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INTRODUCTION i&.YUICS--
The larje scale sodium test facility in use at Sandia Laborato 
vas designed to be used for a wide range of sodium interaction 
experiments. Of initial concern is the interaction of hot sod 
with concrete under conditions similar to accident conditions 
any sodium coded reactor. The tests to be run cover the case 
of sodium spills and sprays on bare concrete and on cells vith 
defective steel liners. 
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FACILITY DESIGN 

During the design of the test facility for large scale sodium 
interaction testing, an attempt was made to keep the system as 
simple and yet versatile as possible; therefore, a once through 
design was employed as opposed to a more conventional sodium 
"loop." Sodium is preheated in commercially available drums 
and is transferred by slight argon pressurization through a 
metallic filter and Into a large stainless steel tank that 
doubles as the heating and the dump vessel. Figure 1 details 
the basic system layout. 

The design of the heating/dump tank utilizes all 316 stainless 
steel construction. The A5ME Boiler and Pressure Vessel Proce
dures were used in designing the tank assuming an allowable 
stress for 316 stainless of 6.9 MPa at 800°C. The tank has 
1.27 cm thick walls with an ellipsoidal bottom heat and a stain
less steel gasketed plate top head. The internal volume of the 
tank is approximately 0.37 m3, A Class I rating was stipulated 
for the tank and all of the welds were radiographically inspected. 

*Thin work vac nupported by the U.S. Nuclear Regulatory Comminr. ion. 
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Inconel sheathed resistance heaters are use! to raise the 
temperature of the sodium dump tank to the desired level. 
The external tubular heaters stand off from the tank vail 
approximately 1.9 cm and are controller, in three separate 
zones: top - 6 kW, sides - 10 kW, and bottom - 9 kW. A 
fourth zone controls an immersion heater internal to the 
tank and of 13 kW capacity. Three nolo proportional con
trollers with thermocouple feedback are utilized to control 
both the temperature and the rate of rise. The multiple 
control sones make it possible to maintain the entire tank 
in a reasonably isothermal condition, thus, mitigating 
possible thermal stress prpblems. The rate of temperature 
rise has been limited to 2°C/min by thermal stress consid
erations . 

The sodium can be dumped from the heating tank by actuating 
a pnenmatic shear that ruptures a 316 stainless steel dia;;h-
raga at the bottom of the tank. After the dump is complete, 
the actuator is reversed and a conical shaped valve is pulled 
into a seat to prevent reaction products from contaminating 
the dump tank. The tank is supported by & three legged support 
mounted on load cells. Monitoring the output fror.; the load 
cells enables filling of the tank with a giver, quantity of 
sodium and determining the rate at which the sodium is dumped. 

The test chamber is of mild steel construction with dimensions 
of 2.13 m (width) X 2.7h m (depth) X 2. h h m (height) and. a 
maximum design pressure of approximately 0.10 MPa (15 psig). 
A headboard design is used to enable the removal, by forkiift, 
of the crucible and its instrumentation from the test chamber 
as a single unit. 

The facility data acquisition/control system consists of a Hi' 
9825 desk top computer with a variety of perephiral gear in
cluding a process controller, a high speed analoj/oiKital 
multiplexing unit, 9 track magnetic tape storage, and an X-Y 
plotter. The system is being set up to provide automatic 
control of the entire experiment as veil as providing complete 
data acquisition capability. 

INITIAL TEST SERIK3 

This test series is based on the test matrix, Table 1, agreed 
to in a meeting with r'RC representatives in November, 1976. 

The concrete for this test series meets the current (as of 
7/12/76) concrete specifications obtained from the Clinch 
River Breeder Reactor Plant (CRBRP) and was mixed from raw 
materials obtained from CRERP site sources. Data is available for 



Tafcle 1 
SODIUM CONCRETE INTERACTION TEST MATRIX 

Test 
Sequence 
Number 

sue 
Designation 

Crucible 
Number 

(I) 

Exceptions To Standard 
Test Conditions (2) 

P-l-1 

P-2 

P-3 
GE-1-1 

No instrumentation 
f) 60 lbs. Na 
No inrtrumentation 
f) 220 lbs. :ia 
No instrumentation 

9 
10 

11 

12 

13 

1-1 
II-l 
1-2 

II-2 

1-3 

1-1* 

1-5 

1-6 

1-7 

GE-2-1 
GE-2-2 
GE-1-2 
GE-1-2 

GE-2-3 

S-l 

S-2 

h) 890C (Boiling Ha) 
h) steel liner (cracked) 
b) 890 C (Boiling Na) 
e) 25 psig 
h) steel liner (cracked) 
a) air 
b) 51C C 
i) horizontal, vertical and 

horizontal corner cracks 
i) vertical rebar 
a) air 
b) 510 C 
i) vertical crack to horizont 

construction joint 
i) horizontal rebar 
e) 25 psig 
h) steel liner (cracked) 
k) MgO firebricks (5) 
e) 25 psig 
h) steel liner (cracked) 
k) Pearlite concrete (sides) 

Coarse aggregate (bottom) 
Ethafoam spacer 

NOTES: (1) 
( 2) 

See Table 2 for description of crucibles. 
Standard test conditions 
a) Initial atmosphere: 
b) Pool temperature: 
c) Heating of pool: 
d) Pool agitation: 
e) Pressure: 
f) Weight of Na: 
g) Ka fill mode: 
h) Liner: 
i) Concrete cracks: 
J) Exposed reinforcing rods 
k) 

N 2 

5>30 C 
Sustained (electric heater) 

Natural 
Ambi ent 
500 lbs. (nominal) 
Drop 
None 
None 

: None 
Insulating or aacriflcial material: None 



vater/ceraent ratios, slump, 28 day and 90 day compressive 
strength for the concrete pours. 

The first four tests shown in Table 1 are preliminary tests 
to determine the level of exothermic reactivity and the 
magnitude of gas evolution to be expected in later tests. 
This preliminary testing will he used to verify the adequacy 
of the experimental facility and to gain experience in its 
use. The primary variable for the preliminary tests is the 
sodium contact surface area, with the first three tests ranging 
from 0.5 a2 to 2.5 ra2 contact area. The fourth test will be 
the first with full instrumentation and is expected to be 
completed in November, 1977-

The subsequent experimental test series presently consists 
of the final 9 tests indicated in Table 1. This series is 
designed to test the effects of the following parameters on 
the sodium-concrete reactions: 

• Sodium temperature: 550 C representing the temperature 
expected from a pipe rupture during norial plant operation 
and 890 C (boiling point of sodium) representing the tem
perature expected following a core disruptive accident. 

Atmosphere: Air or nitrogen representing the range cf 
design conditions expected for the CRBRP. 

• Cavity Configuration: Bare concrete crucibles and steel 
lined crucibles with a l/'i inch vented gar. between the 
liner and the concrete. The liner will have preformed 
cracks as the main objective of the presently designed 
liner tests is to determine the extent of sodium/concrete 
reaction behind the liner. 

" Concrete Construction Details: Sound concrete and concrete 
vith preformed cracks and exposed steel rods. The cracks 
(approximately 2 feet long, 1 foot deep and 1/8 inch wide) 
are in horizontal, vertical and corner positions. The 
exposed steel rods simulate reinforcing bars which are ex
pected to create localized hot spots in the concrete. 

• Insulated Liner: The prototypic insulated liner consists 
of lightweight aggregate (crushed MgO bricks), Perlite con
crete, an Ethafoam spacer and the steel liner. 

The concrete crucibles used in this test series are cylindrical 
in shape with a cylindrical cavity formed in the top of the 
crucible. Reinforcing steel is embedded in the crucibles approx
imately 8 cm from the outside surfaces (sides and bottom). Table 



TABLE 2 
SODIUM INTERACTION PROGRAM 

CONCRETE CRUCIBLE DIMENSIONS 

CRUCIBLE SODIUM POOL 

UUMBER 
OUTSIDE 

DIMENSIONS 
WALL 

THICKNESS 
CAVITY 

DIMENSIONS 
APPROXIMATE POUR 

WEIGHT DATE 
I 
! VOLUME 

CONTACT 
AREA DEPTH 

inches inches inches pounds ft 3 ft 2 inches 
* 

P-l 1*8 Dia x 19 12 Z\ Dia X 7 2620 8/30 (2) 0.9 5.0 3.1* 

P-2* 78 Dia x 22 15 48 Dia X 7 7760 8/30 U.T 17.3 U.5 
P-3* 76 Dia x 26 (12 sides 

(15 'bottom 
5i) Dia X 11 8310 8/30 8,0 23.1 6.1 

GE-1 66 Dia x 35 15 36 Dia X 20 831*0 10/5, 13, 
11/3, 16, 

22 
21* 

9.8 20.1 16.6 

GE-2 60 Dia x 1*3 15 30 Dia X 28 851*0 11/5, 16, 21* 9.8 20.6 2U. 0 

GE-6 78 Dia x 26 15 1*8 Dia X 11 8750 10/22 j 9-8 22.1* 9.1* 

S-l 66 Dia x 35 15 36 Dia X 20 83l*0 12/3 i 9-8 20.1 16.6 

S-2 66 Dia x 1*3 /15 sides 
>23 botton 

36 Dia X 20 1O6U0 12/15 1 9-8 20.1 16.6 

These tests have been completed 



2 details the dimensions of the various crucibles as well as 
the expected sodium pool dimensions. 

The test instrumentation used in these tests is shown in 
Figure 2. Data obtained during the tests vill include the 
following: 

• Weight and temperature of sodium dumped 

Rate at which sodium is dumped 

• Temperature in and above sodium pool 

• Temperature profile of the crucible 

Pressure above the sodium pool 

• Gas flow rate, composition and temperature 

' Ultrasonic monitoring of reaction front 

• Moisture content of crucibles 

• Audio recording of reaction sound levels 

• Video coverage inside and outside test chamber 

PRELIMINARY nESULTS 

Tests 1, 2 and 3 in Table 1 have been completed and all three 
tests have demonstrated similar behavior. Temperature measure
ments from these tests have indicated a two phase reaction; an 
initial relatively quiescent phase followed by a very exothermic 
second phase that proceeds until all the sodium has reacted. 
Considerable concrete erosion has occurred during all three 
tests. A more detailed account of these test results is given 
in a second paper, Large Scale Sodium Interaction With Limestone 
Concrete. 

CONCLUSION 

A versatile facility has been developed at Sandia Laboratories 
for conducting large scale sodium interaction experiments 
associated with sodium cooled reactor safety studios. Sodium 
interaction experimentation with CRBRP limestone concrete is 
currently in progress at the facility. 
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