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HYDROGEN EVOLUTION AND SLUDGE SUSPENSION DURING THE PREPARATION OF THE FIRST 
BATCH OF SLUDGE AT THE SAVANNAH RIVER SITE 

Ernest D. Lee and Michael S. Hay, Westinghouse Savannah River Company 

ABSTRACT 
« 

The first batch of High Level Radioactive Sludge for the Defense Waste Processing Facility is being prepared in two 
4.9 million liter waste tanks. The preparation involves removing water soluble salts by washing (water addition, 
sludge suspension, settling and decantation). Sludge suspension is accomplished using long shafted slurry pumps 
that are mounted on rotating turntables. During the sludge suspension runs in 1993 and 1994, the slurry pumps' 
cleaning radius was determined to be less than that expected from previous determinations using synthetic sludge in 
a full size waste tank mockup. Hydrogen concentrations in the tanks' vapor space were monitored during the sludge 
suspension activities. As expected, the initial agitation of the sludge increased the hydrogen concentration, however, 
with the controls in place the hydrogen concentration was maintained below seven percent of the lower flammability 
limit. 

INTRODUCTION 

Approximately 13.6 million liters of radioactive waste sludge resulting from the chemical separation of uranium, 
plutonium, and fission products are to be removed from twenty-one high level waste storage tanks, vitrified, and 
placed in canisters at the Defense Waste Processing Facility (DWPF). 

Prior to sending the sludge to the DWPF for vitrification, the sludge is treated in the Extended Sludge Processing 
Facility (ESP). All of the sludge will undergo sludge washing. The sludge washing process uses a series of water 

.4 additions and decantations to remove soluble salts from the sludge. Sludge containing high aluminum 
concentrations is also subjected to aluminum dissolution prior to sludge washing. The gibbsite form of aluminum 
can be solubilized and washed from the sludge by the addition of sodium hydroxide and heat. The first batch of 
sludge had previously undergone aluminum dissolution in an In-Tank Demonstration in 1982. This paper discusses 
the results of recent sludge washing activities in ESP with regard to sludge suspension and hydrogen evolution. 

DISCUSSION 

Sludge pretreatment is performed in modified type Etta waste tanks. These tanks are 25.9 meters in diameter and 10 
meters high. Each tank contains a center annulus which isolates a concrete roof support column from the tank 
contents. Also contained in the waste tank are 22 sets of cooling coils extending from 0.3 meter above the bottom of 
the tank to 0.3 meter below the tank's top. These 7.6 cm diameter carbon steel coils are located on 0.9 meter centers 
throughout the entire tank's cross-section. The tank's vapor space is continuously force-ventilated with outside air. 
Approximately 8500 liters per minute of tank vapor is continuously discharged through a HEPA filter and a 
centrifugal fan. The hydrogen concentration in the tank's vapor space is continuously measured by an on-line 
analyzer. 

Suspension of the sludge lying on the tank floor is accomplished using vertical long shaft (13.7 meter) slurry pumps. 
This method of sludge suspension was developed using kaolin clay sludge in a full scale model of a waste tank at 
SRS. Kaolin clay was selected because the clay's Theological properties are similar to high level waste sludge. The 
slurry pumps have also been successfully used to mobilize radioactive sludge for removal of waste from other waste 
tanks. Two models of slurry pumps are used for ESP sludge suspension. The standard pump is a centrifugal pump 
containing two horizontally opposed discharge nozzles. This standard pump is designed to discharge 2300 liters per 
minute through each of its two 3.8 cm. diameter nozzles at a design speed of 1800 rpm. During testing the pump 
was able to suspend all of the kaolin clay sludge within a 7.6 meter radius. The ability of the slurry pump to remove 
sludge is related to the product of the pump's nozzle diameter and the nozzle discharge velocity. This quantity, 
designated as the VoD, is 1.27 m^/sec for the standard slurry pump. 



The second type of slurry pump used in ESP is the Quad Volute (QV) Slurry pump. The QV pump is designed to 
discharge 7600 liters per minute through each of two 7.6 cm diameter discharge nozzles at a design speed of 2200 
rpm. The VoD for the QV pump is 2.11 m^/sec. During testing with kaolin clay sludge, the QV pump was able to 
suspend all the sludge within a 12.2 meter radius. 

A mathematical model was developed by Churnetski (1) to predict the cleaning radius of a pump based on (he VoD, 
the Yield Stress of the sludge (T0) and slurry density (SpG). The metric version of this equation is: 

ECR = 4.49 *V**D*i l464*SpG 
(1) 

Where the units are: m 
m 
m/sec 
g/cc 

for 
for 
for 
for 

ECR 
D 
Vo 
SpG 

dynes/cm^ for To 

The two tanks currently used for processing sludge at SRS are tanks 42 and 51. Four standard slurry pumps are 
installed in existing risers on tank 42. Four quad-volute slurry pumps are installed in existing risers on tank 51. 

The first batch of sludge designated for DWPF was transferred into tanks 42 and 51 in 1987. During 1987 and 1988, 
four wash cycles were completed in tank 51 and three wash cycles in tank 42. During that time, the effectiveness of 
the pumps to suspend the sludge was not established. In 1988, the tops of tanks 42 and 51 became contaminated 
with low activity water that had leaked from the slurry pumps' bearing water columns. Sludge washing was 
suspended in 1988 and did not resume until secondary containment enclosures could be designed, fabricated, and 
installed on each of the slurry pump sections that extended above the tank tops. The sludge has been settling in 
tanks 42 and 51 since the end of sludge washing operations in 1988. 

Methodology 

During 1993 and 1994, sludge washing was resumed in ESP with the imtiation of the Process Verification Tests 
(PVT) in tanks 42 and 51. Data was collected during the PVT to determine processing parameters such as; the 
effective cleaning radius of the slurry pumps, the slurrying time required to suspend the tanks' sludge, and hydrogen 
releases. The PVT program included operating the slurry pumps for designated intervals at which time the pumps 
were stopped, the slurry immediately sampled, and the depth of the unsuspended sludge measured at three locations. 
The process was repeated with increasingly long slurring intervals. The three locations available for measuring die 
sludge height in tank 51 were located at risers El, B3 and C3. For tank 42, the available risers were B2, C3 and El. 

The sludge depth is determined by lowering a stainless steel wafer attached to a steel measuring tape into the tank. 
The tape tension is reduced when the wafer contacts unsuspended sludge. When the tension is reduced, the length of 
tape below a reference point is recorded. With this information the settled sludge depth can be determined. The 
method indicates a general trend. However the accuracy of die measurement is dependent on the skill and 
experience of the operator performing the task. 

Hydrogen Released During Sludge Suspension 

Hydrogen is continuously generated in the waste tanks as a result of the radiolysis of water. The tank vapor space is 
continuously ventilated and hydrogen concentrations are nominally <100 ppm which is <0.3 % of LFL.(2) During 
the initial mixing of the sludge it was expected that hydrogen which had accumulated in the sludge would be 
released. During the 1993 initial startup of the tank 51 slurry pumps, the hydrogen concentration in the tank vapor 
space rose from 1% of the lower flammability limit (LFL) to a peak concentration of 6% LFL (0.24 Vol. % 
hydrogen). The peak concentration occurred approximately two hours after starting the third pump. At the time of 
peak hydrogen concentration, one slurry pump was operating at 1900 rpm, two other slurry pumps were at 1500 
rpm, and the fourth pump was not operating. Due to increasing hydrogen concentration, the pump operating at 1900 
rpm was reduced to 1500 rpm. The pumps remained at this speed until a power outage stopped all slurrying 



activities approximately 5 hours later. The hydrogen concentration and accumulated quantity of hydrogen released 
from the sludge are shown in Figure 1. The release of hydrogen continued at elevated concentrations for 
approximately 50 hours. Included in Figure 1 is the cumulative hydrogen released based on the hydrogen analyzer 
data. During the first few hours of operation (he tank level dropped 2.3 cm. This drop in volume is equivalent to a 
release of 22.7 standard cubic meters of hydrogen. Based on hydrogen generation rate calculations for the waste 
composition in tank 51, the volume of hydrogen released during this initial slurrying activity is approximately 8% of 
the hydrogen estimated to have been generated in the tank since 1988. 

' The hydrogen concentration remained below 1% LFL during the remaining wash. After an idle period of five 
months, no increase in hydrogen concentration was detected during resumption of sludge washing in tank 51. 

In May 1994, washing was initiated in tank 42. Each pump was run for four hours before startup of the next pump 
to minimize the hydrogen release rate. The hydrogen concentration remained below the analyzer's lower detection 
limit of 1% LFL (0.04 Vol. % H2) throughout testing in tank 42. 

PLACE FIG. 1 HERE 

Sludge Suspension with Quad Volute Slurry Pumps 

At the initiation of the PVT in tank 51, the bottom of the "Bl" and "B4" slurry pumps were 1.0 meter above the tank 
floor, and the bottom of the G and H slurry pumps were 0.2 meter above the tank floor. During the startup of the 
"B1" slurry pump, it was discovered that the pump's bearing water column could not be supplied sufficient water to 
maintain column pressure. The high bearing water demand for this slurry pump was suspected to be a result of a 
failure of the mechanical seal located at the bottom of the pump's bearing housing. Washing continued without 
using the Bl slurry pump, hi addition, the remaining slurry pumps also leaked water into the waste tank at higher 
than design rates. These slurry pumps were limited in speed in order to reduce bearing water in leakage. 

Prior to starting the slurry pumps in tank 51, the sludge depth was approximately two meters. The measured depths 
A of unsuspended sludge as a function of slurrying time with three pumps are shown in Table 1. The results indicate 

that the quad volute slurry pump's effective cleaning radius (ECR) at 2200 rpmin tank 51 is between 6.2 and 6.9 
meters. Using equation 1 and a yield stress of 381 dynes/cm2 , the shear stress measured for a tank 42 sludge 
sample, the predicted ECR is 10.9. The mean cleaning radius, 6.6 meters, is approximately 60 percent of the 
predicted ECR. A view of the area of the tank floor inside the ECR is shown in Figure 2. 

Lowering the slurry pumps that are 1 meter above the tank floor may result in the pumps' producing a greater force 
on the sludge near the tank bottom and, thereby, increasing the ECR. A test is planned with the pumps in their 
lowest position, 0.2 meters from the tank bottom. 

PLACE TABLE 1 HERE 

PLACE FIGURE 2 HERE 

Sludge Suspension with Standard Slurry Pumps 

At initiation of the PVT in tank 42 the sludge depth was approximately 2 meters. Much lower bearing water leak 
rates were observed than in the tank 51 tests even though both the standard and QV pumps have the same 
mechanical seals. Two of the four pumps, G and H, were elevated 68 inches off the bottom of the tank while VI and 
V2 pumps were 8 inches of the bottom of the tank. 

Two of the slurry pumps, G and H, did not draw their expected current during the testing. The G pump reached 40% 
of its expected amperage and was not operated through most of the testing out of the concern that the pump was 
cavitating. When the H pump was initially started, the pump amperage increased to the expected range. However, 
the motor current slowly decreased over the first few hours of operation. When H pump was shutdown for several 
hours and restarted, the pump would not load. However, if the pump was restarted after being shutdown for several 
days, the pump would again load to within the expected range but the amperage would slowly decrease over the 
period of a few hours. 
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The temperature measured by a thermocouple located beneath the tank floor near the location of H pump rose when 
the H slurry pump was operated. It is postulated that operating the H slurry pump only affected the sludge in the 
close vicinity of the pump's discharges. In this isolated area, the sludge temperature increased rapidly as a result of 
the work done. The increased temperature reduced the available net positive suction head (NPSH). Eventually the 
sludge temperature increased to a temperature which caused the pump to cavitate. When the pump cavitated, the 
pump amperage decreased below the expected range. 

It is not clear why the problem only occurred with the G and H slurry pumps. Possibly the sludge was more 
* compacted around these pumps. The G and H slurry pumps were elevated 68 inches off the floor in 1988, the last 

time the pumps were operated. During the same period the VI and the V2 pumps were at their present location, 8 
inches off the floor. It is suspected that the sludge in the vicinity of the H and G slurry pumps was not suspended in 
1988 and may have continued to compact since the sludge's introduction into the tank. 

The other two pumps, VI and V2, maintained proper loading throughout the test The measured depths of 
unsuspended sludge at the three locations as a function of pumping hours ate shown in Table 2. The pumping hours 
for the B2 riser location are based on the H pump. As a result of the problems experienced by the H slurry pump, 
the sludge removed at the El riser is attributed to the V2 slurry pump rather than the H pump. During testing, the 
sludge height under the B2 riser actually increased. 

The effective cleaning radius observed in the tank 42 PVT is estimated to be 52 meters which is approximately 80% 
of the predicted value. Figure 3 shows the area of the tank cross section that is within the cleaning radius of 52 
meters for the VI and V2 slurry pumps. Approximately 30 percent of the sludge is within the ECR of these two 
pumps. 

PLACE TABLE 2 HERE 

PLACE FIGURE 3 HERE 

i CONCLUSIONS 

The performance of the slurry pumps during the Process Verification Tests in ESP was below expectations based on 
previous testing. Significantly higher bearing water leak rates were observed with the QV pumps in tank 51. The 
leak rate for the B1 pump in tank 51 was so excessive that it could not be operated at any speed without overriding 
the pump's bearing water pressure interlock. The bearing water leak rate for the tank 42 standard slurry pumps was 
near the expectea range. 

The observed ECR for both the standard and QV slurry pumps were well below predicted values. The quad volute 
pump's ECR was approximately 54% of the design basis of 40 feet All four slurry pumps will be required to 
operate at maximum speed to fully suspend the sludge in tank 51. The tank 42 standard slurry pumps' ECR was 
approximately 80% of the predicted value. However, based on the ECR of the standard slurry pump, all four of the 
standard slurry pumps operating at full speed will not be able to fully suspend the sludge in tank 42. 

The results of the PVT indicated the majority of the sludge mobilization occurred during the first 50 hours of 
operation. However, sludge continued to be mobilized at reduced rates throughout testing. A steady state condition 
in which all of the sludge was suspended was never reached in either of the two processing tanks. The release of 
hydrogen during initial startup of slurry pumps was maintained below ten percent of LFL. This indicates that with 
the existing monitoring and control procedures, the hydrogen release can be maintained below its flammability limit 
in the tank vapor space. 
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Table I. Tank 51 Unsuspended Sludge Height and Pump Operating Hours 

Interval Cumulative ] 
Hours at S 

Pump 
Deed 

Pump Speed for 
Interval 

Sludge Height 
(cm) 

Interval 

El B3 C3 El B3 C3 El B3 C3 
0 0 0 0 0 0 0 184 195 194 
1 12 12 12 2200 2200 2200 3 92 47 
2 19 19 19 2200 2200 2200 4 1 64 
3 53 53 48 2200 2200 1400 5 97 41 
4 77 77 72 2200 2200 1400 0 89 40 
5 101 101 96 2200 2200 1500 3 82 41 
6 149 149 144 2200 2200 1500 0 79 40 
7 276 257 259 1700 2200 1500 10 13 38 

7A 276 257 259 0 0 0 0 55 32 

1, 



Table II. Tank 42 Sludge Height and Pump Operating Hours 

Interval Cumulative Pump Hours at Speed Pump Speed for Interval Sludge Height 
(cm) 

Interval 

VI V2 G H Yl V2 G H El B2 C3 
0 0 0 0 0 0 0 0 0 206 199 179 
1 16 15 15 14 1770 1770 1080 1230 85 215 127 
2 35 33 34 34 1680 1770 780 1100 81 213 109 
3 69 67 68 64 1770 1770 810 1050 79 213 71 
4 85 83 75 114 1770 1770 692 1390 25 200 59 
5 207 204 0 132 1770 1770 - 1500 64 205 22 
6 312 332 0 135 1770 1770 - 1770 61 207 23 
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Figure 1. Hydrogen Released During Initial Slurry ing of Tank 51 
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SCALE 

10 m 

Note: Circles have a 6.6 meter radus 

Figure 2. Tank 51 EffectiveCleaning Are; 

Relevant Distances 
Riser Pump Meters 
E1 B1 5.8 

G 62 
H 14.7 
B4 148 

C3 H 7.5 
B1 8.1 
G 18.1 
B4 i a 6 

B3 B4 ea 
G 163 
H 7.5 
B1 16.6 
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Ptstanraof Interest 
SCALE 

9 Meters 

Nob: Circles have a 52 meters radus. 

fl'ser Pump Maters 
E1 B1 5.8 

G 62 
H 14.7 
B4 14.8 

C3 H 7.5 
B1 8.1 
G m i 
B4 18.6 

B3 B4 6.9 
H 7.5 
G 16 3 
B1 166 

Figure 3. Tank 42 EffectiveCleaning Area 
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