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ASSESSMENT OF HISTORICAL LEAK MODEL METHODOLOGY AS 
APPLIED TO THE REDOX HIGH-LEVEL WASTE TANK SX-108 

1.0 INTRODUCTION 

In 1996, S. F. Agnew and co-workers (Agnew and Corbin 1998) developed the historical leak 
model (HLM), an approach for estimating leak volumes in high-heat tanks at the Hanford Site. 
Their approach uses heat loads in the tank, estimated tank volume decreases based on 
evaporative cooling requirements, and measured waste volumes in the tank to estimate how 
much waste the tank may have lost through leakage. This methodology was applied to four 
reduction-oxidation (REDOX) process high-level waste (HLW) tanks (SX-108, -109, - 1  11, and - 
112) in the SX tank farm that are known to have leaked (Hanlon 1999). The leak volumes 
estimated using the HLM were considerably higher than those routinely reported in the monthly 
Hanford Site tank farms status report (Hanlon 1999). These differences generated considerable 
interest in the methodology and its potential applicability to other high-heat tanks at the Hanford 
Site. If the methodology is sound, the U.S. Department of Energy (DOE) has committed to apply 
the HLM to all appropriate tanks. 

The Lockheed Martin Hanford Corporation (LMHC) Tank Farm Vadose Zone Program is 
currently using Agnew’s Hanford Defined Waste (HDW) Model (Kupfer et al. 1998) to estimate 
tank compositions at the time of suspected leaks in 24 single-shell tanks (SST). DOE staff has 
suggested that, for all appropriate tanks, LMHC consider using the HLM methodology to 
estimate leak volumes concurrently with leak composition. This assessment of the HLM 
methodology was undertaken to better formulate LMHC’s response to the DOE staff request. 

1.1 HANFORD LEAK MODEL METHODOLOGY 

Fuel production in the Hanford Site reactors and subsequent plutonium-recovery processing are 
well documented. Thus, existing computer codes, such as OREGIN2 and the HDW model, can 
be used to estimate the radionuclide inventory in any Hanford Site HLW tank at any point in 
time. Using these computer codes we can feasibly quantify the heat load generated from 
radioactive decay in any high-heat tank as a function of time. A known volume of water was 
added to the tanks each month to facilitate dissipating a significant quantity of the heat load 
through evaporative cooling. The volume of water lost each month through evaporative cooling 
can be estimated using the heat load and latent heat of vaporization for water. The basis ofthe 
HLM model is comparing the estimated volume decrease caused by evaporation and documented 
tank volume measurements. If the volume losses over a specific period were greater than the 
volume estimated to have been lost through evaporation, the excess volume lost was ascribed to 
a tank leak. Tank waste volumes were corrected to account for the frequent additions of liquids 
to the tank. 

When the heat load in a tank was high, a large quantity of water was evaporated and replaced 
monthly, making volume losses caused by leaks difficult to detect. Thus, the HLM methodology 
is applicable only to the limited period when the heat load had dropped significantly and 
transfers into the tank were minimal (Agnew and Corbin 1998). This was referred to as a 
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“quiescent period”. To develop a maximum credible leak volume, when tank leaks were 
identified during a quiescent period, the leak was assumed to have been active during the non- 
quiescent periods as well. For example, an estimated leak volume of approximately 
11 kL/month (3 kgal/month) determined from July 1959 through April 1962 in tank SX-108 
using the HLM was applied from mid-1959 through February 1967 (Agnew and Corbin 1998) to 
estimate a leak volume near 757 kL (200 kgal). The only adjustment in the monthly leak rate 
was to factor in the hydraulic head in the tank based on waste volume. 

Because of its embedded assumptions, the HLM methodology includes several areas where 
potentially large uncertainties can be introduced into the calculations. Obviously, the quality of 
the radionuclide inventory estimate in a specific tank depends on the accuracy of both the 
OREGIN2 calculations and the waste transfer records. Heat losses from mechanisms other than 
evaporative cooling also complicate the water loss analysis. The historical tank level 
measurements are, of course, critical to HLM methodology. This assessment evaluates the 
potential impacts of different values for various imbedded assumptions on the postulated leak 
volume from tank SX-108 and recalculates tank waste material balances from 1959 through mid- 
1962, a quiescent period in this tank. 

2.0 ASSESSMENT OF HLM METHODOLOGY 

The data from January 1959 through April 1962 for tank SX-108 were chosen for this 
assessment because Agnew and Corbin (1998) identified this as a quiescent period where his 
analysis indicated the beginning of a tank leak event, as shown in Figures 1 and 2. In addition, 
D. Wootan of Fluor Daniel Northwest (FDNW) repeated the heat load calculations for tank 
SX-108 as an over-check of that aspect of the HLM methodology (see Appendix A). 

Table 1 shows the data available for ascertaining the presence of a tank leak in tank SX-108 
during the time period of interest. These include measured tank waste volumes reported monthly 
from January 1959 through October 1960 and biannually over the remaining period, volumes of 
liquid added to the tank, and two sets of tank heat load estimates. The only other data required to 
estimate expected tank waste volumes are estimates of heat loss to the soil and air. These 
estimates were developed by Agnew and Corbin (1998) and are provided in Table 2. This data 
set is sufficient to estimate expected tank waste volumes and, thus, identify potential tank leaks 
by comparing calculated tank waste volumes with measured volumes. 

This assessment includes a sensitivity analysis of the impact of recalculated heat loads on 
volume decreases in tank SX-108 caused by evaporative cooling over the time period of interest, 
heat losses to the soil and air, uncertainties in thermodynamic data used to calculate volume 
decreases, and material balance in the tank over this period. 

2 
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Figure 2. Tank SX-108 Unaccounted for Gain or Loss, Evaporation, and Leak Rates (Agnew 
and Corbin 1998). 
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Table 1. Tank SX-108 Tank Volume Data and Calculated Heat Loads. 

'Data are from Agnew, S. F. and R. A. Corbin, 1998, Analysis ofSXFarm Leak Histories-Hislorical Leak Model 
(HLM), Los Alamos National Laboratory, Los Alamos, New Mexico. 
'Volume of liquids added back to tank are from Agnew and Corbin (1998) and Agnew. S .  F., 1995, Waste Status and 
Transaction Record Summary (WSTRS Rev.2), WHC-SD-WM-TI-615, -614.669. -689, Rev. 2.. prepared by Los Alamos 
National Laboratory, Los Alamos, New Mexico, for Westinghouse Hanford Company, Richland, Washington. 
'Tank waste temperatures are from Agnew (1998) 
dHLM heat loads are from Agnew (1998) 
'Check heat loads are from Wooten, D. W., 1998, Evaluation of Historical Leak Model for Tank SX-108 Decay Power, 
Fluor Daniel Northwest, Inc., Richland, Washington, delivered under Fluor Daniel Northwest, Inc., correspondence 
number FDNW-RIP-98-025 
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(HLM), Los Alamos National Laboratory, Los Alamos, New Mexico. 
b% heat loss = Heat loss to ground + heat loss to air x 100 

HLM Heat Load 
‘Calculated here and listed in Agnew and Corbin (1998) 
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2.1 HEAT LOAD ESTIMATES IN TANK SX-108 

D. A. Wootan, FDNW, recalculated the decay power by month in tank SX-108 between 1955 
and 1968 using the OREGIN2 computer code (see Appendix A) For consistency, the 
recalculation used the same fuel batch processing and waste transfer records as Agnew's 
calculations (Agnew and Corbin 1998). The differences between the check values and the HLM 
values ranged from 4 percent to +9 percent, except for one batch of low-exposure fuel. The 
greater differences were noted during the high-heat time periods. This comparison is shown in 
Figure 3. The integrated decay power over the entire time period was 3 percent greater in the 
check power profile than in the HLM power profile. The conclusion was that the two data sets 
were consistent within the uncertainties associated with the necessary assumptions. 

Table 1 lists the heat loads by month (i.e., decay power) for January 1959 through April 1962 
from both the HLM and check calculations. Figure 4 shows the same data graphically. Using 
these data, values for water lost to evaporative cooling can be compared for HLM heat 
load(column 7, Table 2) and check heat load (column 4 Table 3) calculations. The evaporative 
cooling losses were calculated using the other assumptions imbedded in the HLM methodology. 
That is, assuming heat losses to the soil and air reported in Agnew and Corbin (1998) and using 
Agnew's thermodynamic assumptions. 

For the January 1959 to September 1960 period, the check heat load values calculated by 
Wootan resulted in an estimate of approximately 492 L (1.3 kgal) more per month lost to 
evaporative cooling than the estimate using the HLM heat values. This is not an attempt to 
suggest that one set of numbers are more correct than the other, but to show the impacts of minor 
differences in heat load on estimated volume losses to evaporative cooling. Because the HLM 
methodology identifies an approximately1 1 kL (3 kgal) per month leak rate in SX-108 beginning 
in July 1959 (Agnew and Corbin 1998), a 492 L (1.3 kgal) change indicates a relatively large 
uncertainty in the monthly leak rate. 

However, as shown in Figure 3 and 4, the two heat load data sets contain only minor differences. 
The consistent minor difference does not account for the shift in the difference between 
evaporative cooling losses and tank levels noted by Agnew and Corbin (1998) for July 1959, and 
identified as the beginning of the tank leak (see Figures 1 and 2). 

2.2 UNCERTAINTIES IN HEAT LOSSES TO SOIL AND AIR. 

The transfer of heat from high-heat tanks on the Hanford Site to the soils has been evaluated 
extensively (Jansen 1964, Jansen et al. 1966, and Willingham and Jansen 1966). The largest 
uncertainty associated with heat transfer from tanks to the soil is caused by the lack of data on 
the moisture content of soils around the tanks (Jansen et al. 1966). There is a factor of fourfold 
difference in thermal conductivity between dry and wet Hanford Site soils (Jansen et a1.1966). 
Under the conditions of a well-mixed boiling waste tank, 15,800 btu/hr (4.6 kW) would be lost 
through dry soils and 63,900 btu/hr (18.7 kW) would be lost through wet soil, with over 
80 percent of the heat being lost to the ground surface. According to Jansen et al. (1966), 
complex temperature profiles would develop in the soils around the tank (see Figure 5). 
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Figure 3. Tank SX-108 Decay Power Profile (from Appendix A). 
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Table 3. Calculated Volume Losses. 
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Figure 4. Tank SX-108 Heat Loads and Tank Temperatures. 
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Figure 5 .  Temperatures Around an Underground Waste Storage Tank 
Containing a Boiling Solution (D Soil) (Jansen 1966). 
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The HLM appears to treat heat losses to the soil simplistically when compared to the "textbook 
approach" for estimating heat loss from large tanks (Metcalf and Eddy 1991). The estimated 
heat transfer to the soil in the HLM appears to be calculated from the difference between the 
(assumed) temperature in the tank (approximately 140°C) and a hypothetical soil temperature 
(1 8 "C ) multiplied by an undefined constant. According to discussions with Agnew, the 
undefined constant was developed by fitting data from non-leaking high-heat tanks and included 
heat lost to both soil and air. The heat loss was scaled to be approximately 68,242 btdhr 
(20 kW), apparently a design or operating parameter for the REDOX boiling waste tanks. 
[ref. Agnew 1999, private communication] 

Quantifying heat lost to the air moving through the tank (the HLM lists the air flow as 
2.83 m3/min [I00 ft3/min] during the time period of interest) is more complicated than 
addressing heat loss to the soil because the air duct systems were complicated. The air flow in 
the REDOX boiling waste tanks in the SX tank farm passed through multiple tanks sequentially 
to a central condenser, making any assessment difficult. No direct estimates of heat losses 
through the air in tank SX-108 are known. However, an assessment of the vapor losses from 
tank SX-109 developed to support another tank leak volume estimate defines some of the 
difficulties and missing information that must be addressed (Lewis 1987). Thus, empirically 
scaling heat loss from a similar, but non-leaking, tank, as Agnew did, may be one of the few 
realistic alternatives for addressing heat losses to the soil and air. The uncertainty associated 
with this estimate is unknown. 

During the periods of maximum heat load in tank SX-108, the heat lost to the air and soil, as 
calculated by the HLM model, represents less that 20 percent of the total heat loss (Agnew and 
Corbin 1998). During these periods, uncertainties in the estimate of heat loss to the soil and air 
may be less consequential in a tank leak estimate. However, as the heat loads in the tank 
decrease, the percentage of the total heat load being lost to the soil and air increases significantly. 
The percent of the total heat load lost to the soil and air using the Agnew approach is plotted in 
Figure 6. In early 1962, calculated heat losses to the soil and air were approximately 80 percent 
of the total heat. Clearly, as one moves into the quiescent time period, uncertainties in the heat 
loss to the soil and air have an increasing impact on the uncertainties of leak volume estimates. 

2.3 TANK TEMPERATURE USED IN HLM. 

The temperatures reported in the HLM document for tank SX- 108 (Agnew and Corbin 1998) 
appear to be maximums for the time period and clearly do not reflect tank supernatant liquid 
temperatures. The temperature data reported by Agnew and Corbin (1998) for tank SX-108 for 
the period between January 1959 and April 1962 are plotted in Figure 4 and seem to reflect 
abrupt changes that are likely associated with instrumentation problems rather than real variation 
in sludge temperature. These values most likely reflect sludge temperatures in the bottom of the 
tank. The boiling point for the supernatant assumed to have leaked from tank SX-108 (for 
tank SX-108 waste composition estimates, see Tables 4 and 5 from Agnew and Corbin 1998) is 
about 110 "C at 1 atm (Jansen 1966). Only under a significant hydraulic head (-3 atm) could the 
boiling point approach 140 "C. However, during operations in boiling waste tanks air circulators 
were used to mix the supernatant to minimize superheating. Thus, the supernatant temperature 
was likely to be reasonably homogeneous and near 110 "C as long the liquid was boiling. This 
assumption was used by Jansen et al. (1966) in their thermal transport modeling. 
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A key point is that, without superheating, the temperature of a well-mixed supernatant cannot 
increase unless it self-concentrates ( Le., the concentration of ions in solution increase). The 
supernatant temperature is fixed by the boiling point of the supernatant, which is controlled by 
the concentration of ions in solution. The evaporative cooling in the boiling waste tanks is 
analogous to evaporation in a pot of boiling water. Increasing the heat does not increase the 
water temperature, but rather increases the rate at which water evaporates from the pot. Thus, 
the quantity of heat transfer to the soil should have been relatively constant. As previously 
noted, heat losses to the air are less well defined. 

2.4 UNCERTAINTIES IN LATENT HEATS OF VAPORIZATION 

Quantifying the volume of water lost as a function heat loss is directly related to the value for the 
“latent heat of vaporization” for the supernatant. The latent heat of vaporization for pure water 
was used in the HLM water loss calculations (Agnew and Corbin 1998). Given the large impact 
of dissolved salts on the activity of water, we can reasonably question the validity of using the 
latent heat of vaporization for pure water to estimate evaporative cooling water losses from HLW 
supernatant liquids. However, apparently, this aspect of solution thermodynamics has not been 
extensively explored. At least, classic chemical thermodynamics texts dealing with electrolyte 
solutions (e.g., Lewis and Randall 1961, Klotz 1963, Harned and Owens 1958) do not address 
the effects of dissolved salts on the latent heat of vaporization. 

The latent heat of vaporization for the supernatant liquid in tank SX-108 (Agnew and Corbin 
1998) was estimated to be about 7 percent higher than the value for pure water at 1 atm using the 
Environmental Simulation Program (ESP 1998), the accepted Hanford Site solution 
thermodynamics computer model (Graham MacLean, private communication). Under a 9 m 
(30-ft) hydraulic head, the latent heat of vaporization for REDOX boiling waste would be 
approximately 4 percent lower than the value for pure water. Thus, it appears the decision to use 
of the latent heat of vaporization for pure water in the HLM leak volume estimates was 
reasonable. In addition, any error in the latent heat of vaporization would be systematic and 
would apply proportionally to all calculations of volume loss from evaporative cooling. 

2.5 MATERIAL BALANCE DURING QUIESCENT PERIOD 

The data included in Table 1 coupled with heat loss estimates developed by Agenw and Corbin 
(1998) and listed in Table 2 appear to be sufficient to calculate expected tank volumes monthly. 
Over the period for which monthly tank volume measurements are available (see Table I), 
calculated tank volumes can be compared with measured tank volumes. This comparison appears 
to be sufficient to evaluate potential leaks in tank SX-108 over the quiescent period. These 
calculations are described in the following paragraphs. 

In this document’s material balance calculations, the measured tank volume (see Table 1) 
is assumed to represent the tank volume at the beginning of the month. The volume of liquids 
added to the tank during the month is added to the beginning tank volume. The estimated water 
loss to evaporative cooling is then calculated by dividing the heat load by the latent heat of 
vaporization, including appropriate conversion factors. The calculated tank volumes were 
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determined by subtracting the evaporative cooling volume losses from the tank waste volume. 
These calculations are as follows: 

Evaporative Cooling 
Volume Loss, kgal = ITotal Heat Load. kW -Heat Loss to Soil and Air. kW] 

[Latent Heat of Evaporation, kWkgal] 

Calculated Tank Volume, kgal = Measured Tank Volume, kgal + Volume Added, kgal- 
Evaporative Cooling Losses, kgal 

Example calculation for the month of Januarv 1959 using HLM heat load estimates: 

Evaporative Cooling 
Volume Loss, kgal = (154.4 kW - 12.5 kW - 12.4 kW) month x kJ/sec 

2.259 H/e. x 3.785 E06 e k a l  
2.625 E06 seclmonth 

kW 

Evaporative Cooling Volume Loss, = 39.76 kgal 

Calculated HLM Tank Volume = 780 kgal + 18 kgal - 39.76 kgal = 758 kgal 

The calculated monthly tank volumes using the HLM heat load estimates are listed in column 6 
of Table 3. The calculated monthly tank volumes using the check heat load estimates are listed 
in column 7 of Table 3. The measured and calculated tank volumes (columns 1 ,2 ,5 ,  and 6 of 
Table 3) are plotted in Figure 7. The calculated tank volumes track each other, as expected 
based on very similar heat load estimates; the difference between the calculated and measured 
tank volumes appears to be random. 

The HLM-tank volume difference (column 8 of Table 3) and the Check-tank volume difference 
(column 9 of Table 3) were calculated by subtracting the “calculated” tank volume from the next 
month’s measured tank volume. For example, the January 1959 calculated HLM tank volume 
was 2869 kL (758 kgal), based on the beginning monthly tank volume, liquid additions, and 
evaporative cooling losses. The measured tank volume for February 1959 (assumed to represent 
the tank volume at the beginning of the next month) was 2922 kL (772 kgal). Thus, the HLM- 
tank volume difference was 2922 kL (772 kgal) - 2869 kL (758 kgal) or 53 kL (14 kgal). That 
is, on February 1, 1959, the tank contained 53 kL (14 kgal) more waste than was calculated to be 
in the tank. It follows, then, that negative tank volume differences might represent a volume 
leaked from the tank. The HLM-tank volume difference is plotted as a function of time in 
Figure 8. 
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Figure 7. Calculated and Measured Waste Volumes in Tank SX-108. 

Figure 8. Tank Volume Difference 
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The mean of the HLM-tank volume difference from January 1959 through September 1960 is 
4542 L ( 1.2 kgal) with a standard deviation of 545 1 kL ( 14.4 kgal). That is, over a 2 1 -month 
period, the average difference between the calculated tank volume and the measured tank volume 
was 4542 L (1.2 kgal). However, the standard deviation of 545 1 kL (14.4 kgal) reflects a large 
scatter in the monthly values. Based on these data, it appears to be impossible to postulate a tank 
leak over the period from January 1959 through September 1960. 

Clearly, the assumption that the measured tank volume represents the tank volume at the 
beginning of the month could be, and in many cases probably was, not valid. That is, within a 
month, liquids could have been added before the tank volume measurement rather than after, as 
was assumed. Thus, comparing one month’s Tank Volume Difference with the next month’s 
may not be valid. For example, the large swings observed in the Tank Volume Differences 
between March and October 1959 (see columns 8 and 9 of Table 3) could reflect times when the 
assumption is invalid. However, data comparisons over several months should be valid. 

A second mass balance calculation was completed for the period of January 1959 through 
December 1961, the last measured tank volume in the period of interest. The total volume of 
water lost through evaporative cooling was 1533 kL (405 kgal) based on the HLM heat loads and 
1669 kL (441 kgal) based on the check heat loads (see columns 3 and 4 of Table 3). The 
measured tank volume decreased 303 kL (80 kgal) (see column 2 of Table 3) and 1298 kL 
(343 kgal) of liquid (see column 5 of Table 3) were added back to tank SX-108 over the period 
of interest. Thus, the material balance would be: 

Material Balance = Evaporative cooling volume loss - [tank volume change + total 
volume added back to tank] 

For the HLM system: 

Material balance = 405 kgal - [SO kgal + 343 kgal] = -18 kgal 
That is, for material balance, the tank would require 68 kL (1 8 kgal) more-volume than the 
December 1961 tank level measurement indicates. 

For the check system: 

Material balance = 441 kgal - [80 kgal + 343 kgal] = 18 kgal 

That is, for material balance, the tank would require 68 kL (1 8 kgal) less volume than the 
December 1961 tank level measurement indicates. 

The f 68 kL (i 18 kgal) difference between the calculated and measured tank volume appears to 
be well within the uncertainties suggested by the data in columns 8 and 9 of Table 3. For the 
period when monthly measured tank volumes were available, the standard deviation for the 
average difference between the measured and calculated tank volume change was 5451 kL 
(14.4 kgal). Qualitatively, it follows that, for a monthly difference greater than 110 kL (29 kgal), 
one would be required to be 95 percent confident that the observed difference was large enough 
to suggest a potential tank leak. Thus, the overall volume loss of 68 kL (1 8 kgal) as suggested 
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by the HML system material balance would not qualify as indicating a tank leak, even if that 
change had occurred in 1 month, much less over 24 months. 

3.0 CONCLUSSIONS 

Much of the data reported in Agnew and Corbin (1998) and this assessment agree closely. As 
previously noted, the heat load estimates agree very well, but the small differences that were 
found translate into something greater than a 3785 kL/month (1 k‘gal/month) difference in 
monthly evaporative cooling volume decreases. Using the HML heat loads and other 
assumptions, identical monthly evaporative cooling volume losses were calculated. The volume 
additions to tank SX-108 used in this assessment came from Waste Status and Transaction 
Record Summary (WSTRS Rev.2) (WSTRS), WHC-SD-WM-TI-615, -614, -669,689, Rev. 2 
(Agnew 1995), and are identical with the values reported in Agnew and Corbin (1998) except for 
two water additions found in WSTRS, Rev. 2, but not in Agnew and Corbin (1998). The 
differences are found in the monthly “calculated tank waste volume” values. This assessment 
simply sums monthly gains and losses, whereas Agnew and Corbin (1998) execute a much more 
complex calculation to obtain a “volume of unaccounted water gain or loss for month-i.” (It is 
important to appreciate that the HLM was developed to account for generalized long-term tank 
operating conditions in multiple HLW tanks, while this assessment covered only a short 
quiescent period in a single HLW tank, which allows for simpler calculations.) 

The evaluation of tank SX-108 information over the period from January 1959 through 
December 1961 fails to reveal any evidence suggesting a tank leak. Based on scatter in the data, 
a monthly volume loss of more than 1098 kL (29 kgal) between the calculated and measured 
tank waste volume would be required to be 95 percent confident that an unexplained volume 
discrepancy had been noted. Unexplained volume discrepancies continuing over many months 
may indicate a smaller leak. However, no evidence was found of unexplained volume 
discrepancies over the time period examined. No attempt was made to quantify the minimal 
multi-month leak that would have been detected. 

Because Agnew based the approximately 757 kL (200-kgal) leak estimate for tank SX-108 on 
the data over the time period evaluated in this effort, it appears that the HLM leak volume 
estimate is not valid. In Agnew and Corbin (1998), the exact calculations used in the HLM 
methodology are described in terms of EXCEL*spreadsheet equations. Without access to the 
spreadsheet it was impossible to recreate the results published in Agnew and Corbin (1998). 
However, it appears likely that the results published by Agnew and Corbin (1998) indicating a 
leak beginning in July 1959 were an artifact of the HLM calculation methodology. 

This evaluation provided some indication of the relative uncertainty associated with data used in 
the calculation. One might expect a 5- to 10-percent uncertainty in the heat loads based on a 
combination of OREGIN2 and HDW model runs. The amounts of heat lost to the soil and the air 
ventilation system are highly uncertain. The tank temperatures used in the HLM SX-108 heat 
loss calculations are not realistic for REDOX HLW supernatant liquids. There is a lack of 
understanding in the fundamental thermodynamics data required to quantitatively calculate 
evaporative heat losses in the REDOX boiling waste tanks. Finally, there is some uncertainty in 
the measured tank volume values. Raymond and Shdo (1966) assigned a measurement 
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uncertainty of* 1.3 cm (* 0.5 in.) to tank level measurements under conditions optimized to 
evaluate potential tank leaks. This would indicate a * 520 kL (* 1.375 kgal) uncertainty in tank 
volume measurements. Realistic estimates of uncertainties in waste level measurements under 
routine operating conditions are not available. These, as yet, non-quantified uncertainties would 
seem to present a significant challenge in pursuing the HLM approach for estimating leak 
volumes in high-heat waste tanks. 

It should be noted this assessment reevaluated only a small fraction of the data included in the 
HLM report for tank SX-108. The Agnew report also addressed 3 other REDOX boiling waste 
tanks. Clearly, addition data reevaluation would be appropriate. 
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Evaluation of Historical Leak Model for Tank SX-108 Decay Power 

Scope 

This report evaluates the ability of the Historical Leak Model (HLM), developed by Los 
Alamos National Laboratory (LANL), to back-calculate the concentrations of heat-producing 
radionuclides to the precision required to develop realistic estimates of tank leak volumes. Fuel 
processing and waste addition records were used to calculate the decay heat in the suspected 
leaking high heat load tank SX-108 during the period 1955 to 1968 for comparison with the HLM 
estimates. 

Background and LANL Methodology 

A Historical Leak Model (Agnew, 1998) was developed by LANL for estimating tank leak 
volumes from potentially leaking single-shell tanks that contained high-heat wastes. The approach 
is based on calculating the difference between the volume of water lost to evaporation versus the 
amount of water added back to the tank over the period of time the tank was suspected to have 
leaked. Such calculations require a knowledge of the quantities of heat-producing radionuclides 
in the tank over the time period of interest. 

The Hanford Derived Waste (HDW) Model provides a means to calculate the current 
composition of the waste in a particular tank based on approximately monthly batch fuel activity 
records generated using the ORIGENZ and DKF'RO codes (Watrous 1997). However, all of the 
radionuclide concentrations used in the HDW model had been decayed to Januaty 1, 1994. Also, 
the major sources of tank decay heat in the first one to six years after fuel discharge, such as 
"'Ce, were not included, The restriction of the fuel activity file to only long-lived radionuclides 
and their pre-decay to 1994 was done because the original goal of the HDW model was to predict 
auent tank inventories, not historical inventories as a function of time 

The HLM used the and 90Sr values from the fuel activity records input to the HDW 
model as of January 1, 1994 to back calculate the concentrations of short lived radionuclides. For 
each batch of fuel in the fuel activity records, the 1994 prediction of % and I3'Cs was back 
decayed to the date of fuel discharge for that batch. "Sr and curies were converted to decay 
heat using watt/Ci factors. An effective cooling curve was derived by LANL by fitting M 

ORIGENZ calculation of spent fuel heat generation decay and scaling relative to 13'Cs and %. 
Decay power was defined in terms of four "surrogate" nuclides having half-lives of 1 .O, 0.45, 
0.22, and 0,080 years and generating 12.9, 15.0, 108, and 200 watts per watt o~~S~-Y/" 'CS-B~  
at time of fuel discharge Total decay heat at discharge was calculated by multiplying the %-Y 
and '"Cs-Ba total watts by the wattdwatt factors to get the decay power of the surrogatt fission 
products. Decay power accumulated in any tank was then calculated by decaying the surrogate 
fission product heat for each batch of he1 forward in time to the desired decay date. It was also 
necessary to account for the accumulation of decay power from multiple fuel batches and waste 
batches that were routed to more than one receiver tank in a single month. The information in the 
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HLM on transfers into and between tanks WBS apparently only available on a quarterly or 
semiannual basis, and the same transfer factors were used for each month in the transfer period. 

Decay Power Profile 

ORIGEN2 output for typical reactor conditions and fuel types being processed through 
the REDOX plant were used to check the validity of the HLM methodology for estimating the 
decay heat of tank waste. ORIGEN2 was used to calculate the radionuclide production during 
fuel irradiation and the subsequent radioactive decay for enriched single pass reactor fuel with &el 
exposures ranging from approximately 200 to 1400 MWD/MT. Figures 1 and 2 compare the 
HLM prescription (from Agnew 1998) for generating fuel decay heat with these ORIGEN2 
predictions for fuel with low, average, and high exposures. These decay curves have been 
normalized to the values at 4000,days decay, where nearly all the decay heat is from ”’Cs and %r 
decay. For average fuel exposures, the HLM decay heat profile agrees with ORIGEN2 to within 
5%. However, at decay times of less than 500 days, the HLM predicts too little heat in lower 
than average exposure fuel and too much heat in higher than average exposure fuel. 

Tank SX-108 Decay Power Profile 

Fuel processing records and ORIGEN2 decay heat curves for each fuel batch processed 
through the REDOX plant and added to tank SX-108 for the waste accumulation period of 1959- 
1964 were used to calculate the complete radionuclide inventory and decay heat for tank SX-IO8 
at monthly intervals from 1956 to 1967. Both the HLM and this check calculation used the 
WSTRS data fde to determine time periods when REDOX waste was being routed to Tank SX- 
108. Table 1 lists information on the fuel batches including specific information on the amount of 
fuel in metric tons (MT), the fuel exposure in MWD/MT, the fuel cooling time (from Watrous 
1997), and the fraction of the waste from that batch of fuel that was added to tank SX-108 (from 
Agnew 1998). Duplicate months in Table 1 indicate that two fuel batches were processed that 
month. Separate ORIGEN2 calculations were made for each batch of fuel added to the tank 
during this period, using the data in Table 1 and an average specific power of 10 MW/MT. 
Radionuclide concentrations and decay heat for each batch of fuel were calculated at various 
decay times following the end of irradiation, ranging from 50 to 4000 days. ORIGEN2 could be 
used to generate the decay heat values on a monthly basis over the entire time period of interest. 
However, to avoid thclarge amount of data manipulation involved, the decay power output for 
each fuel batch was fit to a set of five exponential decay terms with half lives of 30., I . ,  0.8, 0.18, 
and 0.08 years. Separate fits were made for each fuel batch, which generally achieved 1% 
agreement with the ORIGEN2 values between 100 days and 4000 days decay. The fit equations 
were then used in a spreadsheet to generate monthly decay heat values for each fuel batch. As 
explained in the following section, adjustments were made for a few waste transfers into’hd out 
of the tank. 

Figure 3 compares the ORIGEN2 calculated tank power profile (“check”) generated to 
the HLMs tank power estimates for the same period. Figure 4 shows the percent difference in 
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Table 1, Fuel Processing Data For Tank SX-108. 
rn MWWMN PLANT SEP. DATE SEP. COOLIN0 FR 

DAYS RADS* 
KEY TYPE 

OF FUEL 

_ _ _ _ ~  
4 2 0 8 1 0 . 7 l U  95 I 289 56 1 4342.02 I 134 I 0.12 
4224 I AL-0.7IU I 219 I 278 I Redox I 9 1  56 I 4372.02 I 148 1 0.12 

6615 I ALo.94U 902 63 I 6777.02 I 162 I 0.55 
6MS 1 ALo.94U I 22 I 911 1 Redox I S I  63 I 6807.02 I 162 I 0.55 
6685 I AL-0.94U I 117 925 1 Redox I 6 1  63 I 6837.02 I 152 I 0.55 

I 167 I 

219 I 0.07 
158 0.07 

937 64 I 7172.02 I 
7045 I ALo94u 1 71 I 966 1 Redox 1 6 1  64 I 7203.02 1 

'FR. RADS is the fraction of the waste from each batch of fuel that was added to Tank SX-108. 
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MonthlYear kgal Removed kgal Tank Waste 
Volume 

the monthly values from the HLM. Except for one month, the differences were 10% or less. 
Figure 5 shows the difference in tank decay heat in kW on a monthly basis. The higher values of 
decay heat differences for 10/55 and 12/57 are likely due to the fact that relatively low exposure 
fuel was processed during those months. As shown in the previous section, the average decay 
power profile used in the HLM predicts less heat at short decay times for low exposure fie1 
compared to the ORIGEN2 predictions. The values displayed in Figures 3 ,  4, and 5 are provided 
in the Appendix. 

Transfers Tolfrom Other Tanks 

Decay Heat 
Correction Factor 

5/62 

11/62 

665 684 0.578 

205 649 0.954 

3 / 6 1  

Three instances ofwaste transfers into tank SX-108 from tanks other than the condensate 
return from Tank SX-106 were identified. For lack of any other data on the waste composition 
being transferred into the tank, the itlcrease in 137Cs inventory during these months from the HLM 
was converted to decay heat and added to the tank decay heat. This assumption likely under 
predicts the tank heat since it neglects any additional decay heat from radioisotopes other than 
'"Cs. The dates and amount of heat added (based on Agnew 1998) are listed in Table 3 .  

388 565 0.610 1 
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Table 3. Waste Transfers from Other Tanks 

MonthlYear I kW Added I 
I 12/62 

I 6.7 6/63 

12/63 5.6 

Fuel Enrichment 

The fuel processed during 1955-1964 waa amixture of natural and 0.947% enriched fuel. 
For an irradiation to the same exposure in W M ,  differences in decay power between natural 
and enriched fuel was negligible. This is due to the fact that the decay heat is dominated by the 
fission products, which would be the same for the range of fuel exposures encountered. 

Fuel Specific Power 

An average fuel specific power of 10 h4Wm was used for all of the calculations. The 
actual specific power of each fuel batch depends on the location in the reactor and the reactor 
operating conditions, and is not known. The average specific power of the single pass reactor 
fuel can be inferred from the reactor power lwd and the total fuel loading, and varied over time 
as the reactor power was significantly upgraded between the beginning of operations and the end 
of life. Typical specific powers started about 1 MWMT in 1946, steadily increased to about 5 
W/MT by 1955, and reached 8-10 M W M  after 1960. Fuel enriched to 0.947% 23sU operated 
at specific powers approximately 10% higher than natural fuel. Lower fuel specific powers 
require longer irradiations to reach a given firel exposure in MWD/MT. The number of fissions 
would be the same, so the production of longer lived fission products such as wSr and '"Cs would 
be unaffected. However, during longer irradiations the shorter-lived fission products would 
undergo more in-reactor decay, resulting in 1- decay heat at short decay times. Table 4 
compares the decay power following irradiation for a typical fuel exposure of 900 MwD/MT for 
specific powers of 5 MWW and 10 M W M .  At 100 days decay after the end of irradiation, a 
specific power of 5 MW/MT would result in a dewy power 26% lower than at 10 MW/MT, while 
there would be no difference at 4000 days decay. Thus, the impact of using an average specific 
power of 10 MWNT for all of the fuel is that the peaks in decay power (easily seen in Figure 3) 
prior to 1960 are overestimated by as much aa 25%. 
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Table 4. Impact of Lower Fuel Specific Power on Decay Power 
r 

I - 
Decav Power at 1 O M W M  I Decay Time, days 

100 I 0.74 

200 0.78 

300 I 0.83 
600 0.91 

900 I 0.93 

2000 I 0.98 
I 4000 I 1.00 I 

Conclusions 

A somewhat independent assessment of the decay power by month in the presumed 
leaking high heat tank SX-108 between 1955 and 1968 shows general agreement to within 10% 
with the HLM. The check values ranged -4% to +9% from the HLM values, except for one value 
of +20%, which corresponded to a batch of low exposure fuel. In terms of decay power, the 
differences ranged from -10 kW to +30 kW, with the largest differences corresponding to vely 
brief periods after large heat additions. The integrated power over this entire time period was 3% 
greater for the check power profile compared to the HLh4 profile. The HLMs use of a generic 
fuel decay heat curve was shown to be measurably in error only for decay times of less than 500 
days with low or high exposure fuel. The use of an average specific power of 10 W / M T  for all 
of the fuel may overestimate the short term peaks in decay power prior to 1960 by as much as 
25%. 

This assessment was not completely independent because the same fuel batch processing 
records of fuel amounts, exposures, and cooling times were used as starting points. Also, the 
same tank transfer fractions were used in both studies, and similar assumptions were used to 
account for waste transfers to or from other tanks. The assumptions regarding separation of 
radionuclides between sludge and supernatant for waste transfers to or from a particular tank are 
very important in determining the heat load of the tank. The evaluation of the accuracy of those 
assumptions was beyond the scope of this study. 
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