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Recommendations for the Use of Inhibited Water During Phase I Salt Dissolution in 
Tank 41 (U) 

1.0 Summary 

A procedure for Phase 1 salt removal from Tank 41 using inhibited water (0.01 M sodium 
hydroxide and 0.01 1 M sodium nitrite) was recommended. The use of inhibited water for 
this phase of dissolution is valid for the first batch of dissolution water that is added. The 
steps in the procedure are as follows: 

1) Locate a bubbler dip tube at the desired level determined by the criticality analysis. 

2) Remove the seven inches of supernate that is above the saltcake and continue 
pumping until the bubbler dip tube indicates that the liqui.di is below the desired level. 

3) Measure the total liquid that was pumped out. Subtract the amount of supernate that 
was removed to calculate the amount of interstitial liquid that was removed. 

4) Add a volume of dissolution water that is equivalent to the amount of interstitial liquid 
removed. Approximately 1 gallon of salt will be removed for every 1.4 gallons of 
dissolution water that is added. 

. 
* 

The bases for these recommendations are laboratory tests on simulated salt and a material 
balance model. This procedure allows utilization of inhibited water as the dissolution 
water, while producing a salt solution that remains within the corrosion technical 
standards. Entrapped interstitial liquid, which is high in hydroxide is very beneficial in 
this process. As salt dissolution continues, the interstitial liquid will be displaced, and the 
salt solution removed will be outside the current technical standards. Therefore other 
alternatives to this procedure.will be necessary for subsequent phases. 

5 
2.0 Introduction 

The saltcake in Tank 41 will be utilized to demonstratejarious methods for sal;! 
dissolution [I]. Of particular interest are techniques yhich utilize density gradients that 
occur as the salt is dissolving. The salt solutions which are produced during these 
methods are required to remain within the current corrosion technical standards (21. The 
salt which is being dissolved has a characteristically high nitrate concentration (corrosive 
species to carbon steel) relative to hydroxide and nitrite concentrations. The issue is 
whether or not inhibited water may be added as the dissolution water and still produce a 
salt solution which is within the corrosion technical standards. 

Phase 1 of the testing will remove 3-4 feet of the saltcake. At this point operations would 
be suspended to resolve any criticality issues. Waste Removal desires a procedye which 
will utilize inhibited water (0.01 M sodium hydroxide and 0.01 1 M sodium nitrite) as the 
dissolution water and still maintain the salt solution that is produced within the corrosion 
technical standards. Laboratory tests'and a aterial balance model were utilized to 
justify this approach. T 
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3.0 Experimental Apparatus and Procedure 

The initial salt dissolution tests were performed in a four foot high, two and a half inch 
diameter, PyrexTM cylinder. A spigot with a stopcock was located at the bottom of the 
cylinder to drain solution from the saltcake within the cylinder. The saltcake was 
prepared with sodium salts to simulate the composition of the Tank 41 saltcake [3]. The 
sodium salts were initially dissolved in approximately 1.5 liters of distilled water. The 
solution was then evaporated to approximately one half the original volume. The 
resulting slurry was then poured into the cylinder and allowed to cool overnight. This 
sequence was repeated until approximately 3.6 liters of saltcake had formed in the 
cylinder. The composition of the saltcake solids, as well as the composition of the Tank 
41 saltcake solids, are shown in Table 3.1. 

The initial step in the dissolution procedure was to drain the interstitial liquid in the 
saltcake by gravity through the spigot. This process occurred over a 72 hour period. 
Dissolution water, with a composition of 0.01 M sodium hydroxide and 0.01 1 M sodium 
nitrite, was added to the cylinder slowly until the liquid level was even with the top of the 
saltcake. The saltcake/dissolution water mixture was allowed to stand for approximately 
24 hours. During this period significant dissolution occurred resulting in the li uid level 

saltcake by gravity. The sequence was repeated until the saltcake was dissolved.- 

The pertinent data obtained from this test included: the amount of interstitial liquid 
drained, the composition of the interstitial liquid, the amount of dissolution water added, 
the composition of the dissolution water, the composition of the saltcake solids, the 
amount of salt solution removed, and the composition of the salt solution removed. The 
results of these tests are being verified by experiments that are being performed in a 
rectangular trough [4]. 

being above the top of the saltcake. The solution was then completely drained % om the 
. 

4.0 Experimental Results I 

The initial volume of saltciik, including the interstitial liquid, was 3575 ml. After the 72 
hour draining period, during which 1040 ml of inteptitial liquid was removed, this 
saltcake had slumped to 3510 ml. The composition of the interstitial liquid is q h o h  in 
Table 4.1. Visual observation of the column indicated  at interstitial liquid remained 
entrapped and dispersed throughout the saltcake. Thesurface tension between the liquid 
and the crystals entrap the solution in small pores. A visual estimate was made that the 
saltcake contained 5-10 vol.% liquid (or approximately 10-3096 of the initial interstitial 
liquid volume). The quantity of dissolution water added was 1080 ml or approximately 
the same as the amount of interstitial liquid that was drained from the saltcake. After 
standing for 24 hours, 1730 ml of salt solution was drained from the saltcake. The 
increase in volume of the dissolution water is due to the dissolution of salt and blending 
in of the interstitial liquid The composition of the salt solution that was removed is also 
shown in Table 4.1. Both the interstitial liquid and the initial salt solution were within 
the current corrosion technical standards. 

Three subsequent batches of dissolution water were added to the cylinder. The 
composition of the salt solution removed af r each batch is also shown in Table 4.1. 
These compositions were not within the co l-f osion technical standards. The first test 
probably benefited from the presunce of the entrapped interstitial liquid. After the first 
test, most of the interstitial liquid had been removed and for the remaining tests the salt, 
which is very concentrated with sodium nitrate relative to sodium nitrite and sodium 
hydroxide, was being dissolved by water wi'h a very dilute inhibitor concentration. In 
order to maintain, the salt solution with in the current corrosion technical standards for 
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the final three batches it would have been necessary to add dissolution water inhibited 
with 1 M sodium hydroxide. 

5.0 Material Balance Model 

A material balance model was derived to explain the results from the column tests. The 
following results and assumptions were utilized in the material balance model: 

a) The entrapped interstitial liquid is homogeneously dispersed in the saltcake. 

b) Volumes are approximately additive. 

c) The saltcake initially contains 38-50 vol.% interstitial liquid. 

d) After draining the interstitial liquid, 10-30 vol. % of the initial interstitial liquid 
remains entrapped in the saltcake. 

e) The volume of dissolution water added is equal to the volume of interstitial liquid 
drained from the saltcake. - 
f) The volume of salt solution removed from the cylinder is 1.7 times the amount of 
dissolution water added. 

. 

The material balance for a component is represented by the following equation: 

where C represents the molar concentration of the component, V is the volume in liters, 
the subscript i refers to the interstitial liquid, the subscript dw refers to the dissolution 
water, the subscript s refers to the saltcake solids, and the subscript f refers to the final 
salt solution. The following relationships were derived from the results and assumptions 
in order to simplify the equation. 

5 . 
i \ 

a) The volume of dissolution water added equals the lrfolume of interstitial-liquid drained. 

where x is the fraction of the initial interstitial liquid that :remains entrapped in the 
saltcake, the subscript d refers to the volume of interstitiall liquid drained, and the 
subscript io refers to the initial volume of interstitial liquid. 

b) The volume of interstitial liquid, Vi, that is entrapped in the saltcake is some fraction, 
x, of the initial interstitial liquid. 

Vi = x Vi0 (3) 

c) The volume of solids dissolvedcand inter i titial liquid removed is 0.7 times the 
dissolution water that was added Therefore, in terms of the initial volume of interstitial 
liquid, the volume of salt solids dissolved is given by: 
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d) The final.volume of salt solution removed, Vf, is 1.7 times the amount of dissolution 
water added. In terms of the initial volume of interstitial liquid, the final volume of salt 
is: 

V f =  1.7 (1-X) Vi0 

Equations 2-5 were substituted into Equation 1 and solved for Cf in terms of the fraction 
of interstitial liquid and the concentrations of the component in the dissolution water, the 
saltcake solids and the interstitial liquid. 

Cf 
x Ci + (1-X) Q w  + (0.7 - 1.7 X) Cs 

1.7 (1-X) (7) 

This equation was solved on an EXCELm spreadsheet for x at 0.1 and 0.3. The results 
are shown in Table 5.1. The results assuming 10-30 8 of the initial interstitial liquid 
remaining bracket the composition of the actual salt solution removed very well (see 
Table 4.1). 

6.0 Application of Results and Model to Phase 1 Salt Removal 
0 

The sequence for salt dissolution performed in the cylinder should allow one to utilize 
inhibited water (0.01 M sodium hydroxide and 0.01 1 M sodium nitrite) during Phase 1 of 
salt removal. During Phase 1 four to five feet of salt will be removed before the process 
will be halted to resolve criticality issues. The following steps are recommended: 

1) Locate a bubbler dip tube at the desired level, say four feet below the surface of the 
salt. 

2) Remove the seven inches of supernate that is above the salt cake (-25,000 gallons) 
and continue pumping until the bubbler dip tube indicates that the liquid level is below 
four to five feet. Given that the vol. % interstitial liquid can be estimated to be 38, the 
fraction of interstitial liquid removed is 0.7, and that there is approximately 3500 
gallondinch, it is estimated that approximately 44,500 gallons of liquid would* 
removed from four feet of salt. Therefore the total liquid removed would be 69,500 
gallons 

3) Measure the total liquid that was actually removed. Subtract the amount of supernate 
that was removed (-25,000 gallons) to calculate the amount of interstitial liquid that was 
removed. 

4) Add a volume of dissolution water that is equivalent to the amount of interstitial liquid 
removed. The salt solution removed will be approximately 1.7 times the amount of 
dissolution water added. For the four foot salt removal example, approximately 76,000 
gallons of salt solution will be removed. Typically engineering and operations personnel 
have used the ratio of the gallons of dissolution water to remove 1 gallon of salt as an 
indicator of the efficiency of the salt removgl process [5]. Conversion of the previous 1.7 
ratio to the more familiar ratio predicts that Ppproximately 1.4 gallons of dissolution 
water will dissolve 1 gallon of salt. Therefore, the amount of salt removed is estimated 
to be 3 1,000 gallons. 

Two aspects need to be considered when comparing the actual tank to the cylinder 
experiments. First, the pump may not be able to draw off 70% of the interstitial liquid. 
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The fraction may be something like 50%. In one sense this is beneficial in that there is 
more interstitial liquid available to inhibit the salt solution. On the other hand less salt 
will be dissolved. The other aspect to consider is that the interstitial liquid in Tank 41 has 
a higher hydroxide and nitrite concentration than the laboratory tests (see Table 4.1). 
Assuming 70% of the interstitial liquid is removed the same material balance model was 
utilized to calculate the composition of the salt solution removed. Table 5.1 indicates that 
the salt solution foimed would be well above the current corrosion technical standards. 

7.0 Conclusions 

A procedure was recommended for Phase 1 removal of saltcake from Tank 41 using 
inhibited water. The procedure is based on results from laboratory testing and a material 
balance model. Although this procedure will work initially, as more of the interstitial 
liquid is removed the salt solution will eventually fall outside the current technical 
standards. A program is underway to examine the suitability of modifying the current 
technical standards for waste removal applications. 
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Table 3.1 Composition of Salt Solids in Laboratory Test and Tank 41 in wt.% 

Anion 
Nitrate 
Nitrite 
Hydroxide 
Carbonate 
Phosphate 
Sulfate 
Oxalate 

Table 4.1 Compos 
41 

IdhEmLM 
69.2 
1.18 
5.42 
18.8 
3.0 
1.9 
0.6 

70 
1.7 

19.4 
1.2 
2.1 
0.3 

,,3.44 

tions of SoIut.ans During t..e Laboratory Sirnuadtion ant Tank 

Anion Interstitial Interstitial Batch 1 Batch 2 Batch 3 Batch 4 
Liquid Liquid Tank 4 1 

Laboratory (Feb. '%) 
Nitrate 4.05 1.93 5.03 5.96 5.16 
Nitrite 0.38 1.2 0.24 0.05 

Hydroxide 2.12 6.39 1.11 0.16 

Table 5.1 Results of Model for Laboratory Tests and Tank 41. 

Laboratorv *m 
8.85, 4.53 

AL!iQ!l Laboratorv 
Nitrate 4.98 
Nitrite 0.23 0.3 1 0.47 
Hydroxide 1.25 1.68 2.42 
Fraction . 0.3 0.1 0.3 

i 
1 

6.0 1 
0.0 1 
0.025 

xiz!l& 
8.14 
0.37 
1.99 
0.1 

0.01 
0.023 

i 
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