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Summary

The Hanford Site is home to 177 large, underground nuclear waste storage tanks. Hydrogen gas is
generated within the waste in these tanks. The flammable gas watch list of tanks with potential
for hydrogen or other lammable gas accumulation currently includes 25 of the 177 tanks.

This document presents the results of a screening of Hanford’s nuclear waste storage tanks for
the presence of gas trapped in the waste. The method used for the screening is to look for an inverse
correlation between waste level measurements and ambient atmospheric pressure. If the waste level
in a tank decreases with an increase in ambient atmospheric pressure, then the compressibility may
be attributed to gas trapped within the waste. In this report, this methodology is not. used to
estimate the volume of gas trapped in the waste.

The waste level measurements used in this study were made primarily to monitor the tanks for
leaks and intrusions. Four measurement devices are widely used in these tanks. Three of these
measure the level of the waste surface. The remaining device measures from within a well embedded
in the waste, thereby monitoring the liquid level even if the liquid level is below a dry waste crust.

In the past, a steady rise in waste level has been taken as an indicator of trapped gas. This
indicator is not part of the screening calculation described in this report; however, a possible
explanation for the rise is given by the mathematical relation between atmospheric pressure and
waste level used to support the screening calculation.

The screening was applied to data from each measurement device in each tank. If any of these
data for a single tank indicated trapped gas, that tank was flagged by this screening process. A
total of 58 of the 177 Hanford tanks were flagged as containing tra,pped gas, including 21 of the 25
tanks currently on the flammable gas watch list.
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Acronyms and Abbreviations

AP

CASS

CI

DLM

DWL
ENRAF

FIC

ILL

MT

Neutron ILL

SACS

WL

Atmospheric pressure

Computer Automated Surveillance System

Confidence interval

Dynamic linear model

Detrended waste level

ENRAF 854 ATG level detector manufactured by‘ENRAF Incorporated
Tank waste surface level gauge made by the Food Instrument Company
Interstitial liquid level

Manual tape, a tank waste surface level gauge

Interstitial liquid level measurement based on neutron loggings- taken within the
tank waste '

" Surveillance Analysis Computer System, the database in which the tank waste level

data are stored

Waste level; tank waste surface level, as well as tank waste liquid level
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1 Introduction

The Hanford Site is home to 177 large, underground nuclear waste storage tanks. Numerous safety
and environmental concerns relate to these tanks; one safety concern is the propensity for some of
the tanks to generate and periodically release flammable gases in quantities sufficient to ignite the
tank headspace. Currently, 25 of the 177 tanks are believed to have this potential and are listed
on the flammable gas watch list. Hanlon (1994) lists these tanks and provides general information
about the Hanford tanks. Hopkins {(1994) provides more details about the issue of flammable gas
in the Hanford waste tanks.

This report documents a screening of all 177 Hanford tanks for the existence of trapped gas,
using tank waste level data and local weather data. In this report, the term “trapped gas” refers
to gas phase material within the tank waste. The method used is to look for an inverse correlation
between waste level measurements and ambient atmospheric pressure. If the waste level in a
tank decreases with an increase in ambient atmospheric pressure, then the compressibility may be
attributed to gas trapped within the waste. In this report, this methodology is not used to estimate
the volume of gas trapped in the waste.

The data used for the screening were all the tank waste level data available in the Surveillance
Analysis Computer System (SACS) database since 1981, along with atmospheric pressure data
available over the same time span from the Hanford Meteorological Station. The waste level
measurements were made primarily to monitor the tanks for leaks and intrusions.

The general approach to the screening is described in Section 2. Section 3 summarizes the types
and amounts of available data on tank waste level and atmospheric pressure. This description
includes more details about the measurements and a table showing the quantity of each type of
data for each tank. Section 4 describes the screening methodclogy, both computationally and in a
model that explains how the quantity being calculated is related to trapped gas. Section 5 presents
the results of the screening calculation. The key summaries of the screening calculation are Table 2,
which appears in Section 5, and the summary plots of the data for each tank and level measuring
instrument, which are collected in the appendix. '







2 Approach

Similarities observed in the fluctuations of waste level measurements for tanks, even when the tanks
are in different farms, were the impetus for the search for an external, common cause. Whitney
documents that the common fluctuations in waste level are related to changes in atmospheric pres-
sure (AP).! The relationship between tank waste level and headspace pressure was also observed
for Tank SY-101, and used to estimate the amount of gas contained in that tank’s waste (Alle-
mann et al. 1994). The expected relationship is that increased pressure compresses the gas in the
waste, thereby decreasing the waste level.

Figure 1 exhibits how tank waste level (WL) and atmospheric pressure are related in Tank
S-102, a tank on the flammable gas watch list. The figure shows two months of daily surface
level measurements. During this time, the waste level was rising. The fluctuations in waste level
visibly track the fluctuations in reciprocal atmospheric pressure. Figure 2 is similar, but instead of
comparing waste level with atmospheric pressure, compares atmospheric pressure with the residuals
from a linear fit to waste level versus time. The residuals from a linear fit of waste level to time
are referred to in this report as “detrended waste level” (DWL). The correspondence between the
detrended waste level and reciprocal atmospheric pressure shown in the figure is remarkable. This
relationship between detrended waste level and atmospheric pressure is the basis for the screening
of Hanford tanks for trapped gas, as presented in this report. Figure 3 shows the same data
as Figure 2; the time order is ignored, and the paired measurements, detrended waste level and
atmospheric pressure, are plotted. Linear fits such as the one shown in this plot are used to indicate
trapped gas. In particular, the slope of the line is an estimate of the derivative dDWL/dAP, the
size of the response of waste level to changes in atmospheric pressure. The quantity dDWL/dAP
is directly related to the amount of gas in the tank waste, as shown by Equations (5) and (7} in
Section 4.2.1.

An earlier screening! failed to detect trapped gas in Tank SY-101, a tank viewed as the worst -
case of all the tanks on the lammable gas watch list. Two reasons for this failure were 1) the rise
in level due to the increased volume of trapped gas masked the relation between surface level (as
opposed to detrended surface level) and atmospheric pressure; and 2) the large jumps in liquid
level in this tank, due to gas releases, also masked the relation between surface level and atmo-
spheric pressure. The first problem is handled in this report by using detrended surface level data
instead of the raw surface level data. The second problem is addressed in this report by using an
algorithm called the multi-state dynamic linear model (DLM) to detect large changes in the tank
level measurements. This algorithm and other steps in preprocessing the level data are described
in Section 4.

"Whitney, P. 1994. Preliminary Study of the Relationship Between Atmospheric Pressure and Surface Level in
Hanford Tanks. Letter report to Westinghouse Hanford Company from Pacific Northwest Laboratory.
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