in the period July through September 
1969 under AEC Contract No. AT(1 l - l ) - 8 6 5 . The individual projects a r e 
covered under the following headings: 

Sodium-Water Reaction Test P r o g r a m 
Projec t Agreement No. 10 

Sodium Technology Pro jec t 
Pro jec t Agreemen t No. 11 

Compilation of F e r m i Experience 
Pro jec t Agreement No. 15 

Comparison of Methods for Heterogeneity Analysis 
Pro jec t Agreement No. 19 
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SODIUM-WATER REACTION TEST PROGRAM 

PROJECT AGREEMENT NO. 10 

SENIOR PROJECT ENGINEER: E. C. KOVACIC 

PROJECT ENGINEER: H. V. CHAMBERLAIN 

I. PREFACE 

A. Background Information 

Achievement of the LMFBR p r o g r a m objectives is highly dependent on 
the development of re l iable sys tem components . With r ega rd to the cu r r en t 
status of development, the s team genera tor is recognized to be the w^eakest 
link in the heat t r anspo r t sys tem. The question of what occurs in a s team 
generator during a sodium-w^ater react ion and how^ to accommodate such a 
react ion in the design has been a problem since the inception of sodium- and 
NaK-cooled r e a c t o r s . The damage resul t ing f rom a react ion may be caused 
by water leaks of two genera l ca tegor ies : l a rge leaks and smal l leaks . Until 
recent ly des igners have been concerned with l a rge leaks such as those resul t ing 
from the complete c i rcumferent ia l rupture of a water tube. However, in 
late 1962 a s team genera tor in the Enr ico F e r m i Atomic Power Plant (EFAPP) 
experienced a sodium-water react ion due to a tube fai lure produced by 
vibrat ion. Subsequent examination of the unit indicated that a genera l co r ros ion 
had occur red in the a r ea of the sodium-water react ion, producing wastage 
and fai lure of some of the adjacent tubes . It i s not known at what stage in 
the propagation of the leaks the wastage occurred; that i s , did the wastage 
occur as a resul t of the initiating leak, or did it occur as a resu l t of the 
subsequent leaks? The questions ra i sed by this exper ience c lear ly indicate 
that a sodium-water react ion p r o g r a m should consider both smal l and la rge 
l eaks . Subsequent to the E F A P P exper ience , the Br i t i sh conducted some tes t s 
in which they found that significant tube wastage r a t e s can be incur red with 
smal l l eaks . 

B. Scope 

As pa r t of the AEC p r o g r a m of s t eam genera tor development, a project 
was initiated at APDA for the purpose of investigating both smal l and la rge 
leaks . An init ial s e r i e s of t e s t s is being run to 

® Establ ish a means of est imating the extent of tube wastage during a 
smal l leak of water into sodium in a sodium-heated s team genera to r . 
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m Determine the dominant p a r a m e t e r s of tube wastage during a 
smal l -water leak so that these p a r a m e t e r s may be taken into 
account in the design of a unit. 

C. Relationship to Other Pro jec t s 

This p rogram is applicable to the development of sodium-heated 
s team genera tors and to the technology of sodium-water react ions in the 
LMFBR p rog ram. Data generated in the p rogram -will be used to p repa re 
design c r i t e r i a and design analysis p rocedures for s team genera tors from 
the standpoint of sodium-v/ater reac t ions . All of the act ivi t ies of this 
p rogram a r e within the scope of the Components Element (Vol. 3) of the 
LMFBR P r o g r a m Plan (Wash 1103). However, some of the activit ies in te r ­
face v^ith the Ins t ruments and Control Element (Vol. 4) of the P r o g r a m 
Plan. With regard to sodium-water react ions in s team genera to rs , the 
emphasis in P r o g r a m Element 3 is on developing information related to 
mechan isms producing wastage and to the effect of various system p a r a ­
m e t e r s and jet cha rac t e r i s t i c s on m a t e r i a l was tage . In P r o g r a m Element 
4, the emphasis is on evaluating and on demonstra t ing leak detection sys tems 
which would minimize damage to the s team genera tor and secondary heat 
t r anspor t sys tem. 

Information on the tes t p rogram and the resu l t s to date a r e available 
in the proceedings of the Sodium Components Development P r o g r a m Informa­
tion Meetings held on April 14, 1964, in Hollywood, California, and on 
June 17, 1965 in Chicago, Illinois; APDA quar ter ly technical p rog re s s 
repor t s on AEC-sponsored act ivi t ies ; in the following papers : " An Invest i ­
gation of Tube Wastage Caused by Small Leaks of Water in Sodium-Heated 
Steam Genera to r s , " presented at the IAEA Symposium on Alkali Metals -
Corrosion Studies and Systems Operating Experience, held at Vienna, Austr ia 
November 28 to December 2, 1966; "Tube Wastage in Sodium-Water 
React ions" and "Surface Tempera tu re Measurements in Sodium-Water 
Reactions, " presented at the Amer ican Nuclear Society Winter Meeting in 
Chicago, Ill inois, in November, 1967; "Sodium-Heated Steam Genera tors , " 
presented at the Amer ican Nuclear Society National Topical Meeting on 
Fas t Reactor Sys tems, Mate r i a l s , and Components, held in Cincinnati, 
Ohio, in Apri l , 1968; and "Wastage of Steam Generator Mater ia ls by Sodium-
Water Reactions, " presented at International Conference on Sodium 
Technology and Large Fas t Reactor Design, held at Argonne National Lab­
ora tory , Argonne, Illinois in November 1968; and a repor t , "Evaluation of 
Mater ia l s Wastage Due to Reactions of Water in Sodium, " APDA-227, 
Jxme, 1969. 
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II. TECHNICAL PROGRESS 

A. Rig-10 Tube Wastage (Task 20) J . A. Ford 
G. H. Reicks 
T. Iguchl 

The objective of this task is to es tabl ish a means of est imating the 
extent of tube wastage during a smal l leak of water into sodium in a sodium-
heated s team genera tor . 

1. Test Planning (Job 02) 

The scope of the FY-70 p r o g r a m is to conduct 12 m a t e r i a l wastage 
tes t s by the end of June, 1970. The t e s t s will be made using 2 1/4 Cr -1 Mo 
steel as the t a rge t m a t e r i a l with nozz le - to - t a rge t spacings of 1/4, 1, and 2 
inches . The water injection ra te will range from approximately 0. 005 to 1.5 
l b / s e c ; the bulk sodiuna t empera tu re w^ill be approximately 600 F . 

A tes t specification was completed and issued. The objectives of 
the t e s t s a r e to (1) c lear ly confirm the phenomenon of a decreas ing wastage 
ra te observed at leak r a t e s beyond approximately 0. 01 l b / s e c , (2) de te rmine 
the effect of nozzle L/D on the wastage pa t te rn , and (3) obtain p re l imina ry 
wastage data for a 2-inch l eak- to - t a rge t spacing. 

2. Testing (Job 03) 

a. Wastage Resul ts 

Four wastage tes ts (Tests No. 45, 48, 48a, and 50) were 
completed during this r epo r t per iod. A summary of the t e s t data is given in 
Table 10. 1 and the wastage resu l t s a r e shown in F igures 10. 1 and 10. 2. 

The f i rs t t es t in the FY-70 Rig 10 Test P r o g r a m (Test No. 
45) was conducted with a l eak- to - t a rge t spacing of 1/4 inch and a leak ra te 
of approximately 0. 009 l b / s e c , to de termine the effect of the nozzle L /D , 
i. e. , the length- to-d iameter ra t io of the capi l lary , on the wastage pa t te rn 
and r a t e . The nozzle for Tes t No. 45 had an L/D of 9- 2 as opposed to an 
L/D of 37. 0 for the nozzle used in Rig-10 Test No. 37, which was run at the 
same leak ra te and spacing. A compar ison of the resu l t s of Tes t No. 45 with 
the resu l t s of Test No. 37 in Table 10. 2 shows that the wastage ra te was 
reduced by a factor of approximately 3 in Test No. 45 and the wastage pa t tern 
was c lear ly of the toroidal type as opposed to pi t - type wastage for Test No. 37 
The leak r a t e s for these tes t s coincided a lmost exactly, although the actual 
capi l lary dia ineters were somewhat different. Examination of all tes t data 
for Test No. 45 indicated that the tes t was not abnormal in any way. Based 
on the capi l lary d iameter and length, however , the leak ra t e s for the two tes t s 
should not have been equal. For this reason, it is hazardous to make an 
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TABLE 10.1 - SUMMARY OF PRELIMINARY DATA FROM RIG-10 TESTS 

Test No. 

SODIUM SYSTEM 

45 48 48a 50 

Flow rate, gpm 
Velocity past target tube, ft/sec ~ 
Bulk temperature , F 
Sodium level above injection point, 

ft, (nominal) 
Plugging temperature, F 

Before injection 
After injection 

400 
2 

602 

8.2 

402 
475 

400 
2 

606 

8.2 

395 
470 

INJECTION WATER SYSTEM 

Water added, lb 
Temperature, F 
Pressure , psig 
Orifice size, in. 
Capillary L / D 
Injection point-to-target spacing, in. 
Injection duration, sec 
Injection ra te , lb/sec (actual) 
Injection ra te , lb/sec (predicted) 

RECIRCULATING WATER SYSTEM 
(TARGET TUBE COOLANT) 

Pressure , psig 
Coolant 

WASTAGE 

Target material 
Target tube 

Wastage pattern 
Depth of penetration, mils 
Wastage ra te , mi ls / sec 
Specific wastage, mi ls / lb H2O 

Other wastage 
Maximum measured tube temperature, F 
Time of maximum temperature, sec 

COVER GAS 

Pressure , psig 
Before injection 
During injection, peak 
After injection 

Hydrogen concentration, ppm 
Before injection 
Peak during test 
Change in concentration 

Rate of H2 change, ppm/sec 
Elapsed t ime between leak 

initiation and initial H, 
change, sec 

Elapsed time between leak 
initiation and peak Ho concentration, sec 

100 
N , 

400 
2 

600 

8.2 

395 
495 

0.30 
602 
2650 

0.0109 
9.2 
1/4 
32.6 

0.009 
0.010 

0.24 
606 
2650 

0.0089 
3.19 
1/4 
726 

3.3xl0"4 
0.005 

100 
No 

100 
No 

400 
2 

605 

400 
510 

0.24 
600 
2650 

0.0088 
3.21 
1/4 

11,040 
2.17x10"^ 
0.025 

1.0 
605 

2650 
0.0188 

15.2 
1 
42 

0.024 

0.025 

100 
No 

• ^ ^ 

18 
0.545 

60 
None 
1553 
17.7 

pit-type 

17 0 
2.3x10"^ 

70.8 
None 
983 
0.6 

2 
1.81x10" 

8.33 
None 
639 
0.05 

-4 

Toroidal 

26 
0.62 

26 
* 

1628 
35.6 

5.9 
12.4 
12.4 

5,800 
6,400 
0,600 

317 

102 

213 

5 
** 
** 

12,000 
32,000 
20,000 

37 

106 

909 

5 
*** 
*** 

5,800 
8,600 
2,800 
0.48 

365 

1380 

5.2 
14.3 
10.0 

3600 
138,800 
135,200 

1160 

59 

177 

* Wastage of some stainless steel thermocouple clips occurred 

** Pressure recorder chart paper was not moving during test 

''** Ink from chart pen was smudged over chart paper 
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T A B L E 1 0 . 2 - COMPARISON O F P R E L I M I N A R Y R E S U L T S 
O F R I G - 1 0 T E S T S NO. 37 AND 45 

SODIUM SYSTEM 

F l o w r a t e , g p m 
Ve loc i t y p a s t t a r g e t t u b e , f t / s e c ~ 
Bulk t e m p e r a t u r e , F 
S o d i u m l e v e l above in jec t ion poin t , ft 

Test 37 

400 
2 
600 
8. 2 

Test 45 

400 
2 
602 
8.2 

INJECTION W A T E R S Y S T E M 

W a t e r added , lb 
T e m p e r a t u r e , F 
P r e s s u r e , p s i g 
O r i f i c e s i z e , i n . 
O r i f i c e l eng th , in . 
Or i f i ce L / D 
In jec t ion p o i n t - t o - t a r g e t s a p c i n g , in . 
In jec t ion d u r a t i o n , s ec 
In jec t ion r a t e , l b / s e c 

0. 197 
600 
2650 
0.0077 
0.285 
37.0 
1/4 
20.9 
0.0094 

0. 300 
602 
2650 
0.0109 
0. 100 
9.2 
1/4 
32.6 
0.0092 

R E C I R C U L A T I N G W A T E R SYSTEM 

Coolan t 
P r e s s u r e , p s i g 

N2 
100 

N2^ 
100 

WASTAGE 

T a r g e t m a t e r i a l 
T a r g e t t ube 

W a s t a g e p a t t e r n 

2 1/2 C r - 1 Mo 2 1/2 C r - 1 Mo 

P i t wi th s c a l l o p T o r o i d a l wi th 
s h e l l p a t t e r n a t r i d g e s 
top 

Depth of p e n e t r a t i o n , m i l s 
W a s t a g e r a t e , m i l s / s e c 
Speci f ic w a s t a g e , m i l s / l b H2O 

71 
3 . 4 
360 

41 
1.26 
137 
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absolute compar ison of the resu l t s of the tvî o t es t s at this t ime . As a resu l t 
of the anomaly, the data from Test No. 37 was re -examined to de termine if 
the resu l t s for this t es t were in e r r o r . Based on the t empe ra tu r e cha r t s , it 
appeared that that the re was slight evidence that a par t i a l plug occur red 
20. 9 seconds after initiation of the tes t and that the tes t actually continued at 
a much lower leak r a t e for some undetermined t ime beyond 20. 9 seconds. 
Re-examinat ion of the acoustic recording of this t e s t , however, gave strong 
evidence that the tes t actually te rmina ted at 20. 9 seconds. The fact that no 
•water was seen when the injection sys tem was vented after the tes t indicates 
that the full amount of water must have been injected. 

Since the leak ra te anomaly r e m a i n s , positive evidence that 
nozzle L /D has an effect on -wastage ra t e and pat tern is not available. Since 
the resu l t s of Tes t No. 45 suggest that nozzle L /D may be important , the 
existing tes t p r o g r a m -was reviewed and the following course of action outlined: 

a. The existing tes t p r o g r a m should be pursued unchanged 
for the p resen t 

b . The exact length and length- to-d iameter ratio of the nozzles 
used in a l l past t e s t s should be de termined and repor ted 
(this is now underway). 

c. The length of the nozzles to be used in the existing tes t 
p r o g r a m -will be maintained at a value equal to that used 
for previous t e s t s . 

Test No. 48 was conducted with a l eak- to - t a rge t spacing of 1/4 
inch and a predic ted leak ra te of 0. 005 l b / s e c ; however, the actual leak 
ra te obtained was approximately 0. 00033 l b / s e c , indicating that the capi l lary 
was par t ia l ly plugged. Immediately after t r igger ing , the re was a significant 
r i s e in ta rge t a r ea t empera tu re as noted on the optical osci l lograph, and the 
maximum targe t t e rapera ture of 983 F was obtained less than 1 second after 
the tes t was init iated. The th ree thermocouples on the r ight-hand side and 
top of the t a rge t tube in the a r ea of the react ion zone remained fair ly constant 
throughout the injection period at t empe ra tu r e s in the range of 630 to 690 F . 
The th ree thermocouples on the left-hand side of the t a rge t a r ea indicated 
higher t empe ra tu r e s in the range of 750 to 960 F and fluctuated with a frequency 
of approximately 8 cycles per second. These t empe ra tu r e s -were considerably 
lower than expected for a nominal 8 -mi l -d iamete r capi l lary. The t r igger 
mechan i sm was again actuated 18-1/2 seconds after initiation of the test ; 
howeverj no change in recorded t empera tu re readings -was noted. The t e m p ­
e r a t u r e s remained elevated for a per iod of 12 minutes and 42 seconds, 
indicating that a pa r t i a l plug of the nozzle had probably occur red at the 
beginning of the t e s t . 
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The f i r s t cold-flow t e s t of the n o z z l e u s e d in T e s t No. 48 
c o n f i r m e d tha t the n o z z l e had p a r t i a l l y p lugged . Subsequen t cold-f low t e s t s 
a f t e r c l e a r i n g the n o z z l e of the o b s t r u c t i o n gave cold flow r a t e s in the 
r a n g e of t h o s e n o r m a l l y ob ta ined with the n o m i n a l 8 - m i l - d i a m e t e r c a p i l l a r y . 
The c a u s e of the p a r t i a l plug is not kno-wn. 

Fo l lowing r e m o v a l of the tube b u n d l e , e x a m i n a t i o n of the t a r g e t 
a r e a sho-wed a s l igh t b u i l d - u p of r e a c t i o n p r o d u c t s n e a r t h e t h e r m o c o u p l e s 
in the t a r g e t a r e a and i r r e g u l a r d e p o s i t s of r e a c t i o n p r o d u c t s in o t h e r a r e a s ; 
h o w e v e r , no l a r g e b u i l d - u p t y p i c a l of t h e h i g h e r l eak r a t e t e s t s w a s ev iden t . 
I n spec t i on of the t a r g e t a r e a a f t e r s t e a m - c l e a n i n g r e v e a l e d two s m a l l - d i a m e t e r 
p i t s on the t a r g e t t u b e . Both of t h e s e p i t s -were l o c a t e d s l igh t ly to the left 
of the v e r t i c a l c e n t e r l ine of the i n t ended t a r g e t . One of the p i t s w a s a p p r o x ­
i m a t e l y 3 /32 inch f r o m the t ip of the t h e r m o c o u p l e which i n d i c a t e d t h e h i g h e s t 
t e m p e r a t u r e du r ing the t e s t . T h i s pi t w a s a p p r o x i m a t e l y 1/16 inch in d i a m e t e r 
and 17 xnils d e e p . The second p i t , of a l e s s e r dep th , -was l o c a t e d n e a r the 
t i p of t h e r m o c o u p l e No . 6, which w a s a p p r o x i m a t e l y a t t h e 11:00 o ' c l o c k 
pos i t i on on t h e t a r g e t a r e a . Both p i t s w e r e e x t r e m e l y m o t t l e d in a p p e a r a n c e 
and w e r e qu i te r o u g h w^hen c o m p a r e d to t h e -wasted a r e a s f r o m m a n y of the 
h i g h e r l eak t e s t s . The w a s t a g e r a t e ob ta ined in T e s t No . 48 i s s o m e w h a t 
h igh , a l though in f a i r a g r e e m e n t when c o m p a r e d to an e x t r a p o l a t i o n of t h e 
w a s t a g e r a t e - v e r s u s - l e a k r a t e i n f o r m a t i o n f r o m p r e v i o u s t e s t s . E x t r a p o l a t i o n 
of t h e p r e v i o u s t e s t da ta to the m e a s u r e d l e a k r a t e g ives an e x p e c t e d -wastage 
r a t e of a p p r o x i m a t e l y 1 x 10"^ m i l s / s e c , w h e r e a s the m e a s u r e d w a s t a g e 
r a t e for t h i s t e s t w a s 2. 2 x 10" m i l s / s e c . Th i s c o m p a r i s o n i s shown in 
F i g u r e 10. 2. No w a s t a g e w a s o b s e r v e d on o t h e r t ubes o r tube s u p p o r t s . 

S ince a p a r t i a l plug of the in jec t ion n o z z l e o c c u r r e d du r ing T e s t 
No. 48 , a r e p e a t r u n d e s i g n a t e d T e s t No. 48a -was conduc ted with t e s t 
cond i t ions i d e n t i c a l wi th t h o s e l i s t e d for T e s t No. 48 in the t e s t p r o g r a m 
for Rig 10. Af t e r i n i t i a t ion of the t e s t t h e t h e r m o c o u p l e s in t h e r e a c t i o n 
zone i n d i c a t e d only a v e r y s m a l l i n c r e a s e in t h e t e m p e r a t u r e ; t h e n o z z l e 
w a s t h e n r e t r i g g e r e d s e v e r a l t i m e s to m a k e s u r e t h a t the c a p i l l a r y t ube 
h a s b e e n s h e a r e d . No add i t i ona l change in t e m p e r a t u r e w a s s e e n a f t e r t h e s e 
o p e r a t i o n s . A m a x i m u m t e m p e r a t u r e of 63 9 F w a s r e c o r d e d a l m o s t i m m e d i a ­
t e ly a f t e r t e s t in i t i a t ion and m o s t of the t h e r m o c o u p l e s h o v e r e d in the r a n g e of 
600 to 630 F d u r i n g the in jec t ion p e r i o d . The d u r a t i o n of the t e s t w a s c o n ­
s i d e r a b l y l o n g e r than the p r e d i c t e d 48 s e c o n d s - - l l , 040 s e c o n d s , o r a l i t t l e 
m o r e than 3 h o u r s , i nd ica t ing tha t aga in a p a r t i a l plug of t h e n o z z l e had o c c u r r e d 

M e a s u r e m e n t of the t a r g e t tube a f t e r i t w a s r e m o v e d f r o m the 
tube bundle sho-wed t h a t a p p r o x i m a t e l y 2 m i l s of w^astage h a d o c c u r r e d . It 
should be po in ted out t h a t t he depth m e a s u r e m e n t h a s an a c c u r a c y of jf2 m i l s ; 
t h e r e f o r e , t h e w a s t a g e m e a s u r e m e n t in t h i s t e s t could be in the r a n g e of 
0 to 4 m i l s . B a s e d on t h i s m e a s u r e m e n t , a w a s t a g e r a t e of 1. 81 x 10" m i l / s e c 
w a s o b s e r v e d for a l eak r a t e of 2. 17 x 10" l b / s e , c . A g a i n , if p r e v i o u s 
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-wastage data -were extrapolated to the very lo-w leak ra te experienced in this 
t es t , the predic ted wastage ra te is somewhat lower than the actual wastage 
ra te m e a s u r e d during the t es t . If, however , the extrapolation is made through 
the r e su l t s of Tes t No. 48 ( repor ted above) the m e a s u r e d wastage ra te ag ree s 
well with the extrapolated wastage r a t e . No wastage -was observed on other 
tubes or tube suppor ts . 

A compar ison of the ^vastage ra t e s obtained in Test No. 48 and 
48a with those repor ted by Davies is a lso sho-wn in F igure 10. 2. Davies ' 
(UKAEA) exper iments consisted of injecting s team through orifice d iamete r s 
of 50 and 100 mi l s into stagnant sodium contained in a 5- inch-d iameter , 15-inch-
long pot. The very lo-w injection r a t e s (-vS.? x 10" lb / sec ) were obtained by 
using a smal l ineter ing pump. As shown in F igure 10. 2, the -wastage ra t e s 
r epor t ed by Davies a r e g r ea t e r than those obtained in Rig 10 by factors of 
10 to 100. The wastage pa t te rns also great ly differ from those in Davies ' 
exper iments , being ve ry rough and s imi la r to pa t terns that would be obtained 
during cor ros ion of the m a t e r i a l . More test ing at these low leak ra t e s is 
requi red to a sce r t a in thei r effect on wastage r a t e s . 

A cold-flow tes t of the nozzle from Test No. 48a resul ted in smal l 
drops coming out of the nozzle at a very low ra t e . Six drops of water was 
collected in the per iod of 47 ininutes; therefore , no accura te measu remen t 
of the cold flo%v leak ra te -was poss ib le . Efforts to mechanical ly dislodge the 
obstruction from the capi l lary -were unsuccessful . 

Since it was apparent that a plugging problem existed with the 
8 -mi l -d iamete r or i f ices , a p r o g r a m was initiated to de termine the cause 
of the plugs and to modify the p rocedures and /o r ma te r i a l being used to 
prevent a r e c u r r e n c e of the problem. This p r o g r a m consis ts of running 
water flow checks on six pieces of nominal 8 -mi l -d iamete r capi l lary to 
establish that they a r e not plugged, making six nozzles using the pieces of 
capi l lar ies tested, and then conducting six i n -a i r injections to establish the 
rel iabi l i ty of the above steps to produce acceptable nozzles . In o rder not 
to delay the testing schedule to a point where the successful completion of the 
prograrQ would be in jeopardy, it was decided to proceed with Tes t No. 50, 
which util ized a l 6 - m i l - d i a m e t e r capi l lary , since plugging of this l a rge r 
d iameter capi l lary was not expected. Also, special precaut ions were taken 
in the prepara t ion of the capi l la r ies for this tes t to ensure that no plugging 
-would take p lace . 

Test No. 50 was conducted with a l eak- to - t a rge t spacing of 
1 inch and a leak ra te of approximately 0. 024 l b / s e c to determine the effect 
of inc reased spacing on wastage at higher leak r a t e s . This t es t ran for a 
duration of 42 seconds, -which compared well with the predicted duration of 
43 seconds. All measu remen t s indicated that the tes t was successful and no 
plugging of the nozzle had occur red . The p re l iminary resu l t s of Test No. 50 
a r e given in Table 10. 1. Examination of the t empera tu re char t showed that 
a notable r i s e in t e m p e r a t u r e had occur red when the tes t was t r iggered and 
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no thermocouples decreased below the init ial t empera tu re of 600 F . The 
maximum t empe ra tu r e of 1620 F was m e a s u r e d on thermocouple No. 5 after 
35. 6 seconds of the tes t run. The two thermocouples adjacent to thermocouple 
No. 5 were reading t empe ra tu r e s some-what lower. Most of the thermocouples 
indicated a gradual i nc rease in t empe ra tu r e throughout the tes t , amounting 
to approximately 120 to 200 F . The only thermocouple which showed a c lear 
periodici ty was a thermocouple instal led on the row of tubes behind the t a rge t 
tube, and the t empe ra tu r e t r a c e from this thermocouple showed a frequency 
of approximately 6 cps . 

Inspection of the tube bundle after the t e s t indicated a build-up 
of react ion products approximately the size of a quar te r in the ta rge t a r e a , 
and the remainder of the bundle contained only a light coating of react ion 
products . A smal l polished and wasted a r ea in the region of the deposit was 
noted. Observat ions of the deposits sho-wed that the w^ater jet apparently 
sprayed toward thermocouple No. 5 (in the 7: 00 o'clock position) and therm^o-
couple No. 1 (in the 12: 00 o'clock position) after impinging on the ta rge t tube. 
Thermocouple No. 5 indicated the highest t empe ra tu r e during the tes t . Also 
the s ta inless steel clip used to attach thermocouple No. 5 to the t a rge t tube 
-was wasted and the tip of this thermocouple was observed to be thinned. After 
the react ion products were removed, it was apparent that the wastage a r ea 
extended beyond the init ial 1 /4- inch-diameter polished a r ea -which -was free of 
react ion products and extended out close to the tips of the thermocouples 
surrounding the t a rge t region. Damage was also noted on the s ta in less s teel 
clip used to hold thermocouple No. 2 (in the 2:00 o'clock position), and after 
removal of thermocouples No. 2 and No. 5, impress ions of the thermocouple 
and clip -were left on the ta rge t tube due to the shielding from -wastage of 
the tube by the thermocouple and clip (see F igure 10. 3). The wastage pa t tern 
on the tube was a broad a rea approximately 7/8- inch square with a very 
slight indication of a toroidal pa t tern . The maximum depth of the -wasted 
a r e a , 26 m i l s , occur red slightly below the center of the tube. 

When the nozzle from the tes t was cold-flo-w-checked, it plugged 
during the f irs t run. Folio-wing removal of the plug by inser t ion of a sma l l -
d iameter wire to the capi l lary, two additional cold-flow checks were made 
which resul ted in an average flow ra te of 0. 042 l b / s e c . The appearance of 
the jet during the las t two tes t s was a s t ra ight , well-defined jet for a distance 
of at leas t 1 inch from the nozzle . The leak ra t e agreed well with a predic ted 
cold-flow ra te based on the hot-flow ra te achieved during the test ; however, 
both flo-w ra tes -were slightly less than theore t ica l predict ions based on the 
actual measu remen t s of capi l lary d iamete r . 

Test No. 50 was run to verify the resu l t s of Test No. 31, which 
had a very short duration (2. 5 sec) , giving r i s e to some uncer ta inty as to 
whether the m e a s u r e d wastage was actually wastage or whether it was a 
machine m a r k on the tube surface. The re su l t s of Test No. 50 coincided 
a lmos t exactly with those of Test No. 36, which was the same as Test No. 50 
except that the spacing was 1-1/4 inch. The wastage ra te from Test No. 50 
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(0. 62 m i l / s e c ) is considerably below that obtained in Test No. 31 (3. 2 m i l s / s e c ) 
For this reason , the validity of Tes t No. 31 is highly quest ionable, since 
the r e su l t s of Tes ts No. 50, 36, 40, 41 , and 44 all tend to indicate a much lo-wer 
wastage ra t e as the leak ra te is inc reased in the range of 10" to 10" l b / s e c 
at a 1-inch spacing. 

Inspection of the tube bundles folio-wing each t e s t showed that 
t he re general ly was very l i t t le build-up of solid react ion products on the tube 
bundle. This -was expected because the maximum quantity of water injected 
was only 1.0 lb. In Test No. 48a, which had a 11,040 sec duration, the re was 
a re la t ively l a rge build-up of react ion products between the nozzle and the 
t a rge t tube and the tube below the t a rge t tube; the re was very lit t le build-up of 
react ion products noted on the r e s t of the tube bundle. 

b . Hydrogen Behavior in Cover Gas 

A review of the hydrogen behavior in the cover gas as shown by 
the data in Table 10. 1 shows that a per iod of approximately 59 to 365 seconds 
occurs before the detector begins to indicate a change in the hydrogen level 
and that another 177 to 1380 seconds e lapses before the peak hydrogen con­
centrat ion occur s . Inspection of the tes t data shows that the re is a significant 
difference in the t ime from the f i rs t indication of a leak until the peak hydrogen 
concentration occurs bet-ween Tes t s No. 48 and 48a, where the leak ra tes 
were <10" l b / s e c , and Tes t s No. 45 and 50, where the leak ra tes were >10~ 
lb / s ec ; this is especial ly t rue in Test No. 48a. 

Examination of the r a t e of hydrogen inc rease in the cover gas 
shows essent ia l ly a s t ra ight - l ine re la t ionship with leak ra te over the range 
of leak ra te from 10" to 10" l b / s e c . More data a r e needed to establ ish the 
relat ionship between ra te of hydrogen inc rease and leak ra te with leak ra t e s 
g rea t e r than 10"^ l b / s e c . 

3. Test Analysis (Job 04) 

The scope of this job is to per form additional detailed analyses 
of all Pro jec t -10 wastage data to (1) provide a be t ter understanding of the 
m a t e r i a l wastage phenomenon, (2) de te rmine the mos t meaningful cor re la t ion 
of the data, and (3) provide guidance for the exper imental p r o g r a m to be 
conducted in FY-70 . 

A review of a s e r i e s of papers from a symposium dealing with the 
effects of liquid impact on loss of meta l was init iated for the purpose of 
learning m o r e about the eros ive effects caused by liquid impacts and how liquid 
jet cha rac t e r i s t i c s may contribute to m a t e r i a l wastage. The symposium in 
genera l desc r ibes the effect of a liquid jet or liquid droplets moving at a 
ve ry high velocity (600-1000 m / s e c ) , and str iking against a solid surface . At 
impact velocit ies in the region of 1000 m / s e c , a smal l water drop of about 
the size of a ra indrop will permanent ly deform or f rac ture a lmost any high-
strength s t ruc tu ra l ma te r i a l . Even at m o r e modera te veloci t ies , in the region 
of 100 m / s e c , the repeated impact of droplets will quickly erode the ha rdes t 
surface . 
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Although the existing Rig-10 tes t conditions a r e considerably different 
from those considered in the symposium, it is st i l l des i rab le to de te rmine if 
the flashing of the water je t after it leaves the orifice and is blanketed by a 
gaseous envelope of s team and react ion products can produce a velocity of 
the resul t ing mixture in the cent ra l core region that is much g rea t e r than the 
sonic velocity existing at the exit of the orif ice. Because of these conditions, 
the liquid jet could develop very high impact p r e s s u r e s as a resu l t of the 
water h a m m e r effect -when it s t r ikes the t a rge t tube. The water ha inmer 
p r e s s u r e (impact p r e s s u r e ) P for such a liquid column str iking the ta rge t tube 
is given by 

P =pC V (1) 

where p = density of liquid 

C = speed of compress ion wave in the liquid (at high impact 
p r e s s u r e s the compress ion -wave propogates as a sho"k 
-wave with speeds v/hich a r e g rea t e r than the normal 
sonic speed) 

V = Impact velocity of the liquid jet 

Thus -the impact p r e s s u r e is a d i rect function of the velocity of the liquid 
je t . If the liquid mix ture is great ly acce le ra ted after the w a t e r - s t e a m mixture 
leaves the nozzle , sufficient impact p r e s s u r e could be deve lopedto cause 
loss of meta l in the impact zone. Review of re la ted m a t e r i a l is continuing, 

B, Rig-43 Tube Wastage (Task 21) J. A, For 

The objective of this task is to pe r fo rm scoping wastage t e s t s to 
es tabl ish the significance of var ious sys tem p a r a m e t e r s on m a t e r i a l wastage 
during smal l sodium--water reac t ions . 

1. Test Planning (Job 02) 

The scope of the FY-70 p r o g r a m is to conduct eleven m a t e r i a l 
wastage t e s t s by the end of June 1970. These t e s t s will be made to de te rmine 
the significance of lo-wer -water-side p r e s s u r e , of -water leaks in the gas space, 
and of s t eam leaks on ma te r i a l wastage . 

The t e s t s will be made using 2 1/4 Cr -1 Mo steel as the t a rge t 
ma te r i a l with a nozz le - to - t a rge t spacing of 1/4 inch. The water injection 
ra tes will range from 0. 0026 to 0. 008 l b / s e c . The bulk sodium t empe ra tu r e 
(and the -water or s team tempera tu re ) -will be approximately 600 F for al l t e s t s 
except for the s team leaks , -where it -will be approximately 900 F . The p r e s s u r e 
on the water injection sys tem will be approximately 2650 psig in al l t e s t s 
except for the lower wa te r - s ide p r e s s u r e t e s t s , where it will be approximately 
1800 psig. 
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2. Test ing (Job 03) 

A t e s t specification was wri t ten for the f i rs t s e r i e s of t e s t s . This 
ini t ia l s e r i e s of t e s t s was to (1) extend the range of leak r a t e s for which 
cor respondence checks a r e made between Rig 10 and Rig 43, and (2) de te rmine 
the effect of injection water p r e s s u r e on m a t e r i a l wastage ra t e s (this would 
be at conditions simulating those occurr ing during dumping of a s team genera tor ) . 
The t a rge t for this s e r i e s of t e s t s consis ted of a sealed 3-inch length of 1-inch-
OD, 0. 120-inch wall tube as shown in F igure 10. 4a. As in the Rig-10 t e s t s , 
thermocouples a r e located on the t a rge t tube adjacent to impingement a r e a . 

Three t e s t s -were conducted in Rig 43 and the p re l iminary r e su l t s 
of these a r e given in Table 10. 3. The f i rs t t es t (Test No. la) was run to 
check the cor responcence in wastage ra te between Rig 10 and Rig 43 at a leak 
ra te of approximately 0, 005 l b / s e c (previous Rig-43 tes t s establ ished 
correspondence for leak r a t e s of 0. 0014 and 0. 002 l b / s e c ) . Also, this tes t 
-was to provide base -wastage ra t e information to be used in compar ison -with 
the next two t e s t s , -which -were to use the same capi l lary size but at a lower 
p r e s s u r e over the injection -water. 

The correspondence with Rig-10 wastage ra te information in Tes t 
No. la was poor, since the -wastage ra te -was only approximately 1/4 of that 
expected based on Rig-10 information. The -wastage appeared to be made up 
of t h r ee pits adjacent to each other (see F igure 10.4b). Three possible 
reasons a r e proposed for the lo-wer than predicted -wastage ra te obtained 
in Test No. la 

a. Reaction products causing in ter ference with water jet 

b . The jet was unstable in direct ion and /o r pa t tern 

c. Previous correspondence with Rig 10 was a fluke and the 
r e su l t s of this t e s t a r e c o r r e c t . 

At this t ime , it is suspected that r eason (a) is the major cause 
of the noncorrespondence . This is because 

m The react ion a r ea was covered with react ion products , which 
is not typical of the reac t ion product dis tr ibut ion in Rig-10 
t es t s (see F igure 10.4c) . 

• Reaction products filled the gap between the nozzle and t a rge t 
tube, which is good evidence of in terference (see F igure 10. 4d). 

m The rat io of leak ra te to sodium flow ra te was higher for this 
t e s t than any other t es t in Rig 43 in which sodium was flowing. 
This ra t io is a d i rec t index of react ion product concentrat ion 
in the sodium. 
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TABLE 10.3 - PRELIMINARY RESULTS OF FY-70 TESTS IN RIG 43 

Spacing, in. 

Orifice d iamete r , mi l s 

Water injected, lb 

Leak r a t e , l b / s e c 

Water p r e s s u r e , psig 

Sodium and water t emp, F 

Duration of tes t , sec 

Es t imated wastage , m i l s 

Wastage r a t e , m i l s / s e c 

Sodium flow, gpm 

Predic ted leak r a t e , l b / s e c 
Based on 

Cold flow check resu l t s 
Orifice d iameter 

Predic ted wastage r a t e , m i l s / s e c 
Based on 

Equiv leak ra te & Rig 10 curve 

Equiv orifice size & Rig 10 
Curve 

Equiv orifice size &: Rig 45 
resu l t s 

TEST la^^^ 

1/4 

6 .45-6 .65 

0.24 

0.0033 

2650 

615-620 

72 

26 

0.36 

22.2 

TEST 2a^'^' 

1/4 

6 .86-7 .45 

0.24 

0.00057 

1800 

590 

420 

16 

0. 038 

22.2 

TEST 3a^^^ 

1/4 

6 . 4 9 - 6 . 8 9 

0.24 

0.0024 

1800 

590 

100 

40 

0.40 

•v22 

0.0028 0 .00085/0 .0015 0.0016 
0.0033 0.0019 0.0016 

1.5 

1.5 

0 .01-0 .028 
(Extrap) 

0. 57 

'^0. 36 

0.86 

0.40 

^0. 36 

(a) Multiple pits (3), indicating je t moveraent 

(b) Radical change in t e rapera ture and acoust ic signal after injection had 
proceeded for 2. 6 seconds, indicating that the nozzle par t ia l ly plugged 

(c) Wastage located 30 to 40 degrees above t a rge t a r ea ; since nozzle and t a rge t 
were proper ly aligned, jet mus t have been askew 
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m There was some evidence that sodium -was bypassing the pipe 
containing the injection sys tem, -which would indicate that the 
sodium flo-w in the injection a r ea could have been less than the 
flo-w m e a s u r e d during the tes t . 

Reason (b) cannot be ruled out completely at this t ime , especial ly since the 
wastage pa t tern is typical of the pa t tern that would expected if the direct ion 
of the jet we re not constant . It is doubtful that such behavior could have been 
caused by a par t ia l plug, since no indication such as abnormally long tes t 
duration or odd t e m p e r a t u r e behavior -was noted. A cold flow check of the 
nozzle indicated that the je t -was quite stable and was perpendicular to the axis 
of nozzle . 

The second t e s t (Test No. 2a), the f i r s t of two tes t s to de te rmine 
the effect of water p r e s s u r e on -wastage, -was conducted at a water p r e s s u r e 
of 1800 psig and had an injection duration approximately 3-1/2 t imes longer 
than predicted. Examination of the t e m p e r a t u r e char t s for this t es t indicated 
that approximately th ree seconds after initiation of the injection, the t e m p ­
e r a t u r e s dropped from the 1100 F range to the 900 F range and remained 
the re for the duration of the tes t . Also, a dec rease in the amplitude of the 
acoustic signal occur red at the same t ime , confirming the change in injection 
r a t e . A f i rs t flow ra te check of the nozzle f rom Tes t No. 2a -was unsuccessful , 
since the orifice plugged a lmost i inmediately. After mechanical ly unplugging 
the nozzle , a cold-flow ra te check indicated that it -was st i l l par t ia l ly plugged; 
•whereupon a th i rd cold-flo-w ra te check showed that the pa r t i a l plug had been 
removed and the predicted cold flow ra te was obtained. These resu l t s indicate 
that the nozzle had become par t ia l ly plugged during the actual t e s t . 

The wastage ra t e in Test No, 2a was considerably l ess (a factor 
of 10) than that experienced in the f i r s t tes t ; however , examination of 
F igure 10. 2 shows that the observed wastage ra t e is slightly higher than 
would be predic ted for that leak ra te based on the extrapolation of the Rig-10 
wastage data from the 1/4-inch l eak - to - t a rge t spacing t e s t s . 

Two possible causes a r e advanced for this behavior 

m P a r t i a l plug of nozzle by react ion products 

# P a r t i a l plug of nozzle by d i r t in nozzle . 

The p resence of considerable react ion products in the react ion zone tends to 
support the f i r s t reason (see F igure 10. 5). Another factor which may be 
influencing the sodiura flow through the react ion zone and product build-up 
is the considerably g rea t e r confinement of the react ion a rea in Rig 43 which 
may resul t in t e m p o r a r y sodium flo-w blockage d̂ ê to the r e l ea se of hydrogen. 
This could cause sodium to spill over the ski r t and b-ypass the react ion zone. 
If the nozzle becomes par t ia l ly plugged with d i r t , the je t may have changed 
to a diffuse spray -which then typically resu l t s in a considerable build-up 
of products . It is also poss ib le , however , that at the lower p r e s s u r e a sp ray-
type pat tern may have formed, since the water is much c lose r to saturat ion 
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cond i t ions i n i t i a l l y . The p r o d u c t s p r o d u c e d by the s p r a y m a y then have c a u s e d 
the p a r t i a l p lug . The diffuse s p r a y t h e o r y i s not s u p p o r t e d by the w a s t a g e 
p a t t e r n on t h e t u b e , h o w e v e r , u n l e s s one a s s u m e s the w a s t a g e o c c u r r e d in t h e 
f i r s t 3 s e c o n d s . The a p p a r e n t a g r e e m e n t b e t w e e n t h e m e a s u r e d w a s t a g e 
and l e a k r a t e s and t h e e x t r a p o l a t e d R i g - 1 0 w a s t a g e r a t e c u r v e would t end to 
i n d i c a t e tha t t h e j e t did not b e c o m e diffuse d u r i n g the i n j ec t i on . If it i s a s s u m e d 
tha t t h e w a s t a g e o c c u r r e d only du r ing the f i r s t 3 s e c o n d s of t h e in j ec t ion , t h e 
tube would h a v e b e e n w a s t e d a t a r a t e g r e a t e r than 5 m i l s / s e c , wh ich i s 
c o n s i d e r a b l y h i g h e r t han any th ing m e a s u r e d in Rig 10 o r Rig 43 to d a t e . At t h i s 
t i m e , t h e r e i s c o n s i d e r a b l e u n c e r t a i n t y a s to t h e m e a n i n g of t h e r e s u l t s of 
t h i s t e s t . 

The t h i r d t e s t ( T e s t No . 3a) w a s a d u p l i c a t e of T e s t No . 2a e x c e p t 
tha t i t r a n for a d u r a t i o n of 100 s e c o n d s , wh ich w a s c l o s e to t h a t o r i g i n a l l y 
p r e d i c t e d . T h e w a s t a g e on t h e t a r g e t tube c o n s i s t e d of a 4 0 - m i l - d e e p p i t 
l o c a t e d 30-40 d e g r e e s above the t a r g e t a r e a ( s ee F i g u r e 10. 6). S ince it 
-was c o n f i r m e d tha t the n o z z l e and t a r g e t -were p r o p e r l y a l i gned and t h a t a 
cold-f low r a t e t e s t on t h e n o z z l e for t h i s t e s t r e s u l t e d in a s t r a i g h t j e t and 
no i nd i ca t i on of a p a r t i a l p lug , i t w a s conc luded tha t t h e j e t i t s e l f m u s t have 
b e e n ske-wed d u r i n g the in jec t ion . 

A c o n s i d e r a b l e b u i l d - u p of r e a c t i o n p r o d u c t s t h r o u g h o u t the e n t i r e 
in j ec t ion a r e a w a s n o t e d for a l l t h r e e t e s t s ; h o w e v e r , a s m a l l a r e a a t t he 
top of the t a r g e t t u b e a f t e r T e s t No. 3a w a s found to be c l e a r of r e a c t i o n 
p r o d u c t s . It a p p e a r e d t h a t r e a c t i o n p r o d u c t s e n t i r e l y f i l led t h e s p a c e 
b e t w e e n t h e t a r g e t t u b e and in jec t ion n o z z l e in t h e r e a c t i o n a r e a a f t e r a l l 
t he t e s t s . T y p i c a l l y , t h e t a r g e t a r e a in R i g - 1 0 t e s t s i s vo id of r e a c t i o n 
p r o d u c t s a t l e a s t in a c i r c u l a r a r e a c e n t e r e d on t h e t a r g e t t u b e . A l s o , r e ­
a c t i o n p r o d u c t s w e r e n o t e d on the o u t s i d e of the R i g - 4 3 s k i r t a s s e m b l y in 
wh ich the i n j ec t i on t a r g e t a s s e m b l i e s a r e l o c a t e d . T h i s cou ld be an i n d i c a t i o n 
t h a t s o d i u m flow i s sp i l l ing o v e r t h i s s k i r t and b y p a s s i n g t h e p ipe in wh ich 
the in j ec t ion n o z z l e i s l o c a t e d ; ho-wever, i t i s not de f in i t ive , s i n c e t h e s k i r t 
c o m m u n i c a t e s wi th the ou t l e t s o d i u m p l e n u m and could p ick up i m p u r i t i e s f r o m 
t h e r e . If t h e b u i l d - u p of r e a c t i o n p r o d u c t s in the r e a c t i o n zone i s t h e c a u s e 
of t h e p o o r r e s u l t s for T e s t s No. l a and 3a, i t m a y s i g n a l a b a s i c l i m i t a t i o n 
of t h e r i g , i , e , , i t i s l i m i t e d to l eak r a t e s s o m e t h i n g l e s s t h a n 0. 005 l b / s e c 
wi th the p r e s e n t g e o m e t r y in the r e a c t i o n z o n e . The c r o s s - s e c t i o n a l a r e a 
of t h e r e a c t i o n zone for Rig 43 i s c o n s i d e r a b l y s m a l l e r t h a n t h a t for Rig 10 
and t h e d i s t r i b u t i o n of r e a c t i o n p r o d u c t s i s , t h e r e f o r e , c o n s i d e r a b l y m o r e 
conf ined . Ef fo r t s wi l l be m a d e to e n s u r e t h a t no s o d i u m flow b-ypasses the 
in jec t ion a r e a d u r i n g fu tu re t e s t s so t h a t t h i s i s e l i m i n a t e d a s a v a r i a b l e . 
A l s o , an a t t e m p t wi l l be m a d e to d e t e r m i n e w h e t h e r the r e a c t i o n p r o d u c t b u i l d ­
up and h y d r o g e n g e n e r a t i o n in the in j ec t ion a r e a a c t u a l l y c a u s e d flow b y p a s s i n g 
d u r i n g T e s t s No. l a , 2a , and 3a. 

S ince t h e t h r e e t e s t s t ha t h a v e b e e n r u n h a v e not r e s u l t e d in da ta 
good enough to d e t e r m i n e the effect of p r e s s u r e on w a s t a g e , the r e m a i n d e r of 
t h e Rig 43 p r o g r a m for F Y - 7 0 w a s r e - e x a m i n e d to d e t e r m i n e a c o u r s e of 
a c t i o n . It w a s d e c i d e d t h a t t he ex i s t i ng t e s t p r o g r a m wi l l be k e p t i n t a c t for 
t h e p r e s e n t . 
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3. P rocu remen t , Fabr ica t ion , and Installation of 
Steam Injection System (Job 06) 

Work -was re - in i t ia ted during this r epor t period to provide a s team 
injection sys tem for Rig 43, A vendor vŝ as selected to fabriacte the s team 
r e s e r v o i r and i ts assoc ia ted piping (the design of this sys tem was completed 
in FY-69) . Fabr ica t ion of the s team injection sys tem is approximately 90% 
complete . 

4. Water Injection into Gas Space Design (Job 11) 

Conducting t e s t s of leaks of water into the gas space above the 
sodium surface in Rig 43 requ i res modifications to the r ig . Work was 
initiated on prepar ing (1) the functional requ i rements for the modifications 
requi red to Rig 43 for conducting the gas space l eaks , (2) conceptual sketches 
of these modificat ions, (3) a p re l imina ry cost es t imate to make the modifica­
t ions, a n d (4) a cost es t imate for prepar ing the tes t specification, conducting 
the t e s t s , and analyzing the tes t data. 

C. Leak Detection (Task 22) 

The scope of the acoustic leak detection p r o g r a m is to establ ish the 
feasibility of this technique for detecting smal l leaks of water or s team into 
sodium. P r e l i m i n a r y acoustic data obtained in Rig-10 tube wastage tes t s 
conducted during FY-68 and FY-69 showed that a detectable noise level above 
the background noise existed during the injection of the water into sodium. 
For the most par t , the spect ra generated during this injection were found to be 
in the sonic region, most ly below 10 kHz. However, much higher frequencies 
(up to approximately 80 kHz) were detected in a bench-sca le tes t , suggesting 
that frequencies at leas t that high a r e generated during the react ion between 
sodium and wate r . The scope of the FY-70 p r o g r a m is (1) to p r epa re a revised 
tes t p r o g r a m to confirm that high frequencies a r e generated during the 
react ion of sodium and -water and to establ ish the proper mounting techniques 
for the t r ansduce r s to detect these high frequencies , and (2) to complete the 
analysis of the acoustic data obtained during Tes t s No. 40 through 44 conducted 
in FY-69. 

1. Planning - Acoustic (Job 12) C. C. Scott 
S, Barkhoudarian 

A work plan was p repa red to obtain fundamental data on acous t i cs . 
The p r o g r a m consisted of th ree phases : The f i rs t phase would consis t of 
introducing chips of sodium in a tank of water with acoustic t r ansduce r s 
i m m e r s e d in the water and at tached to the outside of the tank to de te rmine 
the cha rac t e r i s t i c acoust ic spec t ra . The second phase , to be done in para l le l 
with the sodium-water react ion exper iments , would consis t of generating 
sound spec t ra of kno-wn frequencies by magnetos t r ic t ive devices in a tank of 
water with acoustic t r ansduce r s mounted in the water and on the walls of 
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the tank to de te rmine the proper mounting techniques for the t r a n s d u c e r s . It 
is expected that the resu l t s -would provide information per t inent to the ability 
to detect acoustic spect ra on tank walls and -would also se rve as cal ibrat ion 
signals for the acoust ic detection sys tem. The third phase of the p rog ram , 
assuming that phases 1 and 2 were successful , -would consis t of installing 
t r a n s d u c e r s both in te rna l and external to e i ther Rig 10 or Rig 43 to demionstrate 
the techniques requi red to detect the high frequencies generated during the 
injection of water into sodium. 

Because of l imited funding, no -work on this revised p r o g r a m is 
planned for FY-70. 

2. Tes t Analysis (Job 14) 

Additional acoustic analyses were perforraed for Tes t s No. 40 
through No, 44 conducted in FY-69 . A descript ion of the ins t rumentat ion 
and of the t r ansduce r locat ions, for these t e s t s as -well as some p re l imina ry 
analysis of the acoust ic data, a r e presented in Reference 1, 

In pa r t i cu la r , the sonic spect ra obtained from the th ree Edo p r e s s u r e 
t r a n s d u c e r s mounted at var ious locations on Rig 10 -were analyzed to de te rmine 
the attenuation of the signal p r ima r i l y as a function of the distance a-way from 
the react ion zone (see Figure 10. 7). It should be noted in Fig 10. 7 that the 
side valve position r e fe r s to the t r ansduce r location on a valve in the outlet 
piping approximately 13 feet do-wnstream of the react ion vesse l and that 
the bottom valve position re fe r s to the t r ansduce r location on a vlave in the 
outlet piping approximately 1 foot from the react ion ve s se l . 

Examination of the spec t rog rams from Tes t s No, 40-44 showed 
that the spect ra var ied great ly between locat ions, due to the possible non-
reproducibi l i ty of mounting conditions, nonuniformity of the t r ansduce r she l l s , 
valve shaft posi t ions, e tc . However, based on the analysis of the s p e c t r o g r a m s , 
the following genera l s ta tements can be made: 

m The net ampli tude, i. e, the signal obtained during the injection 
minus the signal of the background noise , of acoust ic spect ra 
from the -waveguide (11 feet in total length) mounted on the 
top of the Rig 10 react ion ves se l and extending into the sodium 
pool was l a r g e r over the frequency range of 0-5 kHz than was the 
amplitude of the spect ra from the t r ansduce r s located at other 
posi t ions . 

m The net spec t ra from the waveguide mounted through the top of 
the Rig 10 react ion vesse l and the spec t ra from the t r ansduce r 
mo-unted on the side valve exhibited l a r g e r amplitudes beyond the 
2 kHz band than did the spect ra from the t r a n s d u c e r s mounted on 
the side of the react ion ves se l . 
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# The amplitude of the spec t ra from the t r ansduce r mounted on the 
side valve indicated a slope of approximately one-half for the 
2 kHz band peak -when plotted ve r sus leak ra te on log-log paper 
(Figure 10. 7). 

# The amplitude of the spec t ra from the "waveguide nnounted in the 
top of Rig 10 react ion ves se l and the spect ra from the t r a n s ­
ducers mounted on the side of the vesse l exhibited a smal le r 
slope than did the amplitude of the spec t ra from the t r ansduce r 
mounted on the side valve. The significance of this difference 
in slope is not known. 

It is concluded that the location and the configuration of the mounting fixture 
for external ly mounted t r a n s d u c e r s affect both the amplitude of the spect ra 
in the 2 kHz range and the overal l spec t ra . This is probably due to the exci ta­
tion of var ious local acoust ic modes . It is recommended that acoustic 
t r a n s d u c e r s be mounted at posit ions %vhere sys tem components -will not contribute 
to acoustic attenuation. 

At this stage of development it is considered to be impera t ive 
that p r e s s u r e t r a n s d u c e r s r a the r than a c c e l e r o m e t e r s be i m m e r s e d in the 
sodium inside the ves se l so that cha rac t e r i s t i c sodium-water leak spec t ra 
can be obtained. Mounting the p r e s s u r e t r ansduce r in the liquid sodium will 
se rve to isolate extraneous spec t ra that may be presen t as a resu l t of exciting 
ves se l wal l s , e tc . It is a lso expected that u l t rasonic spec t ra , which have 
not been observed with the external mounts , will be detected. As m o r e data 
become available through continued experimentat ion such as that descr ibed 
above, external mounting of the p r e s s u r e t r ansduce r s to detect spec t ra from 
sodium-water react ions may be used» 

No further analysis of acoust ic data will be done in FY-70, 
although taking of the acoust ic data will continue p r i m a r i l y for the purpose of 
having an independent m e a s u r e of the leak duration. 

3. Leak Detection Cr i t e r i a (Job 20) J . H. Coleman 
J. A, Ford 
P . S. Lindsey 

The scope of this job is to es tabl ish a bas is for evaluating methods 
of detecting sodium-water react ions in sodium-heated s team gene ra to r s . 
The need is for ear ly detection of leaks to prevent damage to the unit. Included 
in this effort a r e (1) definition of leak detection c r i t e r i a for the LMFBR 
p rog ram, (2) descript ion of a re fe rence LMFBR secondary sodium coolant 
sys tem, (3) determinat ion of the behavior of the react ion products throughout 
the coolant sys tem, (4) a s s e s s m e n t of candidate detection sys t ems , and (5) 
recommendat ions for a leak detection sys tem for an LMFBR plant. 

Work was init iated in FY-68 on establishing the c r i t e r i a , descr ibing 
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a reference secondary sys tem, and a p re l imina ry evaluation of the candidate 
leak detection sys t ems . In FY-69, the f irs t draft of the repor t was wri t ten 
and after review was revised to incorpora te m o r e up- to-date information. 
In FY-70, the scope is to incorpora te additional comments in the revised 
repor t and then to i ssue the repor t . 

Incorporating additional comments into the repor t is in p r o g r e s s . 

D. Hot Eros ion Studies (Task 60) G. H. Reicks 

The scope of this task was to es tabl ish the re la t ive contribution of 
erosion and cor ros ion to the wastage p roces s by injecting wate r , sodium, 
and sodium hydroxide against t a rge t s made of the m a t e r i a l s of i n t e re s t 
to the LMFBR p r o g r a m . Construction of t es t equipment and init ial operat ion 
w^as completed in FY-68 . Severa l operating p rob l ems , including fai lure 
of the injection tube, were encountered during the init ial operat ion period. 

In FY-69 the scope of the work was (1) to make an evaluation of the 
design and per formance of the hot erosion t e s t equipment including analysis 
of the failed injection tube and (2) to make recommendat ions for cor rec t ive 
action. The design evaluation r epor t w^as essent ia l ly completed and ready 
for in ternal review by the end of FY-69 . In FY-70 the final r epo r t is to be 
i ssued. 

1. Design Evaluation of Hot Eros ion 
Tes t Equipment (Job 12) 

A draft of the design evaluation w^as i s sued internal ly for comments, 
and incorporat ion of the comments is underway. 

E. Leak Detection Topical Report (Task 71) 

The objective of this task is to p r e p a r e a r epor t covering the leak 
detection studies conducted by APDA. Included will be the leak detection 
c r i t e r i a , pre l i in inary evaluation of leak detection s y s t e m s , acoust ic detection 
s tudies , plugging m e t e r exper ience , and cover gas hydrogen behavior . 

1. R e s e a r c h and Planning (Job 01) C. C. Scott 
S. Barkhoudarian 

The outline of that port ion of the r epor t covering the acoustic 
detection work was p repa red and issued for in ternal review. 

III. NEXT REPORT PERIOD ACTIVITES 

A. Rig-10 Tube Wastage (Task 20) 

Four Rig-10 t es t s (Job 03) will be completed and pre l i ra inary tes t 
resu l t s published. Detailed analysis of existing w^astage data (Job 04) will 
continue. 
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B. Rig 43 Tube Wastage (Task 21) 

Installation of the s team injection sys tem for Rig 43 (Job 06) w^ill be 
completed by the manufac ture r . 

P repa ra t ion of the functional specifications, conceptual design, and 
p re l imina ry cost es t imate for the modifications to Rig 43 (Job 11) needed 
to conduct gas space leaks w^ill be corapleted and detailed design of the 
modifications ini t iated. 

C. Leak Detection (Task 22) 

The completed APDA technical memorandum covering leak detection 
c r i t e r i a and a p re l imina ry evaluation of leak detection methods (Job 20) 
will be completed and i ssued . 

D. Hot Eros ion Studies (Task 60) 

The repor t summariz ing the design evaluation of the hot erosion 
tes t equipment (Job 12) will be i ssued. 

E. Mater ia l Wastage Topical Repor t (Task 70) 

Work will be init iated on planning for the m a t e r i a l wastage topical r epor t 
(Job 01). 

F . Leak Detection Topical Report (Task 71) 

The detailed outline for the remainder of the leak detection topical 
repor t (Job 01) will be completed. A draft of the section of the repor t covering 
the acoustic studies (Job 02) will be i ssued for in ternal review. 
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SODIUM TECHNOLOGY PROJECT 

PROJECT AGREEMENT NO. 11 

SENIOR PROJECT ENGINEER: E. C. KOVACIC 

PROJECT ENGINEER: J. E. MEYERS 

I. PREFACE 

A. Scope 

The presen t scope of the sodium technology project encompasses the 
folio-wing elements : 

1. Impurity monitoring devices , including the development and 
evaluation of the Rhometer , oxygen m e t e r , hydrogen me te r , 
and plugging m e t e r . 

2. Sodium purification p r o c e s s e s , including the evaluation and/or 
development of cold trapping, hot trapping, centrifuging, movable 
bed gettering, and the rmal decomposit ion. 

3. Sodium sampling and analys is , including the rel iabil i ty of through-
flow sample r s , oxygen analys is , and hydrogen ana lys is . 

4. Physica l and chemical behavior of sodium and impur i t ies , in­
cluding the investigation of the solubility of hydrogen and sodium 
carbonate in sodium, the equil ibrium distr ibution of hydrogen 
between sodium and the cover gas , and interact ion of hydrogen 
and oxygen in sodium. 

B. Relationship to Other Pro jec t s 

This project is oriented entirely to the Commiss ion ' s r e s ea r ch and 
development p rogram on the LMFBR. 

II. TECHNICAL PROGRESS 

A. Impurity Monitoring Ins t ruments 

1. Rhometer (Task 20) W. D. Huston 
C. C. Scott 

The objective of this p rogram is to develop and test an automatic 
t empera tu re compensator and res is t iv i ty m e t e r system capable of operating 
in the range of 400 F to 1000 F vî ith sufficient sensit ivity and stability to d e ­
tect a change in sodium res is t iv i ty equivalent to 1 ppm of oxygen. 
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a. Loop Evaluation, Prototypes (Job 06) 

Response to Impuri ty Injections. The prototype of the 
Rhometer automatic t empera tu re compensator was operated on line in the 
sodium technology loop during the p resen t report ing period to obtain data 
on the response of the prototype to changes in impur i t ies in the loop sodium. 
The major components of the prototype completed 10 months of continuous 
operat ion. The res i s t ance t empera tu re detector (RTD) which had been tested 
to 730 F completed four months of sa t is factory operation at t empera tu re s from 
600 F to 700 F . 

The response of the prototype Rhometer to changes in the 
impuri ty level in sodium was obtained for the injection of hydrogen as gas 
and hydrogen as NaH, for oxygen as Na_0, for water , and for cold t rap 
clean-up of the sodium. The response data for those injections during which 
the Rhometer was operating a r e given in Table 1 1 . 1 . A malfunction in the 

TABLE 11.1 RHOMETER RESPONSE TO IMPURITY INJECTIONS 

Amount 
Injected, Rhometer Output Indicated 

Mater ia l 

Hydrogen 

Water 

Hydrogen 

Oxygen 

Hydrogen 

Oxygen 

Hydrogen 

F o r m 

NaH 

Argon and 
Vapor i ­
zed H2O 

Gas 

Na20 

Gas 

Na20 

Gas 

1.0 

6 . 4 

1.0 

10.0 

1.0 

10.0 

0 .8 

m v 

9 . 5 

5 . 5 

6 . 5 

3 . 5 

9 . 5 

2 . 5 

9 . 5 

% R 

0.074 

0.043 

0.051 

0.027 

0.074 

0.019 

0.074 

Change, pi 

1.33 

4 . 6 

0.92 

6 .3 

1,33 

4 . 4 

1.33 

* Based on response data obtained at APDA and repor ted in Reference 1 
and the assumption that water is completely converted to Na O and 
NaH ^ 

Date 
1969 

7-23 

9-11 

9-26 

9-29 

9-30 

10-1 

10-2 
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toroid ambient t empera tu re control ler and the oven containing the e lectronic 
components did not pe rmi t response to be obtained for a l l of the injections. 
Only an es t imate based on calculated m a t e r i a l balance of the quantity of 
m a t e r i a l injected is available at this t ime . The Rhometer response is given 
in mi l l ivol ts , the units used on the prototype being evaluated. The conver­
sion fronn mil l ivol ts to per cent change in res is t iv i ty is 1. 29 mil l ivol ts = 
0.01 %R. In the sequence of injections from September 29 to October 2, the 
impurity content of the sodium -was additive, s tar t ing with cold-trapped 
sodium on September 29. 

A typical response curve for the prototype Rhometer to an 
injection of hydrogen gas in sodium followed by a cold t r ap clean-up is shown 
in F igure 1 1 . 1 . Response curves for two injections of oxygen as Na20 a r e 
shown in F igure 11 .2 . F r o m the curves , it can be seen that the Rhometer 
output follows the injection of impuri t ies and the cold t r ap c lean-up closely. 
There is no indication of ins t rument lag or delayed response . 

On-Line Calibrating Device. For routine checkout of 
Rhometer per formance , APDA has devised a means of simulating a step 
change in the res is t iv i ty of the sodium-fil led toroid. The on-l ine calibrating 
device consis ts of a single turn of a solid conductor wound adjacent to and 
concentric with the sodium toroid, and in the centra l flux field of the toroid 
t r ans fo rmer . When shorted out, the single turn genera tes a known step 
change in the res is t iv i ty as seen at the toroid. The r e s i s t ance value of the 
single turn is selected to produce a known deflection at the output for adjust­
ing the measur ing c i rcu i t s . In the tes t s previously repor ted , the single 
turn at the toroid was brazed to form a shorted turn and the turn was cut 
to produce a posi t ive, instantaneous change in r e s i s t ance . The procedure 
has been re fe r red to as the cut -wire cal ibrat ion. 

In this qua r t e r , a pernaanent method for carrying out the 
cal ibrat ion was instal led. A single shorted turn was permanent ly mounted 
on the toroid t r a n s f o r m e r . The ends of the single turn a r e normal ly open, 
and a r e connected to a m e r c u r y contact re lay with low res i s t ance contacts . 
The re lay is operated to short the single turn from a remote switch at the 
ins t rument panel to generate a step change in r e s i s t ance for cal ibrat ion. 
The value of the step change selected is a span of 0. 05%, This is the equi­
valent of 4. 0 mil l ivol ts on the output scale and approximately 10 ppm equivalent 
of oxygen and 0.7 ppm of hydrogen in the sodium. This device is being opera ­
ted on a daily bas i s to ensure that the Rhometer is operating proper ly . 

b. Topical Report (Job 07) 

The objective of this job is the prepara t ion of a topical 
repor t for the development and test ing of the Rhometer res is t iv i ty m e t e r 
with automatic t empera tu re compensation at APDA through FY-1970. 
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The work plan for the repor t has been approved. The 
init ial draft of the repor t was begun during the cu r ren t repor t ing period. 

2, Oxygen Meter (Task 27) J. E. Meyers 
M. K. Deora 

a. Topical Report (Job 06) 

The objective of this job is the publication of a topical repor t 
on the oxygen m e t e r evaluation p rog ram performed at APDA incorporat ing 
all of the resu l t s obtained through FY-70. 

The final draft is in the final stages of prepara t ion and will be 
submitted to the AEC for review ear ly in the next qua r t e r . 

3. Hydrogen Detector (Task 21) 

a. Data Evaluation (Job 09) 

The scope of this job is to p r e p a r e computer p rograms for 
the IBM 1130 which will (1) model the hydrogen detector installation on the 
sodium technology loop and (2) reduce the raw data from the test to aid in 
data evaluation. Complete data evaluation will be performed and repor ted 
under this job. 

The APDA hydrogen detector , in operation since the f i rs t 
par t of this repor t period, has accumulated approximately 2000 hours of 
continuous operation at 900 F . During this t ime, there have been 17 im­
purity injections: one NaH, two H2O, two Na20, and twelve H2. The injec­
tions ranged from 0. 3 5 to 1.35 ppm H2 (except the Na20 , which was 10 ppm 
O2). The 12 hydrogen injections were performed by diffusing the gas through 
a nickel membrane located just ups t r eam of the detector . 

In every case where the hydrogen content of the sodiura was 
varied, by injection or by cold- t rapping, the hydrogen detector responded 
quickly and appeared to closely reflect the changing H2 level . The two Na20 
injections produced no apparent effects on the performance of the H2 detector , 
nor did the H2 detector respond to these injections. Of the 17 injections, 13 
were performed during the last t h ree weeks of the quar t e r and data analysis 
is not complete. A detailed summary and the complete resu l t s of the analysis 
will be repor ted in the topical r epor t to be issued in the final qua r t e r of this 
fiscal year . 

b . Topical Report (Job 10) 

The objective of this job is publication of a topical repor t cover ­
ing the instal lat ion of the APDA hydrogen detector and its operat ion through 
FY-70. 

J. H. Coleman 
J. A. Ford 
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B. Sodi\jm Purif icat ion P r o c e s s e s 

1. Centrifuging (Task 12) J. Matte 

The final draft of the topical repor t on the design, construct ion, 
and initial testing of the sodium centrifuge was sent to AEC-RDT for review 
and comment . 

b . Examination of Bowl Surface for W. E. McHugh 
Impuri t ies (Job 16) A.A.Shoudy 

This work has been completed and is repor ted in the topical 
repor t mentioned in II. B. 1. a. 

C. Physica l and Chemical Behavior of Sodium Impuri t ies 

1. Hydrogen Solubility (Task 31) A. A. Gordus 
E. F . Hill 

* 

S. A. Meacham 
a. Data Analysis (Job 5) 

This job was completed. The effort consisted p r imar i ly of 
thermodynamic and kinetic calculations which will be included in the topical 
repor t (Job 06) and w^hich also form the bas i s of the ACS paper presented at 
the national meet ing in New York on September 11, to be published in the 
Journal of Chemist ry Thermodynamics , Academic P r e s s . 

b . Topical Report (Job 06) 

Work has been initiated on the draft of the topical r epor t . 
Much of the a r t work is complete and the data a r e essent ia l ly tabulated, 

2. Cover Gas Impuri t ies (Task 33) J. H. Coleman 
J. A. Ford 

a. Hydrogen Gettering in Gas Sample Lines (Job 02) 

The objectives of the job a r e to de te rmine the quantity and 
composition of the deposits collected in the technology loop cover gas ana lys is . 

* Univers ity of Michigan 

** Because of recent budgetary l imitat ions imposed on the project agreement 
under which this work is being funded, all jobs under this task a r e being 
te rminated . 

11. 5 



Effort during this qua r t e r was r e s t r i c t ed to eliminating leakage 
in the sample l ines . The leaks have now been el iminated and heat was 
r e s t roed to the sample l ines . 

b . Compilation of Chromatograph Experience (Job 03) 

The objectives of this job a r e to compile the data obtained from 
the chromatograph and evaluate it in t e r m s of loop operat ion and loop 
chemis t ry . 

The amount of hydrogen indicated in the surge tank following 
heat -up of the sample lines ag rees well with the concentration expected 
when calculated from the hydrogen detector data. Because of the l imited 
amount of data obtained so far, it is not possible to be su re the system has 
yet approached steady state following the init ial hea t -up . 

c. Topical Report (Job 04) 

The objective of this job is the publication of a topical r epor t 
covering the experience and exper imental work conducted on the cover gas 
chromatograph instal lat ion on the sodium technology loop. 

Only the repor t outline has been completed. 

D, Sodiura Sampling and Analysis 

1. Sampling Reliabili ty (Task 70) 

a. Topical Report - Oxygen (Job 03) 

The internal review for this r epor t has been completed and 
is in the final s tages of editing p r i o r to submittal to the AEC for review. 

2. ASTM Round Robin on Oxygen E. F . Hill 
in Sodium (Task 73) S, A. Meacham 

a. Reduction of Data and Report (Job 05) 

During this per iod, the final comments from commit tee 
m e m b e r s and AEC-RDT were received and incorporated into the repor t . The 
repor t was put into shape for publication and the rev ised copy was submitted 
for printing and dis tr ibut ion. The rev ised copy was also sent to the commit tee 
m e m b e r s for review and discuss ions at the final commit tee meet ing in 
Gatlinburg, October 1, 1969. 

M. K. Deora 
A. J. Fr iedland 
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III. NEXT REPORT PERIOD ACTIVITIES 

Effort will continue on per formance evaluation of the APDA hydrogen 
detec tor and the automatical ly t e m p e r a t u r e compensated Rhometer in the 
Sodium Technology Loop. 

Draft r epor t s on the UNC oxygen m e t e r and on sanapling and analysis 
for oxygen in sodiura will be submitted to the AEC for review and comment . 

Effort will continue on the prepara t ion of the Rhometer , hydrogen 
detector , hydrogen solubility, and project summary r e p o r t s . 

The ASTM Round Robin on Oxygen in Sodium topical r epor t will be 
published in final form. 

REFERENCES 

1. Meyer s , J . E. , and Hunter, R. A . , "Impuri ty Monitoring in a 
Large Sodium Test Loop, " Proceedings of the Internat ional 
Conference on Sodium Technology and Large Fas t Reactor Design^ 
Argonne, Il l inois, November 7-9, 1968, ANL-7520, pp 235-237. 

2. Quar ter ly Technical P r o g r e s s Report on AEC-Sponsored Activities, 
March 15 - June 15, 1966, APDA-193, 
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COMPILATION OF FERMI EXPERIENCE 

PROJECT AGREEMENT NO. 15 

PROJECT ENGINEER: E. C. Kovacic 

I. PREFACE 

A. Scope 

The purpose of the project is to make available to the fast r eac to r 
development p rogra in the experience that has been gained from the Enrico 
F e r m i Atoinic Pow^er Plant project . The scope of effort covers the cora-
pilation of noteworthy experience into r epor t s suitable for genera l use , 
s tar t ing with the evolution of the design and p rogress ing through fabrication, 
construct ion, tes t ing, and operat ion of the F e r m i plant. Important compo­
nents and sys tems will be t rea ted in individual r epor t s which will include 
sufficient descr ip t ive and background m a t e r i a l to make each a report ing 
entity. 

B. Relationship to Other Pro jec t s 

This project is re lated general ly to the Commiss ion ' s p r o g r a m of 
the development of fast r eac to r technology. 

II. TECHNICAL PROGRESS 

A. Compilation of Current E F A P P 
Exper ience (Task 19) R. A. Costello 

Reports for the months of Apri l , May, and June were published, 
bringing this project to a c lose . 
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COMPARISON OF METHODS FOR HETEROGENEITY ANALYSIS 

PROJECT AGREEMENT NO. 19 

SENIOR PROJECT ENGINEER: J . B, Nims 

PROJECT ENGINEER: E, M. Page 

I, PREFACE 

A. Scope 

The objective of this p rog ram is to provide a consistent comparison 
and evaluation among various methods of computing heterogenei ty effect in 
fast r eac to r c r i t ica l a s sembl ies and power r e a c t o r s , par t icu lar ly with r ega r 
to its effect on sodium void ana lys is . In the case of plate- type c r i t i ca l s , 
specific voiding and heterogeneity exper iments will be analyzed by various 
methods . In the case of the power r eac to r , a conceptual design will be 
chosen for analysis . 

Four methods a r e to be applied in the heterogenei ty ana lys i s , as 
follows: 

1, One-dimensional t r anspor t theory calculations by DTF-IV of 
the flux distr ibution for the plate or pin a r r angemen t forming 
a symmet r i c cel l followed by flux weighting the c ro s s sections 
in each region of the cell to define cell homogenized c ro s s s e c ­
t ions . The homogenized c ro s s sections a r e then used in diffusion 
theory calculations to incorpora te the heterogenei ty effects d i ­
rect ly in the calculat ions. 1 

2, The same as Method 1 above, but using the cel l-homogenized 
c ross sections in per turbat ion theory to calculate heterogenei ty 
correc t ions to a homogeneous calculation. 

3 . The same as Methods 1 and 2 above, but using bi l inear ave rag ­
ing to define the homogenized c ross sect ions . 

4. Use of collision probabi l i ty-per turbat ion methods to obtain 
cor rec t ion t e r m s to homogeneous diffusion theory calculat ions. 

In addition, a t tempts will be made to furnish Oak Ridge National 
Labora tory with consistent data to allow Monte Carlo calculations of s e l e c ­
ted cases , thus furnishing a m o r e near ly exact approach that can se rve as 
a reference calculation. 
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B. Relat ionship to Other P ro jec t s 

A consis tent analysis of heterogenei ty effects in fast c r i t i ca l asserab l ies 
and power r eac to r s is of genera l i n t e re s t to the LMFBR industry and com­
pliments the cu r r en t ANL efforts in this a r e a . 

II. TECHNICAL PROGRESS 

A. P r o g r a m Plan 

The effects of heterogenei ty in fast r e a c t o r s have recently received 
considerable attention. Exper iments have been perforraed in the m o r e recent 
ANL cr i t i ca l a s sembl i e s for the purpose of determining the sensit ivity of 
important p a r a m e t e r s to the degree and nature of assembly heterogenei ty 
(see Table I). 

TABLE 1 - MAJOR HETEROGENEITY EXPERIMENTS IN ANL 
FAST CRITICAL ASSEMBLIES 

ZPR-III Assembly 48 
(400-li ter Pu-C Diluent) 

Effect of plate a r r angement s on react ivi ty and 
sodium void coefficients at cen t ra l and axial 

5 
edge posit ions 

ZPR-VI Assembly 3 
(950-l i ter UC Pancake) 

Effect of var ious plate a r r angement s and intra-
drawer voiding pa t te rns on sodium void coeffi­
cients 

ZPR-VI Assembly 5 
(2600-li ter UC) 

Effect of var ious plate a r r angemen t s on react ivi ty 
and the effect of var ious plate a r r angemen t s 
and in t radrawer voiding pat terns on the sodium 
void coefficient. Also, the worths of equivalent 
pellet , p late , and homogeneous core samples in 
two plate loading environments ' 

ZPR-VI Assembly 6 
(4000-li ter UC) 

Effect of var ious plate a r r angemen t s on react ivi ty 
and on sodium void coefficients. Also, the raeasure-
ment of sodium void coefficients in pellet , plate 
and homogeneous core samples In plate and rodded 

Q Q 

environments , ' ^ 

A number of analytical techniques have been developed to predic t 
heterogenei ty effects in fast r e a c t o r s and c r i t i ca l a s se inb l i e s . These have 
been applied by severa l invest igators as cor rec t ions to a number of s tandard 
cr i t ica l exper iments as well as to special heterogenei ty experi inents such as 
l is ted above, In tercompar ison among the applications of different inves t igators 
is somet imes difficult to achieve, since the techniques a r e applied with 
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different basic data, varying in terpre ta t ions of repor ted assembly p a r a m e t e r s , 
and at varying s tages of development of the given techniques. Moreover , 
varying definitions of the "heterogeneity effect" exist , increas ing i n t e r com-
par ison difficulties. (More recent ly , ANL has initiated the GEDANKEN 
approach^ ^ where var ious methods a r e applied to a fictitious and simplified 
model amenable to an "exact" calculation). 

It is the intent of the p resen t investigation to apply four analyt ical 
techniques of cu r r en t in te res t (refer to Sec 1. A. 1 through 4) using the same 
c ro s s section data to selected c r i t i ca l exper iments and to a pow^er r eac to r 
design. The cases chosen a r e as follows: 

ZPR-III Assembly 48 

a. Correc t ions of a s sembly react ivi ty and cent ra l region sodium void 
reac t iv i t ies due to the heterogenei ty of the s tandard configuration 

b . Predic t ion of the effects of cent ra l region bunching exper iments 
on sys tem react iv i ty and sodium void coefficients 

ZPR-VI Assembly 6 

a. Correc t ions of assembly react ivi ty and cent ra l region sodium void 
react iv i t ies due to the heterogenei ty of the s tandard configuration 

b . Predic t ion of the effects of cen t ra l region bunching exper iments 
on sys tem react ivi ty sodium void coefficients 

ZPR-II I Assembly 51 (Minimum of One Method) 

Correc t ions of assembly react ivi ty and cent ra l sodium void coefficient 
due to the heterogenei ty of the s tandard configuration 

Two-Zoned 860-Mw Power Reactor Design (Minimum of One Method) 

Correc t ion of c r i t i ca l m a s s , sodium void coefficient, and Doppler 
coefficient due to the heterogenei ty of the subassembl ies 

The resu l t s of these analyses will be evaluated and in te rcompared to 
achieve the following; 

® A m e a s u r e of the quantitative difference obtained for a given pa rame t 
among the var ious inethods 

m A r aeasu re of the impor tance of the effect, pa r t i cu la r ly with r ega rd 
to the power reac tor calculation 
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m A m e a s u r e of the difference in manpower and computer t ime requi red 
among the var ious methods 

@ A m e a s u r e of the accuracy of the methods for cases where a com­
par i son with experiraental r esu l t s is meaningful. A compar ison with 
r e su l t s obtained by Monte Carlo techniques at Oak Ridge is also 
planned for selected c a s e s . 

Where poss ib le , auxi l iary studies will be per formed including v a r i a ­
tion of assumpt ions within a given technique, calculation of sample worth- type 
exper iments as per formed in ZPR-VI Assembl ies 5 and 6, inclusion of voiding 
exper iments requir ing two-dimensional global calculat ions, and sensit ivi ty 
to recent changes in the m e a s u r e d U-238 inelast ic scat ter ing c ro s s section. 

While it is not the intent of this p r o g r a m to per form a c r o s s section 
sensit ivity study, it is important that ca re be exerc ised in the selection of the 
base c ro s s section set . The following c r i t e r i a were observed: 

• The basic data should be reasonably accura te , since in mos t ca ses 
calculations a r e to be made of rea l exper iments as opposed to the 
GEDANKEN approach cur ren t ly followed at ANL. 

# The c ro s s section format should be compatible or easily made com­
patible with the per t inent computer codes to be used in the study. 

® The mult igroup s t ruc tu re should allow a reasonable definition of the 
neutron spec t rum over the energy ranges of impor tance in the chosen 
a s sembl i e s and reac tor design. 

A 25-group c r o s s section set based largely on the evaluation repor ted in 
APDA-216 has been chosen as the bas ic set for this study. Modifications to 
that repor ted in APDA-216 include the following: 

1. U-238 capture below 40 kev frequently lower than MENDF/B due to 
use of F Y =22 mv ra ther than 24. 6 mv due to influence of P e t r e l 
(bomb) data.12 

2. U-238 fission a few per cent lower due to reduction in U-235 fission 
above 2 Mev since based on U-238/U-235 fission ra t ios . Fu r the r 
reduction below 2 Mev through m o r e consis tent use of the Stein 
normal izat ion as in Davey's evaluation.-^-' 

3. Pu-239 fission general ly 1 to 3% lower due to reduction in U-235 
fission above 2 Mev as above and as resu l t of t r i a l and e r r o r to 
force bet ter agreement on Assembly 48. 
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4. Pu-239 alpha contains smal l energy-dependent changes due to use 
of recent RPI data.^"* Values actually taken from informal p r e ­
sentation at 1968 Toronto ANS meet ing. 

5. Pu-240 extensively rev ised due to the recent m e a s u r e m e n t s at 
Geel - general ly higher capture.-*-^"-^" 

6. U-238 inelast ic slightly higher in 0. 5 to 2. 0 Mev range due to r e -
in terpre ta t ion of same data -which places the c r o s s sections above 
MENDF/B but below Schmidt 's evaluation (ENDF/B). 

7. Na capture higher for 53. 5 kev resonance due to i nc rease of Fy from 
0. 4 ev to 1. 58 ev based on Hockenbury measurement .^" 

8. Na inelas t ic slightly higher pa r t i cu la r ly near 1. 5 Mev due mainly 
to different in terpre ta t ion of same data. (ENDF/B picks lower 
l imit of uncer ta inty range . ) Values for the 2. 98 Mev level a r e 
a lmost doubled because ea r l i e r evaluation did not account for the 
fact that the measu red 2. 98 Mev y decay to ground state accounts for 
only 50% of the possible t r ans i t ions . 

9. U-235 fission slightly lower above 2 Mev due to use of Smith, Henkel, 
and Nobles data'^-^ as sca t te r co r rec ted by Hansen and McGuire , 
bringing the cu r ren t evaluation m o r e into line with that of Davey. 
(See also F igure 1 of Volume 1, Reference 11. ) Also slightly 
lower near 100 kev to give bet ter agreement in c r i t i ca l a s sembly 
ana lyses . 

10. U-235 alpha slightly higher above 50 kev to give bet ter agreement 
in c r i t i ca l assembly ana lyses . 

11. Pu-239 fission spec t rum is s imi la r to that in MENDF/B but based 
on "simple fission spec t rum" with effective t empe ra tu r e of 1. 40 
Mev to be compatible with the format of the MC^ system.'^-' 

12. Pu-239 V i n c r e a s e d according to Eura tom p r o g r e s s repor t and 
repor ted formally in Reference 24. 

13. In addition to the re-evalua t ions given above, the re was an i nc r ea se 
in the U-238 se l f - sca t te r for two groups in the low kev region to 
adjust for apparent deficiencies in the MC averaging p r o c e s s e s . 

The mult igroup energy s t ruc tu re is the same as that of the 24-group set 
shown in Table 9 of APDA-216 except that an additional group is added to extend 
the energy coverage to 0.683 ev. 
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B. P r e s e n t P r o g r e s s 

1. L i t e ra tu re Survey 

A l i t e r a tu re search has been undertaken to m o r e p rec i se ly define 
the techniques for calculating the heterogenei ty effect and to establ ish the 
cu r ren t status of such analyt ical development. A selected bibliography con­
cerning the four methods to be invest igated is at tached to this r epor t . The 
selection includes some of the m o r e definitive p a p e r s , a sampling of different 
inves t iga tors , and those indicating the cu r r en t status of development. 

2. Base Calculation for Assembly 48 

A p re l imina ry base calculation using Method 1 in Sec. I. A. 1 has 
been per formed for Assembly 48 to de te rmine the effect of heterogenei ty on 
react ivi ty and a s imple f i r s t - o r d e r per turbat ion calculation of sodium voiding 
in the s tandard d rawer s of Assembly 48. Table 2 is a comparison of the 
resu l t s with those given in References 1 and 11. 

TABLE II - COMPARISON OF PRELIMINARY ASSEMBLY 48 RESULTS 
WITH THOSE OF APDA-216 USING METHOD 1 

Diffusion theory, k ££ 
Heterogenei ty cor rec t ion , AK 
Region-A+B sodium voiding, ih/kg 

Volume-weighted c ros s sections 
Flux-weighted c ro s s sections 

P r e s e n t 
Calculations 

(PUCR l ibrary) 

0.975 
0.0138 

2. 55 
1.73 

APDA-216 
Calculations 

(MENDF/B l ibrary) 

0.984 
0.0139 

3.76 
1.85 

While the re a r e minor differences in the calculational techniques 
employed, the difference between the p resen t r esu l t s and APDA-216 resu l t s 
is mainly due to the differences in the c ro s s sections used. 

III. NEXT REPORT PERIOD ACTIVITIES 

During the second quar te r of FY-1970, calculations of the heterogenei ty 
exper iments of ZPR-II I Assem.bly 48 withMethods 1 and 2 (refer to Sec I. A. 1 
and 2) should be essent ial ly completed and those in ZPR-VI Assembly 6 will 
have been initiated. Techniques for implementing Methods 3 and 4 will be 
investigated. 
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