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1.0 INTRODUCTION 

1.1 SUMMARY 

This document assesses the volume of drainable interstitial liquid (DIL) and pumpable liquid 
remaining in 119 single-shell tanks (SSTs) that were previously stabilized. Based on the 
methodology and assumptions presented, the DIL exceeded the stabilization criterion of less than 
50,000 gal in two of the 119 SSTs. Tank 241-C-102 had an estimated DIL of 62,000 gal, and 
the estimated DIL for tank 241-BY-103 was 58,000 gal. In addition, tanks 241-BX-103, 
241-T-102, and 241-T-112 appear to exceed the stabilization criterion of 5,000 gal supernatant. 
An assessment of the source of the supernatant in these tanks is beyond the scope of this 
document. 

The actual DIL and pumpable liquid remaining volumes for each tank may vary significantly 
from estimated volumes as a result of specific tank waste characteristics that are not currently 
measured or defined. Further refinement to the pumpable liquid and DIL volume estimates may 
be needed as additional tank waste information is obtained. 

1.2 BACKGROUND 

Part of the legacy of the Hanford Site is the storage of radioactive waste in SSTs. Large volumes 
of radioactive waste were stored in 149 underground SSTs, constructed from 1943 to 1964; and 
28 underground double-shell tanks (DSTs), constructed from 1968 to 1980. To limit the number 
of new DSTs that had to be constructed to store liquid radioactive waste, the US. Department of 
Energy (DOE) authorized the concentration of waste liquids until the soluble salts were 
precipitated. These precipitated salts were allowed to settle in the SSTs. Free supernatants were 
pumped from most of the SSTs by 1980 and were concentrated and stored in DSTs. No new 
waste additions were made to the SSTs after 1980, but the tanks have exceeded their design life 
and leakage from 67 SSTs is assumed or has been confirmed (Vladimiroff et al. 1999). 

To reduce the potential of further SST leakage, liquid was removed from the SSTs, and the tanks 
were interim stabilized. As ofNovember 1, 1999, ofthe 149 SSTs at the Hanford Site, 119 SSTs 
have been declared interim stabilized, and 30 tanks remain to be interim stabilized. Tank 
241-C-106 is expected to be declared interim stabilized as a result of sluicing. A Consent Decree 
between the DOE and Washington State establishes the requirements for stabilizing the 
remaining 29 tanks. The Consent Decree requires that all tanks be interim stabilized by 
September 30,2004. The criteria to stabilize a tank are that the tank must contain less than 
50,000 gal of DIL, less than 5,000 gal of supernatant, and the pump flow must be at 0.05 gallmin 
or less before pumping can be discontinued (Vladimiroff et al. 1999). If a tank was supernatant 
pumped or if a jet pump fails before the pump flow rate decreases to less than 0.05 gal/min, the 
tank can be declared stabilized if less than 50,000 gal of DIL and less than 5,000 gal of 
supernatant remain. 
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1.3 SCOPE 

To maintain consistency in the methodology used to determine a tank meets the interim 
stabilization criteria, and to ensure all SSTs are adequately interim stabilized, the methodology 
presented by Field and Vladimiroff (1999) was applied to the 119 SSTs previously stabilized and 
the DIL and “pumpable liquid remaining” volumes were recalculated. This document presents 
the basis for revised DIL and pumpable liquid remaining estimates and calculation results for the 
I19 tanks previously stabilized to assess whether the liquid volume in any of the tanks exceeds 
50,000 gal of DIL. Additional detail regarding calculations and methodology is included in Field 
and Vladimiroff (1999). 

1.4 CATASTROPHIC LEAKERS 

Seven of the 119 SSTs have had known catastrophic leaks (Nelson and Oh1 1999), but do not 
have a liquid observation well (LOW) installed. These tanks are: 241-A-105, 241-BX-102, 
241-SX-110,241-SX-113,241-SX-115,241-T-106, and 241-U-104. Nelson and Oh1 (1999) 
define a catastrophic failure as a leak of 50,000 gal or more or leak rates greater than 10 g a l h .  
Two other tanks, 241-SX-108 and 241-SX-109, have also been shown to have significant 
leakage based on increased radioactivity in tank laterals. 

An assessment of tank 241-SX-109 (Thompson 1999) concluded that, “although the tank 
definitely leaked in the past, it is improbable that there is liquid which could leak from the tank 
at this time.” The report further states, “assuming a realistic percentage of liquid in the tank 
below the level sampled, a leak at 10% of the estimated rate of leaks from typical tank leaks 
would have emptied any accessible drainable liquid in the 58 inches below the sampled depth 
before 1990.” 

Applying the criteria of Thompson (1999), it was assumed that any drainable liquid previously 
contained in tanks designated as catastrophic leakers, and in tanks 241-SX-108 and 241-SX-109, 
has leaked from the tank. Therefore, the interstitial liquid level for these nine tanks was assumed 
to be negligible, and the DIL was assumed to be “0.” 
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2.0 INTERIM STABILIZATION METHODS 

In the past, SSTs were interim stabilized by one of three methods: jet pumping, 
supernatant pumping, or administrative stabilization. Each of these methods is discussed 
in the following sections. 

2.1 JET PUMPING 

Jet pumping has been used to stabilize 40 of the 119 SSTs, and is the method that has 
been selected to stabilize the remaining 29 SSTs. 

A central screened well is installed in the center of the tank, and a specially designed jet 
pump is installed in the well. The pump removes liquid from the central well at the 
fastest rate possible, which is the same rate that it drains to the well. After enough liquid 
is removed, the excess potential is reduced to the point where inflow into the well is 
reduced to less than 0.05 gal/min. The pump rate decreases to 0.05 gal/min after the 
majority of the drainable liquid has been removed. At this point, saltwell pumping is 
declared complete, and an assessment is conducted to verify the DIL is less than 
50,000 gal. After the tank is declared interim stabilized, it is isolated by intrusion 
prevention to ensure that in-tank-leakage does not occur until the tank is prepared for 
retrieval. 

At the completion ofjet pumping, the solids remaining in the tank still contain interstitial 
liquid on the surface of the particles and in the capillary region (this liquid is defined as 
non-drainable interstitial liquid). Drainable liquids will generally remain in the 
unpumpable region (bottom 18 inches of a tank). 

2.2 SUPERNATANT PUMPING 

As the name implies, this method was used to remove only the free-liquid or supernatant 
layer from the tank. Twenty-four of the SSTs were stabilized by supematant pumping. 
The supernatant pump generally operates at a higher flow rate than a jet pump and is not 
capable of the slow pump rates achievable with a jet pump. Tanks were declared 
stabilized after supernatant pumping as long as the calculated DIL was below 50,000 gal. 

If a tank did not contain a LOW, it was assumed that the solids remaining in the tank 
remain saturated after pumping. If a tank had a LOW, it was assumed that any interstitial 
liquids contained in solids above the interstitial liquid level (ILL) are non-drainable. 
Solids below the ILL were assumed to be saturated. Liquids held in the capillary region 
were assumed to be non-drainable. 
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2.3 ADMINISTRATIVE STABILIZATION 

In the past, 55  of the SSTs were determined to contain less than 50 kgal of DIL and less 
than 5 kgal of supernatant prior to pumping. These tanks were declared stabilized 
without pumping or “administratively stabilized.” Administrative stabilization has been 
discontinued. 

An in-tank video was taken to assess the tank contents. If a tank did not contain a LOW 
or if core sample data were not available, it was assumed that the solids in the tank were 
saturated. If a tank had an observation well, it was assumed that any interstitial liquids 
contained in solids above the ILL were non-drainable. Solids below the ILL were 
assumed to be saturated. Core sample data was also used as a basis for estimating the 
fraction of drainable liquid in a tank. Liquids contained within the capillary region were 
assumed to be non-drainable. 
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3.0 METHODOLOGY 

The following sections discuss inputs and calculations performed to estimate pumping 
volumes and DIL volumes. 

3.1 INPUT VALUES 

The primary inputs needed to estimate DIL and pumpable liquid volumes include: tank 
waste volume estimates, measured liquid levels, drainable porosity estimates for each 
waste type, capillary height, and unpumpable region. Figure 3-1 is a schematic of the 
saltwell pump and pumping regions. Input values for each of the tanks are shown in 
Table 5-1. 

3.1.1 Waste Volume Estimates 
The best-basis volumes for supernatant, saltcake, and sludge were used as input values to 
determine the amount of pumpable liquid in each tank. Current best-basis volumes for 
SSTs are presented in monthly updates of the Waste Tank Summary Report 
(Hanlon 1999) 

3.1.2 Measured Liquid Levels 
Interstitial liquid level measurements were obtained for 43 of the 119 tanks as a measure 
of the saturated liquid level. The liquid level and waste surface level were assumed to be 
the same, and the solids were assumed to be saturated if there was no LOW or diptube 
measurement. Liquid observation wells are placed in many of the tanks and record the 
distance to a saturated surface in the tank. Diptubes are used with jet pumping to 
measure the depth of liquid in the saltwell. Drainable porosity measurements and liquid 
level estimates based on diptubes are made after the liquid level in the diptubes 
equilibrates. This may take as little as a few weeks for a coarse waste with high 
permeability or months for waste with fine particles and low permeability. 

If the waste is not entirely saturated, the LOW or diptube measurements indicate how 
much of the solids are saturated. 

3.1.3 Drainable Porosity Estimates 
Drainable porosity was calculated for many of the jet pumped tanks (Boettger 1997) by 
dividing the volume of liquid pumped over a given time period by the liquid level 
drawdown volume (change in liquid level height times the tank height to volume 
conversion factor galhn.). 
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When drainable porosity measurements were not available, drainable porosity estimates 
used as inputs for DIL calculations were 25% for saltcake and 15% for sludge. These 
values are based on average drainable porosity estimates for 33 tanks previously jet 
pumped (Field and Vladimiroff 1999). No statistically significant difference could be 
determined in the drainable porosity values for different types of saltcake or in drainable 
porosity values for different types of sludge. The drainable porosity value and capillary 
height for saltcake or sludge actually varies more as a function of particle size than of 
waste type (some waste designated as saltcake may have very fine particles and behave 
more like a sludge [Le., low drainable porosity and long capillary height]). However, 
currently, little particle size information is available for any of the tank waste. 

Except as shown in Appendix A, drainable porosity values for jet pumped tanks are from 
Boettger (1997). 
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Figure 3-1. Representation of Saltwell Pump with Associated Dimensions of 
Unpumpable and Capillary Liquid Regions 

3-3 



RPP-5556, Rev. 0 

3.1.4 Capillary Height 
Porous media typically exhibit a capillary height above a saturated layer which will 
sustain a liquid column. The capillary height is defined as the height where internal 
hydrostatic forces equal external hydrostatic forces within the waste material (Kirk 1980). 
Because of these forces, liquid in the capillary region will not drain fiom the waste. The 
capillary height for saltcake has been shown to range from 6 in. to over 24 in. As noted 
in the previous section, capillary height is largely a function of particle size, and some 
saltcakes may have very fine particles and a capillary height characteristic of sludge. 
Except as noted in Table 5-1, a capillary height of 6 in. was assumed for saltcake for 
these calculations (Field and Vladimiroff 1999). This assumption will tend to 
overestimate the amount of DIL in the saltcake. 

Sludge is typically a finer, less permeable material than saltcake and generally holds 
more liquid. However, sludge is more hydroscopic, and the drainable porosity is lower 
than for saltcake. Although some sludge tanks may not drain and capillary heights may 
be as high as 20 A, except as noted in Table 5-1, a sludge capillary height of 24 in. was 
assumed for DIL calculations (Field and Vladimiroff 1999). This assumption will tend to 
overestimate the amount of DIL in the sludge. 

3.1.5 Unpumpable Region 
The bottom 18 in. of a tank is unpumpable because of the operation and design of the 
saltwell screen (see Figure 3-1). The target minimum depth of the screen in relation to 
the tank bottom is approximately 2 in. above the lowest point of the tank bottom. The set 
point offset is 12 in., and there is an estimated 4-in. height above the capillary region that 
cannot support a minimum pumping rate of 0.05 gal/min. 

Sections 3.2.4 and 3.2.5 discuss how capillary height and the unpumpable liquid height is 
used to determine the amount of DIL and pumpable liquid in a tank. 

3.2 CALCULATIONS 

This section describes the calculations which were performed to estimate pumpable 
liquid remaining and DIL volumes. Calculations for each tank are presented in 
Appendix B. 

3.2.1 Establishing a Common Reference Point 
One hundred nine of the SSTs have dished bottoms. Only the tanks in A-Farm and 
AX-Farm have flat bottoms. For tanks with dished bottoms, the volume and type of 
waste in the dished bottom was calculated separately. The volume of waste above the 
dish was calculated by multiplying the height of the layer by a conversion factor of 
2,754 gallin. for 100 series tanks and 196 gal/in. for 200 series tanks (Le., B-200s, 
T-200s, etc.). 
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3.2.2 Using Liquid Observation Well Readings 
As explained in Section 3.1.2, liquid level measurements were used to adjust the height 
of the solids layer for 43 of the 119 tanks. If the LOWIdiptube reading indicated the ILL 
was in the sludge layer, the height of drainable sludge was revised. If the ILL was in the 
saltcake layer, the drainable sludge height was unaffected, and the saltcake height was 
reduced to account for only the saturated saltcake region. 

There is one important difference between the LOW and diptude measurements. The 
diptude measures the liquid level in the saltwell and does not include the capillary region 
in the waste (Le., the capillary height was not subtracted from sludge or saltcake if the 
ILL was determined from diptube measurements). In contrast, the LOW measures the 
saturated liquid level in the waste. Therefore, the LOW reading contains an unquantified 
portion of the capillary region. 

The capillary region for highly permeable waste such as a typical saltcake is probably 
small compared to the total waste volume, and part of the capillary region may be only 
partially saturated (data is not available to quantify the saturated and unsaturated 
portions). Therefore, these calculations assume that the LOW measurement does not 
include the assumed 6-in. caDillarv region for waste designated as saltcake (i.e., capillary 
height is not subtracted from the LOW for saltcake). This assumption for saltcake may 
result in high calculations for DIL and pumpable liquid remaining (PLR) in saltcake. 

The sludge capillary height is generally much greater than the capillary height for 
saltcake and often represents a greater portion of the waste matrix. Also, because sludge 
is less permeable with smaller pores, most of the sludge capillary region is likely 
“saturated.” Therefore, it was assumed that the LOW measurement includes all of the 
cadlarv  region for sludee Le.. caoillarv height is subtracted from the LOW for sludge). 

Table 5-1 shows which tanks have an ILL measurement and whether the measurement is 
from diptude or LOW readings. 

3.2.3 Drainable Interstitial Liquid 
The drainable interstitial liquid volume is the sum of DIL in each waste layer, less the 
capillary height (see Section 2.1.4). This volume includes drainable liquid in the 
unpumpable region. It does not include supernatant or interstitial liquid in the capillary 
region. The following equation was used to calculate the DIL values, rounded to the 
nearest 1,000 gal shown in Table 5-1: 

DIL = (Sludge vol. below ILL - Capillary vol. sludge)(Sludge Drainable Porosity) + 
(Saltcake vol. below ILL - Capillary vol. saltcake)(Saltcake Drainable Porosity) 

- Capillary volume is assumed to be in only the sludge if the sludge depth is greater 
than 18 in. (unpumpahle region) + sludge capillary height from the bottom of the 
tank. 

sludge height is less than the unpumpable region plus the capillary height. 
- The capillary height is proportioned between the sludge and saltcake if the total 
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Example Calculations: 

1. Tank 241-B-107 (Saltcake and Sludge in a dish bottom tank, no LOW) 

Sludge: Volume = 93,000 gal, Capillary height = 24 in., Drainable Porosity =25% 

Saltcake: Volume = 71,000 gal, Capillary height = 6 in., Drainable Porosity =15% 

Assume all waste is saturated. 

Unpumpable volume = 18 in., this includes the dish volume (12,500 gal) and 
6 in. above the dish which is equivalent to 16,524 gal (6 in. * 2,754 g a b . )  
Unpumpable volume = 29,024 gal 

Sludge accounts for most, but not all of the capillary volume, because the tank has less 
than 24 in. (66,096 gal) of sludge above the 18-in. unpumpable region. 

Volume of sludge above the unpumpable region = 

93,000 gal (sludge volume) - 29,024 (unpumpable volume) = 63,976 gal. 

Relative portion of sludge capillary height = 63,976 gal / 66,096 gal = 0.968 

The capillary height of saltcake = the assumed capillary height for saltcake (6 in.) times 
the relative portion of saltcake capillary height (1 - 0.968). 

Capillary height of saltcake = 6 in. (1 - 0.968) = 0.19 in. 

The DIL includes drainable liquid in the unpumpable region and the drainable liquid 
above the capillary height. All sludge above the unpumpable region is in the sludge 
capillary region and is not DIL. All of the saltcake except the capillary height 0.19 in. 
(523 gal) is included in the DIL. 

DIL = (29,024 gal) (0.15) + (71,000 gal. - 0.19 in. *2,754 gal/in.) (0.25) 

= 4,354 gal + 17,619 gal 

= 21.973 gal 

2. Tank 241-TX-110 (Saltcake and Sludge in a dish bottom tank with diptube readings) 

Sludge: Volume = 37,000 gal, Drainable Porosity =15% 

Saltcake Volume = 425,000 gal, Drainable Porosity =26% 

ILL = 33.0 in. (from diptube, ignore capillary height) 

Drainable porosity above the unpumpable region was based on jet pump drawdown 
measurements (Boettger 1997). Because sludge liquids were not pumped, an average 
drainable porosity for sludge was assumed. 
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Because the ILL is based on diptude readings, the capillary height is assumed to be above 
the ILL and is not subtracted. 

Converting the ILL height to an equivalent volume: 

ILL volume = dish volume (bottom 12 in.) + volume above dish 

= 12,500 gal + (33-12) in. (2,754 galhn.) = 70,334 gal 

The sludge volume above the unpumpable height = 37,000 - 29,024 = 7,976 gal. 

The saltcake volume below the ILL = 70,334 - 37,000 = 33,334 gal 

DIL = unpumpable volume *sludge drainable porosity + saltcake volume 
below ILL * saltcake drainable porosity 

= 29,024 gal * 0.15 + 33,334 * 0.26 = 13.020 gal 

Calculations for all tanks and calculation verifications are included in Appendix B 

3.2.4 Pumpable Liquid 
The pumpable liquid volume is the sum of DIL plus the supernatant minus the 
unpumpable liquid volume. The unpumpable liquid height is the bottom 18-in. for all 
tanks based on operational limitations (see Section 3.1.5). The following equation was 
used to calculate the DIL values shown in Table 5-1: 

PLR = DIL - (unpumpable region) (drainable porosity) + supernatant 

Example Calculations: 

1. Tank 241-B-107 

unpumpable volume = 12,500 gal + 6 in. (2,754 gal/in.) = 29,024 gal 

PLR = 21,973 gal - 29,024 gal (0.15) + 1,000 gal 
= 18.619 gal 

2. Tank 241-TX-110 

unpumpable volume = 12,500 gal + 6 in. (2,754 gal/in.) = 29,024 gal 

PLR = 13,020 gal - (29,024 gal) 0.15 + 0 
= -gal 
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4.0 ASSUMPTIONS AND TANK-SPECIFIC NOTES 

The following assumptions were used to calculate DIL and pumpable liquid volumes: 

Best-basis tank volume and waste type estimates were used (Hanlon 1999) 

The saltwell pumping system is located in the center of the tank, and all 
calculations are referenced to the tank bottom center line. 

The ILL readings (LOW or diptube) were referenced to the tank bottom centerline. 
The following assumptions were made regarding the capillary region with respect 
to the ILL (see Section 3.2.2): 

If the ILL was from LOW readings: 
- The sludge capillary height was assumed to be below the ILL and the capillary 

region was subtracted from the measured liquid level to calculate DIL and PLR. 

The saltcake capillary height was assumed to be above the ILL and was not 
subtracted from the measured liquid level to calculate DIL and PLR. 

- 

If the ILL was from diptude readings: 
- The saltcake and sludge capillary heights were assumed to be above the ILL and 

were not subtracted from the measured liquid level to calculate DIL and PLR. 

The DIL was assumed to be “0” for the seven tanks with known catastrophic leaks 
(Nelson and Oh1 1999) and for tanks 241-SX-108 and 241-SX-109 
(Thompson 1999). 

The waste is layered from top to bottom in the following order: Supernatant, 
saltcake, and sludge. All layers are flat and cover the entire diameter of the tank 

Average porosities for sludge and saltcake are assumed except where drainable 
porosity measurements are available for jet pumped tanks. 

Except for tanks with LOW readings or diptube measurements, it is assumed the 
solids in the tank are saturated with drainable liquid. 

There is only one capillary region in the tank. A 6-in. capillary region is used for 
saltcake, and a 24-in. region is used for sludge. If less than 18 in. of sludge is in a 
tank, the capillary height is prorated proportionally between the sludge and 
saltcake capillary heights. 
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The 18-in. unpumpable region is comprised of the following dimensions: 2 in. 
below the saltwell, 12 in. from the bottom of the saltwell to the process control set 
point, and 4 in. of slow draining region (Figure 3-1). 
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5.0 CONCLUSION 

Table 5-1 lists the supernatant, saltcake, and sludge volume estimates used to estimate 
DIL and pumpable liquid volumes remaining for each tank. If a LOW reading was 
available to measure the liquid level in the solids, this was also included in the table. As 
noted in Section 1 .O, the revised DIL and pumpable liquid estimates are based on the 
methodology presented in Field and Vladimiroff (1999) and updated best-basis tank 
waste volume estimates. 

Two of the tanks exceeded the 50,000 gal DIL criteria for stabilization: 241-C-102 and 
241-BY-103. Liquid volume estimates for these tanks should be further assessed. Both 
tanks have an ILL measurement. 

The ILL for tank 241-(2-102 was based on diptube measurements, and jet pumping was 
stopped before reaching a 0.05 gaVmin pump rate due to pump failure. 

Tank 241-BY-103 was also jet pumped, and pumping was stopped due to pump failure. 
This tank was declared stabilized previously based on an estimated porosity of 13% and a 
DIL of 38.3 kgal (Saueressig 1997). Since then, the LOW reading has gradually 
increased from 99.1 in. to 116.1 in., and liquid intrusion is suspected (Hanlon 1999). 
Based on the 99.1 in. LOW measurements, and the assumptions presented in this 
document, the drainable porosity was re-calculated to be about 20% with a current DIL of 
58 kgal. Because the waste is classified as a saltcake, it was assumed that the 6-in. 
capillary height is above the saltcake (see Section 3.2.2). The slow backilow into the 
saltwell and neutron probe scans indicate that although the waste is classified as saltcake, 
it is highly impermeable and behaves more like sludge. In this case, the capillary height 
would be 24 in. rather than 6 in. and would be subtracted from the ILL. The DIL falls 
below 50,000 gal if capillary height is subtracted from the ILL. 

With the data currently available, there is still a large amount of uncertainty in estimating 
the DIL and pumpable liquid volume remaining in a tank. Actual liquid volume 
estimates will vary depending on the actual permeability of saltcake and sludge, and 
supernatant volumes. 
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Table 5-1. Estimated Drainable Interstitial Liquid and Pumpable Liquid Remaining Volumes for 
119 Single-Shell Tanks (3 pages) 
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Table 5-1. Estimated Drainable Interstitial Liquid and Pumpable Liquid Remaining Volumes for 
119 Single-Shell Tanks (3 pages) 

5-3 



RPP-5556, Rev. 0 

Table 5-1. Estimated Drainable Interstitial Liquid and Pumpable Liquid Remaining Volumes for 
119 Single-Shell Tanks (3 pages) 

NIA = not applicable: designation given to porosity values if there was “0” saltcake or sludge, respectively, 

’ Capillary height was measured for this tank (Boettger 1997) ‘ Where footnoted, the ILL measurement was a diptube measurement, all other ILLS are LOW measurements 
Tank Leak Failure, DIL, and PLR calculated to be “0” by setting drainable porosity values to “0”. 
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APPENDIX A 

POROSITY CALCULATIONS AND BASIS 
FOR DRAINABLE INTERSTITIAL LIQUID ESTIMATES 

DIFFERING FROM BOETTGER (1997) 
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Most of the tank DIL calculations differ somewhat from those presented in TI-I78 based 
on updated tank volume estimates, calculations based on new average porosity values, 
andor different assumptions regarding the position and height of the capillary region. 
Volumes, porosities, and capillary height values used for calculations in this document 
for the I19 SSTs are shown in Table 5-1. 

Only tanks designated “catastrophic leakers”, those with negligible DIL, or tanks for 
which jet pump porosity values were recalculated and differ from the TI-1 78 document 
(Boettger 1997) are discussed further in this section. 

A1.O Catastrophic Leakers 

241-A-l05,241-BX-l02,24l -SX-108,241-SX-I 10,241 -SX- 1 13,241 -SX-I 15, 
241-T-106, and 241-U-104 were designated Catastrophic Leakers (Nelson and Oh1 
1999); DIL was assumed to be “0” (see Section 1.0). 

A2.0 Leakers with Negligible Drainable Interstitial Liquid Remaining 

SX-108 - Tank Leak, applying the same criteria used for tank 241-SX-109 
(Thompson 1999), tank determined to have little or no remaining DIL. 

SX-109 - Tank Leak, tank determined to have little or no remaining DIL 
(Thompson 1999) 

A3.0 Jet Pump Porosity Differences from Boettger (1997) 

BY-108 - An average value of 12.5% drainable porosity was assumed previously 
(Boettger 1997). However, sufficient information is available to calculate a tank specific 
drainable porosity of 24%. The calculation is as follows: 

The starting liquid level was 99.5 in. The liquid level dropped to 57.1 in. in the 
diptube after pumping was completed, and the liquid level in the diptube came to 
equilibrium. This equates to a 116 kgal drawdown. The estimated volume of liquid 
pumped was 27.3 kgal. 

Drainable Porosity = 27.3 kgal/ 116 kgal = 24% 

Using the 24% drainable porosity value increases the estimated DIL from 8.8 kgal 
(Boettger 1997) to 33.0 kgal. 
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TX-106 - Used average drainable porosity values of 25% for saltcake and 15% for 
sludge (HNF-2978). The Boettger (1997) calculated drainable porosity of 2% is possible, 
but seems low because all other TX Farm drainable porosity calculations range from 16% 
to 38%. 

The capillary height was measured by lancing to be 58 in. for tank TX-106 (Boettger 
1997). Although classified as saltcake, this waste had low permeability, as evidenced by 
the capillary height and length of time required for the liquid level to reach equilibrium 
after pumping). Therefore, capillary height was subtracted from the LOW for this tank. 

The DIL value for TX-106 increased from 10.9 kgal (Boettger 1997) to 37.0 kgal. 

C-102 - The drainable porosity value shown in Boettger (1997) was used. The total 
waste volume below the ILL was 238,825 gal. Because the ILL is based on diptube 
measurements, capillary height is assumed to be above the ILL and should not be 
subtracted out. Also, the dish volume should be included in the DIL calculation and not 
subtracted out. The recalculated DIL volume is 62,000 gal, compared to the Boettger 
(1997) value of 30.2 kgal. The new DIL estimate exceeds the 50,000 gal stabilization 
criteria. 

BY-103 - The drainable porosity and DIL calculation for this tank were not included in 
Boettger (1997). The tank was declared stabilized based on an estimated porosity of 13% 
and a DIL of 38.3 kgal (Saueressig 1997). However, based on LOW measurements, and 
the assumptions presented in this document, the drainable porosity was re-calculated to 
be 19.5% with a DIL of 58 kgal. The LOW level at the start of pumping was 131.5 in. 
After pumping 17.4 kgal (net production), the LOW dropped to 99.1 in. for about a year. 

Porosity = 17,4OOgal/(131.5-99.1) in. * 2.754gaUin. = 19.5% 

Currently, the LOW level is 116.1 in. Intrusion is expected as the cause for the rising 
LOW level (Hanlon 1999). The current DIL calculation is: 

DIL = ((116.1-12) in. * 2.754gaUin. + 12,500gal) * 0.195 = 58,OOOgal 

Because the waste is classified as a saltcake, it was assumed that the 6-in. capillary height 
is above the saltcake. The slow backflow into the saltwell and neutron probe scans 
indicates that although the waste is classified as saltcake, it is highly impermeable and 
acts more like sludge. In this case, the capillary height would be subtracted from the ILL. 
The DIL falls below 50,000 gal if capillary height is subtracted from the ILL. 
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APPENDIX B 

SPREADSHEET CALCULATIONS AND VERIFICATION 

B-1 







P m 



v: m 



+- 









0 

m 







m 

m 



d 

m 



VI 

cb 



RF’P-5556, Rev. 0 

CHECKLIST FOR PEER REVIEW 

Document Reviewed: RPP-5556, Rev. 0 

Scope of Review: 

Yes No NIA 
[ ] [ ] [XI Previous reviews complete and cover analysis, up to scope of this review, 

with no gaps. 

[XI [ ] [ 3 Problem completely, defined. 

[ ] [ ] [XI Accident scenarios developed in a clear and logical manner. 

[XI [ ] [ ] Necessary assumptions explicitly stated and supported. 

[XI [ 3 [ ] Computer codes and data files documented. 

[XI [ ] [ ] Data used in calculations explicitly stated in document. 

[XI [ ] [ ] Data checked for consistency with original source information as 
applicable. 

[XI [ ] [ 3 Mathematical derivations checked including dimensional consistency of 
results. 

[XI [ ] [ ] Models appropriate and used within range of validity or use outside range 
of established validity justified. 

[XI [ 3 [ ] Hand calculations checked for errors. Spreadsheet results should be 
treated exactly the same as hand calculations. 

[XI [ ] [ ] Software input correct and consistent with document reviewed. 

[XI [ ] [ 3 Software output consistent with input and with results reported in 
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