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POTENTIAL GAS RELEASES FROM THE BOTTOM SLUDGE LAYER

C.W. Stewart

Abstract

A layer of sludge about 50 inches deep may exist at the bottom of the tank that has not been

mixed by the pump. This bottom sludge layer may be accumulating gas at a rate of 23 SCF/day,

resulting in a basal level rise of 0.025 inches/day. At some point sufficient gas may accumulate to

release spontaneously. Using reasonable assumptions about gas generation, waste properties and

the mechanics of the release process, this may result in gas releases on the order of 1,000 SCF.

Introduction

Before the mixer pump was installed, the waste consisted of a non-convective sludge layer

about 200 inches deep under approximately 150 inches of supernatant liquid, with roughly 50

inches of crust floating on top as sketched in Figure 1.
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Figure 1. Pre-Pump Installation Waste Configuration

Temperature prof'des indicate a layer of sludge about 50 inches deep at the MITs in risers 17B

and 17C that has never been mobilized by the pump. Above this layer, the pump has apparently

mixed the original sludge and liquid into a mobile slurry over which about 50 inches of liquid has

formed. The new configuration is sketched in Figure 2. Gas may be accumulating in the bottom

sludge layer and episodic releases could potentially occur in the future. This paper estimates the

level growth rate due to this accumulation and the volume of gas that might be released.
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Figure 2. Assumed Post-Phase B Waste Configuration

Gas generation in the bottom sludge

ff we assume that the bottom sludge is 20 inches deep under the pump and slopes linearly to

50 inch depth at the MITs (27 ft radius), the depth will be 60 inches at the outer wall (37.5 ft

radius). The volume of bottom sludge in this configuration is 17,200 ft3. The total volume of gas

generating material is 128,900 ft3, which comprises the 200-inch original sludge and 150 inch

liquid layers 1 in Figure 1 (no gas is assumed to be generated in the crust). If we further assume

that gas generation is uniform, the ratio of volumes indicates that the bottom sludge layer may be

responsible for 13% of the total gas generation rate of 100 SCF/day, or 13 SCF/day.

Waste level rise due to bottom sludge growth

The effective volume change by gas generation will be less than 23 ft 3 per day because the

bottom sludge exists under a relatively high pressure exerted by the material above it. The gravity

head on the bottom sludge is the same whether the material above is mixed or not. So we can use

the configuration of Figure 1 with an average bottom sludge depth of 47 inches. The specific

gravities of the crust, liquid, and sludge are given as 1.35, 1.57, and 1.7, respectively by

Reynolds (1993), based on 241-SY-101 core samples. We assume that the bottom sludge has the

same specific gravity as the original sludge. These average gravity head exerted on the gas in the

Personal communication with N.W. Kirch and D.A. Reynolds, WHC, March 1994.
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bottom layer predicted with the given layer dimensions and specific gravities is 1.5 atm. The total

in-situ pressure is 2.5 atm.

Using the isothermal gas law, PV = constant, the in-situ gas generation rate, V1, can be
calculated as

PO Vo [1]
VI= p----_

where P0 is the dome pressure (essentially 1 atm), P1 is the in-situ pressure in the bottom sludge,

and V0 is the generation rate at 1 atm, which we have already estimated to be 13 SCF per day.

The effective gas generation rate at 2.5 atm is 5.3 ft3 per day via Equation [1]. This is

equivalent to a rise in the waste surface level of 0.015 inches per day..for the 37.5 ft diameter tank.

It is interesting that the nominal level rise rate since the end of Phase B testing has been in the range

0.02 - 0.03 in/day. Growth of the bottom sludge may be responsible for a large fraction of this

nominal level rise.

In-sire gas volume required to trigger a rollover

A roUover is probable when sufficient gas accumulates to make the sludge neutrally buoyant.

Neutral buoyancy is achieved when the density of the gas-sludge mixture is equal to the density of

the slurry above it. The density of the slurry lying above the sludge can be calculated by comparing

Figures 1 and 2. Comparing the thickness of the liquid layers, it appears that 100 inches of the

original liquid layer was mixed with the portion of the original sludge layer excluding the bottom

sludge, about 153 inches. Using specific gravities of 1.57 and 1.7 for the liquid and sludge,

respectively, the specific gravity of the slurry mixture is 1.65.

But the slurry also generates gas. No net gas accumulates in the slurry, but a certain amount

is always present while migrating toward the surface. We shall assume this to be equivalent to a

6% volume fraction. The density of a gas-slurry mixture is given by

Pmix = OCPgas+ (1-00Pslurry [2]



where o_is the gas volume fraction. Neglecting the gas density, [2] reduces the effective slurry

specific gravity to 1.55. Again neglecting the gas density and solving [2] for the volume fraction

yields

Pmix
o_ = 1 .... [3]

P sludge

This gives the gas volume fraction necessary to make sludge neutrally buoyant with respect to

slurry with a density of Pmix. If the bottom sludge has a specific gravity of t.7 compared to the

slurry specific gravity of 1.55 as calculated above, Equation [3] yields an in-situ vQlume fraction of

9% required to achieve neutral buoyancy.

The definition of volume fraction is

V
gas= [41

V +V
gas sludge

Solving [4] for the gas volume yields

O_
v - v [5]solidgas 1 - 0_

Using Equation [5] and assuming that the original bottom sludge volume, 17,200 ft3,

contained no gas, the in-situ gas volume corresponding to the neutral buoyancy volume fraction of

9% is 1.,670 ft 3.

Potential gas release volume fro_mbottom sludge

The gas in the bottom sludge will expand in proportion to the pressure ratio as it rises to the

surface and the gravity pressure head is relieved. This means that the 1,670 ft3 of gas required for
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neutral buoyancy in-situ expands by a factor of 2.4 to 4,140 SCF at the surface. From [4], the

volume fraction at the surface becomes 19%. This represents the total volume of gas in the sludge.

But the entire volume of gas is not released. If we assume that only enough gas is released to

bring the material back to neutral buoyancy with respect to the liquid (SG = 1.57), the resulting

volume fraction is 8% by Equation [3]. The gas volume remaining _£ter release is 1,420 ft3 by

Equation [5], so the release volume is 4,140- 1,420 = 2,720 SCF.

On the other hand, we can conservatively assume that all the gas above some "unreleasable"

fraction will be released. Based on recent sound speed tests 2 and current thinking, about 4% of the

gas is not releasable because it consists of the smallest bubbles tied to solid particles. The gas

volume in the sludge at a 4% fraction is 720 ft3 yielding a maximum possible release of 4,140 -

720- 3,420 SCF.

A single rollover including the entire volume of bottom sludge is extremely unlikely. Video

tapes of Event I indicate that only about a quarter of the tank may have participated. The August

27, 1993, release and the level swell event of October 25-November 2, 1993, also appeared to

involve a quarter of the tank or less. If we assume that only 1/4 of the bottom sludge is likely to

release in any single event, the credible range of gas releases from the bottom sludge becomes 680

- 855 SCF.

Core samples indicate that the bottom sludge may be somewhat more dense than the material

above (Herting et al 1992) and would require a higher gas content to become neutrally buoyant.

The density of centrifuged solids from the bottom core sample should be the maximum density the

sludge could attain. This is reported by Reynolds (1993) as 1.79. Repeating all the calculations

above with this higher specific gravity yields a range of gas releases from 1,100 - 1,550 SCF. If,

at the same time, the lowest density is assumed for the liquid (SG = 1.5), the range of releases

becomes 1,060 - 1,740 SCF.

Calculated data for four cases of waste density assumptions are given in Table 1 below. For

perspective, the August 27, 1993, gas release induced by the pump was 2,200 SCF and Event I

preceding pump installation released about 6,000 SCF.

2 Letter report being prepared by Scott Cannon, WHC.
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Table 1. Potential Gas Releases versus Waste Density

Quantity Nominal Liquid Solid Both
Case Centrifuged Centrifuged Cent_

Slurry S.G. (6% gas) 1.55 1.52 1.55 1.52
Neut. Bouy. Gas Fraction 0.09 0.10 0.14 0.15
In-situ Pressure (atm) 2.48 2.45 2.49 2.46
Void at Surface 0.19 0.22 0.29 0.31

Neut. Bouy. Release (SCF) 680 650 1,100 1,060
Maximum Release (SCF) 860 1,040 1,550 1,740

References

Herting, D.L., Bechtold, D.B., Hey, B.E., Keele, B.D., Jensen, L., and Welsh, T.L.,
Laboratory Characterization of Samples taken in December 1991 (Window E) from Hanford Waste
Tank 241-SY-101, WHC-SD-WM-DTR-026, WHC, Richland, Washington.

Reynolds, D.A., 1993, Tank 101-SY Window E Core Sample: Interpretation of Results, WHC-
EP-0628, WHC, Richland, WA






