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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 flammable 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.




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 JDWL/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 flammable 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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3 Data

Two types of data are used in the screening calculations, tank waste level data and ambient at-
mospheric pressure data. The measurement processes and sources for level data are described in
Section 3.1; Section 3.2 presents an overview of the atmospheric pressure data taken at the Hanford
Meteorological Station (HMS). »

3.1 Tank Waste Level Data

Tank waste level measurements are made in the Hanford tanks to monitor for leaks and intrusions.
Four measurement devices are widely used in these tanks. Three of these measure the level of
the waste surface; they are referred to as the FIC (made by the Food Instrument Company),
manual tape (MT), and ENRAF (not an acronym, but the capitalized name of the manufacturer).

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. This measurement is referred
to as Neutron ILL. It’s typical that, for any extended time period, only one of the surface level
instruments is used in a tank. The current deployment of these devices in the Hanford tank farms
is described for each tank in Hanlon (1994).

All of the waste level measurements used in this report were retrieved from the Surveillance
Analysis Computer System (SACS) database (Glasscock 1993). The level data on which this report
is based represent a complete dump of the waste level measurements in the SACS database as of
March 3, 1995. Table 1 summarizes the data available from this dump. The initial date for the
data in the dump was January 1, 1981. The table shows, in the column labeled # Obs., how
many measurements (if any) of each type are available for each tank. The count does not include
measurements marked “Suspect” in the SACS database; a waste level measurement is marked
“Suspect” in SACS when it is judged to be far from the main trend of the data. The time span of
the measurements is noted in the columns labeled From and To. The waste level data are shown in
the plots contained in the appendix. _

The FIC and manual tape, both of which are plummets on the ends of steel tapes, are lowered
into the tank from the ground level. Both detect the waste surface by indicating the level at which
an electrical circuit is completed. The plummet for the manual tape is lowered manually, and the
level measurement is recorded to the nearest quarter-inch.

The FIC plummet is mechanically controlled, and the level measurement can be recorded by
a data acquisition system to the nearest tenth-inch. Some of the FICs are read by the Computer
Automated Surveillance System (CASS) data acquisition system (Spurling 1991); the rest are read
manually. The manual readout on the FIC, similar to a car odometer, can be read to slightly better
resolution than available through CASS.

The FIC is often deployed so that the plummet is suspended just slightly above the waste
surface. The plummet is lowered every minute, and a reading is available through CASS. One of
these measurements per day is recorded in the SACS database.

The ENRAF gauge detects the waste surface by the change in buoyancy of a weight on the
end of a wire, as the weight encounters the liquid or solid waste surface. Daily measurements for
this device are recorded in the SACS database. References providing more details on these devices
are Brewster et al.? and Peters and Park (1993). '

?Brewster, M., E. Eschbach, and Z. Antoniak. 1995. Uncertainty Status of Selected Instruments in Tank 241-SY-
101. Letter Report PNLMIT:013095, Pacific Northwest Laboratory, Richland, Washington.




Neutron ILL measurements are made in some of the Hanford tanks; see (Stong 1986) for a
description of this measurement. The neutron probe takes measurements of the waste from within
a four-inch-diameter tube installed in the tank; the tube extends from ground level almost to the
bottom of the tank. The tube is referred to as a liquid observation well. Currently, 58 Hanford
tanks have working liquid observation wells. The neutron logging produces a vertical profile of
the tank waste (at least at the location of the liquid observation well), and the liquid level can be
estimated from the logging, even if the liquid level is below the waste surface level.

For some tanks, the apparently large number of observations and intervals is misleading because
of transfer of contents between tanks. For instance, the data for the double shell Tank AP-101
(page 87) show that the tank has recently lost much of its contents due to a transfer to another
tank. So, even though the table reports 2175 FIC measurements from September 1986 through
March 1995, the number of measurements that describe current conditions is actually much less.
Furthermore, tank transfer events were not taken into account in the automatic screening calcula-
tion. Other tanks to examine in this context include all the other double-shell tanks and all the
single-shell tanks that have been pumped. A list of the single-shell tanks that have been pumped
is given in Table I-1 of Hanlon (1994). Tanks that are flagged by the screening process and have
had some transfer of contents are listed in Section 5.




Table 1: Level data availability by tank
‘Tank FI1C ENRAF MT Neutron ILL
From To # Obs. From To # Obs. From To # Obs. From To # Obs.
A-101 Jan 81 May 82 71 - - - Jan 81 Jan 95 1092 Mar 86 Mar 95 108
A-102 Jan 81 Jan 95 711 - - - - - - - - -
A-103 Jan 81 Mar 95 2088 - - - Jan 81 May 82 73 Mar 86 Mar 95 153
A-104 - - - - - - Jan 81 Jan 95 650 - Co- -
A-105 - - - - - - Jan 81 | Jan 95 656 - - -
A-108 Jan 81 Jan 95 184 . - - - - - - - - -
AN-101 Oct 81 Mar 95 2520 - - . - .
AN-102 Oct 81 Mar 95 2490 - - -
AN-103 Oct 81 Mar 95 2422 - - -
AN-104 Oct 81 Mar 95 2484 - - -
AN-105 Oct 81 Mar 95 2436 - - -
AN-106 Oct 81 Mar 95 2420 - - -
AN-107 Oct 81 Mar 95 2433 - - -
AP-101 Sep 86 Mar 95 2175 - - -
AP-102 Sep 86 Mar 93 1447 - - -
AP-103 Sep 86 Mar 95 1966 - - -
AP-104 Sep 86 Mar 95 2144 - - -
AP-105 Sep 86 Mar 95 2156 - - -
AP-108 Sep 86 Mar 95 2180 - - -
AP~107 Sep 86 Mar 95 2273 - - -
AP-108 Aug 86 Mar 95 2999 - - -
AW-101, Jan 81 Mar 95 1726 - - -
AW-102 Jan 81 Mar 95 2089 . - - -
AW-103 Jan 81 Mar 95 1674 - - -
AW-104 Mar 81 Mar 95 2460 - - -
AW-105 Jan 81 Mar 95 1726 - - -
AW-106 Jan 81 Feb 95 2328 - - -
AX-10% Jan 81 Jan 95 275 - - -
AX-102 - - - ’ - - -
AX-~103 Jan 81 Jan 95 510 - - -
AX~-104 - - - - - -
AY-101 Jan 81 Aug 90 644 - - -
AY-102 Jan 81 Mar 95 2367 - - -
AZ-101 Jan 81 Feb 89 . 421 - - -
AZ-102 Jan 81 | Mar 95 917 - L~ -
B-~101 Jan 81 Jan 95 192 - - -
B-102 Jan 81 Feb 95 1767 - - -
B-103 Jan 81 Jan 95 597 - - . -
B-104 - - - - - -
B-108 - - - - - - -
B-106 Dec 80 Mar 95 3053 - - -
B-107 - - - - - -
B-108 Jan 81 Jan 95 454 - - -
B-109 - - - - - -
B-110 - - - - - -
B~111 Jan 81 Jan 95 320 . - - -
B-112 Jan 81 Mar 95 1614 - . ~ -
B-201 - - - - - -
B-202 - - - - - -
B-203 - - - B - -
B--204 - - - - - -
BX-101 - - - - to- -
BX-102 - — - - -~ -
BX-103 Jan 81 Mar 95 1794 - - -
BX-104 Jan 81 Mar 95 1504 - - -
BX-105 Jan 81 Jan 95 538 - - -
BX-106 Jan 81 Jul 94 1415 Jul 94 Mar 95 371
BX~-107 Jan 81 Mar 95 1315 - - -
BX-108 - - - - - -
BX-109 Jan 81 Mar 95 1432 - - -
BX-110 - - - - - -
BX-111 - - - - - -
BX-112 Jan 81 Mar 95 2049 - - -
BY-101 Sep 88 Sep 88 1 - - -
BY-102 - - - - - -
BY-103 . - - - - - -
BY-104 - - - - - -
BY-105 - - - - - -
BY-106 - - - - - -
BY-107 - - - - - -
BY-108 - - - - - -
BY-109 Jan 81 | Mar 95 1640 Oct 94 | Oct 94 3
BY-110 - - - - - -
BY-111 - - - - - -
BY-112 - - - - - -
C-101 - - - - - -
C-102 Jan 81 Jan 95 656 -1 - -
C-103 Jan 81 Jul 94 2112 Aug 94 Mar 95 203
C-104 Jan 81 Jan 95 2040 - - -
C-105 Jan 81 Mar 95 2371 - - -
C-106 Jan 81 Feb 95 2441 Sep 94 Mar 95 174
C-107 Jan 81 Mar 95 2041 - - -
C-108 - - - - - -
C-109 - - - - - -
C-110 - - - - - -
C-111 - - - - - -
c-112 - - - - - -
C-201 - - - - -~ -
9




Table 1: (continued)

Tank FI1C ENRAF MT Neutron ILL
~ From To # Obs. From -To | # Obs. From To # Obs, “From To # Obs.
C-202 - - - - - - Jan 81 Qct 94 655 - - -
C~203 - - - - - - Jan 81 Jan 95 657 - - -
C-204 - - - - - - Jan 81 Jan 95 841 - L. -
S-101 Jan 81 Jan 95 1603 - - - Jan 81 Jun 81 181 Mar 86 Mar 95 113
S-102 Jan 81 Mar 95 3323 - - - Jan 81 Jun 81 178 Mar 86 Mar 95 101
5-103 Jan 81 May 94 © 1832 May 94 Mar 95 285 Jan 81 Jun 81 26 Mar 86 Mar 95 102
S-104 - - - - - - Jan 81 Jan 95 706 Oct 94 Mar 95 33
S-108 Jan 83 Jul 91 656 - C - - Jan 81 Jun 81 44 Mar 86 Mar 95 110
$-106 Jan 81 Jun 94 2000 Jun 94 Mar 95 252 Jan 81 Jun 81 26 Mar 86 Mar 95 111
S-107 Jan 81 Jun 94 2035 Jun 94 Mar 95 271 Jan 81 Jun 81 26 - - -
S-108 Jan 81 Jan 95 748 - - - Jan 81 Jui 94 650 Mar 86 Mar 95 104
5-109 Jan 81 Jan 95 785 - - - Jan 81 Jun 81 26 Mar 86 Mar 95 106
S-110 Jan 81 Apr 94 1171 - - - Jan 81 Jun 81 26 Mar 86 Feb 95 106
S-111 Jan 81 Aug 94 1970 Aug 94 Mar 95 201 Jan 81 Jun 81 181 Mar 86 Mar 95 108
S5-112 Jan 81 Apr 94 796 - - - Jan 81 Dec 81 29 Mar 86 Mar 95 106
SX-101 Jan 81 Jan 95 219 - - - Jan 81 Jan 85 506 Mar 86 Mar 95 110
SX-102 Jan 81 Jan 95 261 - - - Jan 81 Aug 83 419 Mar 86 Mar 95 127
SX-103 Jan 81 Jan 9% 1490 - - - Jan 81 Jan 85 - 297 Mar 86 Mar 95 119
SX-104 Jan 81 Jan 95 523 - - - Jan 81 May 82 301 Mar 86 Sep 91 34
SX-105 Jan 81 Jan 95 288 - - - Jan 81 May 84 478 Mar 86 Mar 95 126
SX-106 Jan 81 Aug 94 1805 Aug 94 Mar 95 20% Jan 81 Jan 85 209 Mar 86 Mar 95 207
5X-107 - - - - - - Jan 81 Oct 94 820 - - -
SX-108 - - - - - - Jan 81 Jan 95 805 - - -
SX-109 - - - - - - Jan 81 Jan 95 758 - - N
SX-110 - - - -~ - - Jan 81 Jan 95 867 - - -
§X-111 - - - - - - Jan 81 Jan 95 850 - - -
3X-112 - - - - - - Jan 81 Jan 95 847 - - -
SX-113 - - - - - - Jan 81 Jan 95 850 - - -
SX-114 - - i - - - - Jan 81 Jan 95 853 - - -
$X-115 - - - - - - Jan 81 Jan 95 851 - - -
SY-101 Jan 81 Mar 95 4816 Dec 94 Feb 95 75 Jan 81 Feb 95 1890 - - -
SY-102 Jan 81 Jun 94 1517 Jun 94 Mar 95 252 Jan 81 Jan 95 2498 - - -
sSY-103 Jan 81 Jul 94 2091 Jul 94 Mar 95 242 Jan 81 Jan 95 1352 - - -
T-101 Jan 81 Jan 95 1046 - - - Jan 81 Jan 94 145 - - -
T-102 Jan 81 Jun 94 692 Jun 94 Mar 95 411 - - - - - -
T-103 Jan 81 Jan 95 619 - - - - - - - - -
‘T-104 - - - - - - Jan 81 Jan 95 1563 Mar 86 Feb 95 108
T-105 Jan 81 Jan 95 202 = - - Jan 81 Nov 93 167 - - -
T-106 Jan 81 Jan 95 228 - - - - - - - - -
T-107 Jan 81 Jul 94 1715 Jun 94 Mar 95 418 - - - - - =
T-108 - - -~ - - - Jan 81 Mar 95 1277 - - -
T-109 Jan 81 Apr 94 253 Sep 94 Mar 95 171 - - - - - -~
T-110 Jan 81 Feb 95 947 - - .- Jan 81 Jan 81 1 Mar 86 Feb 95 107
T-111 Jan 81 Mar 95 1673 - - - - - - Mar 86 Feb 95 104
T-112 Jan 81 Mar 95 1120 - - - - - - - - -
T-201 - - - - - - Jan 81 Mar 95 1297 - - -
T-202 - - - - - - Jan 81 Mar 95 1131 - - -
T-203 - - - - - - Jan 81 Jan 95 824 - - -
T-204 - - - - - - Jan 81 Mar 95 1242 - - -
TX-101 Jan 81 Mar 95 1803 - - - - - - - - -
TX~-102 - - - - - - Jan 81 Jan 95 |, 218 Mar 86 Mar 95 101
TX-103 Jan 81 Oct 94 179 - - - - - - - - -
TX-104 Jan 81 Jan 95 " 582 - - - - - - - ’ - -
TX-105 - - - - - - Jan 81 Jan 95 221 - - -
TX-106 - - - - - - Jan 81 Jan 95 247 Mar 86 Mar 95 101
TX-107 | Dec 80 Jan 95 2001 - - - - - - - - -
TX-108 Jan 81 Jan 95 232 - - - - -] - Apr 86 Jul 94 61
TX-109 Jan 81 Jan 95 174 - - - - - - Mar 86 Mar 95 102
TX-110 - - - - - - Jan 81 Jan 95 251 Mar 86 Mar 95 102
TX-i11 - - - - - - Jan 81 Jan 95 219 Mar 86 Mar 95 105
TX-112 - - - - - - Jan 81 Jan 95 251 Mar 86 Mar 95 117
TX-113 Jan 95 Jan 95 1 - - - Jan 81 Oct 94 220 Mar 86 Mar 95 110
TX-114 - - - - - - Jan 81 Jan 95 220 Mar 86 Mar 95 1058
TX-115 - - - ~ - - Jan 81 Jan 95 248 Mar 86 Mar 95 111
TX-116 - - - - - - Jan 81- Jan 95 231 - - -
TX-117 - - - - - - Jan 8t Jan 95 236 Mar 86 Mar 95 99
TX-118 Jan 81 Jan 95 223 - - - - - - Mar 86 Mar 95 108
TY-101 Jan 81 Jan 95 219 - - - - - - - - -
TY-102 Jan 81 Mar 95 1936 - - - - - - - - -
TY-103 Jan 81 Jan 95 238 - - - - - - Mar 86 Mar 95 104
TY-104 Jan 81 Mar 95 1432 - - - - - - - - -
TY-105 - - - - - - Jan 81 Jan 95 225 - - -.
TY-106 - - - - - - Jan 81 Jan 95 399 - - -
U-101 - . - - - - - Jan 81 Mar 95 593 - - -
U-102 Jan 81 Jan 95 237 - - - Jan 95 Jan 95 1 Mar 86 Feb 95 100
U-103 Jan 81 Jul 94 1934 Jul 94 Mar 95 229 - - - Mar 86 Feb 95 106
U-104 - - - - - - Jan 81 Jan 95 209 - - -
U-105 Jan 81 Jul 94 1336 Jul 94 Mar 95 215 Jan 81 Sep 85 245 Mar 86 Feb 95 102
U-106 Jan 81 Aug 94 1973 Aug 94 Mar 95 ‘212 - - - Mar 86 Feb 95 98
U-107 Jan 81 Jul 94 3117 Jul 94 Mar 95 220 - - - Mar 86 Feb 95 97
U-108 Jan 81 Jan 95 218 - - - - - - Mar 86 Feb 95 98
U-109 Dec 80 Jul 94 3063 Jul 94 Mar 95 226 - - - Mar 86 Feb 95 104
U-110 Jan 81 Jan 95 199 - - - - - - - - -
U-111 Jan 81 Jan 95 . 247 - - - - - - Mar 86 Feb 95 102
U-112 - - - - - - Jan 81 Jan 95 208 - - -
U-201 - - - - - - Jan 81 Mar 95 804 - - -
U-202 - - - - - - Jan 81 Mar 95 772 - - -
U-203 - - - - - - Jan 81 Jan 95 206 - - -
U-204 — - — — - -~ Jan 81 Mar 95 764 - - —
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3.2 Hanford Meteorological Station Data

The Hanford Meteorological Station is the source of atmospheric pressure data used in this study.
This weather station is located between the 200 East and 200 West areas on the Hanford Site
(Hoitink and Burk 1994). The atmospheric pressure measurements used are single hourly measure-
ments (not hourly averages of finer time resolution measurements). The data, including instrumen-
tation and format of computer files, are described in Andrews and Buck (1987).

Figure 4 shows the hourly atmospheric pressure measurements from the HMS from 1979 through
1984. The plot shows that atmospheric pressure demonstrates seasonal behavior. Figure 5 shows
the trend in the hourly atmospheric pressure measurements; the trend was obtained by smoothing
the hourly atmospheric pressure measurements with a local weighted average. Note that, except for
the winters of 1982 and 1983, the atmospheric pressure trend in Figure 5 has a seasonal component.
The peak-to-peak amplitude of the seasonal effect is about 0.3 inch Hg. Comparing Figures 4 and 5
shows that the trend has a much smaller range than the raw atmospheric pressure data.

Seasonality in the variability of atmospheric pressure is shown in Figure 6. This figure shows
the magnitude of the residuals of the observed atmospheric pressure from the trend. A range of
typical values in the winter is 0.8, while a typical summer range is about 0.4 inches Hg.

Figures 7 and 8 show the hourly atmospheric pressure data, month by month, for 1992. The
atmospheric pressure measurement range is again observed to be larger during the winter than in
the summer. An interesting feature of the atmospheric pressure during the summer is the diurnal
cycle. The amplitude of the cycle is observed to be between 0.1 and 0.2 inches Hg.

A major assumption in the screening process is that changes in atmospheric pressure are trans-
ferred to the tank headspace nearly instantaneously.
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Figure 5: Trend in hourly atmospheric pressure data from the Hanford Meteorological Station from 1979 through 1994.
The plot shows that atmospheric pressure tends to be higher during the winter than the summer. The vertical
axis scale on this plot is the same as in Figure 4.
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Figure 7: Hourly atmospheric pressure (inches Hg) during the first six months of 1992.
The dashed vertical lines are drawn at midnight of each day.
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Figure 8: Hourly atmospheric pressure (inches Hg) during the last six months of 1992.
The dashed vertical lines are drawn at midnight of each day.
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4.2 Estimating the Response of Waste Level to Fluctuations in Atmospheric
Pressure

This section describes the second step in the screening calculation. Section 4.2.1 describes a model
which suggests why this screening process indicates trapped gas. Limitations of the screening
process are pointed out in Section 4.2.2.

The inputs to a single calculation of the slope estimate are the tank level and atmospheric
pressure data, and a time interval (output from preprocessing). The key operations in Step 2 of
the screening process are:

(a) Select the waste level data from SACS for the tank and instrument (FIC, manual tape,
ENRAF or Neutron ILL) during the selected time interval. The data quality flag in
SACS was used to omit “suspect” measurements.

(b) Select the atmospheric pressure data taken at the same time as the waste level data
identified in Step 2a. The time of a waste level measurement is recorded to the nearest
minute in SACS, while the atmospheric pressure data are recorded hourly. Match the
times by truncating the minutes in the waste level measurement’s time stamp.

(c) Fit a straight line to waste level versus time via least squares regression.

(d) Calculate the residuals from the line obtained in Step 2c. These residuals are the de-
trended waste level (DWL).

(e) Compare tank waste level and atmospheric pressure.

i. Regress waste level on atmospheric pressure (using data identified in Steps 2a and
2b). Return the slope estimate and its standard error.

ii. Regress detrended waste level on atmospheric pressure (using data identified in Steps
2d and 2b). Return the slope estimate and its standard error.

These two slopes are the key outputs of Step 2 and are used in the screening calculation
described in Section 4.3.

It’s often the case, especially for manual tape data and less often for FIC data, that all
the waste level measurements over a time interval are identical. In this case the slope
estimate and the standard error of the slope estimate are recorded as zero. Figure 97 on
page 138 of this document shows many instances of this situation.

Two regressions are done at this step to gauge the effect of detrending. For instance,
the FIC and MT screening summary for Tank SY-101 in Table 2 on page 32 shows that
without detrending the tank is not flagged; with detrending it is. We would expect the
first regression to produce a better slope estimate than the second in cases where there
is no trend in the surface level.

4.2.1 Modeling Support for the Screening Calculation

This section relates a model of gas trapped in the waste to the linear regressions in Step 2. The
model is essentially an application of Boyle’s law to the waste and gas configuration shown in
Figure 12. Additionally, the effects of a constant rate of gas accumulation on the tank waste surface
level and on the surface level’s response to changes in atmospheric pressure are demonstrated.
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The following notation is used in the mathematical development and in Figure 12:

WL Measured in-tank waste level.

AP Ambient atmospheric pressure.

a  Height of the trapped gas layer; this quantity is -r.na,rked in Figure 12.

b  Height of the tank waste.

" r  Radius of the tank; for the larger Hanford tanks, this value is 37.5 feet.
V' Volume of the trapped gas in the tank. ‘

P Average pressure exerted on the trapped gas.
The total pressure exerted on the trapped gas is a combination of the burden of the waste
above the gas and the atmospheric pressure.

6  Fluctuations in pressure applied to the trapped gas that is due to changes in ambient atmo-
spheric pressure. It’s convenient to think of é as a quantity that fluctuates about zero.

¢ Constant in Boyle’s law. The quantity c¢ satisfies

(P+8)V =c (1)

Note that if P is expressed in units of atmospheres, then ¢ is interpreted as the volume of the
trapped gas at standard pressure.

From Figure 12, WL = a+ b and b = b; + b2 and V = #nr?a. Rearranging Equation (1) and
substituting for WL and V' gives

' c c 1
r2(P +6) mriP 1+ (8/P)

The fluctuations é are always much smaller than P, so the geometric expansion can be used to give
the approximation

(2)

WL =b+
T

c 1 c )
b+7rr2P 1+ (6/P) ~b+7rr2P (1_5) 3
Equation (3) can be rearranged to give
c c c c
WL=b+"5p 7rr2P r2P25 =b+ nr2P + 7r2P?  rr2p2 AP )
Equation (4) shows how dWL/dAP can be used to estimate the amount of gas trapped in the tank.
Since '
dWL c
dAP ~  mr2p?
. the amount of gas, ¢, is estimated as
dWL
= —prlp?
c= Pt — JAP (5)

Equation (5) requires that the average pressure applied to the trapped gas be provided. This
equation is also available from the development in Section 2.2 of Allemann et al. (1994).
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Next, assume that gas is generated at a constant rate. In particular, assume that the volume
of trapped gas at standard pressure of 1 atmosphere satisfies

c=Vo+ ot

where Vj is the volume of trapped gas at time £ = 0, and « is the generation rate (volume per unit
time). Subscripting WL and ¢ to reflect the time-varying nature of the tank level and atmospheric
pressure, Equation (4) becomes

_ Vo + ot Vot+at\ [, W [ o ] ‘ <Vo+at)
Whe=b+ TripP o ( nrip? ) - [b+ 7rr2P] F TripP t=b mriP? (6)

This equation, together with our assumptions on é;, means that a linear regression of WL; on
* time, like that in Step 2c of the screening calculation, yields intercept and slope estimates which
are, approximately, [b + %ﬁ’ﬁ] and [#}, respectively. Equation (6) directly relates the slope of
the overall linear trend to the rate of gas generation.

The residuals from a linear regression of WL, against time constitute the detrended waste level.

The residuals satisfy
P (Vb + ot
t\ 7r2p2?

> ~ DWLt

Now AP, =1+ 6;, or =6, =1~ AP;, so

DWL, ~ (1 — AP;) (V" a a't)

Tripe
and
dDWL _ Vo+ot
dAP = rrip?

This expression can be rearranged as

w~ _pr2pr WL
W+ at = —nr°P 7AP (7)
which is identical to Equation (5).

The magnitude of this estimate of dDWL/dAP is related to the amount of gas trapped in the
waste. Figure 13 shows waste level data for Tank SY-101. The two-stage linear fits (Steps 2c,
2d and 2e of Section 4.2) are applied for three time ranges, producing estimates of dDWL/dAP;
these three estimates are shown on the plot. The fact that the magnitudes of the slopes increase as
the waste level rises further supports the use of this screening statistic as an indicator of trapped
gas. The model (see Equation (6)) implies that the larger the amount of gas, the larger the
magnitude of the level response to pressure fluctuations. That the slopes are increasingly negative
with the increasing surface level is consistent with this model; however, the magnitudes of the
95% confidence intervals for these slope estimates are sufficiently large that one cannot definitely

conclude that dDWL/dAP has changed significantly from the first interval to the third.

4.2.2 Limitations of the Slope Estimates

While there are both empirically based and model-based reasons to use the slope from Step 2 in
the screening calculation to detect trapped gas, the following qualifications should be kept in mind:
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Figure 13: Tank SY-101 FIC data and dDWL/dAP estimates with 95% confidence intervals.
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e The screening statistic does not make most efficient use of the available information. For

instance, the two distinct regressions might be combined into a single one,

WL; = a+ bt + cAP,

While there would be a slight efficiency advantage in working with just one regression, the
approach as implemented in this report conforms more closely to the data analysis presented
in Section 2 and the modeling presented in Section 4.2.1.

The modeling and Step 2 calculation of d(DWL/dAP assume that pressure is known per-
fectly. An alternative model of the tank waste that incorporates the measurement error in
atmospheric pressure {(but ignores the detrending of surface level) is

c

wl = a—map _
WL = Wl+€wl ) ) (8)

AP = ap+e€y

where WL and AP are the observed waste level and corresponding atmospheric pressure; and
wl and ap are the same quantities without observational error (compare the first equation
with Equation (4)). In the context of this alternative model, Step 2 would ideally result in
an estimate of the quantity —c/(7r?P?) in Equation (8). As discussed in Fuller (1987), the
ordinary least squares estimate (calculated in Step 2) is biased in this alternative model. The
least squares estimate is, in the context of Equation (8), unbiased for

2

e.ap —C (9)
2 2 2p2
Ofapt+ 0ap TP

o,

2
e.ap

variance of the “true” atmospheric pressure. The quantity multiplying —¢/(7r?P?) in Equa-
tion (9) is always less than 1; therefore, any of the slope estimates reported in this document
are expected to result in under-estimates of trapped gas volumes. However, for detecting
the existence of trapped gas, the quantities used in this report work well under the model
described by Equation (8).

is the error variance of the atmospheric pressure measurements, and o2, is the

where o b

The modeling in this section merely supports the screening calculation as it currently stands.
The work can and should be used to further refine the screening calculation, especially regarding
the connection between a rise in waste level and an increase in magnitude of I(DWL/dAP.

4.3 The Screening Calculation 7 :

The previous subsections described the screening process as breaking the waste level data into time

intervals and calculating slopes dDWL/dAP for those time intervals. This subsection describes how

the information from those calculations is used to flag a tank as one that contains trapped gas.
The assumptions that drive the flagging are:

1. In.the absence of trapped gas, an equal number of positive and negative IDWL/dAP estimates

will (tend to) be calculated; in the presence of trapped gas, the dDWL/dAP estimates will
tend to be negative.

2. The measurements in each interval are stochastically independent.
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The flagging is done by evaluating the proportion of intervals for which the calculated slopes
are negative. The tank is flagged as containing trapped gas when this proportion is so large as
to be highly unlikely if the tank does not contain trapped gas. Specifically, if this proportion is
enough larger than 0.5 that the probability of seeing that many negative slopes is less than 0.05,
then the tank is flagged. See the discussion in Section 5, as well as Table 2.

Thus, the detection of trapped gas is based on the proportion of negative dDWL/dAP estimates.
Formally, the flagging is a statistical test of hypothesis about a proportion, and is described in
numerous references, including Ross (1987) and Fleiss (1981). The hypothesis test decides between

Ho: Proportion of negative slopes = 0.5
and
H;: Proportion of negative slopes > 0.5

where, as described in Assumption 1, H; corresponds to the tank waste contammg trapped gas and
Hg to the tank waste not containing trapped gas.

Note that there are 305 tank/instrument combinations leading to a screening calculation in this
report. For a 95% confidence level, the expected number of “false positives” is 305x0.05 = 15.25 (so
that each test has a 0.05 chance of mistakenly deciding H; when Hg is true; in statistics references,
0.05 is referred to as the “size” of the hypothesis test). A “false positive” refers to mistakenly
flagging a tank as containing trapped gas. Running the tests at size=0.01 instead of 0.05 would
result in fewer false positives; 305 x 0.01L = 3.05. It turns out that using this “size” would have
resulted in flagging 45 tanks (instead of 58); see Table 2. Setting the size of the test to 0.01 results
in fewer false positives, but has a larger chance of missing some tanks which contain trapped gas.

Alternative Methods of Setting the Indicator Flag

The following options were considered for flagging the tanks based on the estimated slopes, but
were rejected for the reasons described below.

An alternative procedure for flagging a tank is to look for a.95% confidence interval (CI) for
the estimated slope below zero. That is, if a tank has one or more Cls completely below zero,
flag the tank. One problem with this procedure is that too many false positives are possible. This
procedure detects or flags 150 tanks, based on the calculations done for this report. A further
problem with this procedure is that, for weekly tank level and pressure measurements, insufficient
data may be available to detect a significant amount of gas.

Yet another option is to consider the proportion of 95% Cls entirely below zero. If the observed
proportion is large enough, flag the tank. This amounts to the hypothesis test

Ho: Proportion of negative Cls = 0.025
and
H;: Proportion of negative CIs > 0.025

This procedure also results in about 15.25 false positives. The first test is preferable to this one
because of the additional overhead in statistical assumptions driving the choice of 0.025.

While no tanks have been flagged in this report based on either of the two alternative procedures
and neither of the above procedures is preferable to that described above, the results from these
procedures may be obtained from Table 4, which appears in the next section.
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5 Screening Calculation Results

This section discusses the results of the screening process. The flagging of tanks based on the
screening calculation is described in Section 5.1, a ranking of the tanks based on the calculated
slopes is presented in Section 5.2, and the quality of the correlation (of detrended waste level with

. atmospheric pressure) is summarized in Section 5.3.

5.1 Flagging the Tanks

This section presents the results of applying the screening calculation to the available data for
all tank and instrument combinations. As discussed earlier, detection of trapped gas is based on
the number of negative estimates of {DWL/dAP. A tank is flagged as having trapped gas if any
tank/mstrument screening results in an excessively large proportion of negative slopes. Table 2
summarizes these calculations. Table 3 lists the 58 tanks that were flagged by this screening
process. Finally, Table 4 is structured like Table 2, and includes sufficient information to perform
the screening based on the two alternative procedures discussed in Section 4.3 (These results were
not used to derive the list of 58 tanks in Table 3).

For each tank and instrument combination, the number of time intervals for which the slope
could be calculated (from Step 2) is shown in the column labeled # Ints. The columns labeled
Raw and Detrended, show the number of intervals for which the calculated slope is negative, based
on the raw (Step 2e.i) and detrended (Step 2e.ii) observations of the waste level, respectively. In
the same two columns, each of these negative slope counts is followed by a number in parentheses,
which is the probability of observing the indicated number of negative slopes (or more) out of the
total number of intervals, if, in fact, the chances are 50-50 that the slope is negative. A tank is
flagged if either of these numbers (in parentheses) is less than 0.05. N

For the manual tape data (MT column), the large number of high probabilities is due to the
many “hard zeroes” in the regressions. That is, the manual tape measurements were the same for
many intervals, so the estimates of dDWL/dAP and the corresponding standard errors are reported

.as zero. These zeroes inflate the probabilities in the tables and do not imply that dDWL/ dAP tends

to be positive for manual tape waste level measurements.

Note that the screening procedure based on negative slopes requires at least five time inter-
vals to detect trapped gas. Since ENRAF data have not been taken for very long, they do not
include many useful time intervals. Despite this problem, two tanks were “caught” by the screen-
ing procedure with ENRAF data, S-106 and S-111. For purposes of this screening exercise, the
issue is fairly innocuous, since the FIC data provide good information and coverage of the tanks
currently monitored with the ENRAF. There are numerous “fixes” for this particular procedural
defect. For instance, one could reduce the target number of days in an interval from 60 to 30 or 15,
thereby increasing the number of intervals. Another alternative would be to look at the test based
on the proportion of negative confidence intervals for the slopes (the second alternate method in
Section 4.3). For the ENRAF measurements, the tanks that would be flagged by this alternative
are BX-106, C-103, S-107, T-102, T-107, T-109, U-106 and U-109.

Fourteen tanks were flagged based upon the Neutron ILL data alone — a surprising result
considering its low measurement accuracy and the small number of intervals available.

Table 3 lists the tanks that were flagged by the screening procedure (as indicated by the word

as”), and the type of measurement that led to flagging. The characters “ng” (no gas) mean that
there were data of that particular type for the tank and that the screening calculation did not flag
the tank. A dash means either that no data was available, or that not enough data was available
to do a screening calculation.




Four tanks on the flammable gas watch list were not caught by this screening procedure: AX-
101, S-112, SX-109, and T-110.  Of these tanks, T-110 has a sinusoidal surface level measurement
pattern that is unique among the Hanford tanks (see page 289 of this report). Tank SX-109 is on
the watch list because its headspace is connected to other tanks on the flammable gas watch list.
Tank S-112 FIC surface level measurements (see page 236) show neither the rise associated with a
flammable gas watch list tank nor the response of waste level to changes in atmospheric pressure;
however, the liquid level measurements are rising, as shown by the ILL data (see page 235). For
Tank AX-101, the SACS database does not have enough data to suggest a reason for the flagging
failure. ~

Some of the flagged tanks have seen recent tank transfer activity. For instance, Tank AW-106
is flagged because of manual tape level data. However, the plot of AW-106 manual tape data
(see page 104) shows that the tank has recently been drawn down significantly. The FIC data for
this tank (see page 103) show the same transfer record and also indicate that the tank contained
trapped gas back in the early 1990s. A more refined analysis than the screening calculation in this
report is required to decide the current status of Tank AW-106.

The other tanks in Table 3 with transfer events are A~103, AP-105, AP-107, BX-104, BX-107,
BY-102, BY-103, BY-109, C-107, SX-104, T-111, TX-107, TY-102, and TY-103. Additional
work is required to determine the current state of these tanks.
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Table 2: Proportion of negative estimates of dDWL/dAP by tank and instrument

Tank FIC ENRAF MT Neutron ILL
# Inta. Raw Detrended # Ints. Raw Detrended # Ints. Raw Detrended F Ints. HRaw Detrended
A-To1 H 5{0.031) 5(0.031) - = = €1 { 41(0.008) 38(0.020) 7 176(0.062) "6{0.062)
A-102 53 | 27(0.500) 27(0.500) - - - - - - - - -
A-103 49 | 36(0.001) 39(0.000) - - - 7 5(0.227) 4(0.500) 10 | 7(0.172) 5(0.623)
A-104 - - - - - - 20 7(0.942) 6(0.979) - - -
A-105 - - - - - - 21 8(0.905) 9(0.808) - - -
A-106 16 9(0.402) 10(0.227) - - - - - - - - -
AN-101 60 | 29(0.651) 31(0.449) - - - - - - - - -
AN-102 70 | 33{(0.725) 37(0.360) - - - - - - - - -
AN-103 64 | 52(0.000) 54(0.000) - -~ - - - - - - -
AN-104 75 | 45(0.053) 57(0.000) - - - - - - - - -
AN-105 68 | 49{0.000) 53{0.000) - - - - - - - - -
AN-106 76 | 33(0.897) 40(0.366) - - - - - - - - -
AN-107 77 | 37(0.676) 40(0.410) - - - - - - - - -
AP-101 46 23(0.559) 21(0.769) -~ - - 50 23(0.760) 25(0.586) - - -
AP-102 32 | 17(0.430) 21(0.055) - - - 38 | 20(0.436) 18{0.686) - - -
AP-103 40 | 17(0.866) 21(0.437) - - - 43 | 26(0.111) 25(0.180) - - -
AP-104 47 | 22(0.720) 19(0.928) - - - 39 | 19(0.625) 19(0.625) - - -
AP-105 46 | 30(0.027) 32(0.008) - - - a7 | 27(0.191) 28(0.121) - - -
AP-106 46 | 21(0.769) 23(0.559) - - - 19 | 27(0.284) 23(0.7186) - - -
AP-107 47 | 32(0.009) 30(0.039) - - - 32 | 19(0.189) 19(0.189) - - -
AP-108 60 | 30(0.551) 28(0.741) - - - 56 | 32(0.175) 27(0.656) - - -
AW-101 42 22(0.439) 30(0.004) - - - 53 32(0.084) 28(0.392) - - =
AW-102 43 | 21(0.620) 19(0.820) - - - 33 | 14(0.852) 16(0.636) - - -
AW-103 45 | 26(0.186) 37(0.000) - - - 44 | 29(0.024) 22(0.560) - - -
AW-104 62 | 40(0.015) 46(0.000) - - - 52 | 28(0.339) 28(0.339) - - -
AW-105 48 | 24(0.557) 22(0.765) - - - 63 | 33(0.401) 32(0.500) - - -
AW-106 55 25(0.791) 33(0.089) - - - 49 29(0.126) 32(0.022) - - -
AX-101 19 | 12(0.180) 12(0.180) - - - - - - 7 | 3(0.773) 3(0.773)
AX-102 - - - - - - 55 | 22(0.948) 19(0.993) - - -
AX-103 47 | 32(0.009) 31(0.020) - - - - Z - - - -
AX-104 - - - - - - 23 | 10(0.798) 8(0.953) - - -
AY-101 33 | 21(0.081) 17(0.500) - - - 53 | 31(0.136) 34(0.027) - - -
AY-102 73 | 29(0.970) 28(0.983) - - - 60 | 33(0.259) 29(0.651) - - -
AZ-101 35 | 21(0.155) 19(0.368) - - - 58 | 38(0.012) 32(0.256) - - -
AZ-102 31 { 15(0.640) 16(0.500) - - - 85 | 42(0.586) 45(0.332) - - -
B-101 18 7(0.881) 9(0.593) - - - - - - - - -
8-102 58 | 28(0.653) 30(0.448) - - - 1 3(0.967) 1(0.887) - - -
B-103 34 | 16(0.696) 14(0.885) - - - - - - - - -
B-104 - - - - - - 29 [ 10(0.969) 10(0.969) 8 | 4(0.637) 5(0.363)
B-105 - - - - - - a2 7(1.000) 7(1.000) "6 | 2(0.891) 2(0.891)
B-106 60 | 30(0.551) 25(0.922) - - - - - - - - -
B-107 - - - - - - 42 | 18(0.860) 18(0.860) - - -
B-108 36 | 21(0.203) 19(0.434) - - - - - - - - -
B-109 - - - - - - 31 7(1.000) 6(1.000) - - -
B-110 - - - - - - 32 | 11(0.975) 11(0.975) 2 | 2(0.250) 2(0.250)
B-111 29 | 12(0.868) 16(0.356) -~ - - - - - 2 | 1(0.750) 1(0.750)
B-112 57 | 27(0.702) 27(0.702) - - - 11 6{0.500) 7(0.274) - - -
B-201 - - -~ - - - 37 11(0.996) 12(0.990) - -~ -
B-202 ~ - - - - - 48 14(0.999) 13(1.000) - - -
B-203 - - - - - - 35 | t1(0.992) 13(0.955) - - -
B-204 - - - - - - 44 | 10(1.000) 11{1.000) - - -
BX-101 - = - - - - 27 | 14(0.500) 13(0.649) - - -
BX-102 - - - - - - 31 7(1.000) 7(1.000) - - -
BX-103 50 | 18(0.984) 18(0.984) - - - - - - - - -
BX-104 69 | 46(0.004) 45(0.008) - - - 1 3(0.967) 3(0.967) - - -
BX-105 22 9(0.857) 9(0.857) - - - 12 7(0.387) 8(0.194) - - -
BX-106 78 | 40{0.455) 40(0.483) 3 | 2(0.500) 2(0.500) 12 2(0.997) 2(0.997) - - -
BX-107 73 59(0.000) 59(0.000) - L - - - - - - - -
BX-108 - - - - - - 18 6(0.952) 7(0.881) - - -
BX-109 55 | 28(0.500) 29(0.394) - -~ - - - - - - _
BX-110 - ~ - - ~ - 43 17(0.937) 16(0.967) - - -
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Table 3: Tanks flagged by the screening calculation. Tank/instruments combinations are marked .
 “gas” “ng” and “~” according to whether the tank/instrument was flagged as containing
trapped gas, not flagged or there was insufficient data for the screening to proceed,
respectively. An asterisk indicates tanks currently on the flammable gas watch list.

Tank FIC - MT ENRAF Neutron ILL
A-101* gas gas - ng
A-103 gas ng - ng

AN-103" gas - - -
AN-104* gas — - ~
AN-105" gas - - -
AP-105 gas ng - -
AP-107 gas ng - -
AW-101* gas ng - —

- AW-103 gas gas ~ -
AW-104 gas ng - -
AW-106 ng gas - -
AX-103* gas - - -
AY-101 ng gas - -
AZ-101 ng gas - -
BX-104 gas ng - -
BX-107 gas - - -
BX-112 gas ng - -
BY-101 - ng - gas
BY-102 — gas — ng
BY-103 - gas - ng
BY-105 - ng - gas
BY-109 gas - ng ng

C-104 gas ng - -
C-105 ng gas — -
C-107 gas - - -
S-101 gas ng — ng
S-102* gas ng — ng
S-103 gas ng ng ng
S-105 ng ng ~ gas
S-106 gas ng gas gas
S-107 gas ng ng -
S-109 ng ng - gas
S-111* gas ng gas ng
SX-101* gas gas - ng
SX-102* gas ng - ng
SX-103* gas gas - ng
SX-104* gas ng — ng
SX-105* gas ng - ng
SX-106* gas ng ng gas
SY-101* gas gas ng —
SY-103* gas . ng ng -
T-107 gas - ng -
T-111 gas - - ng
TX-102 - gas - ng
TX-107 gas - - -
TX-111 - gas - gas
TX-112 - gas - gas
TX-113 — ng ~ gas
TX-115 - ng - gas
TY-102 gas - - -
TY-103 gas — — ng
U-102 gas - - gas
U-103* gas - ng gas
U-105"* gas gas ng ng
U-106 gas -~ ng gas
U-107* gas - ng gas
U-108* gas - - ng
U-109* gas - ng ng
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" Table 4: (continued)

Tank FIC ENRAF MT Neutron JLL
# Ints. Raw Detrended # Ints. Raw Detrended # Ints. Raw Detrended # Inta. Raw Detrended
BX-111, ~ - - - T - 84 2(0.624) 6(0.019) 8 1(0.183) 0(1.000)
BX-112 79 | 19(0.000) 26(0.000) - - - 10 | of1.000) 0{1.000) - - -
BY-101 - - - - - - 23 | 0(1.000) 0(1.000) 8 | 3(0.001) 2(0.016)
BY-102 - - - - - - 82 | 12(0.000) 11(0.000) 7 | o(1.000) 0(1.000)
BY-103 - - - - - - 75 4(0.119) 3(0.289) 9 | o(1.000) 0(1.000)
BY-104 - - - - - - 36 0(1.000) 0(1.000) 8 | 0(1.000) 0(1.000)
BY-105 - - - - - - 67 1(0.817) 2(0.502) 8 | 1(0.183) 1(0.183)
BY-106 - - - - - - 74 5(0.038) 4(0.114) 8 | o(1.000) 0(1.000)
BY-107 - - - - - - 27 1(0.495) 1(0.495) 7 | o(1.000) 1(0.162)
BY-108 - - - - - - 36 on‘oowv mAc.ooov - - -
8Y-109 82 | 48(0.000) 49(0.000) - - - - - - 8 | 0(1.000) 0(1.000)
BY-110 - - - - - - 35 1{0.588) 1(0.588) 8 | 0(1.000) 0(1.000)
BY-111 - - - - - - 35 1(0.588) 1(0.588) 7 | 0(1.000) 1(0.162)
BY-112 - - - - - - 35 4(0.011) 5(0.002) 4 | 0(1.000) 0(1.000)
Cc-101 - - - - - - 30 1{0.532) 0(1.000) - - -
C-102 65 1(0.807) 3(0.222) - - - - - - - - -
C-103 81 8(0.001) 7(0.004) 5 | 1(0.119) 0(1.000) - - - - - -
C-104 80 9(0.000) 9(0.000) - - - 1 | o(1.000) 0(1.000) - - -
C-105 70 | 11(0.000) 7(0.002) - - - 6 0(1.000) 0(1:000) - - -
C-108 53 | 5(0.010) 5{0.010) 5 | 3(0.000) 1(0.118) - - - - - -
C-107 81 | 19(0.000) 20(0.000) - - - - - - - - -
C-108 - - - - - - 28 1(0.508) 0(1.000) - - -
C-109 - - - - - - 30 0(1.000) 06(1.000) - - -
c-110 - - - - - - 83 2(0.617) 3(0.344) - - -
C-111 -~ - - - - - 31 0(1.000) 0(1.000) - - -
c-112 - - - - - - 69 1{0.826) 2(0.517) - - -
c-201 - - - - - - 26 1(0.482) 0(1.000) - - -
C-202 - - - - - - 26 | 0(1.000) 0{1.000) - - -
C-203 - - - - - - 26 3(0.026) 1(0.482) - - -
C-204 - - - - - - 30 0(1.000) 0(1.000) - - -
5-101 20 | 20(0.000)' | 21(0.000) - - - 3| 0(1.000) 1(0.073) 8 | o(r.000) 1(0.183)
S-102 95 | 76(0.000) 76(0.000) - - - 2 2(0.001) 2(0.001) 7 | 0(1.000) 0(1.000)
$-103 74 | 47(0.000) 46(0.000) 4 | 4(0.000) 4(0.000) 2 1(0.049) 0(1.000) 8 | 1(0.183) 1(0.183)
S-104 - - - - - - 31 1(0.544) 0(1.000) 2 | 0(1.000) 0(1.000)
$-105 46 1(0.688) 1(0.688) - - - 2 1{0.049) 0(1.000) 8 | 0(1.000) 0(1.000)
S-108 80 | 65(0.000) 52(0.000) s | 5(0.000) 4(0.000) 2 0(1.000) 0(1.000) 8 | 2(0.016) 2(0.016)
$-107 79 | 25(0.000) 27(0.000) 2 | o(1.000) 2(0.002) 2 | o{t.000) 0(1.000) - - -
S-108 41 3(0.083) 3(0.083) - - - 80 | 2(0.244) 2(0.444) 8 | 0(1.000) 0(1.000)
S-109 55 1(0.752) 3(0.159) - - - 2 | 0(1.000) 0(1.000) 8 | 1(0.183) 1(0.183)
s-110 65 4(0.080) 4(0.080) - - - 2 0(1.000) 1{0.049) 7 | 1(0.162) 1(0.162)
s-111 76 | 68(0.000) 65(0.000) 6 | 4(0.000) 3(0.000) 3 | o(1.000) 0(1.000) 8 | o(t.000) 0(1.000)
s-112 59 2(0.436) 2(0.436) - - - 2 | 0(1.000) 0(1.000) 7 | 1(0.162) 1(0.162)
$X-101 20 4(0.001) 4(0.001) - - - 23 1(0.441) 1(0.441) 8 | 0(1.000) 0(1.000)
SX-102 23 | 13(0.000) 13(0.000) - - - 12 2(0.035) 2(0.035) 8 | 0(1.000) 0(1.000)
$X-103 61 | 46(0.000) 38(0.000) - - - 22 4(0.002) 4(0.002) 8 | 1(0.183) 1{0.183)
SX-104 42 | 6(0.001) 12(0.000) - - - 1t 1(0.243) 0(1.000) - - -
SX-~105 27 7(0.000) 9(0.000) - - - 17 1{0.350) 0(1.000) 9 | 1(0.204) 0(1.000)
SX-106 53 | 27(0.000) 35(0.000) 3 | 3(0.000) 3(0.000) 21 0(1.000) 0(1.000) 10 | 2(0.025) 1{0.224)
SX-107 - . - - - - - 30 1(0.532) 1(0.532) - - ~
$X-108 - - - - - - 28 | o(1.000) 0(1.000) - - -
SX-109 - - - - - - 29 0(1.000) 0(1.000) - - -
SX-110 - - - - - - 29 1(0.520) 1(0.520) - - -
SX-111 - - - - - - 28 1(0.508) 0(1.000) - - -
SX-112 - - - - - - 28 0(1.000) 1(0.508) - - -
SX-113 - - - - - - 30 2(0.172) 1{0.532) - - -
SX-114 - - - - - - 30 | 0(1.000) 0(1.000) - - -
SX-115 - - - - - - 32 | o(1.000) 0(1.000) - - -
SY-101 72 | 20(0.000) 23(0.000) 3 | 2(0.002) 3(0.000) 51 5(0.009) 10(0.000) - - -
SY-102 35 6(0.000) 3(0.057) 3 | 1(0.073) 1(0.073) 36 | 6(0.000) 2(0.227) - - -
SY-103 58 6{0.003) 14(0.000) 4 | 2(0.004) 4(0.000) 68 3(0.242) 5(0.028) - - -
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5.2 Ranking the Tanks

A ranking of the tanks for degree of flammable gas hazard would be useful. Unfortunately, the
information base supporting this document is insufficient for such a calculation. Indeed, the sum-
maries presented in this document are, by themselves, not sufficient to estimate the amount of
trapped gas in the tank waste; much less the explosive potential. The additional information and
analyses needed to rank the tanks by degree of hazard would include density of tank waste, dis-
tribution of the gas in the tank, gas composition, tank headspace volume, headspace ventilation
rates, probability of a gas release event (GRE), probability of an ignition and the amount of gas

released in each GRE. This list is, no doubt, incomplete. '

Accordingly, this subsection presents a less ambitious ranking of the tanks; the objective of the
ranking presented is to order the tanks by the magnitude of the IDWL/dAP estimates.

There are many ways to order or rank the tanks on the basis of the regression summaries
provided in this report. For instance, the means or medians of the estimated slopes could be used
to rank the tanks. A potential difficulty with using the mean or median is that the uncertainty
associated with each slope estimate is not directly reflected in these quantities. A natural way to
incorporate the uncertainty information is to build a distributional summary of slope estimates;
the summary may or may not explicitly incorporate the standard errors of the estimates. Then the
distributional summaries would need to be ordered according to some scoring procedure.

Recapping the ranking procedure to take uncertainty into account: a distributional summary
of the slope estimates is created for each combination of tank and instrument; then, a “probability
score” is determined for each combination by comparing the summary distribution with a reference
distribution; and finally, the tank/instrument combinations are sorted according to that score.

The distributional summary is calculated as

—Z¢( - Bi)/s3) (10)

where ¢(-) is the density function of the standard Gaussian distribution?, ﬂ is the slope estimate
for the interval, 85 is the standard error of the slope estimate and z is a dummy-variable.

Letting X denote a quantity with the distribution of the calculated slopes for a particular
tank/instrument combination, then the numerical quantity used to order the tanks is the probability
that a slope randomly selected from X is less than a randomly selected value from a Gaussian
distribution centered at zero with a standard deviation of 1. Centering the reference distribution
around zero results in the interpretation that probabilities less than 0.5 suggest that the tank has
trapped gas; however, no strict cutoffs are suggested here, nor does the author currently have a
strategy for recommending a cutoff. :

The probability that X is less than a value drawn from the reference distribution can be
calculated as

- Z P ﬂz
; \ / + 1
where @ is the cumulative distribution function of the standard Gaussian®. These probability

scores have been calculated for the available data, and are presented in Table 5. The tanks are
listed in ascending order of the resulting probability scores; note that the lower the score the better

‘o(z) = exp{—z?/2}/V2r
*(z) = [T ¢ly)dy
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the indication of trapped gas. These probability scores take into account the magnitude of the slope
estimates as well as their uncertainties.

The ordering shown in Table 5 is generally consistent with the flagging of the tanks described
previously: tanks with a preponderance of negative slopes, as measured by the numerical score,
are the same as the flagged tanks. The flagged tanks do not match this ordering precisely, since
the flagging was based on the proportion of negative slopes without regard to the magnitudes of the
slopes, while this ranking incorporates the sizes of the negative slopes and their uncertainties.

Among the early entries in Table 5, the discrepancies between this ranking and the flagged tanks
are mostly tanks with ENRAF measurements; as discussed previously, the ENRAF data did not
result in many flaggings since there were not enough intervals of measurements. The other notable
discrepancy is the S-102 MT combination; this data did not result in a flag because it includes only
two intervals, which are insufficient for a screening determination.
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Table 5: Tank/instrument rankings according to slope distributions. The rankings are
based on the probability that one of the estimated slope distributions is less
than a value drawn from a reference distribution. Tanks marked with an
asterisk are on the current Flammable Gas Watchlist. Tanks marked with a
dagger are flagged by the screening. procedure described in Section 4 of this

report.

Tank Instrument | Score Tank Instrument | Score
S-102 * MT 0.231 AN-105 * T | FIC 0.455
S-106 ! | FIC 0.237 SY-102 FIC 0.457

SX-105 * 1 | FIC 0.267 BX-107 T | FIC 0.457
SX-102* 1 | FIC 0.276 C-106 ENRAF 0.459
S-102* 71 | FIC 0.280 U-105*T | MT 0.460
SX-103* 1 | FIC 0.283 BY-108 MT 0.460
S-111 * T [ FIC 0.308 AN-104 * T | FIC 0.460
S-106 ' | ENRAF 0.334 5-103 MT 0.461
SX-104 * T | FIC 0.350 U-111 FIC 0.461
SY-101 * ENRAF 0.352 AW-106 1 | MT 0.463
SX-106* 1 | FIC 0.362 SY-102 MT 0.464
S-103 T | FIC 0.367 U-204 MT 0.465
U-103* | FIC 0.370 BY-112 MT 0.466
AN-103* 1 | FIC 0.371 TX-106 Neutron ILL | 0.466
SX~106 * ENRAF 0.378 .SX-102 * MT 0.467
TX-102 ¥ |{ MT 0.379 S-106 1 | Neutron ILL | 0.467
U-103 * ENRAF 0.382 TY-103 T | FIC 0.467
SY-101* 1 | FIC 0.389 TX-108 Neutron ILL | 0.467
5-103 ENRAF 0.389 BY-106 MT 0.468
U-108*t | FIC 0.391 C-107 T | FIC 0.468
U-109* 1t | FIC 0.392 SY-101 *T | MT 0.468
BY-109 T | FIC 0.392 TX-113 T | Neutron ILL | 0.468
A—101 * ¥} FIC 0.396 S-110 MT 0.469
S—-111 * T | ENRAF . 0.399 TX-~118 FIC 0.469
U-107* T | FIC 0.403 BY-105 T [ NeutronILL | 0.470
TX-112 7 | Neutron ILL | 0.404 AP-102 FIC 0.471
U-107 * ENRAF 0.404 AW-101 * T | FIC 0.472
U-105 * ENRAF 0.410 $-107 ENRAF 0.472
SY-103 * ENRAF 0.414 C-104 T | FIC 0.473
S-109 T | Neutron ILL. | 0.415 AW-102 MT 0.473
U-105* 1 | FIC 0.416 U-106 T | Neutron ILL | 0.473
TX-112 ' | MT 0.422 BY-103 T | MT 0.474
S-112 * Neutron ILL 0.431 TY~-106 MT 0.475
U-102 ' | FIC 0.432 U-105 * Neutron ILL | 0.475
SX-101* 1 | FIC 0.434 TX-106 MT 0.475
TX-115 T | Neutron ILL | 0.439 BY-104 MT 0.476
S-101 1 | FIC 0.440 A-103 MT 0.476
A-103 ' [ FIC - 0.441 BX-105 MT 0.477
SX-103* 1 | MT 0.441 AW-103 T | FIC 0.477
S-112°* MT 0.443 AZ-101 FIC 0.477
BY-102 1 | MT 0.444 S-110 Neutron ILL | 0.477
A-101*T | MT 0.444 BX-112 T | FIC 0.478
TX-110 MT 0.444 AP-105 MT 0.478
U-102 ' | Neutron ILL | 0.447 AW-104 T | FIC -0.479
TX-111 T | Neutron ILL | 0.448 AY-101 T | MT 0.479
S-106 MT 0.448 AY-101 FIC 0.479
S-107 ' | FIC 0.449 BY-107 MT "0.480
BY-101 ' { Neutron ILL | 0.449 S-102 * Neutron ILL | 0.480
SX-101 * 7. | MT 0.451 AX-103* T | FIC 0.480
S-101 MT 0.451 AP-103 MT 0.480
SY-103* 1 | FIC 0.454 TX-102 Neutron ILL 0.481
(continued on next page)
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Table 5: (continued)

Tank Instrument | Score Tank Instrument | Score
B-104 MT 0.481 TY-105 MT 0.492
SY-103 * MT 0.481 C-102 FIC 0.492
SX-106 * T | Neutron ILL | 0.481 SX-110 MT 0.492
C-203 MT 0.481 TX-101 FIC 0.492
BX-109 FIC 0.481 AW-104 MT 0.492
A-106 FIC 0.481 C-108 MT 0.493
U-109 * ENRAF 0.482 AW-106 FIC 0.493
T-107 T ] FIC 0.483 U-103 * T'] Neutron ILL | 0.493
B-108 FIC 0.483 B-101 FIC 0.493
S-105 T | Neutron ILL | 0.483 AW-101* | MT 0.493
S-103 Neutron ILL | 0.483 T-111 T | FIC 0.493
U-106 't | FIC 0.483 TX-114 Neutron ILL | 0.493
TX-114 MT 0.483 AX-101* FIC 0.494
TX-111 T | MT 0.483 BY-110 MT 0.494
AZ-101 T | MT 0.484 S-109 FIC 0.494
C-105 1 | MT 0.484 BY-111 MT 0.494
.BX-104 1 | FIC 0.484 AP-102 MT 0.494
U-202 MT 0.485 B-203 MT 0.494
TX-117 MT 0.485 SX-104 * MT 0.494
T-109 FIC 0.485 TX-116 MT 0.494
TX-109 FIC . 0.486 T-102' FIC 0.494
BY-111 Neutron ILL 0.486 AN--106 FIC 0.494
S-111* Neutron ILL 0.486 U-108 * Neutron ILL 0.495
C-110 MT 0.486 BY-110 Neutron ILL | 0.495
AP-106 MT 0.486 U-106 ENRAF 0.495
B-111 FIC 0.487 TX-103 FIC 0.495
A-101"* Neutron ILL. | 0.487 C-109 MT 0.495
U-107 * ¥ | Neutron ILL | 0.487 C-105 - FIC 0.495
AP-101 MT 0.487 C~112 MT 0.496
U-110 FIC 0.487 B-112 FIC 0.496
S-107 MT 0.487 §X-103 * Neutron ILL 0.496
T-110 * FIC 0.488 B-106 FIC 0.496
T-103 FIC 0.488 T-107 ENRAF 0.496
TX~104 FIC 0.489 T-101 FIC 0.496
U-111 Neutron ILL | 0.489 C-103 FIC 0.496
AP-104 MT 0.489 SX-107 MT 0.496
BX-110 MT 0.489 U-101 MT 0.496
TY~104 FIC. 0.489 S-101 Neutron ILL 0.496
AP-108 MT 0.490 T-105 MT 0.497
SY-102 ENRAF 0.490 SX-115 MT 0.497
AP-105 1 | FIC: 0.490 AX-104 MT 0.497
TX-108 FIC 0.490 B-107 MT 0.497
U-201 MT 0.491 AP-107 ' | FIC 0.497
S-110 FIC 0.491 AW-105 FIC 0.497
BX-111 MT 0.491 B-104 Neutron ILL 0.498
AP-107 MT 0.491 S$-105 FIC 0.498
BX-105 FIC 0.491 BY-102 Neutron ILL 0.498
TY-102 T | FIC 0.491 TX-110 Neutron ILL | 0.498
B-110 Neutron ILL | 0.491 BX-106 ENRAF 0.498
T-101 MT 0.491 BX-106 FIC 0.498
C-103 ENRAF 0.492 C-106 FIC 0.498
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. Table 5: {continued)

Tank Instrument | Score Tank Instrument | Score
AP-101 FIC 0.498 T-105 FIC 0.507
B-112 MT 0.499 T-102 ENRAF 0.507
AN-102 FIC 0.499 AP-103 FIC 34.507
SX-102 * Neutron ILL 0.499 BX-101 MT 0.507
BY-103 Neutron ILL 0.499 T-112 FIC 0.507
B-102 FIC 0.499 TX-115 MT 0.507
BX-112 MT 0.499 TX-113 MT 0.508
B-103 FIC 0.499. T-204 MT 0.508
S-111 * MT 0.499 BY-112 Neutron ILL 0.509
AN-107 FIC 0.499 C-101 MT 0.509
T-104 MT 0.499 BY-105 MT 0.509
U-109 * Neutron ILL 0.499 BX-111 Neutron ILL 0.509
SX-114 MT 0.499 TY-101 FIC . 0.509
BX-108 MT 0.500 B-201 MT 0.510
S-104 MT 0.500 S-108 FIC 0.510
SX-108 MT 0.500 C-204 MT 0.510
AX-101"* Neui;ron ILL 0.500 A-105 MT 0.510
SX-109 * MT 0.500 B-102 MT 0.511
SX-113 MT 0.500 B-202 MT 0.511
T-109 ENRAF 0.500 BY-107 Neutron ILL 0.511
T-104 Neutron ILL 3.500 S-112 * FIC 0.511
BX-103 FIC 0.501 T-108 MT 0.512
T-203 MT 0.501 SX-101 * Neutron ILL 0.513
TX~-105 MT 0.501 U-203 MT 0.514
TX-107 T | FIC 0.501 TX-117 Neutron ILL | 0.514
U-112 MT 0.501 BX-102 MT - 0.514
SX-111 MT 0.501 SX-112 MT 0.515
T-110 * Neutron ILL 0.502 C-202 MT 0515
TX-118 Neutron ILL 0.502 S-108 Neutron ILL 0.515
A-103 Neutron ILL 0.502 S-108 . MT 0.515
C-111 MT 0.502 BY-106 Neutron ILL 0.516
B-111 Neutron ILL 0.502 B-110 MT 0.516
AZ-102 MT 0.502 BY-101 MT 0.516
AZ-102 FIC 0.503 TY-103 Neutron ILL 0.516
AX-102 MT 0.503 BY-109 Neutron ILL 0.517
SX-105* Neutron ILL 0.503 B-109 MT 0.518
AP-108 FIC 0.503 5-104 Neutron ILL 0.518
AN-101 FIC 0.503 BY-104 Neutron ILL 0.518
AW-103 1 MT 0.504 S-105 MT 0.521
T-106 FIC 0.504 B-105 MT | 0.521
A-102 FIC 0.504 T-202 MT 0.522
T-111 -| Neutron ILL 0.505 BX-104 MT 0.524
AP-104 FIC 0.505 U~104 MT 0.525
SX-106 * MT 0.505 SX-105 * MT 0.527
C-201 MT 0.505 A-104 MT 0.531
TX-109 Neutron ILL 0.505 BX-106 | MT 0.534
AW-105 MT 0.505 - S-109 MT 0.538
AY-102 MT 0.508 AW-102 FIC 0.540
AP-106 FIC 0.506 C-104 MT 0.541
T-201 MT 0.506 | | AY-102 FIC 0.542
B-204 MT 0.506 B-105 Neutron ILL 0.564
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5.3 Summary of the Quality of the Linear Regressions

This subsection presents an evaluation of the “quality” of the individual regressions performed
in Step 2.e.ii of the screening calculation. A measure of how well a linear regression describes
the relationship between a pair of variables (in this case, detrended waste level and atmospheric
pressure) is the square of the correlation coefficient of the two. This quantity, commonly referred
to as R?, has the properties:

e 0<R?L1
e R? =1 exactly when the relationship between the two quantities is perfectly linear.

Thus, R? values close to 1 indicate a strong linear relationship between the two measurements. As
an example, R?> = 0.66 for the data in Figure 3.

There are numerous regressions, and thus numerous values of R?, for each tank/instrument com-
bination. To summarize these values, a single display of boxplots was created for each tank/instrument
combination, as shown in Figures 15 through 18. Each boxplot is constructed from a five-number
summary of the R? values available for that tank/instrument combination. The five numbers are
the minimum, lower quartile, median, upper quartile, and the maximum. These five numbers divide
the R? values into 4 sequential blocks, each containing 1/4 of the total number of values. Figure 14
shows how these 5 numbers partition a set of numbers; the graphic at the bottom of the figure is
called a “boxplot”. :

25% 25% 25% 25%
Median .-
P Maximum
Minimum Lower Upper
Quartile ‘Qnartile
oO— }——o0

Figure 14: R? boxplot parameters

In a boxplot, the minimum and maximum data values are indicated by the open-circles at the
extreme ends of the graphic; the value of the median is indicated by the the vertical line; and the
rectangle between the minimum and maximum (the rectangle also brackets the median) begins
at the lower quartile and ends at the upper quartile; this rectangle spans the middle 50% of the
R? values. So, looking at the boxplot at the bottom of the first page of Figure 15, we see that
the minimum R? for the regressions for Tank S-108 was 0, the maximum was about 0.3, and the
median is ~0.08. A full 25% of the R? values were between ( and ~.03.

Figures 15, 16, 17 and 18 show boxplots of the R? values for tanks with FIC, ENRAF, MT
and Neutron ILL level measurements, respectively. In each figure, the tanks are sorted according
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to ascending median value of R?. Note that with this ordering, tanks which were flagged in this
screening tend to appear at the end of the figure. A tank name is marked with an asterisk if it
is currently on the flammable gas watch list and is marked with a dagger if it was flagged by the
screening procedure for that particular instrument.

In a comparison of the boxplots across instruments, the MT regressions appear to be almost
uniformly poor, even for tanks that are currently on the flammable gas watch list. In particular,
4 of the 125 tanks evaluated using manual tape have a median R? greater than 0.2 (see page 49)
while 23 of the 102 tanks evaluated using FIC measurements have a median R? greater than 0.2 (see
page 46). This suggests that tanks monitored primarily with MT may not be effectively screened
by the procedure described in this report. The boxplots for the regressions based on the FIC show
that the regressions with high R? values correspond with tanks that were flagged.
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Figure 15: Summary of the FIC regressions
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Figure 15: (continued)
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Figure 16: Summary of the ENRAF regressions
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Figure 17: Summary of the MT regressions
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Figure 17: (continued)
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Figure 18: Summary of the Neutron ILL regressions
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6 Recommendations

This section lists recommendations based on work described in this report; briefly, the recommen-
dations are

Extend modeling and methodology to estimate or bound the amount of gas trapped in the
tank waste.

Determine to what extent the data quality and quantity were adequate to detect significant
quantities of trapped gas.

Examine whether the observed waste level rise, common to many of the Hanford tanks, is
consistent with the magnitude of level response to pressure fluctuations.

Integrate the physical modeling with the multi-state dynamic linear model.

Explain the magnitudes of the slope estimates in terms of waste types.

Each of the suggested activities has the potential for contributing to the understanding of the
safety of the Hanford tanks. Discussion of €ach of these recommendations follows.

Extend modeling and methodology to estimate or bound the amount of gas trapped in the
tank waste. ) '

The quantity dDWL/dAP has been linked to the volume of gas in the waste; this volume
directly concerns tank safety, as discussed in Hopkins (1994) and in Nichols (1994). There
are known sources of systematic errors in the estimates of gas volume that would be obtained
using dDWL/dAP and Equations (5) and (7). These are:

1. Tank gas configuration
Entrainment as small bubbles or in stiff sludge can potentially “hide” gas from the
detection method described in this report. It’s unclear how to bound or account for
such entrainment with the data and models described in this report.

2. Observation error in atmospheric pressure fluctuations.
Equation (8) shows how dDWL/dAP can result in an underestimate of the amount of
trapped gas. A component of this error can be eliminated by estimating the time lag
between the measurement at HMS and the transfer of the effect to the tank headspace.
The time lag can be estimated from the cross correlation between measurements of tank
level and atmospheric pressure.

3. Trend in atmospheric pressure.
Atmospheric pressure trends can be corrected for by using a variation on the regression
procedure in this paper, viz., do not detrend, and use very short time intervals. This ef-
fect may not be significant, since the variation in atmospheric pressure is large compared
with any trend. -
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e Determine to what extent the data quality and quantity were adequate to detect significant
quantities of trapped gas.

Even though there are some waste level data for each Hanford tank, an important and un-
finished part of this screening task is to calculate for each tank whether there is enough level
data to reliably detect a significant quantity of trapped gas. Such a calculation is possible
and highly recommended.

As discussed in Section 5.3, the quality of the regressions in the screening calculations using
MT data were almost uniformly poor. Examining Table 2, we see that the screening for
SY-101 using MT data was barely significant (since the probability in parentheses is 0.024,
just slightly less than 0.05). This suggests that tanks primarily monitored via MT data may
not have been adequately examined by the screening in this report.

e Examine whether the observed waste level rise, common to many of the Hanford tanks, is
consistent with the magnitude of level response to pressure fluctuations.

A proposed explanation for the steady waste level rise in tanks such as 5-102 and U-105 is an
increasing amount of trapped gas. The modeling in Section 4.2.1 suggests that if the growth is
due to increasing amounts of gas, then the dDWL/dAP estimates should become increasingly
negative. Examining the plots in the appendix (see for instance Figure 302 on page 343), it’s
not clear that this relationship between waste level and dDWL/dAP exists. A more detailed
investigation is required to settle this question.

e Integrate the physical modeling with the multi-state DLM.

The multi-state DLM was used in this report to detect large changes in waste level; the
algorithm can be modified to incorporate the ideal gas law relation between trapped gas
volume, pressure and temperature. The result would be a candidate algorithm for

1. Detecting GREs based on tank waste level and tank temperature data.
Whether or not a tank experiences GREs is a criterion for evaluating whether the tank
is “safe” or not. Currently, many of the Hanford tanks have hydrogen monitors in place;
however, before 1995 none of the Hanford single shell tanks were routinely monitored for
hydrogen. The proposed algorithm could be used to examine the historical level data
for GREs.

2. Correcting tank waste level for pressure and temperature.

An output of the algorithm would be tank waste level corrected for temperature and
atmospheric pressure fluctuations. If temperature and pressure significantly affect tank
waste level; then modeling their effect would result in a more precise view of a tank’s
contents. In this case, the algorithm would result in improved leak/intrusion detection.

Given that seasonal variations in atmospheric pressure amount to ~0.4 inches Hg and
" typical values of dDWL/dAP for lammable gas watch list tanks are 0.2 to 0.5, a variation
of .08 to .20 inches in level could be attributed to seasonal variations in atmospheric
pressure. It would be interesting to compare the seasonality of waste level in some of
the Hanford tanks with the seasonality of atmospheric pressure; good candidates for this
experiment can be found in the S and U tank farms.
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e Explain the magnitudes of slope estimates in terms of waste types.

The two components of this activity are 1) obtaining a single, representative slope estimate
for each tank and 2) attempting to predict this slope estimate based on waste level and waste
type (as in Hanlon [1994]). One use of such a model would be to extrapolate estimates of the
amount of trapped gas to tanks for which the waste leve| data are insufficient for the screening
process described here. The results of this exercise may also be helpful in determining the
characteristics of tank wastes that generate and trap gas.
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Appendix A

Summary Plots for Each Tank and
Instrument







A Summary Plots for Each Tank and Instrument

This Appendix presents two plots for each screened combination of tank and instrument. Each
figure includes:

1. A plot of the level data versus time
2. A plot of the estimated dDWL/dAP versus time

The two plots use the same x-axis, although a time scale is shown only for the second piot. The
error bars in the second plot are for 95% confidence intervals on the slope estimates. This plot may
not show the complete error bars, nor all of the dDWL/dAP estimates, because the y-axis range

- was restricted to -2 to 1 units, covering most of the range of interest.’
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Figure 19: Tank A-101 FIC Data
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Figure 26: Tank A-104 MT Data
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Figure 39: Tank AP-102 MT Data
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Figure 40: Tank AP-103 FIC Data
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Figure 41: Tank AP-103 MT Data
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Figure 42: Tank AP-104 FIC Data
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Figure 43: Tank AP-104 MT Data
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Figure 44: Tank AP-105 FIC Data.
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Figure 45: Tank AP-105 MT Data

86



+| ,‘lf’T®WW¢YT* *#I@@rYllvay¢'w¢@'||TW

1989

@

I

@

Qe

$ | ‘o |£ lnL~J AAJAlm¢m,$L mA$&mAm1.+A ,+$$!*

@

0ot

_ T
00€e 00¢

(sayout) joneT aoeung

_
001

ot

T T
G0 00 S0-

ejewns3 adols aAnoIpaid

0'L-

19¢2 1993 1994 1995

1991

1990

1988

1987

Figure 46: Tank AP-106 FIC Data
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Figure 48: Tank AP-107 FIC Data
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Figure 51: Tank AP-108 MT Data
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Figure 54: Tank AW-102 FIC Data
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Figure 55: Tank AW-102 MT Data
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Figure 57: Tank AW-103 MT Data
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Figure 58: Tank AW-104 FIC Data
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Figure 62: Tank AW-106 FIC Data
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Figure 63: Tank AW-106 MT Data
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Figure 64: Tank AX-101 FIC Data
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Figure 65: Tank AX-101 Neutron ILL Data
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Figure 66: Tank AX-102 MT Data
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Figure 67: Tank AX-103 FIC Data
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Figure 68: Tank AX-104 MT Data
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Figure 71: Tank AY-102 FIC Data

112




&4

&L

a4

1983

A.AA 4 - %
Alq =g
ena e | E = : =
!Ai_ ‘ng = " <
AAAMuAuA Q< < .
AMQ%M__A&AA 4 4 944 -
Fg o3
4
qd Y9 Adadq g B
< <
%AA < q <« %AA a |
Qaq @ n
R SIS
< 4 “Faa < < i
é R A9 g K@ q 4 g
f& < g q <« & < B
<
<K Ad G a4 AﬁAAAéAAuAAAEAéA _ <
KRk q Q< :
éﬂ < 3 q g? B — 4
o d Weagg, i
T T T T T T T T T . m T T T T
0se 00e 0Se 002 oSt 00l 0S 0l g0 00 S'0- 0l- gl oe-

(sayouy) jone eoepNg

arewnsy ado|s aAnoipaid

1987 1989 1991 1993 1995

1985

1981

Figure 72: Tank AY-102 MT Data
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Figure 73: Tank AZ-101 FIC Data

114




Surface Level (inches)

Predictive Slope Estimate

200

0.0

-0.5

-1.0

——

T I 1 ! I i i I | { i

1981 1983 1985 1987 1989 1991

Figure 74: Tank AZ-101 MT Data
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Figure 75: Tank AZ-102 FIC Data
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Figure 76: Tank AZ-102 MT Data
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Figure 77: Tank B-101 FIC Data
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Figure 78: Tank B-102 FIC Data
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Figure 79: Tank B-102 MT Data
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Figure 81: Tank B-104 MT Data
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Figure 82: Tank B-104 Neutron ILL Data
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Figure 83: Tank B-105 MT Data

124

1993




X % x kX m % X x m X X X
x X X w X X x *
X % X % X X X % e X
X X XxxXy X <« I %
X
X
X
X -
¥ X
X -
X
X
X
x b—
X
X
X
X -
X
X .
X
X -
X
X
X
X
X -
X
X X
X
X x X . B
X
X X
I I | T I ] _.I I [ _ I I I I
09 g'ab 0'Sy avy (V47 gey oer 0L S0 00 g0 0L G- 0¢

(sayout) (eae-pinbi

ajewn)s3 adojs annaipald

1988 1989 1990 1991 1992 1993 1994 1995

1087

©
Q
[22)
——

Figure 84: Tank B-105 Neutron ILL Data
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Figure 85: Tank B-106 FIC Data
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Figure 86: Tank B-107 MT Data
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Figure 87: Tank B-108 FIC Data
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Figure 89: Tank B-110 MT Data
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Figure 90: ‘Tank B-110 Neutron ILL Data
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Figure 91: Tank B-111 FIC Data
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Figure 92: Tank B-111 Neutron ILL Data

133

X X
X
X X
X X
. x X
X
.
X
T ] ] ] T
X
-
T I | T ]
Nov 94 Dec 94 Jan 95 Feb 95 Mar 95




Surface Level (inches)

Predictive Slope Estimate

11

10

0.4

0.2

0.0

-0.2

-0.4

O

0o O

8;[!,

o) Slelelelelo’e’

o
1 1 | 1 T ! 1 1 1 1 ! 1 1 |
1) O]
0]
ICWP o jﬁ%} B T ﬂ)l T
D %)
] I ¥ 1 ! 1 T ] -1 i I T T [
1981 1983 1985 1987 1989 1991 1993 1985

Figure 93: Tank B-112 FIC Data
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Figure 94: Tank B-112 MT Data
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Figure 95: Tank B-201 MT Data
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Figure 96: Tank B-202 MT Data
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Figure 97: Tank B-203 MT Data
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Figure 98: Tank B-204 MT Data
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Figure 99: Tank BX-101 MT Data
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Figure 100: Tank BX-102 MT Data
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Figure 101: Tank BX-103 FIC Data
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Figure 102: Tank BX-104 FIC Data

143




Surface Level (inches)

Predictive Slope Estimate

1.0 36.5 37.0 375 38.0 38.5

0.5

0.0

-0.5

-1.0

o A

A 2N

200000 AN L0000

A M A NA A

A ALL DA MNA A

L0 OO AALONAA A

A LAM DA &4

2 AL

Jan 81

T { I T
Jul 81 Jan 82 ~Jul 82 Jan 83
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Figure 104: Tank BX-105 FIC Data
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Figure 105: Tank BX-105 MT Data
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Figure 108: Tank BX-106 MT Data
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Figure 109: Tank BX-107 FIC Data
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Figure 110: Tank BX-108 MT Data

151

T
1993

1995




Surface Level (inches)

Predictive Slope Estimate
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Figure 112: Tank BX-110 MT Data
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Figure 116: Tank BX-112 MT Data
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Figure 117: Tank BY-101 MT Data
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Figure 118: Tank BY-101 Neutron ILL Data
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Figure 119: Tank BY-102 MT Data
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Figure 120: Tank BY-102 Neutron ILL Data
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Figure 122: Tank BY-103 Neutron ILL Data
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Figure 123: Tank BY-104 MT Data
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Figure 125: Tank BY-105 MT Data
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Figure 126: Tank BY-105 Neutron ILL Data
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Figure 128: Tank BY-106 Neutron ILL Data
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Figure 129: Tank BY-107 MT Data
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Figure 131: Tank BY-108 MT Data
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Figure 132: Tank BY-109 FIC Data
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Figure 133: Tank BY-109 Neutron ILL Data

174




Surface Level (inches)

Predictive Slope Estimate

180

\:;us)D D D D D D ,

0.5 10 100 120 140

0.0

-0.5

1.0

-1.56

-2.0

160

A
A
I}
Il |8
| ]
Y. % """""""""""""""""""" AAAwaceeee
A :
M ﬁ ﬁ&T Ald + %
&
I T I I ¥ V i i L 1 L i
1981 1983 1985 1987 1989 1991 1993 1995

Figure 134: Tank BY-110 MT Data
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Figure 135: Tank BY-110 Neutron ILL Data
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Figure 136: Tank BY-111 MT Data
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Figure 137: Tank BY-111 Neutron ILL Data
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Figure 138: Tank BY-112 MT Data
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Figure 139: Tank BY-112 Neutron ILL Data
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Figure 142: Tank C-103 ENRAF Data
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Figure 143: Tank C-103 FIC Data
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Figure 144: Tank C-104 FIC Data
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Figure 146: Tank C-105 FIC Data
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Figure 147: Tank C-105 MT Data
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Figure 148: Tank C-106 ENRAF Data

189




Surface Level (inches)

Predictive Slope Estimate

70

1.0

0.5

0.0

-0.5

-1.0

-1.5

-2.0

9

@5 O (TSI
L0y 011150 T,
3 :ayo-m >
® }:\3‘@ Jiis

G

T
© 1981

T

1983

i ] 1 T 1 I |

1985 1987 1989 1991

Figure 149: Tank C-106 FIC Data
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Figure 150: Tank C-107 FIC Data
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Figure 151: Tank C-108 MT Data
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Figure 155: Tank C-112 MT Data
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Figure 157: Tank C-202 MT Data
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Figure 165: Tank S-102 Neutron ILL Data
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Figure 167: Tank S-103 FIC Data
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Figure 168: Tank S-103 MT Data
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Figure 171: Tank S-104 Neutron ILL Data
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Figure 173: Tank 5-105 MT Data
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Figure 174: Tank S-105 Neutron ILL Data
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Figure 175: Tank S-106 ENRAF Data
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Figure 177: Tank S-106 MT Data
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Figure 180: Tank S-107 FIC Data
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Figure 181: Tank S-107 MT Data
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Figure 184: Tank S-108 Neutron ILL Data
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Figure 186: Tank S-109 MT Data
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Figure 187: Tank S-109 Neutron ILL Data
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Figure 188: Tank S-110 FIC Data
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Figure 189: Tank S-110 MT Data
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Figure 190: Tank S-110 Neutron ILL Data
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Figure 192: Tank S-111 FIC Data.
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Figure 193: Tank S-111 MT Data
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Figure 194: Tank S-111 Neutron ILL Data
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Figure 195: Tank S-112 FIC Data
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Figure 197: Tank S-112 Neutron ILL Data
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Figure 199: Tank SX-101 MT Data

240

1985




Predictive Slope Estimate

Liquid Level (inches)

163 164 165

162

1.0

0.5

0.0

-0.5

-1.0

-1.5

-2.0

X
X
X
X
] X X % X %
x X ><>< x X X
] XX X X %
X X xX X
><X>< X X
X X X%
XX ”Q&%
] M&ﬁé
X
X X
x X
. X X
X
X
1 1 1 1 1 1 1 1 1 1
- X
X! I X
XX %
-
T T T - T T T T T T T
1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

Figure 200: Tank SX-101 Neutron ILL Data
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Figure 201: Tank SX-102 FIC Data
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Figure 202: Tank SX-102 MT Data
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Figure 203: Tank SX-102 Neutron ILL Data
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Figure 205: Tank SX-103 MT Data
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Figure 206: Tank SX-103 Neutron ILL Data
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Figure 207: Tank SX-104 FIC Data
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Figure 208: Tank SX-104 MT Data
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Figure 209: Tank SX-105 FIC Data
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Figure 210: Tank SX-105 MT Data
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Figure 211: Tank SX-105 Neutron ILL Data

252




+ + | -
++ H+
g
+
ot B - 8
+ +...._n+u*u LL
s ———
hy, T+
+TH 4y o 3
+ + + - -5 a |
+ 4T S K
s o o
u_n++ + < Z
+ My T o M
+4t+ & - - o ©
+ + £ 2 =2
+ 1 o ° . e
Ty oty “ o) S
+ ot e 3 =
+++ + ] <
+ ++ £ B -3 &
+.+. +1I|+ pd I
+ Fy «
4+ +++ < [
ot - - 2 5
#: S ¥
#h &
+ ¥ .
++ . S
b - - 3
T )
4 @
e |
T T 7 _ _ T _ _ T T T
¥'002 ¢'00e 0002 8664 9661 V'661 . 00 1’0~ A €0 y'o- g0
(seyouy) jore] aoeuNg ajewns3 adojs aanolpald




Surface Level (inches)

Predictive Slope Estimate

185 190 195 200 205 210

1.0 180

0.5

0.0

-0.5

-1.0

-1.5

-2.0

1)

]

%{ﬁ ﬁ +W%¢"P+

1981

| T | T T T T
1983 1985 1987 1989

i 1 | i

1991 1993 1995

Figure 213: Tank SX-106 FIC Data
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Figure 214: Tank SX-106 MT Data
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Figure 215: Tank SX-106 Neutron ILL Data
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Figure 216: Tank SX-107 MT Data
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Figure 217: Tank SX-109 MT Data
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Figure 218: Tank SX-110 MT Data
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Figure 219: Tank SX-111 MT Data
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Figure 220: Tank SX-112 MT Data
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Figure 221: Tank SX-113 MT Data
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Figure 222: Tank $X-114 MT Data
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Figure 223: Tank SX-115 MT Data
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Figure 225: Tank SY-101 FIC Data
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Figure 226: Tank SY-101 MT Data
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Figure 228: Tank SY-102 FIC Data

269




i =
= =
m u
< llmmwwn B
II..AI
=,
_ IIHMEWW
ﬂ ] = "
« & e 9 <% _ —ere—
ég |
Uy g
_HH&AEn L
Y < %
, ARAQAAQAQ |
<
AAAER_AAAEQAA_ B
4 99 Qqq < 44 @ -
q
AVAq g g <4 94 9944 <
WGP o3 B
T aaw g <« aq
A -
<
q < < < 4.4
d4 g
&&B& .
T T T T T T T T T
oov 0o0g 00¢ 001 G'0- ol g'l- o'e-

(sayouy) jane eoepng

o'l G0 00

ajew)s3 ado|g aAnoipald

1983 1985 1987 1989 1991 1993 1995

1981

«
e}
<
A
=
=
)]
S
0
P
wn
24
S
B
&
N
3
v
=)
=
20
<]

270



iy
i
Feb 95 .

+

.

I

|
Dec 94

271

+
#ﬁf
]
|
Oct 94

="
+
Figure 230: Tank SY-103 ENRAF Data

4
j_s#*
+

.H
#

1

i
Aug 94

] T T ” T T ] T T
g'cle 02le G142 v 00 L0- c0- €0 0 S0

(sayoul) jene soeung ajewns3 adojs aAndIpaid




Surface Level (inches)

Predictive Slope Estimate

220 240

200

-1.0 -0.5 0.0 0.5 1.0

-1.5

2.0

T
1981

1
1983

T T T T l T T |
1985 1987 . 1989 1991

Figure 231: Tank SY-103 FIC Data
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Figure 232: Tank SY-103 MT Data
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Figure 233: Tank T-101 FIC Data
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Figure 234: Tank T-101 MT Data
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Figure 235: Tank T-102 ENRAF Data
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. Figure 236: Tank T-102 FIC Data
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Figure 237: Tank T-103 FIC Data
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Figure 238: Tank T-104 MT Data
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Figure 239: Tank T-104 Neutron ILL Data
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Figure 240: Tank T-105 FIC Data

281




Surface Level (inches)

Predictive Slope Estimate

33.1 33.2 333

33.0

0.02

0.0

-0.02

-0.04

Figure 241: Tank T-105 MT Data
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Figure 243: Tank T-107 ENRAF Data
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Figure 245: Tank T-108 MT Data
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Figure 246: Tank T-109 ENRAF Data
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Figure 247: Tank T-109 FIC Data
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Figure 248: Tank T-110 FIC Data
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Figure 249: Tank T-110 Neutron ILL Data
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Figure 250: Tank T-111 FIC Data
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Figure 251: Tank T-111 Neutron ILL Data
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Figure 252: Tank T-112 FIC Data
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Figure 253: Tank T-201 MT Data
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Figure 254: Tank T-202 MT Data
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Figure 255: Tank T-203 MT Data
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Figure 256: Tank T-204 MT Data
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Figure 257: Tank TX-101 FIC Data
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Figure 258: Tank TX-102 MT Data
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Figure 259: Tank TX-102 Neutron ILL Data
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Figure 260: Tank TX-103 FIC Data

301




Predictive Siope Estimate

Surface Level (inches)

26 28

24

22

1.0

0.5

0.0

-0.5

-1.0

@]
o° P00 ol
@, o
Op
T T T T T T T T T T T I —
&
0]
AL i ol
""""" O Stmmmermemess 48}
Ol 11d )
Qo
®
an
T T T T T T T T T T T T T T
1983 1985 1987 1989 1991 1993 1995

1981

Figure 261: Tank TX-104 FIC Data
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Figure 262: Tank TX-105 MT Data
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Figure 263: Tank TX-106 MT Data
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Figure 264: Tank TX-106 Neutron ILL Data
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Figure 265: Tank TX-107 FIC Data
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Figure 266: Tank TX-108 FIC Data
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Figure 267: Tank TX-108 Neutron ILL Data
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Figure 268: Tank TX-109 FIC Data
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Figure 269: Tank TX-109 Neutron ILL Data

310




Surface Level (inches)

Predictive Slope Estimate

150 160 170
! | !

140
i

1.0

0.5

00

D
el

-1.0

-1.5

T T T 1 T T T T T T T
1981 1983 1985 1987 1988 - 1991

Figure 270: Tank TX-110 MT Data
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Figure 271: Tank TX-110 Neutron ILL Data
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Figure 272: Tank TX-111 MT Data
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Figure 273: Tank TX-111 Neutron ILL Data
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Figure 274: Tank TX-112 MT Data
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Figure 275: Tank TX-112 Neutron ILL Data
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Figure 276: Tank TX-113 MT Data
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Figure 277: Tank TX-113 Neutron ILL Data
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Figure 278: Tank TX-114 MT Data
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Figure 279: Tank TX-114 Neutron ILL Data

320




Surface Level (inches)

Predictive Slope Estimate

0.5 1.0 200 205 210 215 220

0.0

-0.5

-1.0

-1.5

-2.0

A
AAAAA
AA AAAAA
A
ﬁ FaN
AAAAAAAAm 2y '
T T T T T T T T T T 1 T T T T
A A Py
a7 l
NS
L |
A
A
¥i

T T T T T T T T T T T T T T
1981 1983 1985 1987 1989 - 1991 1993 1995

Figure 280: Tank TX-115 MT Data
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Figure 281: Tank TX-115 Neutron ILL Data
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Figure 282: Tank TX-116 MT Data
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Figure 283: Tank TX-117 MT Data
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Figure 285: Tank TX-118 FIC Data
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Figure 286: Tank TX-118 Neutron ILL Data
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Figure 287: Tank TY-101 FIC Data
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Figure 288: Tank TY-102 FIC Data
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Figure 289: Tank TY-103 FIC Data
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Figure 290: Tank TY-103 Neutron ILL Data
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Figure 291: Tank TY-104 FIC Data
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Figure 292: Tank TY-105 MT Data
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Figure 293: Tank TY-106 MT Data
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Figure 294: Tank U-101 MT Data
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Figure 295: Tank U-102 FIC Data
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Figure 296: Tank U-102 Neutron ILL Data
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Figure 298: Tank U-103 FIC Data
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Figure 299: Tank U-103 Neutron ILL Data
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Figure 300: Tank U-104 MT Data
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Figure 304: Tank U-105 Neutron ILL Data
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Figure 305: Tank U-106 ENRAF Data
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Figure 302: Tank U-105 FIC Data
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Figure 303: Tank U-105 MT Data
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Figure 306: Tank U-106 FIC Data
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Figure 307: Tank U-106 Neutron ILL Data
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Figure 309: Tank U-107 FIC Data
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Figure 310: Tank U-107 Neutron ILL Data
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Figure 311: Tank U-108 FIC Data
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Figure 312: Tank U-108 Neutron ILL Data
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Figure 314: Tank U-109 FIC Data
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Figure 315: Tank U-109 Neutron ILL Data
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Figure 316: Tank U-110 FIC Data
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Figure 318: Tank U-111 Neutron ILL Data
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Figure 319: Tank U-112 MT Data
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Figure 320: Tank U-201 MT Data
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Figure 321: Tank U-202 MT Data
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Figure 322: Tank U-203 MT Data
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Figure 323: Tank U-204 MT Data
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