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DISCLAIMER

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal liability 
or responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference 
herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise does not 
necessarily constitute or imply its endorsement, recommendation, or 
favoring by the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not necessarily 
state or reflect those of the United States Government or any agency 
thereof.

DISCLAIM ER

Portions of this document may be illegible in electronic image 

products. Images are produced from the best available 

original document.
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RESULTS OF FIRST ItUK, 8" WATRR INJECTION TFST, mOJFCT UJL

I. Initial Condit ions

The first live run on the water injection test was conducted on 
March 7» 19J>6 in to op #3, Building D-2. Water was injected through a 1*> 
mil orifice in this test.

At the start of the test, the sodium in the loop was at 600°F. There 
were an estimated 310 gallons of sodium in the loop and 200 gallons of nitrogen 
in the surge tanks* The initial surge tank pressure was 35 pounds per square 
inch (gauge). Tlm-e were about 10 pounds of water in the autoclave and the 
autoclave pressure was 559 psig.

H* Conduct of the Test

A total of 3 *1 pourds of water was injected into the sodium. Water was 
injected at the rate of 0.02k Ibs/sec. (or 12,.8 gal/hr. at k80°F). The water 
injection was teninatad between 12k and 130 seconds following the start of 
injection because of the greatly reduced sodium flow. At about ten minutes 
following initial Injection, a small leak was discovered in the loop at the 
point of water injection, and the pressure on the loop was relieved by venting 
off gases. After the leak had apparently sealed itself, the hydrogen was removed 
by outgasing and the loop pressure was raised to 20 psig by addition of nitrogen. 
Pressure cm the autoclave was reduced to zero (gauge) by venting off steam.

When the loop was heated to 653°F a few hours later, the flow in the loop 
returned to normal, (over 2000 gal/vnin). Initial attempts to cold trap the 
loop were unsuccessful; but after the cold trap temperature was raised to about 
500”F, cold trapping was started* On March 12, 1956, the loop was secured to 
permit removal of the injection device. Operations were resumed on March Ik,
1956 and continued through March 16, 1956, at which time the loop had been cold 
trapped to 300°F„

III. Results *

A summary of flow, temperature, and pressure data from the run ere plotted 
on the attached graph.

During the first 30 seconds following the start of injection, the sodium 
flow fell slowly ;>om the initial value of about 3000 gallons per minute, end 
the trace of the sodium flow indicated increasing flow irregularities. Between 
30 and 57 seconds following injection, flow rates between 1600 and 2500 gallons 
per minute were recorded. At 57 seconds following the start of injection, the 
flow fell rapidly ttnd the fluctuations ceased. By 100 seconds, there was a 
steady flow of apijraximately 100 gallons per minute.

*14 ~-noz.
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Temperature was recorded at the point of injection and at the strainer 
inlet. At the point of injection, there was no change in temperature until 
5>0 seconds following start of injection, after which time the temperature 
rose. At 100 seconds, the temperature rise reached a maximum of 132°F (i.e. 
the sodium temperature was 732®F) at the point of injection. It then 
decreased to a 60°F rise at the end of injection. The temperature at the 
strainer inlet showed only small variationsj the maximum variation was a 
drop in temperature of 18°F at this point.

Pressure was recorded from Photocons at the point of injection, upper 
surge tank, strainer inlet, and pump outlet. At the first three points, the 
pressure increased slowly to a rise of 10 psi during the first 60 seconds and 
more rapidly to a maximum rise of near U0 psi at the end of injection. The 
Photocon at the pump outlet indicated a maximum rise of 8 psi at the end of 
injection} this indicated rise appears inconsistent with the other data.

Pressure at the upper surge tank was also observed on a Heise gage. This 
gage indicated a rise from 3? psig to 69 psig during the injection. One minute 
after the stop of Injection, the pressure fell to 62 psig} six minutes after 
injection, it fell to 59 psig.

The sodium level in the surge tanks was measured ty means of induction coil 
liquid level indicators. These indicators are valuable only in indicating the 
approximate liquid level. These instruments indicated that the sodium level rose 
sufficiently to decrease the surge volume from 200 gallons to about 120-160 gallons 
during this run.

A summary of the flow, temperature, and pressure variations appears in 
the graph that follows. Included on this graph is the percent oxygen in the 
sodium if the water injection was uniform. Additional data Is tabulated in 
the following summary of data.

IV. Discussion

No calibration had teen made of the particular orifice used in this test. 
Another 15 mil orifice was calibrated twice under conditions similar to those 
of this run and it yielded flow rates of 0.0178 and 0,0197 Ibe/sec. This is 
reasonably close to the 0,02li Ibs/sec. obtained in this live run. The orifice 
used in the live run had been modified to insure that it would not plug.

In addition to autoclave pressure, the autoclave temperature was also 
measured. However, due to the location of the thermocouple in a pipe at 
the bottom of the autoclave, this temperature is not considered as accurate 
as the pressure measurement. The observed pressure of 559 psig or 57U psia 
corresponds to a saturation temperature of U8l°F. The thermocouple indicated 
a temperature of 237°C or l)59°F, 22° lower than saturation.

4X4 f’OS



Since change in pressure over the two-m:btmts interval is more important 
than absolute values of pressures, the accuracy of the Photocons should be 
particularly goodc The 36 psi rise on the upper surge tank photocon is in 
good agreement with the 3li psi rise indicated ty the Heise gage<,

The variations in water injection rate during the run are not accurately 
known. The total water injection is well established; but, because of the slow 
chart speed and small chart scale on the instrument recording the autoclave 
liquid level, a uniform rate of injection can not be verified,.

It should be noted in the results that the large temperature rise near the 
point of injection occurred only after the substantial loss of sodium flow.
This temperature rise was caused ty the reaction between water and sodium, and 
it was confined to a relatively small portion of the sodium.

It should also be noted that the pressure traces, while somewhat spasmodic, 
took a definite upward trend at the same time that the sodium flow dropped.

It is of interest to compare the observed surge tank pressure rise with 
the pressure rise expected from a material balance if the water and sodium 
react only according to the reaction:

Na + 1^0 » NaOH + | Hg.

Under these conditions, a pressure rise (equal to the partial pressure of 
hydrogen) of 36 psi would be expected; this is in good agreement with the 
actual maximum pressure rise. However, if the water was injected at a uniform 
rate, a pressure rise of 17 psi would have been expected at the end of 60 
seconds; the actual pressure rise was considerably less. Some of the possible 
reasons for the variation in the rates of pressure rise include a non-uniform 
water injection rate, hydride formation to a varying extent, oxide formation 
to a varying extent, and the formation of slowly-reacting steam bubbles.

In conclusion, it does not appear that large temperature and pressure 
excursions develop at this rate of injection until the flow is greatly reduced. 
JS test, without the strainer, to insure greater flow for a longer time could 
confirm this.

Enclosed is a summary of data for this test.
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SUMMARY OF MTA

First Live Run

Date

Location

Orifice

Total Water Injected 

Water Injection Rate 

Initial Autoclave Pressure 

Initial Loop Pressure 

Initial Loop Temperature

of 8’' Water Injection 

March 7, 1956 

Locp #3j Building D-2 

15 mil diameter 

3*1 pounds

0*021; Ibs/sec (12„8 gal/hr) 

559 ps:lg 

35 psig 

60C°F

Temp, Change ITess . P.ise
Time Following Loop Point of Strainer Point of Strainer Pump Surge
Injector Start Flow Injection Inlet Injection Inlet Outlet Tank

(Seconds) (GPM) Op OF PSI PSI PSI PSI Comments

0 2980 •m *»* •a*
10 2800 0 0 2 2 0 k
20 2660 0 0 2 2 0 7 Loop Flow
30 2660 0 0 2 5 2 9 Fluctuating
h0 2560 0 0 6 5 2 9 Greatly
50 23l;0 0 0 6 5 2 10
57 1920 Loop Flow
60 7l;0 *6 -9 8 ll 2 11 Becomes Smooth
eh 320
70 320 +13 -9 16 19 1; 13
80 200 +27 -9 2h 25 h 18
85 +76
90 150 +101; -5 30 29 6 21

100 100 +132 0 32 33 6 23
110 100 +121; 0 30 37 6 31
120 100 +101; -5 3k iiO 8 36 Injection
130 100 +62 0 ll2 37 8 36 Stopped
180 +20 0 38 IiO 8 33 Bitween 121;

and 130 sec*
2l|0 +6 0 32 37 8 33
300 +6 -18 25 32 8 31
360 +6 0 25 32 8 30
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