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(in terms of the effective diffusion coefficient). Thus, stabilization of the surrogate GAAT sludge in the 
in situ GAAT grout decreased the TCLP extract concentration by more than a factor of 60,000 for 
mercury, 30 for lead, and 100 for chromium. In addition, the TCLP extract concentration of uranium 
decreased from 4,198 to ~0 .089  mg/L, a reduction factor of more than 40,000. 

compositions tcstcd, except the pumpability of the jetting slurry. It appears that the slag-fly ash grout in 
this study has very slow cure characteristics. This is an important feature that provides time to remix the 
jetting slurry or the sludge and grout to form a homogenous monolith. Designing the grout to resist 
settling of solids made it borderlinc in the objective test of pumpability. Further refinement or testing 
may be required to cnsure that the designated jetting slurry is pumpable during application of MPITM in 
situ grouting of the tank sludges. A small field test with full-scale equipment is suggested before actual 
tank remediation. Pumping the proposed jetting slurry through the full-scale equipment is quite different 
from the laboratory mixing and testing and will reveal any pumping difficulties. If such pumping 
dil'ficulties exist, then further refinements can be made to the grout formulation. 

includes the construction costs, management fees, hcalth physics surveys, atid security. 

None of the properties of this grout proved sensitive to the variations in grout and surrogate sludge 

The cost for MPITM solidification of one 50-ft-diam CuniteTM tank is estimated at $500K, which 
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Tablc 1. Summary of surrogate GAAT sludge design 

Uncorrected 
surrogate: weighted Target surrogatc after 
average -t maximum Compound Weighted average c oi-rec ti on 

bad actors 

HgC12 

AWH), 

PbO 

Ca(ON), 

Fe203 

K2C03 

Mg(OH), 
NaOH 

Th( NO,), .4H20 

U0,(N03),.6H20 

Na,Cr,O, 

NaCl 

NaF 

Na,PO, 

Na,SO, 

Na,CO, 

TBP" 

Solids 

Water 

Mass balance 

Unknown 

~~ ~~ - 

Concentration irz wet sludge ( r n g k g )  

177 305 

1,032 3,749 

35,809 35,809 

3 7,305 17,305 

10,094 10,094 

4,209 4,209 

5,455 5,455 

4,820 0 

56,649 56,649 

83,657 83,657 

1,140 3,435 

1,258 4,530 

3,562 13,135 

4,129 10,927 

7,643 15,822 

38,585 38,585 

7,816 12,385 

Weight percentage 

28.3 31.6 

70.8 40.8 

99.1 102.4 

0.9 ! 2.4 

28 1 

3,458 

33,029 

15,962 

9,310 

3,882 

5,03 1 

0 

52,252 

77,162 

3,168 

4,178 

12,115 

10,079 

14,593 

35,589 
11,424 

29.2 

70.8 

100.0 

0.0 
~~ 

"Tributyl phosphate, used to simulate the total organic carbon -t- 100 ppm calcium oxalate. 
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Table 2. Average composition of the GAAT sludges 

Tank 
Weighted 20 x TCLP 

w-3 w-4 w-5 W-6 w - 7  w - 8  W-9 W-10 TH-4 averngc UTS ( m g k g )  

Concentrations of metals in thc wet sludge (rng/kg) 

Ag 

As 

Ba 

Cd 

Cr 

Hg 

Ni 

Pb 

TI 

A1 

B 

Be 

Ca 

c o  

c u  
Fe 

K 

Mg 

Mn 

Na 

Si 

Sr 

'I3 

U 

V 

z n  

Bromide 

Chloride 

Fluoride 

Nitrate 

Phosphate 

Sulfate 

Carbonate 
(TIC)" 

24 

6 

1 

336 

15 

6 

10 

17,582 

3 

9,560 

4 

26 

1,110 

338 

585 

66 

1 1,607 

509 

24 

1,740 

72,733 

11 

21 

87 

25 

9 

4 

228 

24 

11 

16 

4,749 

5 

11 

1,25 1 

5 

23 

963 

3 07 

235 

30 

19,450 

234 

11 

3,740 

122,500 

10 

21 

1,507 

2,040 1,217 

457 1,887 

7,421 8,446 

1 

65 

4 

1,273 

104 

1 04 

283 

15,767 

44 

1 

13,400 

33 

17,667 

418 

3,620 

413 

34,900 

31 

2,928 

15,774 

29 

73 

1,973 

554 

3,139 

29 1 

9,480 

9 

1 

176 

7 

1,363 

78 

151 

3,480 

36 

10,877 

10 

29,067 

12 

44 

12,950 

826 

1,459 

884 

40,700 

3,360 

61 

695 

39,287 

203 

156 

5,943 

10,823 

6,330 

7,867 

19,605 

4 

81 

198 

151 

33 

40 

4,994 

24 

2 

1,322 

94 

3,618 

9,942 

279 

73 

49,020 

10 

4,096 

100,660 

2 

34 

I 1  

5 

259 

184 

120 

1,370 

9,993 

19 

11 

8,073 

3 

56 

6,420 

1,430 

7,360 

135 

8,300 

47 

13,483 

5,563 

5 

91 

Anions (mgkg) 

103 9 

2,748 423 

2,232 266 

35,960 2,590 

4,643 276 

7,720 3,683 

23,403 30,300 

Total 126,320 166,920 122,368 196,460 251,486 100,514 

101 

3 

120 

67 

73 

496 

8,847 

7 

7 

6,150 

3 

48 

3,207 

2,987 

767 

146 

6,340 

39 

5,970 

19,167 

56 

7 

138 

155 

436 

2,960 

536 

9,445 

5 

156 

4 

169 

225 

130 

700 

3 1,067 

5 

7 

9,557 

5 

78 

7,770 

3,250 

1,167 

20 1 

13,033 

55 

6,943 

11,817 

I12 

21 

57 1 

378 

5,490 

267 

2,197 

20,125 

4 

11 

2 

28 1 

7 

43 

2,970 

4 

2 

1,520 

18 

3,477 

826 

319 

33 

29,333 

223 

12 

154,000 

38,800 

31 

398 

19,409 

218 

10,700 

48,726 

4 

1 

90 

3 

452 

130 

92 

958 

5 

12,386 

15 

5 

9,361 

3 

58 

7,060 

3,255 

2,257 

247 

26,364 

528 

36 

23,808 

39,656 

1 

84 

26 

763 

1,612 

12,574 

2,392 

5,169 

24,344 

68,278 115,504 311,367 173,740 

6 

100 

152 

4 

17 

1 

100 

7 

2 

0.3 

5 

1 06 



Weighted 20 x TCI9 

Tolal 12.6 16.7 12.2 19.6 25.1 10.1 6.8 11.6 31.1 17.4 
solids 

Water 78.0 73.7 72.8 67.0 67.3 81.8 85.4 70.3 54.9 70.8 

TOCb 0.5 0.1 0.1 0.6 0.1 0.7 0.3 0.4 0.7 0.4 

Total 91.1 90.5 85.1 87.2 92.6 92.5 92.5 82.3 86.7 88.6 

Unknown 8.9 9.5 14.9 12.8 7.4 7.5 7.5 17.7 13.3 11.4 

“Total inorganic carbon. 
j’Tolril organic carbon. 

Sludge 

(gal) 

sludge mass 
Ob) 

Weighting 
factor 
(wt %)a 

Lknsity 
(g/nlL) 

PH 

volume 

Calculated 

628 

5,608 

1.1 

1.07 

11 

1,313 

14,025 

2.7 

1.28 

11 

3,422 7,037 

33,411 74,579 

6.5 14.6 

1.17 1.27 

b 11 

8,812 10,309 2,861 

100,745 100,653 28,889 

19.7 19.7 5.6 

1.37 1.17 1.21 

10 9 10 

9,298 

93,110 

18.2 

1.20 

11 

5,452 49,132 

60,966 511,986 

11.9 100.0 

I .34 

9 
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Table 4. Summary of target surrogate elemental and io ie coi~centr~tio~s compared 
with the weighted average and the maximum tank average ~ ~ ~ ~ e ~ t ~ ~ t i ~ n s  

__ _ _  

Katio of surrogatc to 

avcrage 

‘Targct surrogate Katio of surrogate Species maximum tank concentration to weighted averagc 

Hg 
Pb 

A1 

Ca 

Fe 

K 

Mg 
Na 

Th 

uo2 
Total 

Cr,O, 

Chloride 

Fluoride 

Nitrate 

Phosphate 

Sulfate 

Carbonate 

Total 

Overall total 

Cations ( r n g k g )  

208 1.59 
3,210 3.35 

11,424 0.92 

8,634 0.92 
6,512 0.92 

3,002 0.92 
2,082 0.92 

35,001 1.33 

21,960 0.92 
4 1,495 0.92 

133,527 1.02 

Anions (rnghg)  

2,612 2.78 

2,535 3.32 
5,482 3.40 

42,528 3.38 
5,839 2.44 

9,869 1.91 

22,454 0.92 
127,474 2.67 

261,001 1.4 

0.92 

0.92 
0.37 

0.30 
0.37 

0.30 

0.28 
0.7 1 

0.14 

0.30 
0.30 

0.92 

0.92 
0.92 
1.18 

0.92 
0.92 

0.46 

1.13 

0.47 
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ORNL DWG 97C-84R 
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Pure Jetting I- No Supernatant + Max. Tank Freeboard 

Jetting + Preadditive i- 6-in. Supernatant f Min. Tank Freeboard 

Jetting + Preadditive + No Supernatant + Max. Tank Freeboard 

w-3 w4  W-5 
GUNITE TANK ID 

W-6 T M 4  

Fig. 2. Comparison of the percentage of wet sludge in the GAAT solifie m o ~ o l i t ~  for various 
injection schemes. 

Since the waste loading for tank TH-4 was the greatest, it is of interest to discuss the final 
proportions of the various constituents in the monolith. The specific percentages of cement, slag, fly ash, 
clay, wet sludge, and liquid (supernatant plus injection water) in the final monolith estimated for tank 
TH-4 are sumtnarized in Table 6. The first two columns of numerical data represent the results from jet 
injection only, which correspond to Runs 1 and 2. In general, the dry components of grout represent 
about 37 to 41% of the monolith, with the wet sludge at 35%, and the supernatant and injected water at 
about 28%. When dry slag (21,600 lb) and fly ash (14,400 lb) were stowed atop the wet sludge (Runs 3 
and 4), the dry components of thc monolith increased to nearly 50% of the total weight (with slag 
representing about 22% and fly ash about 17%). Obviously, mechanical stowing of slag and fly ash ips a 
pretreatment to MPPM is an attractive (i.e., inexpensive and easy to perform) means of increasing the 
solids content of the final monolith. Typically, as the solids increase there is a decrease in hydraulic 
conductivity and the leachability of the monolith is also often reduced. 

The amount o f  freeboard above the monolith after solidification was also calculated for each of the 
four runs performed for the five tanks (20 analyses). The results from tbc calculations (Fig. 3) indicate 
that for tanks W-3, W-4, W-5, and W-6, at least 90 in. (and up to 120 in.) of additional freeboard remain 
after injection. Therefore, for these tanks the field controls over the injection are not severe because there 
is plenty of room for additional injection (if required). Also, if the low waste loading (1 5 % )  for these 
tanks needs to be reduced further, there is plenty of capacity to accommodate additional dilution of the 
wet sludge. 
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Mcthod of blend addition 

Supernatant groutcd 

Freeboard 
Quantity preaddcd (lb) 

Slag 
Fly ash 

Cement 

Slag 

Fly ash 

ve 

Preaddi tion + 
jetting 

6-in. layer above 
sludgc laycr 
Minimum 

6-in. layer abuve 

21,600 
14,400 

Predictions M grouting 

2.63 

1.02 
10.0 

200 

2.56 

3.3 

200 

4.0 

20.8 
17.0 

4.0 

21.1 

33.1 

2.62 

0.74 

0.0 
750 

Preaddition + 
jctting 

None 

21,600 

14,400 

4.2 
21.9 

17.9 
4.2 
16.8 

35.0 

2.41 

0.0 

750 
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Jetting +- Preadditive + No Supernatant + Max. Tank Freeboard 
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GUNITE TANK ID 
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Fig. 3. Comparison of the amou t of freeboard above the GAAT mo us jet injection schemes. 

In contrast to tanks W-3 through W-6, calculations for tank TH-4 indicate that there would be about 
7 to I 1  in. of frecboard remaining after injection. It appears that bccausc tank TH-4 would develop the 
greatest waste loading (35%) and have the smallest amount of frceboard remaining arter injection, any 
additional study should focus on this tank, It should be reernphasizcd that the grout volume calculated for 
injection (250% of the sludge volume) into tank TH-4 is probably much greater than what is required to 
hornogencously mix the grout and sludge. The actual amount of grout required needs to be validated by a. 
field trial in which the tank characteristics for TI-1-4 are used.4 

4.3 PRELIMINARY GROUT TESTING 

The preliminary formulation for the fly ash-slag grout used in the weight-volume calculations (see 
Table 5 for proportions) needs to be refined because the numerical calculations could not evaluate the 
thixotropic properties of the grout, which are important to ensure that the sludge particlcs and grout do 
not segregate after the MPIrM mixing ceases. The final grout foi-mulation is based on an iterative process 
of performing laboratory studies and numerical analyses. The laboratory studies were pelformed to 
optimize thc grout viscosity, density, and thixotropic properties. The numerical studies were used to 
estimate the final components of thc grout and wet sludge that will make up the monolith in tank TH-4. 
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4.4 PRELIMINARY GROUT TESTING RESULTS 

Fourteen different grout formulations were evaluated during the preliminary tcsting. The constituents 
for each grout formulation are presented in Table 7. Grout formulations 1 through 4 were used to dcvelop 
laboratory testing techniques and refine the procedures for conducting the sand sedimentation tests. 
These four tests also allowed preliminary examination of the basic grout (Table 5,  column 3) and the 
impact that bentonite had on the grout rheology. Results from the first four tests indicated that bentonite 
(or a gelling agent) was necded to keep the sand particles in suspension and that some portion of the 
bentonite had to be prehydrated to keep the sand uniformly suspended throughout the monolith. Tests 5 
through 8 examined how different bentonite preparations (prehydration) influenced the grout% 
thixotropic behavior. Tcsts 9 and 10 used a proprietary grout additive (Rheomacm UW 450) 
manufactured by Master Builders for water control. This additive was not able to keep the calibration 
sand in suspension. Furthermore, the GAAT Project Team wanted to use lower cost, “natural” products 
that are derived as by-products from a manufacturing process ( e g ,  fly ash and slag). Test I1 examined 
the influence of a very high ionic salt concentration on the bentonite (ix., saltwater flocculation concerns 
about the bentonite). Finally, tests 12 and 13 examined using prehydrated bentonite slurry as mix water 
and adding slag and fly ash as a pretreatment. Test 14 examined thc lowest possible amount of 
prehydrated bentonite that could be used (and still have uniformly distributed sand). Test 14 was 
essentially a lower-bound tcst, which may account for variations of mixing under field conditions. 

4.4.1 Kesults for Grout Tests 1 Through 4 

Grout tcst 1 used thc basic grout used in the calculations discussed in Sect. 4.2. Even though a 
relatively rich grout was used (low water, dry blend ratio of 0.60), the sand-water surrogate instantly fell 
to the bottom of the mixer. Although thc FannTM viscometer reading of 11 1 at 600 rpm and a 10-min gel 
strength of 65 (Table 8) were within acceptable limits for pumping considerations, the grout did not have 
an adequate internal strength to keep any sand in suspension. Consequently, this grout was rejected. 

The 14% dry bentonite added to gout  2 is considered cxcessive. The grout viscosity of 2110 lb/100 ft2 
and gel strength of 61 would prevent this grout from being pumped through the high-pressure pumps. 
Therefore, grout 2 was rejected. 

Prehydrating bentonite to form a slurry is a commonplace mixing procedure for introducing bentonite 
into a basic grout. Furthermore, prehydrated bentonitc tends to retain its thixotropic behavior for a longer 
time when the bentonite is placed into a highly ionic solution. Therefore, grout test 3 was performed to 
estimate the maximum percentage of bentonite slurry that could be used as mixing water for combining 
the othcr grout constituents. When a slurry with about 8% bentonite was used as the mixing water, the 
grout formed a thick paste in the blender. Therefore, an 8% solution of prehydrated bentonite slurry does 
not produce an acceptable grout. 

When the dry bentonite content was reduced to 4%, thc grout still did not posses any capabilities for 
suspending sand. Therefore, grout 4 was rejected. 

4.4.2 Results for Grout Tests 5 Through 8 

Thc first four tests revealed that the preliminary grout formulation with a dry bentonite could not be 
used as a means to keep any sand (sludge) in suspension. Somc sort of prehydration of  the bentonite (or 
other gelling agent) is required, with 8% representing an extrcme upper bound. The decision was made to 
conduct a series of experiments using different types of prehydration and the dry addition of bentonite. 
Because 4% dry bentonite could not keep sand in suspension and 8% prehydrated bentonite produced an 
unpunipable grout, it was decided to conduct tests 5 through 8 using 6% bentonite. 
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Jetting slurry dry blend (wt 

1 0 15 35 35 15 63 38 60 NA" NA 

2 14 8 3 0 36 12 63 38 60 NA NA 

3 8" 8 30 36 thick, like putty, after adding only a small amount 
to the bentonite slurry. 

4 

5 

6 

7 

8 

9 

10 

11' 

12 

13 

14 

4 

6d 

6 

6d 

6' 

0 

0 

100 

4.Sb 

3b 

2Sb 

11 

10 

10 

10 

10 

14 
14 

10 

10 

10 

30 36 

30 36 

30 36 

30 36 
30 36 

30 36 

30 36 

32 36 
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18 

18 

18 
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17.5 
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Table 8. Measured properties of the jetting slurry and grout for the scoping tests using a san 
surrogate to simulate GAAT sludge 

Jetting slurry rheology 
Grout density Free water 

FarmTM reading at 10-min. gcl strength (g/ld 4 (vol %) Test 
600 mm (lb, /lo0 ft2, 

1 111 65 1.36 10.8 

2 210 61 1.26 2.4 

3 Grout too thick-resembled a sticky putty 
4 101 54 1.51" 5.6-8.0 

5 21 4 58 1.36 1.9 
6 76 21 1.34 2s .o 
7 200 21 1.39 8.9 

8 118h 
50d 

39b 
4Qd 

1.17" 
1.31' 4.3 

9 155 55 -1.3 19.6 
10 204 42 -1.3 16.2 

1 If 111 41 1.23 0.5 

12 139 28 1.38" 4.4 

13 13'9 28 1.33 10.1 
__ 14 80 - 1.34 

"Calculated, not measured. 
bRentonite slurry. 
'Bentonite slurry mixed with surrogate sludge (bentonite-water-sand). 
dDry blcnd slurry without bentonite. 
'Grout: dry blend slurry mixed with bentonite slurry ---surrogate sludge mix. 
aentonite slurry from test 8 without other dry blend additives in salt flocculation test. 

Test 5 used 6% bentonite in which 4% was added dry to the grout and 2% was prehydrated using the 
grout mix water. This grout mixture produced a highly viscous grout with a FarmTM viscometer reading 
of 214 at 600 rpm and a 10-min gel strength of 58 (Table 8). The 1020-xnL test sample used for the sand 
sedimentation study (Table 9, test 5 )  had a fairly uniform distribution of sand, with sand concentrations 
varying betwecn 0.134 g/mL at the top of the monolith and 0.172 g/mL at the bottom. This grout was 
rejected because the viscosity was too high. 

The procedure used to wet-sieve the sand was problematic in test 5.  The sand retrievcd by wet- 
sieving was about 20% less than that added to the original sample. It was decided to use a single large 
vessel for adding thc grout and sand-water surrogate. A 3-ft-long PVC pipe with a 44x1. diameter was 
most convenient. Also, the PVC pipe was easily cut into discrete sections, which allowed better 
resolution of the sand distribution. 

The wet-sand sieving procedure had been perfected, and it was interesting to examine how poorly the 
sand was distributed over a large sample. (Test 6 was the first test performed using a 4-in.-diam PVC 
pipe as a mixing vessel.) The total volume of grout plus sand-water surrogate produced an initial wet 

Grout test 6 was started with a grout containing only dry bentonite (6% used for tcst 4 in Table 7) .  
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volume of 3387 mL, as indicated on? the upper right-hand side of Fig. 4. The numerical calculations for 
weight-volume had an estimated value of 3349 mL, a diffei-encc of about 1 %. Therefore, it appears that 
the numerical weight-volume calculations provide reasonable estimates for the actual measured values. 
After settling overnight, about 850 mL of blced water was sitting atop the consolidated monolith. This 
represcnts a blced water content of about 25%, which is considered excessive for 6% bentonite. 
Furthermore, as shown in Fig. 4, the sand concentration varied widely, with a small amount of sand in t 
top of the monolith (<0.1 g/rnL) and most of the sand in the bottom of the PVC tube (0.6 g/mL). ']The 
monolith's unit weight was also poorly distributed and varied from about 1.2 g/mL at the top to 1.8 g/mL 
at the bottom. Clearly, the 6% dry bentonite was not effective in controlling sedimentation. 

Test 7 used 6% bentonite, with one-third of the bentonite bcing prehydrated with the grout mix 
water. The FannTM viscomcter data measured for this grout are shown in Fig. 5.  'The 600-rpm value of 
200 inakcs this grout marginal for high-pressure pumping. Halliburton Oil Field Services indicated that 
this grout had a potential for being pumped but wanted to test it in a full-scale demonstration using high- 
speed colloidal mixers. A total of 3258 id-, of grout and sand-water surrogate was used for the 
sedimentation studies. Results from the wet-sand sieving and density rneasuremcnts are summarizcd in 
Table 9 and plotted in Fig. 6. The 290 mL of measured bleed water represents a water loss of about 976, 
which is an acceptable amount of free watcr. There were 594 grams of sand introduced into the test, 
which would correspond to a unifomly distributcd sand concentration of 0.20 g / t d  (594 g/2968 rnL- 
monolith total volume after the bleed water was extracted). The sand concentration plotted in Fig. 6 
shows a uniformly distributed sand concentration of about 0.20 g/mL. The monolith density of 1.4 g/mL 
is relatively constant over the entire thickness of the monolith (an approximately 15-in.-thick monolith 
formed in PVC pipe). The fractional constitucnts of wet sludge, water, and grout (cement, slag, fly ash, 
illite, and bentonite) in the consolidated monolith (test 7) are shown in Fig. 7. In general, it appears that 
about 65% of the monolith consists of wet sludge and water. This monolith inay have insufficient 
particlcs to create a low-conductivity monolith with low leachability characteristics. Therefore, grout 7 
should be considered as a second choice to the prcferred grout formulation, which ultimately was grout 
formulation 1 3. 

Grout test 8 used a two-stage injection strategy. First, an 8% solution of prehydrated bentonite was 
injected as a pretreatment to cut the sludge and place it into suspension. Then the slag-fly ash grout was 
injected (Table 7, test 8). Although the grout rheology measured using the FannTM viscometer produced a 
pumpable bentonite sluriy and slag-fly ash grout (Fig:8) and the sand surrogate distribution and unit 
weight werc uniformly distributed with only 250 mL of water bleed (Fig. 9), thc monolith contained 
about 75% wet sludge and watcr (Fig. 10). Therefore, it is thought that this formulation would leave too 
little solid material in the final monolith to create a low-conductivity, diffusion-resistant monolith. 

4.4.3 Results for Grout Tests 9 and 10 

Tcsts 5 through 8 indicated that using 6% bentonite could produce a marginally pumpable grout 
(grout 7 needs to be checked using full-scale oil field colloidal mixers) with excellent control over the 
sand surrogate segregation. However, it was thought that the final constituents in the monolith might not 
produce an acceptable (diffusion-resistant) waste fom.  Hence, two additional injection strategies were 
examined during the remaining laboratory tests. The first was to try special chcmical additives for 
controlling the rheology of the grout. The second was to mechanically stow dry slag and fly ash onto thc 
top of the sludge before performing the MPITM proccss. The turbulent mixing caused by the MPPM 
process would ensure that the pretreatment would be homogeneously incorporated into the monolith. 
[There was evidence of this when solidifying buried waste with a sand cover; essentially the top 12 in. of 
sand were uniformly incorporated into the monolith (Fig. l)]. 

Tcsts 9 and 10 (Table 7) used a proprictary grout additive, Rheomac"" UW 450, manufactured by 
Mastcr Builders. The PaniiTM viscometer data for this grout produced a marginally pumpablc grout 
(Table 8) and did not produce a uniformly distributed sand concentration (Table 9). Therefore, this 
cheinical additive was rejected. 
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4.4.4 Results for Grout Test 11: Salt Flocculation Test 

It was unclear at this juncture in the test program if a search for another chemical additive was 
warranted to obtain the desircd grout properties. Conversely, additional studies could be conducted using 
a lower concentration of bentonite. It was decided to recommend using bentonite because this was 
thought to be a more acceptable material for injection when compared with proprietary chemical 
additives. However, before starting additional bentonite slurry tests, it was necessary to ensure that the 
bentonite would not experience severe lose of thixotropic strength caused by an adverse reaction with a 
highly ionic chemical surrogate. The chemical surrogate planned for the leaching tests was considered a 
highly ionic solution, the chemical composition of which might cause saltwater flocculation problems 
with the bentonite. Therefore, test 11 was performed to examinc how hydrated bentonite behaves in a 
highly ionic solution. 

Test 11 was conducted with an 8.9% solution of bentonite sluiry. This freshwater slurry was 
combined with a sand-water surrogate, in which the water surrogatc had an 11 % solids content of salt 
(sodium chloride and sodium nitrate). The results from the small-scale sample (1051 mL) indicated that 
little bleed water was generated ( 5  mL, as shown in Fig. 1 1) after about 8 hours of contact between the 
bentonite and thc highly ionic solution. It is thought that if the bentonite can remain thixotropic for about 
6 to 8 hours, any suspended sludge will not settle to the tank bottom as the fluid monolith consolidates to 
a stable form. The sand surrogate used in the salt flocculation tests was uniformly distributed over the 
column height, with all sand concentration data plotted in Fig. 11 being about 0.2 g/mL (which is thc 
concentration for a uniformly distributed sand used for these tests). If the bentonite representing 6% of a 
dry blend is prehydrated in the jetting slurry, an 8.7% bentonite slurry is created (see test 8 in Table 7). 
Test 11 showed that this prchydrated 8.7% bentonite slurry is not adversely affected by a highly ionic salt 
solution and can maintain its sand-suspending properties well. 
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4.5 GROUTMONOLITH FORMULA FOR LEACHABILITY ‘ITSTING: 

Thcse preliminary scope tests produced several grouts that are acceptable for injection, especially 
grouts 12 and 13 and possibly grout 7. The xiumerical calculalioiis used to estimate the monolith 
composition were based on using grout 13 and the strategy of mechanically stowing equal amounts of 
slag and fly ash as a pretrcatment onto the sludge in tank TH-4. The calculations resulted in a monolith 
with a composition of about 35% wet sludge, 28% water, and 37% grout solids (Fig. 12; individual 
pcrcentages for each componcnt of thc monolith are listed in Table 10). Note that grout 7 produced 
grout/sludge constituents similar to grout 13 (compare Fig. 7 to Fig. 1.2). Therefore, the makeup of thc 
grouted monolith is similar using jetting only vs jetting plus pretreatnient with slag and f ly ash. Elowever, 
sincc budgcts were tight for testing of the grout-radioactive surrogate (Table 2), it was decided to test 
grout 13, which had about 5% more solids (and therefore should have better leach and diffusion 
resistance) than grout 7. However, if the MPIrM system is considcred for in-tank solidification, grout 7 
should be reexamined since this MPITM strategy only relies on jetting and no yrctreatment. 
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monolith for GAAT sludges 

Jetting slurry 2.6 
Bentonite” 
Fly ash 
Slag 
Cement 

0.8 
8.8 
9.3 
4.4 

Inj cct ion water 25.8 
Preadded addi tivc sb Fly ash 5.5 

Slag 5.5 

Smogate tank contents Wet sludge 34.5 

Total 100.0 

components . 

before grout mixing. 
bS tabilizing additives m towcd onto surrogate tank contents 





Table 10. Compo " "th for GAAT sludges 

Jetting slurry 2.6 
0.8 

Fly ash 
Slag 

8.8 
9.3 

Cement 4.4 
Injection water 25.8 

Prcadded additives' Fly ash 5.5 
Slag 

Surrogate tank contents Wet sludgc 
5.5 

34.5 

Supernate water 2.9 

Total 100.0 
"Prehydrated in mixing 

'Stabilizing additives mec 

with other dry blend 

into surrogate tank contents 
components. 

before grout mixing. 
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Table 11. Composition of GAAT surrogate sludges for sensitivity testing 
Concentration (wt %)" 

Standard surrogatc Maximum water Minimum water 
Compound 

HgC12 0.028 0.014 0.043 

0.346 0.173 0.535 PbO 
3.303 1.654 5.1 10 AKOH), 
1.596 0.799 2.469 Ca(OH), 
0.93 1 0.466 1.440 Fe203 

0.388 0.194 0.601 K W 3  
MS(OW2 0.503 0.252 0.778 

rrh(b$03)4.4H20 5.225 2.617 8.084 

UO,(NO3),.6I-I2O 7.716 3.865 1 1.938 
Na,Cr,O, 0.317 0.159 0.490 

NaC1 0.41 8 0.209 0.646 
Nd'  1.21 1 0.607 1.874 

Na,P04 1.008 0.505 1.559 

1.459 0.43 1 2.258 NGO4 
Na2C0, 3.559 1.782 5.506 

TBP 1.142 0.572 1.767 
Total solids 29.151 14.600 45.100 
Added water 70.849 85.400 54.900 

Total sludge 100.000 1 00 .ooo 100.000 

"1 00 ppm calcium oxalate added to the surrogate sludges. 

The rheology of the jetting slurrics was measured with a 35NSR12 Fann'fM viscornetcr. Although 
readings were taken for the entire range of FannT" viscometer rotation rates (600, 300, 200, 100, 181,90, 
60, 30, 6, 3, 1.8, and 0.9 rpm), the critical value was the rneasuremellt taken at 600 rpm. (The target for 
the in situ grout was a reading of about 150 or less; jetting slurrics with readings much above 150 at 600 
rpm are marginally pumpable by the high-pressure HalliburtonTM HT-400 pumps used for MPITM.) 
Although these rotation rates and corresponding viscometer readings could be used to generate the shear 
rate-shear strain rhcology curves for these slurries, only thc readings at 600 rpm and the 10-min gel 
strengths are included in this report. The 10-rnin gel strength is obtained after measuring the rheology by 
allowing the slurry to gel for 10 min in the viscometer and then rotating the gel and measuring the 
deflection reading when the gel breaks free. This reading is recorded as the lO-min gel strength in units 
of 1bJ 1 00 ft2. 

The free water for sensitivity testing was measured by putting 250 mI.. of grout into a graduated 
cylinder and measuring the volume of free water standing over the solid grout at any given tirnc. This 
property is reported as volume percent (vol %), which is calculated by dividing the observed free water 
volume in milliliters by 250 mL and multiplying by 100. 'The time interim is reported along with the 
volume percent of free water. The final reported value for this study was the free water after a 28-day 
cure. 
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Table 12. Grout compositions for testing sensitivity of the in situ grout fomulatio for the GAAT sludges 
to variations in composition 

Composition in the final grout (wt 96) 

1“ 2 3 4 5 
Component 

Jctting 
slurry 

Preadded 
additivesc 

Surrogate 
tank 
contcnts 

Total 

IRPC 

B entoni te’ 

Fly ash 

Slag 

Cement 

Injection 
water 

Fly ash 

Slag 

Wet sludge 

Supernate 
water 

2.6 

0.8 

8.8 

9.3 
4.4 

25.8 

5.5 

5.5 

34.5 

2.9 

100.0 

2.3 

0.7 

7.7 

8.1 

3.8 

27.7 

4.8 
4.8 

37.0 

3.1 

10 

2.9 
0.9 

9.9 
10.5 

4.9 
23.9 

6.2 

6.2 

31.9 

2.6 

100. 

2.7 

0.8 

9.1 

7.9 

3.7 

26.8 

5.7 

4.7 
35.7 

3 .O 

18 

2.5 
0.7 

8.4 

10.9 

5.1 

24.8 

5.3 
6.5 

33.1 

2.7 

“Standard grout selected for sensitivity tcsting. 
’Prehydrated in mixing water before mixing with other dry blend components. 
“Stabilizing additives dumped on surrogate tank contcnts before grout mixing. 

Table 13 shows the FannTM reading at 600 rpm for the jetting slurry, the grout density, the ratio of 
the grout volumc to thc wet surrogate sludge volumc, the 28-day free water, and the 28-day unconfined 
compressive strength for the sensitivity testing of thc in  situ GAAT grout. Table 14 lists the TCLP 
extract concentrations for Hg, Pb, Cr, and U, plus the Cs and Sr leachability indexes measured for thesc 
same grouts. For comparative purposes, Table 14 also lists the TCLP extract concentrations of the 
untreated wet surrogate sludge and the TCLP extract concentration limits for the characteristic hazard, 
the land disposal restrictions (LDKs), and the UTSs. 

Based on the FannTM reading of 138 at 600 rpm (‘Table 13), the pumpability of the jetting slurry 
selected for in situ grouting of the GAAT sludge (grout 1) is acceptable since the rough rule-of-thumb 
target was about 150 or less, as was the value of 143 for grout 1 with maximum sludge water. The jetting 
slurries of grouts 1, 5 ,  and 3 (minimum sludge water) were judged to be unpumpable with values of 163, 
169, and 23 1, respectively. The jetting slurry for this grout 1 (minimum sludge water) should have been 
about the samc as for the other grout 1 formulations tcsled during the sensitivity test (the water content of 
the surrogate sludge was varicd for the bottom two grouts in Tablc 13, not the water content of the jetting 
slurry). The variations tested will not be what occurs in the field (Le., unpumpable mixes will not be 
pumped or jettcd). In other words, this processing problem should not lcad to producing an unacceptable 
grout in situ in the tanks but could lead to not using the jetting slurrics if proper care is not taken in slurry 
preparation. 

grouting would be frec to expand within the confines of the tanks (the sludges currently occupy only a 
fraction of the tank volumes). Nevertheless, the projected volume expansion was estimated (see the 
volume ratio in Table 13) for future reference. From Table 13, a volumc increase of  150 to 200% can be 

Minimum volume expansion was not a performance criterion for this application because the in situ 
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Table 14. Results of leach testing of sensitivity of im situ GAAT grouts 

TCIP extract concentration (~ng/I ,)" Ixachability index 
Pb Cr IJ 85sP 1 3 7 ~ ~ ~ '  m Surrogate Grout 

S tandad 1 0.00007 ~0.009 0.023 ~0 .089  10.4 11.1 

2 0.00005 ~0.009 0.07 ~0 .089  10.3 11.1 

3 <0.00001 ~0.009 0.13 ~0 .089  

4 0.00004 ~0.009 0.108 ~0.089 

5 0. 00006 ~0.009 0.092 ~0 .089  

Maximum 1 0.0001 2 CO.009 0.079 ~0 .089  
water 

0.6 11.6 

0.7 11.3 

0.5 11.4 

0.4 10.9 

Minimum 1 <o.oooo 1 <0.009 0.39 ~0 .089  10.3 11.2 
wakr 

Wet surrogate sludge 8.38 0.275 46.4 4,198 

TC1.P charactcristic 0.2 5 5 N A ~  
limit 

TCLP LDR limit 0.2 5 5 NA 

'KXP UTS limit 0.02s 0.37 0.86 N'4 
- 

"All of the grout samples were extracted with TCLP extraction fluid number 1, and thc final extract pI-1 was 
about 10; the wet surrogate sludge was extractcd with TCLP fluid number 2, and the final extract pII was 
about 6. 

silicotitanate (CST) replacing IRPC, respectively. 

replacing IRPC, respectively. 

bThis index was measured to be 9.5 and 1 1.9 for the standard MVST grout and MVST grout with crystalline 

'This index was measured to be 9.9 and 1 1.4 for the standard MVST grout and MVST grout with CST 

dNo t applicable. 

expected for the wet sludge loading of 30 to 37 wt % projected for thc in situ grouting of the tank TH-4 
sludge. Tank TH-4 has the least room for volume expansion of the GAATs, restricting wet sludge 
loading in the grout to about 35 wt %. The MPITM calculations project much lower wet sludgc loadings 
(<lo wt %) for in situ grouting of the othcr tank sludges, with correspondingly greater volume increases, 
but all contained within the existing tank volumes. 

No frec water was observed for thcse grouts after curing for 28 days (Table 13). Although some frce 
water initially appeared in the more fluid grouts, this water was reabsorbed during the 28-day cure. Some 
frec water was projected for the large excess of water in these grouts from the surrogate sludge interstitial 
watcr, surrogate supernate (water only), and jetting water. The water to solids (W/S) ratio for the 
sensitivity grouts ranged from 0.9 to 1.4 (with a value of 1.1 for the standard surrogate sludge in the 
standard grout, that is, grout 1). Processibility (inem, a wet, mixable paste) generally requires a W/S ratio 
of 0.4 to 0.6, depending on the water demands of the sludge and dry blend. W/S ratios much highcr than 
this range generally result in free water, unless a water-sorptive agent is used. Bentonite is an excellent 
water-sorptive agent, but evcn it was expected to be overwhelmed by the large water excess of these 
grouts. Apparently, dcsigning this grout to suspend solids and resist segregation assisted in prcvcnting 
free watcr formation by holding thc solids in place long enough for the hydration reaction to encapsulate 
the excess water (water not absorbed by the dry blend, including bentonite) inside the gout  matrix. 
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6. COSTDATA 

st estimate was pe 
tank W-10 (a 50-ft 

the M P F  process. Based on the 
cost evaluation was done before the 

rout program cited in t or activities and associat re 
shown in Table 15. 

Activity Cost ($1 
Hand dig and install augers in 15 holes 

I polyethylene plastic liner plus tips 

Diposablc high-pressure hoses and MPI* moni 

s, cables, and disposables 

essure pumping services, Walib 
valves, labor, etc.) 

and dernobil ization of all 

nd (slag, cement, fly ash) 

n Construction Management (40% dire 

10,000 

3,000 

43,000 

10,000 

50,190 

10,200 

126,390 

50,500 

176,890 

20,000 

300,000 

cost for MPITM soli iam GuniteTM tank 

Pf Process For fn- 
c,, Alpharetta, Ga., Janu at WAC I, Ground E 
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7. SUMMARY AND CONCLUSIONS 

Based on the work with the surr 
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ut formulation is l i  

difficulties. If suc 

ut consists of the following steps, w 

1. 
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5. 

rm the bentonite slurry. 
the dry ingredients: and cement (44 g ) .  

umy and wet sludge 

ed fly ash and slag. 

t mixing 

e jetting slurry with the wet sludge 

t for MPI1" solidification of one 50- Gunitem'" tank is estimated at $SOOK. 
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