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ERRATA:

Immediately atier thk report was submitted for duplication and distribution, it was
learned that at least some, if not all, of the interstitial liquid level (ILL) measurements
were suspect. It is possible, but undetermined at this time, that some of the ILL
sensor data are measurements of the waste surface rather than an interstitial liquid
interface. To the extent the ILL data is not measuring the interstitial liquid level, the
lLL-measured tank data and subsequent analysis shown in Appendix E will be in
error. The conclusions and recommendations described in thk report are supported
by the ENRAF and FIC data and remain valid.
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Executive Summary

Single-shell tanks (SSTS) were initially constructed at Hanford in 1944 to store
radioactive wastes resulting from plutoniumhranium separations processes necessary for
plutonium production. The first SSTS to leak were TY-106 and U-1OI, in 1959. To date,
67 of the total of 149 single-shell tanks have been declared “confirmed or assumed
leakers”; the other 82 tanks are deemed “presumably sound.” While some of the SSTS
have had the supernatant pumped off (or stabilized) many of the tanks contain significant
volumes of supematant, interstitial liquids, or both. These tanks represent a potential
insult to the environment should a failure occur prior to or during the retrieval of their
contents.

To assess the potential for failure of the SSTS that are presumably sound (at present) and
to help establish retrieval priorities for these and the assumed leakers, this report
examines several factors that can facilitate retrieval planning. First, this report reviews
the probability of single-shell tank failure as a function of tank age and operational
history. Second, it provides a simple statistical summary of historical leak volumes, leak
rates, and corrosion factors.

A preliminary integrity assessment of the remaining useful life of the tanks is included.
This assessment, which is based upon factors such as corrosiveness of the waste,
maximum waste temperature, and lower-knuckle construction, is then used in conjunction
with predicted failure frequencies to make an initial estimate of the remaining useful life
of the SSTS. The end result is a preliminary screening of the single-shell tanks that may
be candidates for initial hydraulic retrieval based on tank integrity. Accordingly, 12
presumably sound tanks are proposed as candidates for immediate detailed integrity
assessment, 20 presumably sound tanks are proposed as contingency candidates for
immediate detailed integrity assessment, and 52 presumably sound tanks and 62 assumed
leakers are proposed for subsequent detailed integrity assessment.

For those SSTS with a reportable liquid Ievel—supernatant measured with a level gauge
or interstitial liquids measured by a gammafneutron probe in the liquid observation
wells—this report also provides a preliminary assessment of the significance of volume
changes over month-long periods, and it provides a preliminary estimate of the minimum
leak rates that could be detected in these tanks. Together with available data based on
expected retrieval times, this estimate of minimum detectable leak rates was used to
calculate a maximum undetected leak volume for each SST.

This preliminary screening of SST failure frequencies and sluicing histories concludes
that for many SSTS, tank integrity indicators such as corrosiveness of the waste and
maximum waste temperature are favorable. Furthermore, level data show that many
tanks with a recordable liquid level are Ieal-tight today—within quantified criteria and
probability of detection and probability of false alarm. Finally, methodologies are
suggested for confirmatory tank integrity analysis and failure frequency predictions prior
to the initiation of full-scale retrieval operations on the SSTS.

~ VISTA RESEARCH, INC.
. . .
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1 Introduction

Under the Single-Shell Tank (SST) Retrieval Program Plan, the contents of the Hanford
SSTsare scheduled for``retrieva~' with various hydraulic (sluicing-based) technologies. A
primary input to this plan is the characterization of the current condition of the SSTS.

Since the SSTS were taken out of service, a number of circumstances regarding SST retrieval
havechanged. First, some of the SSTshave been <`stabilize& ';thatis, pumpable liquids have
been removed, leaving sludge and salt cake in a stable condition while they await retrieval.
Second, there has been some degradation oftank liners. Third, the’’leak designation”of ~
some SSTshas changed (i.e., whether they areconsidered leaking or not). And fourth, there
have been changes inretrieval technology. Allofthes ecircumstance smustbeconsidere din
context in order to devise a viable retrieval strategy—one that allows efficient waste retrieval
andatthe same time minimizes therisk ofleaks into thevadose zone. Asthe condition of
the tanks continues to degrade, retrieval options may become limited to technologies that
would not cause further degradation (at least not to the point of creating new leaks).

Appendix Ashowsquick reference facts for SSTs. This appendix summarizes the SSTsin
terms of the age of the tanks, the number of tanks assumed to be leaking, the number of
sound tanks, andother pertinent information. Atank-by-tank ranking ofintegrity is shown in
Appendix B.

~ VISTA RESEARCH, INC 1 September 199S
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2 Background

2.1 Operating History

Single-shell tanks were initially constructed at Hanford in 1944 to store radioactive wastes
resulting from plutoniumhrranium separation processes necessary for plutonium production.
The first SSTS known to leak were TY- 106 and U-101, in 1959. To date, 67 out of a total of
149 SSTS have been declared “known leakers” or “assumed leakers.” The approach used to
determine what constitutes a “leaker” has not been consistent. Anecdotal information
indicates that, in some circumstances, a leak was merely inferred—on the basis of partial or
inconclusive data. Accordingly, not all “assumed leakers” may have actually leaked. The
SSTS were formally removed from active service in 1981, but they still contain over 35
million gallons of radioactive waste that has not yet been retrieved [Hanlon, 1998].

During the 37 years that the SSTS were in active service, 13 different types of waste were
generated [Hill, 1994]—the result of various processes for plutoniurnluranium separation,
uranium recovery, and cesiumktrontium removal. These 13 distinct wastes have been mixed
together as a result of consolidation efforts and the cascading of wastes to form 30 discrete
tank groupings by specific waste chemistry [Anantatmula, 1994].

Since 1978, 119 SSTS have been “interim-stabilized.” Interim stabilization is the process of
removing pumpable liquids from the tanks, leaving the sludge and salt cake in a stable
condition while they await retrieval. Even after the supernatant liquids have been pumped
off, SSTS may contain significant volumes of interstitial liquids—liquids contained in the
void space between the grains and particles that comprise the sludge and the wetted portions
of the salt cake.

2.2 Failure Mechanisms

Aside from process upsets and structural/mechanical failures, the most likely failure
mechanisms for SSTS are corrosion-related. It is important to note that any discussion of
SST corrosion issues should be prefaced by the fact that nearly everything we know about
SST corrosion is inferred from laboratory simulants or Savannah River data. There exist
only limited data on the exposure of in-tank coupons to PUREX, Redox and BiP04 wastes at
Hanford.

The failure mechanisms applicable to the Hanford SSTS are ranked as follows, in decreasing
order of importance [Edgemon, 1996]:

(1) stress-corrosion cracking (SCC)
(2) pittingdcrevice corrosion
(3) uniform corrosion

~ VISTA RESEARCH, INC. 2 September 199S
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The most common, and most plausible, leakage mechanism for the Hanford SSTS is stress-
corrosion cracking. SCC can occur when the tank’s carbon-steel liner is exposed to aqueous
solutions containing sodium hydroxide and sodium nitrate. Cracks form in and near the
welds in the tank’s sidewall, in the weld “heat-affected zones”-a region whose width is
typically two to three times the thickness of the base material and where there is an
accumulation of residual stresses from the welding that occurred during the tank’s
construction, (The Hanford SSTS were not treated for stress relief during construction.) The
strongest evidence of stress-corrosion cracking comes from the failure of Tanks #9, #1 O, #14
and #16 at the Savannah River Site [Girdler, 1965; Poe, 1974]. Figure 1 shows a photograph
of the exterior of Tank #14 at the SRS—a tank that leaked as a result of SCC. The effects of
the leaks are clearly evident in the photo. These leaks occurred along numerous cracks that

appeared in the Iower horizontal weld of the tank,

Figure 1. SavannahRiver Sile, Tank #14 (Photograph #4080-13). In this
non-stress-relieved tank, leaks due to nitrate-assisted, stress-corrosion crack[ng
can be seen in the heat-affected zone near the weld. Note that the leaks appear
to have self-sealed.

The time it takes for
cracking to occur cannot
be predicted; it maybe
anywhere from a few
months to several years.
A common tool for
assessing SCC in the
waste tanks at Hanford
and Savannah River is
the corrosivity factor
(CF), which is the ratio
of the molar
concentrations of nitrate
to nitrite-plus-
hydroxide. In the
present corrosion
specifications for
double-shell tanks, the
CF is maintanied below
2.5. The calculation of
the CFS is based on a
rough approximation of
the chemistry of the
primary and secondary
wastes (70% and 30%,
respectively)
[Anantatmula, 1994].
The CFS calculated for
the SSTS are shown in
Tables 1 and 2.

~ VISTA RESEARCH, INC. 3 September 1998
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TabIe L Waste Grouping vs. Leak Statusand Corrosivity Factor (Reprinted from Anantatmula, 1994)

Waste Groupl
Tanks Percent

Waste Type Leaked**
CF

TBP, EB-lTS

CW, TBP

SS, TBP

EB, CW

Cw

EB, TBP

REDOX, EB

EB, REDOX

lC, EB

DSSF, NCPLX

2C, 224

224

Ungrouped

TBP-F, lC

TBP, CW

TBP-F, EB-~S

CCPLX, DSSF

lC, Cw

IC, TBP

CW, EB

CW, MIX

EB, lC

REDOX

BY-109. BY-102

C-102,C-105

C-103,C-106

U-105.U-107.U-108,U-109

U-201, U-202,U-203

TX-108,TX-118

S-102, S-Ill. S-106, S-105, S-109, S-108, S-l IO,
S-112, S-103, S-101, S-107, SX-105. SX-106,
SX-104, SX-102, SX-101 , TX-102, TX-104,
TX-105, TX- 106, TX- 107

U-103, U-102. U-111, U-106, TX-I15

B-107, B-108, B-109, BX-II2

&Ql, A-102, A-103, AX-101

~, T-ill, T-112

B-201 , B-202, B-203, B-204, T-201, T-202, T-203,
T-204

A-104. A-105. A-106. AX-104. B-104. BX-109.
C-104: C-107: SX-103, T-109, k, TX-101,
TX-103, TX-112, TY-1OI, U-11O>U-112, U-204

C-lOS, C-109, C-111, C-112, T-107

BX-101, BX-102, BX-103, BX-104, BX-105,
a, C-lol

BY-101, BY-103, BY-104, BY-105, BY-106,
BY-107, BY-108, BY-11O, BY-111, BY-112

AX- 102, AX- 103

T-105, T-106

B-106, BX-107, BX-108, C-1 10, T-108

B-1OI, B-102, B-103

T-101, T-102, T-1O3

B-105, TX-109, TX-11 O,TX-111, TX-113,
TX-114, TX-116, TX-1 17, TY-102

S-104, SX-107, SX-108, SX-109, SX-I 12, SX-1 15,
U-lol

o

0

0

0

0

0

14

20

25

25

33

37.5

39

40

43

50

50

50

60

67

67

75

100

67.67

24,54

24.53

21.21

0.05

45.70

13.66

23.16

11.01

0.77

4.04

1.80

0.85 for C-I07;
4.87 for SX-103;
2.75 for T- 104

35.83

57.18

45.5

1.10

1.94

26.43

9.12

0.10

22.02

6.53

continued
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Waste Group/
Tanks

Percent
Waste Type Leaked**

CF

HS C-201, C-202, C-203, C-204 100 1.59

2C, 5-6 B-11O, B-111>B-112 100 5.00

REDOX, REDOX-IX SX-llO, SX-I1l, SX-114 100 6.07

lC, EB-ITS BX-l IO, BX-111 100 12.43

TBP TY-105, TY-106 100 81.67

TBP, lC-F TY-103, TY-104 100 57.99

RED OX, DIA SX-113, U-104 100 4.57

* Underline indicates tanks thatwere sound andnotstabilized (asofl994)
** Percentage oftanks, bywaste group, thathave leaked.

Table2. Corrosivity Factors for Primary Waste Types [Anantatmula, l994]

OH+ NOZ NOS Corrosivity Factor
Waste Type moleslliter moleslliter NOJ(OH + NO,)

REDOX 0.74 4.83 6.53

HS 1.32 2.1 1.59

2C NR 1.27 5“

Oww NR 0.06 1’

lC 0.56 1.54 2.75

EB”’ 0.57 17.26 30.28

TBP 0.09 7.35 81.67

Cw 0.37 0.02 0.05

CCPLX 0.52 0.72 1.38

DSSF 6.05 2.72 0.45

224 0.59 1.06 1,8

NCPLX 2.2 3.3 1.5

Ss 5.74 NR 0.04”

* = assumed value
** = assumed a density of 1.45 glccfor molarity calculation
NR = none reported

Temperature alsoplays animpofiant roleininitiating SCC. Acritical temperature of 122° F
was discovered to be the threshold below which nitrate-assisted SCC would occur only at
verylow rates [Ondrejcian, 1978].
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While stress-corrosion cracking is expected to be the dominant failure mechanism for the
Hanford SSTS, pitting/crevice corrosion cannot be discounted. Pits often begin at the site of
manganese sulfide (MnS) precipitates prevalent in carbon steels. They result from a highly
localized corrosion process that produces small-diameter holes in a solid metal structure.
Once a pit begins, the local chemistry in the tank will cause it to grow. Typically, the growth
rate accelerates as the pit grows deeper. Once initiated, the pitting can rapidly produce a hole
in plate steels.

While uniform corrosion does occur in the SSTS, the corrosion rates are generally less than 1
mil (0.001 in.) per year. Thinning to point of failure is highly unlikely. Accordingly, SST
failures due to uniform corrosion are discounted in this report.

2.3 Sluicing History

Between 1952 and 1957,43 SSTS in the B, BX, BY, C, T, TX, and U tank farms were
sluiced to recover uranium and then returned to service. Between 1962 and 1978, an
additional 10 tanks in the A and AX tank farms were sluiced to recover strontium and
cesium. Of these, eight were returned to service; during the sluicing operations Tanks A-104
and A-105 were found to be leaking and were therefore removed from service at the
completion of those operations [Rodenhizer, 1987]. (Tank A-105 was sluiced after the leak
was discovered, so that high-heat-producing sludge could be removed. Tank A- 104 started
to leak during the sluicing operations, but no definitive relationship between the leak and
these operations was established [Rasmussen, 1980].) Tables 3 and 4 list tanks and sludge
volume retrieved during both the strontium and cesium and the uranium recovery campaigns.

With respect to leaks and sluicing, 53 tanks in total have been sluiced to empty or nearly
empty levels. The bulk of sluicing operations took place in tanks that held the relatively
benign bismuth-phosphate wastes as part of uranium recovery operations. The one tank that
was identified as a leaker during sluicing operations (A-104) contained a mixture of wastes
from the PUREX process and organic wash wastes [Brevick, 1994; Rodenhizer, 1987]. For
this analysis, Tank A-105 was removed from the population of sluiced tanks because it had
been identified as a leaker prior to sluicing; thus, 51 out of the 52 tanks that were sluiced
(98. 1%) remained sound and were returned to service. Of the51 tanks returned to service,
21 (41.2%) were subsequently declared “assumed leakers.” The remaining 30 tanks that
have been sluiced and that have not produced indications of leaks maybe candidates for
early hydraulic retrieval.

Table 3. Sluicing Campaigns for Strontium and Cesium Recovery

Tank Sluicing Period
Sludge Volume Retrieved

(Kgal)

A-101 1968-1976 I07
A-102 1964-1976 170
A-103 1962-1976 116

continued
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A- 104 1969-1975 223
A- 105 1968-1970 147
A-106 1969-1977 237
Ax-lol 1975-1976 66
AX-102 1976 66
AX-103 1976-1977 82
AX-104 1977 52

Table 4. Sluicing Campaigns for Uranium Recovery

Tank SIuicing Period
Sludge Volume Retrieved

(Kgal)

U-lol
u- 102
u- 103
u- 104
u-1 05

U- 106
u- 107
U- 108
u-1 09
C-lol

c- 102
C-103
C-104
C-105
C-106

C-201
C-202
C-203
C-204
B-1OI

B-102
B-103
BX-101
BX-102
BX-103

BX-104
BX-105
BX-106
BY-1OI
BY-102

1952-1956
1953-1957
1952-1956
1953-1956
1953-1957

1956
1953-1957
1953-1956
1953-1956
1952-1953

1953

1953
1953-1955

1953
da

1954
1954
1954

1954 – 1955
1953

1953
tia

1953-1954
1954
1954

132.5
59.6

0+132.5 (from U-101)
132.5

59.6

0
132.5
59.6

0
132.5

59.6
0

132.5
59.6

0

16
8
0
0

132.5

59.6
0

280

134
33

I 954-1955 181.5

1955 89
1955 12.5

1954 0
1954 0
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BY-103 1954 0
BY-104 nla o
BY-105 1954 . .

BY-106 nla . .

BY-111 1955

BY-1 12 1955
T-1OI 1954-1956 132.5
T- 102 1953-1956 59.6
T- 103 1953-1957 0
TX-101 1954-1956 259

TX- 102 1954-1956 121

TX- 103 1954 0
TX- 104 1954-1956 0
TX- 105 1954-1957 91
TX- 106 1955 . .

TX-107 1954-1957 . .

TX-108 1954-1957 . .

2.4 Failure Frequencies

There are many methods of quantifying failure frequencies for a population of failed
components. Three such methods are presented in this report:

● deterministic failure frequencies based on declaration date
● deterministic failure frequencies based on indications from liquid level data
c probabilistic failure frequencies based on corrosivity

In the case of the SSTS, it is possible to determine the age of the tank at the time it was
declared leaking by subtracting its installation date from the raw “declared leaker date”
published in the monthly Waste Tank Summary Report [Hanlon, 1998]. A histogram of tank
age at (declared) failure is presented in Figure 2. The column plot in this figure shows the
number of tanks that were declared “leakers” or presumed to be “leakers” as a function of
their age at the declaration date. (The plot is “binned” at two-year intervals.) The line plot in
Figure 2 shows tbe cumulative distribution of the failures. The cumulative distribution
describes—for tanks that have actually leaked or that are presumed to have leaked (relative to
the total number of tanks that were declared leaking)—the percentage of failures as a
function of age. The average age-to-failure for the 67 SSTS that have leaked or are presumed
to have leaked is about 24 years.

This simple estimation of failure frequency assumes that the tanks have common operational
histories and are subjected to the same criteria when the “presumed leaker” designation is

applied. There is a firmer criterion on which to base the decision that a leak has occurred or
is occurring-a definite decrease in level that is not plausibly attributable to other sources. A
histogram of tank age at failure for 24 such SSTS is shown in Figure 3. For these data, the
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average age-to-failure is about 28 years. When one compares these data to the ages of the

tanks that exhibited unambiguous decreases in level, the implication is that the assignment of
a “declared leaker” status to an SST may have been conservative.

5

5 10 15 20 25 30 35 40 45 50

Age at declared leak date - years

o%

Figure 2. Histogram of SST failure frequency based on the date at which the tank was
declared an “assumed leaker.” Mean time to declaration is 24 years.
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Figure3. Histogram of SST failure frequency based ontbedate oflevel decrease.
Mean time to level decrease is 28 years.

The final failure frequency method presented here is a probabilistic method based on
expected comosion-related failures forlarge, carbon-steel tanks. Information from both
Hanford and the Savannah River Site suggests that the primary failure mode for SSTS is
nitrate-assisted SCC [Edgemon, 1994; Girdler, 1965]. SCCisinsidious andis difficult to
predict because of thewide variability inthetime ittakes foracrack to appear. SCC
requires an aggressive environment (enhanced by elevated temperatures), a high-stress state
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due either to residual fabrication stresses or applied loads, and a crack initiation site such as
an impurity, a scratch, or a void in a weld.

The probability, PSCC, that SCC will occur in a waste storage tank can be qualitatively
defined as

Ps~~ = Pen, x P.

where Pen, is the probability that the contents of the tank constitute an aggressive
environment and POis the probability that the tank is subject to stresses above the k~scc (the
threshold stress for SCC) required to initiate cracking [Anantatmula in Abatt, 1996]. A third
term (not shown in the equation) represents the probability that the tank has numerous crack
initiation sites. Because of the way the tanks are constructed, this third term can be taken to
be 1.0. In the case of the SSTS, POcan also be taken to be 1.0, because the SSTS were put
into service without the benefit of a stress-relief annealing process.

This leaves P,”. as the controlling factor in the probability of the occurrence of SCC. In the
case of the SSTS, environmental aggressiveness can be divided into two sub-parameters: (1)
the corrosivity factor of the waste, and (2) temperature. Tanks with maximum temperatures
less than 122° F would not be expected to experience significant SCC damage regardless of
waste type. Tanks that have maximum temperatures above 122° F and CFS greater than 2.5
would be expected to suffer severe SCC-related damage. Based upon these values, a relative
failure frequency can be assigned to each individual tank. Using these parameters for CF and
temperature, relative failure frequencies were assigned quantitatively. This is described in
Section 4.0 (Assessment of Remaining Useful Life).
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3 Preliminary Integrity Assessment

Tank integrity can be discussed on two levels: structural integrity and liquid integrity.
Structural integrity addresses whether the tank is likely to collapse or rupture, whereas liquid
integrity addresses whether it can maintain the confinement of liquids. The SSTS derive their
structural integrity from their concrete encasements. They derive their liquid integrity from
the carbon-steel liner that defines the confinement boundary. Although the SSTS are
believed to be structurally sound, many of them are suspect in terms of liquid integrity.

The Tank Farms Surveillance Group at Hanford has established administrative controls on
the allowable changes in liquid level in the SSTS; when levels go beyond these limits, some
investigation is required. There are, however, no leak detection or reporting methods in
place whose performance-in terms of probability of false alarm and probability of detection
as measured against some specified criterion—has been evaluated and demonstrated. In this
section of the report, we examine the SST level data in an attempt to (1) provide a statistical
assessment of the significance of changes in tank volume over time; (2) assess the minimum
leak rate that could be detected in these tanks using the existing level-sensing instruments
and data systems; and (3) estimate the performance of an integrity monitoring system that is
based upon the extant level sensors and data systems.

3.1 Structural Integrity

The structural integrity of the SSTS must be inferred from non-empirical data. There are no
in-service inspection records for the SSTS. Thus, the structural integrity of the tank is
established on the basis of its concrete encasement. In calculations performed for the Final
Safety Analysis Report (FSAR),” the design of the SSTS showed an ample margin for
tolerating operational loads and withstanding credible accident scenarios [Han, 1996a,
1996b]. Concentrated loads ranging from 100 tons over a 30-ft radius to 200 tons over a 10-
ft radius were considered. The most critical factor in assessing the structural integrity of the
SSTS is dome loading. Based on a safety factor between 2 and 3, according to ACI code, the
“100 series” of SSTS examined here are expected to withstand a concentrated load of 300 to
600 tons over an area with a 10-ft radius. Under these conditions, the predicted failure mode
is a flattening of the tank dome and eventual shearing through the 10-ft-radius area centered
at the crown of the dome.

Dome loads for SSTS are rigorousl y enforced through OSD-T- 151-00013 D- 15, which limits
static dome loads to5tons over a12-ftradius for``200 series' 'tanks, and5tons overa 10-ft
radius for’’ 100series’’ tanks. Llveloads prelimited to50tons for``200 series'' tanks and 100
tons for’’IOO series’’ tanks. Based on Han’sanalyses [Han, 1996a, 1996b], itis not expected
that the SSTS will collapse during interim storage, stabilization or retrieval operations as long
as the dome loading limits are observed,
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3.2 Liquid Integrity

The liquid integrity assessment for each SST requires a measure of the liquid volume over
time. Some tanks contain measurable amounts of supernatant, while others have had (most
of) the superrratant liquids removed. These latter tanks can, however, contain a significant
volume of interstitial liquid that is trapped in the sludge and that is not readily pumpable in
large volumes. Since nearly all of the tanks can be considered as having some volume of
liquid in them, any loss of liquid integrity poses a clear and present danger of insult to the
environment, including the likelihood of groundwater contamination. This is an important
issue now, and will be even more so during retrieval operations.

The single-shell tanks can be subdivided into two categories: interim-stabilized and non-
stabilized. There are 119 tanks that have been interim-stabilized—that is, tanks whose
supematant liquid has been pumped off, leaving only sludge, interstitial liquids, and salt cake
[Hanlon, 1998]. The level (volume) of the interstitial liquid in the stabilized tanks is
measured with a gammalneutron probe (or Interstitial Liquid Level [ILL]) that is raised and
lowered into a liquid observation well (LOW) located in the center of each tank. The liquid-
air interface is detected as a sudden and significant change in the activity monitored by the
probe. 1 There are also 30 tanks that are mm-stabilized-meaning that they contain shrdge,
interstitial liquid, and supernatant liquids. The liquid level in these tanks is measured
(typically) with a level gauge such as the ENRAF or FIC. (Note that the ILL probe will also
provide a measure of the air/liquid interface in these tanks.) A number of the interim-
stabilized tanks are effectively empty; that is, most of the liquid and sludge has been removed
during an earlier campaign. These tanks are nominally free of both liquids and sludge,
except, perhaps, for a thin layer at the bottom, or scattered areas of dried or drying sludge.

A table of SST waste volumes asof31 December 1997 is shown in Appendix C, a portion of
which was abstracted from one of the monthly Hanlon reports. Included is the total volume
in each tank, subdivided according to the volume of supernatant liquid, interstitial liquid,
sludge and salt cake. The second-to-last column in this table indicates whether there is a
sufficient volume of liquid to warrant a liquid integrity analysis of the tank, and the last
column indicates whether that tank incorporates the instrumentation needed to obtain the
measurements for such an analysis. Since the height-to-volume ratio of most of the SSTS is
about 2,750 gallin., a cutoff point of about 5,000 gal was established; tanks with volumes less
than this amount were not analyzed. For tanks containing a significant volume of
supematant, level-measurement data from an ENRAF, FIC or equivalent sensor were used if
such data were available and if these data were both recent and continuous. For tanks with
significant volumes of interstitial liquid but little or no supernatant, data from the
gammahreutron probe, if available, were used.

1The inferred volume of liquid will depend on both the depth of the liquid and the void fraction. The void
fraction will vary depending upon the makeup of the sludge, and thus will be tank-specific. Values for the void
fraction for each tank can be found, for example, in WHC-SD-WM-ER-349, “Historical Tank Content
Estimates for the Northeast Quadrant of the Hanford 200 Area” [Brevick, 1994].
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The tank documents reviewed in this work show that there were a total of 102 SSTS that
contain sufficient quantities of liquid (as defined above), either supernatant or interstitial, to
warrant further analysis. Of these, 70 have data that are suitable for preliminary integrity
assessment analysis.z An important point is that this liquid can leak, regardless of which type
it is. A statistical analysis of the data from a tank that presently contains liquid can be used
to infer—in a very general sense—the liquid integrity of that tank, and to assess the leak
detection performance of its extant level gauges.

The SST liquid level data are measured by any of several different methods. Early in the
Hanford program, the method was a “stick” (or manual tape) inserted into the tank, and data
were taken infrequently, several times per year or perhaps quarterly. These data are not very
useful in a leak detection analysis because the sample frequency is too low to be of value on
a reasonable time scale-say, a week to a month. Later, the stick method was replaced with
automatic tank gauges such as the FIC and the ENRAF. Typically, these sensors measure
and record the air/liquid interface once every 10 rein, with averages computed on an houri y
and a dail y basis3 [Barnes, 1998]. The daily averages were used in the analysis described
below for the ENRAF and FIC data. In the case of the ILL probe, data are collected
manually, using an instrumented van that is driven from tank to tank, approximately once per
week. The ILL data were obtained from TWINS and were used in the same manner as the
data from the ENRAF and FIC gauges.

3.2.1 Selection of Level Data

The data gathered in this report were obtained from TWINS-an interface to Hanford-related
databases that is accessible from the Irrternet.4 Subsets of these data were used in the
analysis. Appendix D includes a listing of the data that were obtained from TWINS, and
those data selected for analysis. The entries in this appendix show the range, in terms of
date, of the various sensor data that were available. As can be seen from the entries, some
tanks have had several sensors instaIled, but some of the sensor data maybe many years old,
For the purposes of the analysis described below, we selected data that represented the most
reliable, recent, and continuous set available. When more than one set met the selection
criteria, the Auto ENRAF data, when available, were chosen over other data. If the Auto
ENRAF data were not available (or were discontinuous), we selected the Manual ENRAF,
then the Auto or Manual FIC data, and finally the Manual Tape data. In cases where there
was interstitial liquid only, and the LOW data were available, the ILL probe data were
selected.

2 Thirty-two of the 102 tanks either exhibited liquid-level data that were erratic or otherwise not sufficiently

continuous for use in the analysis, or were not equipped with a LOW sensor. Accordingly, the data from a total
of 70 tanks have been analyzed for this report.
3To minimize the data storage requirements, a data compression technique is used whereby only level values
that have changed more than 0.01 in. are actually recorded. There is no critical information lost when this
!echnique is used,
4 See huoYltwins.rml. zov:800 lflCD/main.html, for example.

~ VISTA RESEARCH, INC. 13 September 1998



Single-Shell Tank Sluicing History and Failure Frequency HNF-3018, Rev. O

To be useful for the analysis, the level data needed to be sampled over a long duration, at a
more or less uniform frequency. Since hourly samples were not readily available for this
analysis, we used daily samples, seeking block-lengths of at least two years. (This usually led
to the selection of either the Auto ENRAF or Auto FIC data.) A second requirement for the
analysis was that the level data needed to be more or less internally consistent with the other
level measurements made on the tank. That is, if a tank had liquid level measurements made
by several sensors, then a measure of the quality or reliability of the data would be how well
the several independent data compared. For example, if two sensors measured (about) 118
in. of liquid, and the data from a third sensor was to be used in the analysis, it was expected
that the value measured by the third sensor would be (about) 118 in. also.

To compare the similarity and potential temporal overlap of the various sensor sets, a plot of
measured level as a function of time was made for each available sensor, for each of the
tanks shown in the table in Appendix D. Figure 4 shows a series of plots from Tank A-103.
As shown in Appendix D, the TWJNS-accessible databases contain level data on Tank A-103
from six level sensing systems during various past years: Auto ENRAF, Auto FIC, Intrusion
FIC, Manual ENRAF, Manual FIC, and Manual Tape. For this tank, the best and most
reliable data appeared to be the Manual ENRAF data. These choices are illustrated in
Appendix D, and the data used in the analysis are denoted by boldface type. Note that for
some of the tanks, no usable data were obtained, This was either because the data quality
was too poor, or because there was no sensor installed on that tank to provide relevant data.

3.2.2 Statistical Analysis of Level Data

After the required data had been downloaded, it was analyzed with an ExcelTM spreadsheet
prepared for processing large quantities of data. The output is presented in Appendix E. The
anal ysis technique is explained below, using the Auto ENRAF data from Tank A-103 as an
examples The data plots shown in Figure 4 illustrate a data sample taken from Appendix E.

The first step in the data analysis was to convert level to volume, using the appropriate
height-to-volume conversion factor,c and then make a plot of the volume data. The plot used
in the analysis of A-103 is shown at the top of Figure 5. In a few cases (including A-103),
the data obtained through TWINS contained spurious points that could be edited without
compromising the integrity of the data set. The spurious points edited out of the A- 103 data
set, although not plotted, are indicated at the lower right of the plot. A comparison of the
Manual ENRAF plot in Figure 4 with the volume plot in Figure 5 reveals the three spurious
points that were edited from the data: one point at the beginning of the record, one early in
January 1997, and another early in 1998.

5Although Tank A-103 was declared an assumed leaker in 1987, and was administmtivel y stabilized, it
reportedly contains an estimated 4,000 gal of supernatant [Brevick, 1994]. Accordingly, changes in the level of
the liquid surface can be analyzed. Because of the sludge and salt cake present in the tank, the absolute volume
estimates will be in error, but the rate of change of volume will be correct.
6For the 100-series tanks, the height-to-volume conversion is 2,753.8 galfin; for the 200-series tanks, the
height-to-volume conversion ratio is 195.7 galfin.
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Figure 4. Plots from Tank A- 103.
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Figure 4 (concluded). Plots from Tank A- 103.
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Figure 5. Plots used in the analysis of Tank A-103.
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The volume plot in Figure 5 shows that Tank A-103 had seven or eight periods, lasting two
to three months eac~ during which volume was more or less constant. Between these
periods, there are also eight or nine places in the data where the volume changes abruptly—
either up or down. Since the character of the indicated positive and negative volume changes
is suggestive of sensor adjustments, calibrations, or other non-actual volumetric changes,
these data are retained in the analysis.

Afler generating the plo~ the spreadsheet parsed the data into 30-day sets.7 As many of these

(no~n~ly) month-long data sets were ptised as could be obtained from the data. For
example, in a case where 21/2years of sensor data were available, 30 (thirty) 30-day data sets
could be obtained. After the data had been parsed, a least-squares linear regression tit was
made to each of the 30-day data sets. The slope of the regression line, expressed in terms of
gallons per hour, was saved aa an estimate of the volume rate during the month-long period.
The standard deviation of the y-estimate, which describes the fluctuations during the month-
Iong period (i.e., how well the data “behave”), was also saved. In the case of A-103, it was
expected that the abrupt volume changes observed in the data set would cause unusually
large and entirely spurious estimates of volume rate, standard deviatioq or both. To provide
a data quality filter, we rejected from the ensemble any data set having a standard deviation
of more than 1,000 gal/h (2,000 gal/h for the ILL data). The final volume rate data set used
in the analysis is plotted in Figure 5. It forms the basis for the performance and leak
detection estimates. The number of volume rate estimates removed from the data set because
of poor qualit y (i.e., high standard deviation) is shown at the lower right of the volume rate
plot of F@re 5. Immediately below this is the number, N, of data sets that were available
for analysis for the tank in question. For A-103, for example, N was equal to 21,

The EPA provides a concise approach for evaluating the performance of leak detection
methods using a gaussian analysis ~Standard Test Procedures for Evaluating Leak Detection
Methods: Automatic Tank Gauging Systems,” 1990]. This evaluation procedure, applied to
the Hanford tank dat~ allows an estimate to be made of the minimum leak that can be
detected in each t~ assuming that the data sets used are representative of the liquid level
data from that tank. Using the final analysis set, the EPA’s gaussian analysis first calculates
a test statistic, ts, given as

&= N’x(m/rs~),

where N is the number of data sets that are usable atler the data have been culled and
anomalous data points removed, m is the average volume rate over the entire analysis period
(the average of the N volume rate estimates), and cm is the standard deviation of the set of
volume rate estimates. As described above, for the A-103 dat~ there were 21 data sets of
volume rate data after culling. For a mean volume rate of 0.14 gaVh and a standard deviation
of m of 0.58 gal/b, the resulting test statistic is calculated to be 1.10,

7Sincethe ILL data were recorded weekly, there are fm fewersamplesavailable,comparedto tbe ENRAF or
equivalent sensor. When the ILL data were used, 30 samples were tieu this typically corresponds to a record
length of about seven months.
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3.2.2.1 Significance of the Average Volume Rate

To determine the statistical significance of the average volume rate, m, a mull hypothesis test

can be used. The null hypothesis states—in this casethat m is zero gallons per hour. The
test compares the test statistic to a critical statistic, L, determined from a table of Student’s t-
values, for specified one-sided confidence intervals. Given the month-to-month fluctuations
in the values of volume rate, the test determines whether the measured value of m is
statistically different ffom Ogal, or whether the observed value can be attributed to random
occurrence. In the case of the analysis of the SST dat~ we test at two confidence intervals,
5% and 1%. In the hypothesis test, these values are the probability of rejecting the null
hypothesis when it is true-in other words, at 5’%.and 1% probabilities of false alarm, A
Student’s t-table gives a L value of 1.729 at a 57. error, and a vahre of 2.539 for a 17. error.
Since G is less than&in both cases, we conclude that, with only a 5% chance of error (or 1%,
depending upon the value used), the measured average volume rate, m = 0.14 gal/h, is due to
pure chance and cannot be distinguished from O gaUh. Had& been greater than L (as it is for
some of the SST data analyzed below), we would conclude that, with only a 5’% (or 19’0)

chance of error, the mean volume rate could not be explained by random error. This does not
mean the tank is leaklng; it simply describes that the average volume rate is not likely
attributable to random error. In the language of statistics, when&is less than L, we say we
“fail to reject the null hypothesis.” While this statement is technically correct, it is obtus~
accordingly, we have shown the result in Figure 5 in terms of the statement “the mean
volume rate is equivalent to Ogal/h.”

3.2.2.2 Mhimum Detectable Leak

Using the volume rate data for each tank, a threshold, T, can be determined that will specify
the maximum likelihood of incorrectly detecting a le~ if a leak test were conducted on this
t~, this is the probability of false alarm, PFiI The threshold will also allow us to estimate
the minimum leak that would be correctly detected; this is the probability of detection, PD.
The relationship is

TpFA=-GXOm,

where & is selected from a table of Student’s t-values to match the desired PFAfor the number
of degrees of freedom available (N-1). Using these data, the minimum detectable leak, L~~,
at a probability of detection of 1-PF~ can be calculated simply as 2xT. Figure 5 shows these
calculations fOr PD/PFAS of !% O/ot50/0 and 99°/ot 10/O.

In the case of Tank A-103, for example, these calculations indicate that if we implement a
leak detection threshold, T, of -1.00 gal/h on the Manual ENRAF data stream we cam by
using a single month-long data period, detect a leak as small as -2.00 gal/h with a PD of 95~0.

Because the PFAis 5%, we would also expect five false alarms for every 100 tests attempted.
Since responding to false alarms is both expensive and time-consuming, it is of interest to
lower the value of the PFA. If we implement a leak detection threshold, T, of-1.46 gal/h
instead, we obtain a lowered PFA of 10/. and can detect a leak of-2,92 gal/h with a P~ of
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99%.8 These performance dataareilhrstrated in Figure5. Theplots nearthebottom of the
figure show how the noise and signal-plus-noise data (assuming that these data were
normally distributed) would berelated to them, cr~, and Tvahres ineachcase (PDrmd P~~of
95% and 5%, respectively, and P~ and PFA of 99% and 1$’., respectively).

The selection of a threshold to match various PD and PFArequirements invariably entails
compromise: anyattempt toreduce PF*alsoreduces PD. Whhinthe leak detection
community, ghowever, aPDof95°/o isthecommonly accepted starrdard. Inorderto improve
the performance of the leak detection method, we can extend the statistical analysis used to
make the performance estimates by tinding a threshold that minimizes PFA yet is consistent
With apDOf95°/o, Whenthis tactic isapplied tothedata tiom Tank A-103, for example, we
find that if we implement a leak detection threshold of -1.84 galh we can detect a release of
-2.92 gal/h Witha PDOf95Vo ~da PFAOfOn1y0.16Yo. Thisrepresents approximately asix-
fold increase in the leak detection capability for Tank A-103, with no concurrent loss of pD,
The results of the calculation for minimizing PFAare shown at the bottom of Figure 5.

As noted at the beginning of Section 3.2,2, an analysis similar to that described above has
been conducted for each of the SSTS that efilbited data of suil-icient quality and duration to
warrant such an analysis. Theresults arepresented in Appendix E. Assuming that the data
measured for each tank faithfirlly represents the liquid level in that ta& the essential
conchrsions fiomthe work described above are several. First, the TWINS data showthat70
of the 149 SSTS have a sufficient volume of supernatant or interstitial liquids, and have liquid
level data of sufficient quality, to be useful for a volumetric-based liquid integrity assessment
method. Second, themalysis showed thatthe liquid integrity ofthosetafis could
successfully reassessed. Ttird, thepefiomance ofavolumetnc-based integrity assessment
method is expected to be reasonably good (i.e., minimum detectable leaks of a few gallons
perhour ata PDof95Yo, tithapFAt~ically muchlessthmlY0). Thisis anespecially
usefld result when one considers integrity assessments for assigning retrieval priorities,
considering that the installed level instruments were never designed for a “leak test” purpose.

Furthermore, the successful use of liquid-level data to assess tank integrity demonstrates the
potential usefulness of this approach for periodic monitoring (for example, during waste
retrieval operations). Toachleve thedegree ofpefiormance described above would require
30daily measurements (or, for~Lmeasurements, weekly smples). Thus, a single test
would last one month (seven months in the case of ILL measurements>too long a duration
formost applications. Ashofiertest duration would bepossible ifthelevel datawerebmed
on hourly measurements; for example, a two-day test could be conducted using 48 hourly
measurements. Such ateWwould rquirea sepaate petiomance wsessment (since its
petiormance would notnecessmily bethesame asthatofthe 3O-daytest). Given the

8Existing proceduresat TMACSexaminethe liquid-kvel data stream for changes in volume of 3 standard
deviations. This is roughly comparable to a PITA of 1%. While the P~Aof the existing procedures is comparable
to the l% described for the volume mte estimates, the PDinherent in the existing TMACS procedures has not
been established, nor has Orerninirnunr detectable leak been established,
9 end many other detectionaiented cmrusrurdties as well, such as those rising radar and sonar
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availability of hourly liquid-level dat~ this assessment could be accomplished through
analysis of these data.

A final conclusion resulting from the statistical analysis of the level data was that with only
a few exceptions, thk work confkrns the DOE-published assumptions regarding tank
integrity. In 40 of the cases where DOE determined that a particular tank is likely to be
sound, this analysis confirmed that determination. The results of the analysis are tabulated in
Table 5. It is important to note that the analysis described in this section did not attempt to
identifi phenomena that might atTeet the volume data or to correlate these phenomena with
the data. For example, it is known that the measured volume in some tanks is strongly anti-
correlated with barometric pressure. The identification of such influences, and compensation
for their effects on the measured volume dat~ was beyond the scope of this work.

Table 5. A Comparison of Reported Tank Integrity with Analysis-Infemed Integrity

DOE-Reported Analysis-Inferred Number of
Integrity Integrity Tanks

Tank ~S

Presumed sound Volume rate = Ogal/b 40 A-101, B-102, B-104, BX-104, BX-105, BY-101,
BY-102, BY-104, BY-109, BY-I1O, BY-1 12, C-
103, C-106, S-101, S-103, S-105, S-108, S-IO9,
S-no, S-111> Sx-lol, SX-102, SX-103, SX-105,
SX-106, T-102, T-104, T-1 10, T-112, TX-101,
TX-102, TX-106> TX-I09,TX-1 18, U-102, U-
103, U-107, U-108, U-109

Presumed sound Statistically significant o—
negative volume rate

Presumed sound Statistically signiticmd 9 BX-103, S-102, S-106, S-107, S-112, TX-111,
positive volume mte TX-112, U-105, U-106

Assrnnedleaker VolumeMe = Ogalh 17 A-103,B-105,B-111>B-112,BX-11O,BY-103,
BY-105,BY-106,BY-107,S-104,SX-104,T-
111(>1995),TX-114,TX-115,TY-103,TY-104,
U-lol

Assumed leaker Statisticafly significant 1 B-1 10
negative volume mte

Assumed lesker Statisdmlly significant 3 TX-11O, TX-113, TX-117
positive volume rate

Total of 70 tanks containing su~cient liquid andpossessingjmctiomd instrumentation
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4 Assessment of Remaining Useful Life

All of the SSTS have been removed from active service. They are currently used to store
waste that is awaiting retrieval under a RCRA Part A, interim-status permit. In other words,
the SSTS have already reached the end of their useful lives in active service. The term
“remaining useful life,” as used in this report, refers to the SSTS’ viability as interim storage
receptacles for solid and liquid wastes awaiting retrieval. In the context of “remaining
useful life,” the definition of “failure” is the loss of liquid containment during the interim
storage period or during subsequent retrieval operations. A corollary to this definition is that
any tank that has been declared an “assumed leaker” is considered to have undergone failure.

The service life of all SSTS (grouped according to tank farm) is shown in Table 6. This table
covers the period from 1998 to 2018, the target date for SST closure.

Table 6. Length of Service of SSTS according to Tank Farm Grouping

Tank Farm In Service FronriTo
Service Life in 1998 Service Life in 2018

(in Years) (in Years)

A
AX
B
B/x

BY
c
s
Sx

T
TX
TY
u

1956-57
1965-66
1945-47
1948-50

1950-51

1946-53
1952-53
1954-60

1944-47
1949-51
1953
1946-49

42
33
53
50

48
52
46
44

54
49
45
52

62
53
73
70

68
72
66
64

74
69
65
72

4.1 Catastrophic Failure

Catastrophic failure, defined in this analysis as either structural collapse or the loss of 50,000
gal or more, has a relatively low probability of occurrence. Table 7 presents information on
the five tanks known to have leaked catastrophically.

~ VISTA RESEARCH, INC. 23 September 1998



Single-Shell Tank Sluicing History and Failure Frequency HNF-3018, Rev. O

TabIe 7. Catastrophic Leaks in SSTS

Age of Tank Leak Volume (gal)
Tank Date

Postulated
(Years) Failure Mechanism

A- 105 1963 6 10,000 to 277,000 Steam rupture
BX-102 1971 21 70,000 Unknown
SX-115 1965 5 50,000 Thermal cycling
T-106 1973 26 115,000 Unknown
U-104 1961 12 55,000 Unknown

Minimizing catastrophic failures during retrieval operations will depend largely on the
response time necessary to declare a leak and the ability of in-tank equipment to remove free
liquids.

Based on the preliminary integrity assessment presented in Section 3, the SSTS can be
qualified for interim storage of solids for the duration of the expected SST retrieval program,
i.e., through the year 2028.

4.2 Loss of Containment

An initial approach to estimating an SST’s remaining useful life is to simply bound the
expected time-to-failure and assign a probabilistic distribution within those bounds. As the
carbon-steel liners of these tanks degrade over time, breaches are likely to occur. Time-to-
faihrre can reasonably be bounded by the following:

. Minimum time-to-failure: O years (assuming some SSTS leak when placed into
service )

● Muximum time-to-failure: 90 years (two times the longest known time-to-failure)
● Mean time-to-failure: (90 – 0)/2 =45 years

Once the minimum, maximum, and mean time-to-failures are defined, various probability
distribution functions can be examined for utility as a reasonable remaining useful life
estimator. A bounding estimator may be useful for the total population, but its utility for
making remaining-useful-life estimates for individual tanks is limited.

A slightly more sophisticated approach to estimating a tank’s remaining useful life is through
the use of a simple linear likelihood estimator. Linear likelihood estimators are a common
tool for predicting future component failures based on component failure histories. Sixty-
seven SSTS have been declared “assumed leakers.” Using the formula

Lhear Likelihood Estimator (Tank Age) “ # Failed = Probability of Failure
Total Population
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we can develop a linear likelihood estimator based on the declaration date of the leak (as
shown in Figures 2 and 3).

Tank AX-102, for example, went into service between 1965 and 1966. The linear estimator
in Figure 2 shows that 70% of the 67 tanks that have been declared “leakers” had been in
service between 30 and 35 years when that designation was applied. The estimated
probability that Tank AX- 102 would be declared an assumed leaker today is

70% * 67/149= 31%

The probability of a level decrease can be estimated similarly, using the simple linear
estimator in Figure 3. The probability of a level decrease for Tank AX-102 today is:

60% * 24/149 = 10%

These simple linear estimators have been applied to the remaining 82 SSTs—those that are
considered sound. The results are shown in Table B- 1 in Appendix B. Since the oldest SST
to have been declared a leaker was Tank T-101, in 1992 (when it had been in service for 45
years), the linear estimators predict a “declared leaker” probability of 45% (100% * 67/149
= 45%) and a probability of level decrease of 16% (100%*24/149= 16%) once a sound tank
reaches a service life of 45 years.

Linear likelihood estimators are only as useful as the data used to develop them.
Unfortunately, the protocols used to declare an SST an “assumed leaker” have not been
consistent through the years, and tank-to-tank operations vary significantly. Linear estimator
predictions should therefore be taken within the context of other predictors.

Any discussion of SSTS as a group is difficult because of the number of independent
variables associated with each individual tank. The major variables affecting corrosion-
related failures include waste type, waste temperature, tank construction, and the percent of
wetted surface time (i.e., how much time the interior surface of the liner has spent in contact
with the contained liquids). All four of these four variables were qualitatively determined for
the remaining 82 sound SSTS, according to the following protocols (and sorted in Appendix
B):

Waste Type . 0% leakers Good
. O-25%leakers Moderate
. Over 25% leakers Bad

● 10W% leakers Very bad

Corrosivity Factor . Below 25 Good
● 25 to 50 Moderate
● Above 50 Bad
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Maximum Waste . Below 120°F Good
Temperature ● 120°Fto 170”F Moderate

“ 0ver170”F Bad

Tank Construction . Radius knuckle Good
● Butt-weld knuckle Bad

A common tool for screening the aggressiveness of a particular waste type is the corrosivity

factor discussed in Section 2.2. Itisimportant tonotethat the CFismost valid fornitric-

acid-based waste streams. There aremany constituents comprising the30 waste groupings

used in this analysis [Anantatmtrla, 1994]. Appendix Bshowsthe results ofatr initial

screening of corrosive conditions based on waste type, maximum temperature, and tank

construction.

4.3 Tank-by-Tank Ranking

Table 8showstank groupings according to five categories. Itdescribes thecharacterisdcsof

tanks ineachcategory andgives thenumber oftanks in that category, Table 9 providesa

relative ranking of tbe remaining useful lives of all the SSTS.

Table8. Tank Groupings according to Category

Category Characteristics Number of Tanks

I.

11.

111.

Iv.

v.

Benign waste type, low temperature, good to moderate comosivity factor, 12

constant service history, consistent surface level

Inconsistent liquid level, benign waste type, elevated temperature, good 20
to moderate corrosivity factor, consistent service history, listed as sound,
may or may not have been stabilized

Inconsistent liquid level or aggressive waste type, elevated temperature, 50
good to moderate comosivity factor, inconsistent service history, listed as
sound, may or may not have been stabilized

Lkted as “assumed leaker,” leaked less than 50,000 gal, may or may not 62
have been stabilized

Lkted as “assumed leaker,” leaked more than 50,000 gal 5

The relative rankings provided here should be used for preliminary screening of SST
candidates forearly retrieval demonstrations. While qualitative rankings are indicative of
trends, definitive conclusions regarding the structural and liquid integrity of individual tanks
cannot be drawn from these limited data.
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Table 9. Relative Rankings of the Remaining Useful Lives of SSTS

Category Tank Name Number of Tanks

I.

11.

111.

IV.

v.

C-102, C-103, C-105, TX-108, TX-118, U-105, U-107, U-108, 12
U-109, U-201, U-202, U-203

BY-102, BY-109, C-106, S-l I2, S-111, S-102, SX-106, SX-101, 20
SX-102, SX-105, S-101, S-103, S-105, S-106, S-107, S-lOS, S-
109, S- 110, TX- 102, TX-104

TX-106, U-106, U-ill, U-103, U-102, AX-101, A-101, A-102, 50
B-108, B-109, BX-1 12, T-1 10, T-1 12, B-202, T-201, T-202, T-
203, T-204, U-204, SX-103, A-106, B-104, BX-109, C-104, C-
107,T-104,TX-1O1,TX-1O3, Tx-112, C-108, C-109, C-112,
BX-103, BX-104, BX-105, BX-106, BY-111, BY-1 12, AX-103,
BY-11O, BY-104, BY-101, T-1O5, B-106, BX-107, B-102,T-
IO2,TX-109,TX-11I,TY-1O2

62A-103, A-104, AX-102, AX-104, B-101, B-103, B-105, B-107,
B-11O, B-111, B-112, B-201, B-203, B-204, BX-1OI, BX-108,
BX-I 10, BX-I 11, BY-103, BY-105, BY-106, BY-107, BY-108,
C-101, C-1 10, C-1 11, C-201, C-202, C-203, C-204, S-104, SX-
104, SX-107, SX-108, SX-109, SX-1 10, SX-1 11, SX-I 12, SX-
113, SX-114, T-101, T-I03, T-1O7, T-108, T-109, T-Iii, Tx-
105, TX-107, TX-1 10, TX-1 13, TX-1 14, TX-1 15, TX-1 16, TX-
117, TY-lO1, TY-103, TY-104, TY-105, TY-1O6, U-101, U-11O,
U-112

A-105, BX-102, SX-115, T-106, U-104 5
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5 Impact of Hydraulic Retrieval on Liquid Integrity

During SST retrieval operations, the rate which liquid could potentially be released to the
surrounding soils depends primarily on two parameters: (1) total hydraulic head and (2) leak
path. The total volume of liquid that could be released to the soil depends on three
additional parameters: (1) retrieval time, (2) detection time, and (3) response time. The
impact of hydraulic retrieval is illustrated in Figure 6.

There are many theories regarding leak mechanisms for SSTS. One such theory says that
leaking SSTS all have essentially the same flow area resulting from a similar distribution of
stress corrosion cracks. A confident understanding of a leak’s expected behavior will allow

appropriate application of leak detection and leak response measures during retrieval
operations in the SSTS.

5.1 Calculated Flow Constant for Laminar F1OW

A detailed engineering study was conducted in 1993 to estimate leak rates associated with
hydraulic retrieval of sludge from Tank C-106 [Lowe, 1993]. This study estimated leak rates
from a distribution of 20 stress corrosion cracks to be as high as 40,000 gal over a 500-h
retrieval campaign, for an overall leak rate of 80 gallh. An earlier study [Isaacson, 1984]
identified 13 SSTS with known or postulated leak rates. After declaring three of these tanks
catastrophic leakers and removing them from the population, this study found (with 9570
confidence) that 95% of the SSTS would leak at a rate less than 1.8 gal/h. In an effort to
reduce this 40-fold difference between calculated and measured leak rates, a simple first-
order calculation was performed to quantify the relationship between leak rate and hydraulic
head. For a specific fluid system, hydraulic head (H) and volumetric flow (Q) can be
measured such that standard fluid dynamics equations reduce to

Qt.rb.[ent = kturbukmt(H)”2

and

Q,aminar = hmmar O+)

where k~”h.,,n~ and klaminwaccount for all constants like effective flow area, flow length,

surface roughness, and fluid viscosity.

Laminar flow constants for seven tanks known to be leaking and six that were postulated
leaking [Isaacson, 1981] were calculated; the results are shown in Table 10. Hydraulic head
and leak rate data used for the calculations are plotted in Figures 7 and 8. As is evident in
both the table and the figures, it is not possible to postulate conclusively a relationship
between leak rate and hydraulic head that would be common to all the tanks. Additional data
and analyses are necessary before potential leak rates for SSTS undergoing retrieval
operations can be estimated. Specifically, leak rate and hydraulic head data should be
validated prior to further investigation.
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—!.

Figure 6. Impact of hydraulic retrieval.

TabIe 10. Laminar Flow Constant (klzml.a,) Calculations for Known and Postulated Leak Rates

Tank
Leak Rate

Head (ft) f%tin,r
Leak Rate

(gal/h) Confidence

SX-115*

T-106*

B-201

B-107

C-lol

U-112

U-no

T-108

T-ill

TX-107

TY-101

B-11O

Sx-1 10*

306

102

0.30

0.66

1.14

1.20

1.38

0.09

0.12

0.36

0.78

I .20

12.00

22.0

15.3

12.5

4.5

2,0

2.0

11.0

16.0

14,5

2.0

23.2

8.3

13.0

13.91

6.69

0.02

0.15

0.57

0.60

0.13

0.01

0.01

0.18

0.03

0.14

0.92

Confirmed

Confirmed

Confirmed

Confirmed

Confirmed

Confirmed

Confirmed

Postulated

Postulated

Postulated

Postulated

Postulated

Postulated

Average 0.72 9.6 0.18

Std. Dev. 0.46 6.8 0.21

“ Denotes a tank having a catastrophic leak rate. These tanks we not included in the average or in the standard
deviation.
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Figure 7. Fluid dynamics data for seven SSTS with “confirmed” leak rates,
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Figure 8. Fluid Dynamics date for “continne& and “fmtufated” leak rates

often leaking SSTS Sqm indicate %ordinne& leek ratesend diamonds
indicate “postulate& leek rates. ‘flwe catastrophic leak ratesare removed
for scaling.

5.2 Maximum Undetected Leak Volume

Section 6.5 of the Tank Waste Remediation System Operation and Utilization Plan
~kkbride, 1997] provides a formula that describes an estimated baseline retrieval time, T.,
as

T, = 0.72 m3 I d [190.2 gal/d] for 0.01 > VWN,

T, = 72*( V.N, ) m3 / d [19.02”( VWN, ) gtid] for 0.1 > VWN, > 0.01

T, = 7.2m31d [1902 gtid] for VWN, > 0. I

where Vi is the total volume capacity of the tank, and VWis the residual waste in the tank.
Using this formul~ we can estimate a time history for retrieval, and from this history we can
estimate how much time will be required to retrieve any specified quantity of waste. Thk
process is illustrated in Figure 9, an estimated retieval time history for Tank C-102. Figure
9 shows that, beginning with the current volume of waste in C-102, 316,000 gel (see
Appendix F), the waste removal operations proceed rapidly at a rate of about 1,900 galfday
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until about Day 150—at which time the retrieval rate begins to slow down. The calculations
show that according to the baseline retrieval formula, it will take approximately 208 days to
retrieve 9990 of the wastes in C-102 and about 225 days to retrieve 100% of the wastes. The
amount of time necessary to retrieve 99% of the wastes is tabulated, tank by tank, in
Appendix B. (Based on the sum of the estimated retrieval times for all the SSTS, it is noted
that if the retrieval program operated on each tank serially it would take 74.6 years to remove
99% of the wastes in the SSTS.)

350,000-

300,000-

z
m 250,000-

~

g 200,000-
3

g’ 150,000 -
.E

E 100,000-
$

50,000-

0-,

0 30 60 90 120 150 180 210 240 270 300
Days sfter start

Figure 9. Baseline retrieval time history for Tank C- 102, using Kirkbride’s formula

If, for a given tank, the onset of a leak occurs at the beginning of the retrieval campaign, and
if the rat; of that leak is just slightly less than the minimum d-etectable leak rate, th-e total
volume of the undetected release will be no greater than the leak rate multiplied by the
retrieval time. Thus, using the tank information, the known waste volumes, the minimum
detectable leak rates calculated above (and listed for each tank in Appendix E), and the
formula for estimating retrieval time, we can estimate the maximum volume of a potentially
undetected leak from each tank as

Retrieval Time * Leak Rate = Maximum Undetected Leak Volume

The “maximum undetected leak volume” was calculated for each tank. (It is reported in the
last column of the table in Appendix F.) Table 11 shows the average time necessary to
retrieve 99% of the wastes and the average volume of a potentially undetected leak under
three different conditions based on the volume of liquid in the tank (1,000,000 gal, 750,000
gal, and 500,000 gal). The table shows an average retrieval time of 14 days for tanks
containing 55,000 gal, but since there were no level data available for these tanks that could
be used to calculate a minimum detectable leak rate, it was not possible to determine a
maximum undetected leak volume in this analysis.
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TabIe 11. Average Retrieval Times and Potential Undetected Leak Volumes for Tanks of Various Capacities

Tank Volume Average Retrieval Time
Average

(gaI) (days)
Potentially Undetected Leak Volume

(Kgal)
1,000,000 238 40

750.000 261 20

500,000 143 10

55,000 14 NIA
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6 Conclusions and Recommendations

6.1 Conclusions

This work demonstrates that there are several tectilques possible for screening the Hanford
SSTS for liquid integrity. Much of the data employed by these techniques, however, are not
readily available and are in many cases suspect. The use of multiple techniques in a way that
exploits all of the available SST dat~ on the other hand, can facilitate a tank-by-tank
understanding of liquid integrity and can foster a relative confidence in predictions of
remaining usetirl life. Specifically, the following conclusions are presented.

. A qualitative tank integrity screening (based on engineering judgment using
indicators such as corrosiveness of waste, maximum temperature, and lower-knuckle
design) was prepared. SSTS can be grouped into relative rarrkhrgs as candidates for
early retrieval demonstrations.

. The analysis showed that volumetric methods can be applied to many of the SSTS as
part of a regular test program to detect leaks in the range of regulatory interest (i.e.,
less than 5 gallh), using existing sensors. Performance specifications that include a
probability of detection of 95% and a probability of false alarm of 1% or less can be
developed for those tanks with measurable liquid levels. Test times of 24-to 48-
hours are likely for many of the SSTS.

. For many SSTS, tank liquid integrity indicators such as corrosiveness of the waste and
maximum waste temperature are favorable.

● A maximum leak rate for “known leakers” was calculated as 1.8 gal/h [Isaacso~
1981]. A common relationship between fluid level and leak rate (critical flow
constant) in SSTS could not be established with the data reviewed. Additional data
and forther analysis are necessary for such correlations to be established and justified.

6.2 Recommendations

The following recommendations are submitted for consideration in fiture SST tank integrity
reviews.

(1) Perform detailed tank integrity assessments on the following candidate SSTS:

C-102 TX-118 U-107 U-201
C-103 TX- 108 U-108 U-202
C-105 U-105 U-109 U-203

Detailed integrity assessments should include a critical review of waste chemistry
and a calculation of the corrosivity factor throughout the life of the t~ a critical
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Single-Shell Tank Sluicing HistorY and Failure Frequency HNF-3018, Rev. O

review of all tank temperature and level data from tank-farm operations logs, and
a review of tank construction reports.

(2) Establish leak test protocols for SSTS for each retrieval methodology based on a
statistically significant sample period and frequency.

(3) Review archived tank-farm operations logs for leak dates and level recordings to
establish expected leak rates born SSTS.

~ vlsrAREsEARcH,lNc 34 September 1998



Single-Shell Tank Sluicing History and Failure Frequency HNF-3018, Rev. O

References

Abatt, F. G., 1996, “Double-Shell Tank Useful Life Analysis,” WHC-SD-WM-ER-556,
Rev. O, Westinghouse Hanford Company, Richland, Washington.

Anantatmula, R. P., 1994, “Characterization of the Corrosion Behavior of the Carbon Steel
Lher in Hanford Site Single-Shell Tanks,” WHC-EP-0772, Rev. 1, Westinghouse
Hanford Company, Richland, Washington.

Barnes, David, Lockheed Martin Hanford Corporation, conversation with authors, 3 June
1998.

Brevick, C. H., 1994, “Historical Tank Content Estimate for the Northeast Quadrant of the
Hanford 200 East Area;’ WHC-SD-WM-ER-349, Rev. O, Westinghouse Hanford
Company, Richland, Washington.

Edgemon, G. L., 1995, “Hanford Waste Tank System Degradation Mechanisms,” WHC-SD-
WM-ER-414, Rev. 1, Westinghouse Hanford Company, Richland, Washington.

Girdler, R. M., 1965, “Leaks in Radioactive Waste Tanks,” DP-990, E. I. Du Pent De
Nemours & Company, Aiken, South Carolina.

Han, F. C., 1996a, “Structural Integrity and Potential Failure Modes of the Hanford High-
Level Waste Tanks,” WHC-SD-TWR-RPT-O02, Rev. O, Westinghouse Hanford
Company, Richland, Washington.

Han, F. C., 1996b, “DELPHI Expert Panel Evaluation of Hanford High-Level Waste Tank
Failure Modes and Release Quantities,” WHC-SD-TWR-RPT-O03, Rev. O,
Westinghouse Hanford Company, Richland, Washington.

Hanlon, B. M., 1998, “Waste Tank Summary Report for Month Ending March31, 1998,”
HNF-EP-01 82-120, Rev. O, Fluor Daniel Hanford, Inc., Richland, Washington.

Hill, J. G., 1994, “SORT on Radioactive Waste Tanks at Hanford,” WHC-PNL-908 14,
Rev. 2, Westinghouse Hanford Company, Richland, Washington.

Isaacson, R. E., 1981, “A Scientific Basis for Establishing Dry Well-Monitoring
Frequencies,” RHO-ST-34-201, Rockwell Hanford Operations, Richland,
Washington.

Klrkbride, R. A., 1997, “Tank Waste Remediation System Operation and Utilization PIan,”
HNF-SD-WM-SP-O12, Rev. O, Numatec Hanford Corporation, Ricbland,
Washington.

~ VISTA RESEARCH, INC. 35 September 1998



Single-Shell Tank Sluicing History and Failure Frequency HNF-3018, Rev. O

Lowe, S. S., 1993, “Engineering Study of Tank Leaks Related to Retrieval of Sludge from
Tank 241-C- 106,” WHC-SD-WM-ES-218, Rev. O, Westinghouse Hanford Company,
Richland, Washington.

Ondrejcin, R. S., 1978, “Prediction of Stress Corrosion of Carbon Steel by Nuclear Process
Liquid Wastes,” DP-1478, E. I. Du Pent de Nemours & Co., Aiken, South Carolina.

Poe, W. L., 1974, “Leakage from Waste Tank 16, Amount, Fate, and Impact,” DP-1 358, E. I.
Du Pent de Nemours & Co., Aiken, South Carolina.

Rasmussen, O. R., 1980, “Hanford Radioactive Tank Cleanout and Sludge Processing,”
RHO-ST-30, Rev. O, Rockwell Hanford Operations, Richland, Washington.

Rodenhizer, D. G., 1987, “Hanford Waste Tank Sluicing History,” WHC-TI-302, Rev. O,
Westinghouse Hanford Company, Richland, Washington.

“Standard Test Procedures for Evaluating Leak Detection Methods: Automatic Tank
Gauging Systems,” 1990, EPA Report No. EPA/530/UST-90/O06, US Environmental
Protection Agency, Washington, D.C.

“Tank Waste Support Table,” Tank Waste Information Network System 2 (TWfNS), cited 31
December 1997, available from httu://twins.pnl.xov:8 OOl.

~ VISTA RESEARCH, INC 36 September 199S



Single-Shell Tank Sluicing History and Failure Frequency HNF-3018, Rev, O

Appendix A

Single-Shell Tank Quick Reference Facts
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Single-Shell Tank Quick Reference Facts

● The first single-shell tanks were constructed in 1943-1944

● The last SST was placed in service in 1964

●

●

●

●

●

●

●

●

In 1959, the first single-shell tank was confirmed to have leaked

32 of the 66 SSTS located in the East area are assumed leakers [Hanlon]

35 of the 83 SSTS located in the West area are assumed leakers [Hanlon]

The SSTS contain -550,000 gal of supernate [Hanlon]

The SSTS contain -5,700,000 gal of pumpable liquid [Hanlon]

The SSTS contain -5,800,000 gal of drainable interstitial liquid [Hanlon]

There is a total of 149 SSTS (67 of which, or 45%, have been declared leakers)

There is a total of 25 1,000,000-gal tanks (15 of which, or 60%, have been declared
leakers)

. There is a total of 48758,000 gal tanks (19 of which, or 39%, have been declared leakers)

● There is a totalof64530,000 gal tanks (26 of which, or 41 %, have been declared leakers)

● There is a total of 1255,000 gal tanks (7 of which, or 58%, have been declared leakers)

● Only 24 of the declared “leakers” have shown a detectable decrease in surface level

. The total leakage from SSTS to date is -750,000 gallons

● 9 out of 10 high-heat tanks have leaked (C-106 is the only non-leaker) [Hanlon]

● 3 out of 19 Hz tanks have leaked [Hanlon]

● 5 out of 20 organic tanks have leaked [Hanlon]

. 2 out of 11 tanks with DSSF waste have leaked (A-103, SX-104) [Hanlon]

. 27 sound SSTS have not be stabilized; 55 sound tanks have been stabilized [Hanlon]

~ vISTA RESEARCH, INC. A-3 F007-TR9 S-001
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Appendix B

SST Failure Frequencies
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3
3
4
4
5

3
3
4
3
4

4
3
4
3
4

3
4
3
3
4

4
4
4
3
4

4
4
5
3
3

3
3
3
4
3

4
4
3

A-101 (T, H, O)

A-102 (T)

A-103 (T)

A-104 (T)

A-1 05

A-106 (-l-)

AX-1OI (T, H)

AX-102 (T, H)

AX-1 03 (H)

Ax-1 04 (T)

B-101 (T)

B-1 02 (T)

B-103 (T)

B-1 04

B-1 05

B-1 06

B-1 07

B-108
B-109
B-1 10 (T)

B-1 11
B-1 12 (T)
B-201
B-202 (T)
B-203

B-204
BX-I 01 (T)
BX-I 02 (T)
BX-I 03
BX-104 (1)

BX-105 (T)
BX-106 (1-)
BX-107
BX-108
BX-I 09

BX-110
BX-111
BX-112

SOUND IPI 953
SOUND lS/Pl 41

ASMD LKR 1S/11 371
ASMD LKR 1S/11 28
ASMD LKR EMI 19

1957 Wa 153
1957 nfa
1957 30
1957 18 187
1957 6 141

0.77
0.77
0.77

0
0

25% Radius 43%
25% Radius 43%
25% Radius 43%
39% Radius 43%
39% Radius 43%

15% Low
15% Low
15% Low
15% Low
15% Low

SOUND lS/11 125
SOUND IPI 748

ASMD LKR lS/11 39
SOUND lS/11 112

1957 nla
1966 nfa 134
1966 22 78
1966 da 115

0
0.77
1.1
1.1

39% Radius 43%
25% Butt-weld 31’%
50% Butt-weld 31%
50% Butt-weld 31%

15% Low
10% Low
10% Low
10% Low

ASMD LKR lS/11 7 1986 11 0 39% Butt-weld 31% 1o% Low

ASMD LKR lS/11 113
SOUND 1S/11 32

ASMD LKR lS/11 59
SOUND lS/11 371

ASMD LKR lS/11 306

1947 27
1947 rda
1947 31
1947 nla
1947 31

9.12 67%
9.12 67%

66 9.12 67%
o 39%

22 75%

Radius 45%
Radius 45%
Radius 45%
Radius 45%
Radius 45%

16%
16%
16%
16%
16%

Low
Low
Low
Low
Low

SOUND 1S/11 117
ASMD LKR lS/11 165

SOUND WI 94
SOUND lS/11 127

ASMD LKR lS/11 246

1947 tia
1947 33
1947 nJa
1947 nJa
1947 34

26.4 60%
11 25%
11 25%
11 25%
5 100%

Radius 45%
Radius 45%
Radius 45%
Radius 45%
Radius 45%

16%
16%
16%
16%
16%

Mad
Low

Low
Low

ASMD LKR [S/11 237
ASMD LKR lS/11 33
ASMD LKR lS/11 29

SOUND lS/11 27
ASMD LKR lS/11 51

1947 31
1947 31
1947 33
1947 n/a
1947 36

5 100%
5 100%

1.8 37%
1.8 37%
1.8 37%

Radius 45%
Radius 45%
Radius 45%
Radius 45’%
Radius 45%

16%
16%
16%
16%
16%

Low
Low
Low
Low
Low

ASMD LKR lS/11 50
ASMD LKR WI 43
ASMD LKR lS/11 98

SOUND lS/11 66
SOUND lS/11 99

1947 37
1950 22
1950 21
1950 Ma
1950 nla

1.8 37%
57.2 43%
57.2 43%
57.2 43%
57.2 43%

Radius 45%
Radius 45%
Radius 45%
Radius 45%
Radius 45%

16%
16%
16%
16%
16%

Low
High
High
High
High

SOUND lS/11 51
SOUND IPI 46
SOUND lS/Pl 345

ASMD LKR lS/11 26
SOUND LS/Pl 193

1950 tia
1950 nfa
1950 nfa
1950 24
1950 tia

57.2 43%
57.2 43%
26.4 60%
26.4 60%

o 39%

Radius 45%
Radius 45%
Radius 45%
Radius 45%
Radius 45%

16%
16%
16%
16%
16%

High
High
Mad
Mad
Low

ASMD LKR lS/Pl 207
ASMD LKR /P1 162

SOUND lS/Pl 165

1950 26
1950 34
1950 nfa

12,4 100%
12.4 100%
11 25%

Radius 45%
Radius 45%
Radius 45%

16%
16%
16%

Low
Low
Low
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BY-I 01
BY-I 02

BY-1 03 (T, Fe)
BY-1 04 (T, Fe)
BY-105 (T, Fe)
BY-1 06
BY-1 07 (Fe)

BY-108 (Fe)
BY-I 09
BY-1 10 (Fe)
BY-1 11 (Fe)
BY-112 (Fe)

C-lol (1-)
C-102 (T, O)
c-l 03 (-r, o)
C-104 (1-)
C-105 (Sri, T)

C-106 (T, HL)
C-107 (-r)
C-108 (1, Fe)
C-109 (Fe)
c-l 10 (1-)

C-111(T)
C-112 (1-)
C-201
C-202
C-203

C-204
S-lol (T)
S-102 (H,O)
s-1 03
S-104 (T)

s-1 05
S-106
S-107 (T)
S-108
s-1 09

SOUND 1S/11 387
SOUND IPI 341

1951 da 45.5
1951 tia 67.7

50%
o%

Radius
Radius

45%
45%

16%
16%

Mad 3
2

4
3
4
4
4

4
2
3
3
3

4
1

1
3
1

2
3
3
3
4

4
3
4
4
4

4
2
2
2
4

2
2
2
2
2

High

ASMD LKR /P1 400
SOUND 1S/11 406

ASMDLKR /P1 503
ASMD LKR /P1 642
ASMD LKR 1S/11 266

1951 22 81 45.5
1951 nfa 125 45.5
1951 33 118 45.5
1951 33 122 45.5
1951 33 95 45.5

50%
50%
50%
50%
50%

Radius
Radius
Radk!s
Radius
Radius

45%
45%
45%
45%
45%

16%
16%
16%
16%
16%

Mad
Med
Md
Mad
Med

ASMD LKR 1S/11 228
SOUND IPI 423
SOUND 1S/11 398
SOUND lS/11 459
SOUND lS/11 291

1951 21 108 45.5
1951 nfa 67.7
1951 tia 116 45.5
1951 tia 87 45.5
1951 n/a 90 45.5

5070
o%

50%
50%
50%

Radius
Radius
Radius
Radius
Radius

45%
45%
45%
45%
45%

16%
16%
16%
16%
16’%

Mad
High
Mad
Mad
Mad

ASMD LKR 1S/11 88
SOUND IPI 423
SOUND IPI 195
SOUND 1S/11 295
SOUND IPI 135

1953 27 57.2
1953 nfa 86 24.5
1953 tia 120 24.5
1953 nfa o
1953 nla 24.5

43%
o%
o%

39%
o%

Radius
Radius
Radius
Radius
Radius

45%
45%
45%
45%
45%

16%
16%
16%
16%
16%

High
Low
Low
Low
Low

SOUND IPI 229
SOUND IPI 275
SOUND lS/11 66
SOUND lS/11 66

ASMD LKR /P1 187

1953 nfa 154 24.5
1953 nfa 0.85
1953 nfa 78 35.8
1953 nfa 81 35.8
1953 31 26.4

o%
39%
40%
40%
60%

Radius
Radius
Radius
Radius
Radius

45%
45%
45%
45%
45%

16%
16%
16%
16%
16%

Low
Low
Mad
Mad
Mad

ASMD LKR lS/11 57
SOUND lS/Pl 104

ASMD LKR 1S/11 2
ASMD LKR 1S/11 1
ASMD LKR lS/11 5

1953 15 77 35.8
1953 tia 84 35.8
1953 35 1.59
1953 35 1.59
1953 31 1,59

40%
40%
100%
100%
100%

Radius
Radius
Radius
Radius
Radius

45%
45%
45%
45%
45%

160/0
16%
16%
16%
16%

Mad
Mad
Low
Low
Low

ASMD LKR lS/11 3
SOUND IPI 427
SOUND IPI 549
SOUND IPI 248

ASMD LKR lS/11 294

1953 35 1.59
1953 tia 13.7
1953 nfa 110 13.7
1953 nla 13.7
1953 15 6.53

Radius
Radius
Radius
Radius
Radius

45%
45%
45%
45%
45%

100%
14%
14%
14“/0

100%

16%
16%
16%
16%
16%

Low
Low
Low
Low
Low

SOUND lS/11 456
SOUND IPI 479
SOUND IPI 376
SOUND IPI 604
SOUND IPI 568

1953 tia 13.7
1953 tia 13.7
1953 nla 13.7
1953 nfa 13.7
1953 tia 13.7

14%
14%
14’%
14%
14%

Radius
Radius
Radius
Radius
Radius

45%
45%
45%
45%
45%

16%
16%
16%
16%
16%

Low
Low
Low
Low
Low
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S-llo SOUND /P1 390 1953 Wa 13.7 14Y. Radius 45% 16% LOW

S-1 11 (H,O) SOUND /P1 598 1953 da 94 13.7 14% Radius 45CZ 16’% LOW

S-1 12 (T, H) SOUND /P1 523 1953 n/a 87 13.7 14% Radius 45% 16% LOW

Sx-101 (1-) SOUND /P1 456 1960 n/a 137 13.7 14% Bult-weld 43% 15% Low
SX-I 02 (H) SOUND /P1 543 1960 nfa 150 13.7 14% Butt-weld 43% 15% Low

2
2
2
2
2

3
4
2
2
4

4
4
4
4
4

4
4
5
4
3

4
3
3
5
4

4
4
3
4
3

3
3
3
3
3

2
3
2

SX-I 03 (T, H, O) SOUND /P1 652 1960 da 172 4.87 39% Butt-weld 43% 15% Low
SX-I 04 (T) ASMD LKR /P1 614 1960 26 166 13.7 14% Butt-weld 43% 15% Low
SX-I 05 (T; H)
SX-I 06 (T, H)
SX-107 (-r)

SX-I 08 (T)
Sx-109 (T)
SX-I 10 (T)
SX-I 11 (T)
SX-112 (T)

Sx-113 (T)
SX-114 (T)
Sx-115 (T)
T-1 01 (T)
T-1 02

T-1 03
T-104
T-105 (T)
T-1 06 (T)
T-107

T-106
T-109
T-1 10 (T, H)
T-1 11
T-112(T)

T-201
T-202
T-203
T-204
TX-I 01

TX-1 02
TX-1 03
TX-1 04

SOUND IPI 683
SOUND IPI 538

ASMDLKR 1S/11 104

1960 nfa 181 13.7 14% Butt-weld 43%
1960 tia 112 13.7 14% Butt-weld 43%
1960 4 170 6.53 100% Butt-weld 43%

15% Low
15% Low
15% Low

ASMDLKR 1S/11 87
ASMDLKR 1S/11 250
ASMDLKR 1S/11 62
ASMDLKR 1S/11 125
ASMDLKR 1S/11 92

1960 2 197 6.53 100% Butt-weld 43%
1960 5 151 6.53 100% Butt-weld 43%
1960 16 170 6.07 100% Butt-weld 43%
1960 14 194 6.07 100% Butt-weld 43%
1960 9 155 6.53 100% Butt-weld 43%

15% Low
15% Low
15% Low
15% Low
15% Low

ASMDLKR 1S/11 26 1960 2 4.57 100% Butt-weld 43% 15% Low
ASMDLKR lS/11 181 1960 12 188 6.07 100% Butt-weld 43% 15% Low
ASMDLKR lS/11 12 1960 5 6.53 100% Butt-weld 43% 15% Low
ASMDLKRiS/Pl 102

SOUND 1S/11 32
1947 45

nla
0.1
0.1

67%
67%

Radius
Radius

45%
45%

16%
16%

Low
Low1947

ASMDLKR 1S/11 27
SOUND IPI 445
SOUND lS/11 98

ASMDLKR lS/11 21
ASMDLKR /P1 180

1947
1947
1947
1947
1947

Radius
Radius
Radius
Radius
Radius

16%
16%
16%
16%
16%

27
n/a
tia
26
37 70

0.1
2.75
1.94
1,94
35.8

67%
39%
50%
50%
40%

45%
45%
45%
45%
45%

Low
Low
Low
Low
Mad

ASMDLKR 1S/11 44
ASMDLKR 1S/11 58

SOUND IPI 379
ASMD LKR /P1 446

SOUND lS/11 67

1947
1947
1947
1947
1947

27
27
nJa 66
32 67
nfa

26.4
0

4.04
4.04
4.04

60%
39%
33%
33%
33%

Radius
Radius
Radius
Radius
Radius

45%
45%
45%
45%
45%

16’%
16%
16%
16%
16%

Mad
Low
Low
Low
Low

SOUND lS/11 29
SOUND lS/11 21
SOUND lS/11 35
SOUND lS/11 38
SOUND LS/11 87

1947
1947
1947
1947
1951

nla
nla
nJa
tia
nfa

1.6
1.8
1.8
1.8
0

37%
37%
37%
37%
39%

Radius
Radius
Radius
Radius

45%
45%
45%
45%
45%

16%
16%
16%
16%
16%

Low
Low
Low
Low
Low

SOUND WI 217
SOUND lS/11 157
SOUND EMI 65

1951
1951
1951

13.7
0

13.7

Radius
Radius
Radius

nla
da
nla

14%!
39%
14%

45%
45%
45%

16%
16%
16%

Low
Low
Low
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TX-I 05 (0)
TX-1 06

TX-1 07
TX-1 08
TX-I 09 (T)
TX-1 10
TX-1 11

TX-112
TX-1 13
TX-I 14
TX-115
TX-116

TX-117
TX-1 18 (T)
TY-lol (1-)
-I-Y-I 02
TY-103 (T)

TY-104 (o)
TY-105
TY-106
U-lol
U-102

U-103 (H,O)
u-1 04
U-105 (H,O)
U-106 (0)
U-107 (T, O)

U-108 (H)
U-109 (H)
U-llo (-1-)
u-l 11 (o)
U-112

U-201
U-202 (o)
U-203 (0)
U-204 (0)

ASMD LKR 1S/11 609
SOUND lS/11 453

1951 26 99
1951 nla

13.7 14%
13.7 14%

Radius
Radius

45%
45%

16%
16%

Low
Low

4
3

4
1
3
4
3

3
4
4
4
4

4
1
4
3
4

4
4
4
4
3

3
5
1
3
1

1
1
4
3
4

1
1
1
3

ASMD LKR lS/11 36
SOUND 1S/11 134
SOUND 1S/11 384

ASMD LKR EMI 462
SOUND 1S/11 370

1951 33
1951 n!a
1951 Wa
1951 26
1951 tia

13.7 14%
45.7 o%
22 75%
22 75%
22 75%

Radius
Radius
Radius
Radius
Radius

45%
45%
45%
45%
45%

16%
16%
16%
16%
16%

Low
Mad
Low
Low
Low

SOUND 1S/11 649
ASMD LKR lS/11 607
ASMD LKR 1S/11 535
ASMD LKR 1S/11 640
ASMD LKR 1S/11 631

1951 nfa
1951 23
1951 23
1951 26
1951 26

0 39%
22 75%
22 75%

23.2 20%
22 75%

Radius
Radius
Radius
Radius
Radius

45%
45%
45%
45%
45%

16%
16%
16%
16%
16%

Low
Low
Low
Low
Low

ASMD LKR 1S/11 626
SOUND 1S/11 347

ASMD LKR 1S/11 116
SOUND 1S/11 84

ASMD LKR 1S/11 182

1951 26
1951 nla 77
1953 20 65
1953 da
1953 20 70

22 75%
45.7 o%

o 39%
22 75%
56 100%

Radius
Radius

45%
45%
45%
45%
45%

16%
16%
16%
16%
16%

Low
Mad
Low
Low
High

Radius
Radius

ASMD LKR [S/11 46
ASMD LKR lS/11 231
ASMD LKR 1S/11 17
ASMD LKR 1S/11 25

SOUND IPI 374

1953 28 71
1953 7
1953 6
1949 10
1949 nJa

56 100%
81.7 100%
81.7 100%
6.53 100%
23.2 20%

45%
45%
45%
45%
45%

16%
16%
16%
16%
16%

High
High
High
Low
Low

Radius
Radius
Radius
Radius

SOUND IPI 468
ASMD LKR lS/11 122

SOUND IPI 418
SOUND /P1 226
SOUND IPI 406

1949 nfa 69
1949 12
1949 tia 92
1949 n/a 82
1949 nfa 63

23.2 20%
4.57 100%
21.2 o%
23.2 20%
21.2 o%

Radius
Radius
Radius
Radius
Radius

45%
45%
45%
45%
45%

16%
16%
16%
16%
16%

Low
Low
Low
Low
Low

SOUND IPI 468
SOUND IPI 483

ASMD LKR lS/Pl 186
SOUND IPI 329

ASMD LKR lS/11 49

1949 nfa 69
1949 nla 67
1949 26
1949 tia 82
1949 31

21.2 o%
21.2 o%

o 39%
23.2 20%

o 39%

45?4
45%
45%
45%
45%

16%
16%
16%
16%
16%

Low
Low
Low
Low
Low

Radius
Radius

Radius

SOUND 1S/11 5
SOUND EMI 5
SOUND LS/11 3
SOUND lS/11 3

1949 tia
1949 nia
1949 ria 66
1949 nfa 83

0,05 o%
0.05 o%
0.05 o%

o 39%

Radius 45%
45%
45%
45%

16%
18%
16%
16%

Low
Low
Low
Low

VISTA RESEARCH, INC. B-6
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Appendix C

SST Waste Tank Volumes
and

Available Liquid Level Data
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Single-Shell Tank Sluicing History and Failure Frequency HN F-3ol 8, Rev. O

241 -A-1 01 SOUND IPI

241 -A-1 02 SOUND iS/Pl

241 -A-1 03 ASMD LKR 1S/11

241 -A-104 ASMD LKR 1S/11

241 -A-1 05 ASMD LKR 1S/11

953 0

4

5

0

0

0

0

3

0

0

0

4

0

1

0

1

1

0

0

1

1

3

1
0

1

1

1

0

6

3

5

0

464

2
15

0

4

7

484 441

0

0

0

0

0

338

3

3

0

0

0

0

40

0

0

7

0

0

17

16

0

0

0

0

0

0

0

0

27

4

0

YES

NO

YES

NO

NO

ILL

NONE2

ENRAF

NONE34

NONE3

3

15

950

41

371

28

19

125

748

39

112

7

113

32

59

371

306

117

165

94

127

246

6

20

0

4

7

359

17

36

0

6

4

0

47

23

7

13

4

8

23

22

3

4
3

6

6

1

4

6

33

11

0

22
0

0

0

0

745

29

110

0

0

10

0

69

366

28

19

125

3

7

2

7

113

18

59

NONE2

NONE2
MT7

NONE5

ENRAF

241-A-106 SOUND 1S/11

241 -AX-101 SOUND IPI

241 -AX-102 ASMD LKR 1S/1[

241 -AX-103 SOUND lS/11

241 -AX-104 ASMD LKR [S/[1

YES

YES

YES

YES

NO

359

14

36

0

6

0

0

46

23

6

12

4

8

22

21

0

3

3

5

5

0

4

0

30

6

0

241 -B-1OI ASMD LKR lS/11

241 -B-102 SOUND lS/11

241 -B-103 ASMD LKR 1S/11

241 -B-104 SOUND [WI

241 -B-105 ASMD LKR lS/11

NONE8

ENRAF

NONE

ILL
ILL, MT

YES

YES

NO
YES

YES

301

40

116

266

241 -B-1 06 SOUND lS/11

241 -B-107 ASMD LKR lS/11

241 -B-1 08 SOUND lS/11

241 -B-1 09 SOUND Ml

24 I-B-11O ASMD LKR lS/11

NONE8

NONE8

NONE

o

0

0

0

0

0

0

0

0

0

0

0

0

0

0

3

0

YES

YES

NO

YES

YES

184

94

127

245 ILL, MT

241 -B-1 11 ASMD LKR 1S/11

241 -B-1 12 ASMD LKR lS/11

241 -B-201 ASMD LKR [S/[[

241 -B-202 SOUND WI

241-6-203 ASMD LKR WI

237 236

30

28
27

50

49

42

96

62

96

43

38

YES

YES

NO
NO

YES

ILL, FIC

ENRAF

NONE

NONE

33

29

27

51

50

43

96

68

99

51

38

241 -B-204 ASMD LKR lS/11

241 -BX-101 ASMD LKR lS/11

241 -6X-I 02 ASMD LKR 1S/11

241 -BX-103 SOUND lS/11

241 -BX-104 SOUND lS/11

YES

NO

NO

YES

YES

NONE’

NONE

NONE

ENRAF

241 -BX-105 SOUND lS/11

241 -BX-106 SOUND IPI
YES

NO

ENRAF

NONE

VISTA RESEARCH, INC. c-3 FC07-TR98!3JX11
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241 -BX-I 07 SOUND ISIPI

241 -BX-108 ASMD LKR 1S/11

241 -BX-109 SOUND lS/Pl

845 1

0

0

3

1

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

133
0

2

32

0

0

4

1

0

0

0

0

0

29

1

13

16

1

7

5

11

38

18

228

30

1

13

19

3

8

5

11

38

18

228

200

25

9

37

9

0

8

3

30

135

11

32

62

24

0

4

29

0

32

0

0

0

23

0

8

13

1

2

0

0

32

0

216

183

0

0

20

0

0

0

0

17

1s3

5

9

52

15

0

0

15

0

26

0

0

0

344

26

193

i 95

52

184

109

0

5

40

44

95

60

154

57

103

21
5

88

0

0

0

9

109

0

278

277

409

YES

NO

YES

NONE’

NONE

NONE6

26

193

241 -BX-I 10 ASMD LKR lS/Pl

241-BX-I 11 ASMD LKR IPI

241 -BX-I 12 SOUND lS/Pl

241 -BY-1 01 SOUND 1S/11

241 -BY-1 02 SOUND IPI

207 YES

NO

YES

YES

YES

ENRAF

NONE

NONE8

ILL

ILL

182

165

387

277

414

406

503

642

241 -BY-1 03 ASMD LKR /P1

241 -BY-104 SOUND lS/11

241 -BY-105 ASMD LKR /P1

241 -BY-106 ASMD LKR /P1

241 -BY-107 ASMD LKR 1S/11

YES

YES

YES

YES

YES

ILL

ILL

ILL

ILL

ILL

366

459

200 547

206

74

233

295

266 25

9

37

9

0

8

3

46,7

0

0

0

0

40,8

0

0

28

0

0

0

0

0

241 -BY-108 ASMD LKR 1S/11

241 -BY-109 SOUND IPI

241 -BY-1 10 SOUND 1S/11

241 -BY-1 11 SOUND 1S/11

241 -BY-1 12 SOUND [S/11

228 NONE8

ILL

ILL

NONE

ILL

YES

YES

YES

NO

YES

290

398

459 438

291

88

316

195

286

241 -C-101 ASMD LKR 1S/11

241-C-102 SOUND IPI

241-C-I 03 SOUND IPI

24I-C-104 SOUND 1S/11

241 -C-105 SOUND IP[

o

0

0

0

0

0

0

0

0

0

0

0

0

0

0

NO

YES

YES

NO

NO

NONE

NONE8

ENRAF

NONE
NONE

316

62

295
132

197

237

66

62

177

57

104

2

1

5

295

134

229

237

66

66

178

57

104

2

1

5

241 -C-106 SOUND /P1

241 -C-107 SOUND IPI

241 -C-1 08 SOUND 1S/11

241 -C-1 09 SOUND [S/11

241 -C-1 10 ASMD LKR /P1

YES

YES

NO

NO

YES

ENRAF

NONEa

NONE

NONE

NON~

241 -C-1 11 ASMD LKR 1S/11

241-C-I 12 SOUND lS/Pl

241 -C-201 ASMD LKR lS/11

241 -C-202 ASMD LKR 1S/11

241 -C-203 ASMD LKR 1S/11

NO

NO

NO

NO

NO

NONE

NONE

NONE

NONE

NONE

VISTA RESEARCH. INC c-4 FC07-TR989JXII
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3

244

4

10

0

171

545

221

0

454

447

69

446

555

259

378

517.7

343
426

536

477.9

610

465

0

0

244

0

0

0

0

0

0

0

0

0

0

NO NONE

YES ENRAF

YES ILL

YES ENRAF

YES ILL

241 -C-204 ASMD LKR 1S/11

241 -S-1 01 SOUND IPI

241 -S-1 02 SOUND IPI

241 -S-1 03 SOUND IPI

241 -S-104 ASMD LKR 1S/11

241 -S-1 05 SOUND 1S/11

241 -S-1 06 SOUND /P1

241 -S-107 SOUND IPI

241 -S-108 SOUND /P1

241 -S-109 SOUND IPI

241 -S-1 10 SOUND IPI

241 -S-1 11 SOUND IPI

241-S-112 SOUND IPI

241 -SX-101 SOUND IPI

241 -SX-102 SOUND IPI

241 -SX-I 03 SOUND /P1

241 -5X-I 04 ASMD LKR /P1

241 -SX-105 SOUND IPI

241 -SX-I 06 SOUND IPI

241 -SX-I 07 ASMD LKR lS/11

241 -5X-I 06 ASMD LKR lS/11

241-SX-109 ASMD LKR lS/11

241 -5X-I 10 ASMD LKR lS/11

241-5X-I 11 ASMD LKR lS/11

241 -5X-I 12 ASMD LKR lS/11

241 -5X-I 13 ASMD LKR lS/11

241 -5X-1 14 ASMD LKR WI

241 -5X-I 15 ASMD LKR lS/11

241 -T-101 ASMD LKR lS/Pl

3

427

549

0

12

0

17

1

0

4

14

0

0

0

23

0

1

0

1

0

0

61

0

0

0

0

0

0

0

0

0

1

13

4

0

0

126

0

136

0

127

239

97

23

13

168

68

0

119

23

134

262

248 101 118

29

35

190

99

4

141

30

294

456

479

28

35

166

85

4

141

30

195

293

2

28

YES ILL

YES ENRAF

YES ENRAF

YES ILL

YES ILL

376 293
450 4

13

131

139

5

112

117

115

136

73

12

104

87

0

62

125

92

26

181

12

101

19

23

343

390

540

YES ILL
YES ENRAF

YES ILL

YES ILL
YES ILL

205

523 110 110 107

456 1s4

226

185 174

216

272

543 226

652 281 282 YES ILL

YES ILL

YES ILL
YES ENRAF

YES NONES

614 201 201 195
309 299663

638

104

87

244

62

125
92

26

181

12

102

32

27

343

224

5

5

48

0

7

3

0

14

0

16

0

0

67

285

5

5

48

0

7

3

0

14

0

17

13

4

67

264

0

0

25

0

0

0

0

0

0

0

13

0

64

YES NONE8

YES NONE8

NO NONE

YES NONES

NO NONE

NO NONE

YES NONEe

NO NONE

YES NONE8

YES ENRAF241 -T-102 SOUND

241 -T-103 ASMD LKR

241 -T-104 SOUND

VISTA RESEARCH, INC.

1s/11

1s/11

IPI
NO NONE’

YES ILL
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—

241 -T-105 SOUND

241-T-1 06 ASMD LKR

241-T- I 07 ASMD LKR

1s/11

1s/11

IPI

1s/11

1s/11

IPI

IPI

98

21

173

44

58

369

448

67

29

21

35

38

87

217

0

2

0

0

0

0

0

7

1

0

0

0

3

0

0

1

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

23

0

22

0

0

26

34

0

3

2

4

4

2

22

15

14

20

10

1

0

10

15

9

24

16

15

19

23

6

27

0

14

5

23

2

22

0

0

26

34

7

4

2

4

4

5

22

15

15

20

10

2

0

10

15

9

24

16

15

19

23

8

27

0

14

5

17

0

12

0

0

23

29

7

0

0

0

0

0

0

0

0

0
0

0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

98

19

173

44

58

369

446

60

26

21

35

38

84

0

157

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

118

0

162

0

0

0

0

0

0

0

0

0

0

0

0

0

217

0

84

609

YES

NO

YES

NONE8

NONE

NONE8

241-T-I 08 ASMD LKR

241-T-I 09 ASMD LKR

241-T-I 10 SOUND

241 -T-1 11 ASMD LKR

241 -T-1 12 SOUND

NO

NO

YES

YES

YES

NONE

NONE

ILL

ILL

ENRAF1s/11

241 -T-201 SOUND

241 -T-202 SOUND

241 -T-203 SOUND

241 -T-204 SOUND

241 -TX-1 01 SOUND

1s/11

1s/11

1s/11

NO

NO

NO

NO

YES

NONE

NONE

NONE

NONE

ENRAF

1s/11

1s/[1

241 -TX-1 02 SOUND

241 -TX-l 03 SOUND

241 -TX-1 04 SOUND

241 -TX-1 05 ASMD LKR
241 -TX-1 06 SOUND

1s/11

1s/11

1s/11

1s/11

YES

YES

YES

YES

YES

ILL

NONE8

NONE8

NONE8

ILL

157

65

609

1s/11 453 453

241 -TX-1 07 ASMD LKR

241 -TX-1 08 SOUND

241-TX-109 SOUND

241 -TX-1 10 ASMD LKR

241-TX-I 11 SOUND

1s/11

1s/11

36

134

384

35

134

364

NO

NO

YES

YES
YES

NONE

NONE

ILL

ILL

ILL

1s/11

1s/11 462 462

1s/11 370

649

370

849241 -TX-l 12 SOUND

241 -TX-1 13 ASMD LKR

241-TX-1 14 ASMD LKR

241 -TX-1 15 ASMD LKR

241-TX-I 16 ASMD LKR

1s/11 YES

YES

YES

YES

YES

ILL

ILL

ILL

ILL

NONE8

1s/11
1s/11

1s/11

607 607

535

840

631

626

347

118

84

162

535

840

631

626

347

0

84

0

1s/11

241 -TX-1 17 ASMD LKR

241-TX-I 18 SOUND

241 -TY-l 01 ASMD LKR

241 -TY-l 02 SOUND

241 -TY-l 03 ASMD LKR

[s/11

1s/11

YES

YES

NO

YES

YES

ILL

ILL

NONE

NONp

ILL

1s/11

1s/11

1s/11

VISTA RESEARCH, INC. C-6 FW7-TR989-COI
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241 -TY-l 04 ASMD LKR 1S/11

241 -TY-l 05 ASMD LKR [S/11

241 -TY-l 06 ASMD LKR 1S/11

241 -U-101 ASMD LKR 1S/11

241 -U-102 SOUND IPI

46

231

17

25

374

3

0

0

3

16

13

0

37

15

31

24
19

0

0

4

1

1

1

12

0

0

0

15

0

0

3

172

0

0

0

0

160

205

0

192

85

163

209

205

9

129

0

0

0

0
0

43

231

17

22

43

32

122

32

26

15

29

48

186

26

45

4

4

2

2

0

0

0

0

313

423

0

349

165

360

415

396

0

303
0

0

0

0

0

YES

NO

NO

YES

YES

ENRAF

NONE

NONE
MT

ILL154

241-U-103 SOUND IPI

241 -U-104 ASMD LKR 1S/11

241 -U-105 SOUND IPI

24 I-U-106 SOUND IPI

241 -U-107 SOUND IPI

466

122

416

226

207 220 YES ENRAF

NONE8

ENRAF

ENRAF

ENRAF

7

170

87

172

202

197

15

146

0

0

0

0

7

207

YES

YES

YES

YES

102

406 203

226

216

15

146

4

1

1

1

241 -U-106 SOUND IPI

241 -U-109 SOUND IPI

241 -U-1 10 ASMD LKR lS/Pl

241-U-I 11 SOUND IPI

241 -U-1 12 ASMD LKR 1S/11

468 YES

YES

YES

YES
NO

ILL

ENRAF

NON&

ILL

NONE

463

166

329
49

241 -U-201 SOUND lS/11

241-U-202 SOUND 1S/11

241 -U-203 SOUND lS/11

241 -U-204 SOUND 1S/11

5

5

3

3

NO

NO

NO

NO

NONE

NONE

NONE

NONE1 0 1

Notes

1:

2:

3
4

5

6

7

a

Stabilization Status “IS” = interim stabilized; “1l“ = interim isolatad; “PI” mpartially interim isolated

Liquid volumes determined from photos.

Manual Tape data.

Monthly EN RAF data.
Monthly FIC data.

Discontinuous data
Onty old data availeble (’61 - ’89)

No Neutron ILL data

C-7 F007-TR98wJol
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Appendix D

Tank Level Data Obtained from TWINS
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241 -A-1 01

241 -A-102

241 -A-1 03

241 -A-1 04

241 -A-105

9/97-5/98

9197-5/98

1/81-5-82

1181-10/89

1181-5/96

5180-5188

5/90-4/95

9/95-5/98

7/88-5/88

6/96-4/98

8/63-5198

7181-7195

1181-7195 3166+W8

1/81 -5182

5178-4196

1/80-4/98

241 -A-l 06

241 -AX-1 01

241 -AX-1 02

241 -AX-1 03

241 -AX-1 04

9/97-5/98

9197-5198

12/97-5/98

9/97-5/98

9197-5196

1181-4184

1181-4184

1/81-+/92

4184-1196

41S4-9195

1/92-9/95

1/96-4/98
9/95-5/98

9/95-5/98

10/86-4/98

1187-7195

7164-9195

1181-4198

11/90-9/94
1/81-10/96

8/98-9/95

241 -B-1 01

241 -B-102

241 -B-1 03

241 -B-1 04

241 -B-105

1181-1184

1181-3195

7/81 -5190

2/84-6/98

5190-6/98

11/61 -4-98

9/83-1 2J94
12/81-4/96

3/9S-5/88 1181-1183

1/79-4/98 3/66-2/98

1181-4198

241 -B-106

241 -B-1 07
241 -B-1 08

241 -B-109

241 -B-1 10

li79-10/96
1/64-1/64
~181-5/90

10/90-5/98

10/S4-4/98
1181-4198

5/90-6/96

5/90-6/98

1181-4/98

1181-4198 11194-2/88

241 -B-1 11

241 -B-1 12

241 -B-201
241 -B-202

241 -B-203

1/81-5/90

1181-3/95

6/82-4/98

9/64-1 1/94
11/94-2./98

1181-2J83
5i78-5198

1179-5198
1/81-5198

3/95-5/88

241 -B-204
241-BX-101
241 -BX-102

241 -BX-I 03
241 -BX-I 04

1181-5198

1/81 -4/96
1181-4/96

5/96-5/98
5/96-5/98
5/96-5/98
5/96-5/98

12f95-5/98
7196-4198

12/95-5/98

12/95-S/98
7181-4196

1161-4/98

4/S4-4/96

1182-i2195 1{81-2/84

241 -BX-I 05

241 -BX-108
241 -BX-107

241 -BX-I 08

241 -BX-I 09

5/96-5/98
10194-5J98

5/96-5/98

5196-5198
5/96-5/98

1/82-1 2/68

li79-1 2163
1181-6/96

5/90-3/96 3/88-4/88

7/94-4/98
12/95-5/98

6/96-4/98

6/95-4/96

1/81-1/96
1/64-7/94

4/83-5/96

1/81-1/83

1181-1183

1/81 -4/96
1/81-5/95 5/90-8/95

5f90-6/98

3181-8195

241 -BX-I 10
241 -BX-I 11

241 -BX-I 12

5/8S-4/88 1181-1 2/96

1/81 -5/63

1181-5/90

1181-3/96

6/82-4/98

8/88-2/965/98-5/98 12/95-5/98

VISTA RESEARCH, INC D-3 FO07-TR98-001



Single-Shell Tank Sluicing Historyand Failure Frequency HNF-3018, Rev. O

241 -BY-1 01

241 -BY-102

241 -BY-1 03

241 -BY-104

241 -BY-lo5

241 -BY-106

241 -BY-107

241 -BY-1 08
241 -BY-109

241 -BY-1 10

241 -BY-1 11

241-BY-I 12

241 -C-l 01

241 -C-102

241 -C-103
241 -C-104

241 -C-105

241 -C-106
241 -C-107

241 -C-108
241 -C-109

241-C-I 10

241 -C-1 11
241 -C-1 12

241 -C-201
241 -C-202

241 -C-203

241 -C-204
241 -S-101
241 -S-1 02
241 -S-1 03

241 -S-104

241 -S-105

241 -S-106

241 -S-1 07

241 -S-1 08
241 -S-108

12/96-5/98

2/79-3/96

10/94-5/98 8179-8194

1/81 -3/96

1/81 -3/96

10194-5/98 1181-9196

6/95-5198 1/81-4/95

1181-4/93

1181-5/95
12/95-.998 1/81-7/94

1/81 -10/90
12195-5198 1[81-7194

12/95-5/98 1181-7194

1/81-6/90

1/81 -6/90

7197-4198

4197-5198

8194-6188

7/96-6/98

9/94-6/98

4195-6198

3/96-4/98

8/64-Z95 2/95-6/88

5/95-6/98

6/84-6/88

6189-7195 7195-4198

6/94-6/86
6194-6198

6/90-7/95 7195-5198

11!?0-8195 8195-5198

1/63-2/98

7179-7194

7169-6198

1/63-7/96

5164-11195

7/85-4195

1181-1/95
1181-1195

1181-3194

4/81 -4195
6163-7194

12/90-6/94

10186-W95
9182-7195

1181-4198

7179-3198

!181-4198

7/81 -5198

1/81-5196

1181-4198

1/61-4/96

1/81 -4/97

1/61-11/96

1181-4196

1/81 -4{98

1/61-4/96

1181-4181

1181-7182

1181-1161
1/81-4/98

1181-4198
1/81 -6/98

1181-4198

1181-2196
1181-4198
~181-4196

1181-4198

1161-4198
1/81-1264
1181-6161

1/81-6181
1/81-4/96

1/81-6/61
1/81 -3/85

1/81 -6/61

1161-7/95

1181-6/81

3/86-2/88

3/66-2/88

3/86-2/88

3/86-2/88

3/68-2/98
3/86-2/88

3/68-2/88

3/66-2/88
3/86-2/88

3/86-2/98

3/86-2/88

10/S4-2/98

3/86-2/s8

3/66-2/98

3i66-2tS8
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241 -S-1 10

241-S-111

241 -S-1 12

241 -SX-I 01

241 -SX-I 02

1/81-6/90

1181-8/94

1181-6/90

1/81-5/64

1/80-5/95

1/90-9/95 8/95-5/98

8194-6198

5195-5198

5195-5/98

5/95-5/98

3/81 -7195
5/84-8/94

3/81 -4/95

4182-4195
10/83-4195

1/81-6/81
1/81-6/81

1/81-12/81

1/81-1185
1181-8183

3/88-2/88

3/86-2/88

3/88-2/98

3/88-2/88

3/66-2/98

3/38-2/88

3/86-2/98

12195-5198

6/90-5/95

5/64-5/95

5164-11194

241 -SX-I 03
241 -SX-I 04

241 -SX-I 05

241 -SX-I 06

241 -SX-I 07

1/80-4/93

1/80-5/95

1/80-6/89

1181-8194

4/93-5/95
6/90-12/94

5/64-5/95

5/64-4[86

5/95-5/98

5/95-5/98

5195-5198

8194-8[98

7187-4195

1/85-4195

7/84-4195

6{84-8194

1/81 -1185

1/81 -5/82

1181-5184

1181-7195
7181-4198

12/9S-5/98

241 -SX-I 08

241 -SX-109

241 -SX-I 10

241 -SX-I 11

241-SX-112

1181-4198
1181-4198

1181-4198

1181-4198
1181-4198

241 -SX-I 13

241 -SX-I 14

241 -SX-115
241 -T-1 01

241 -T-102

1/81 -4198

1181-4198

1181-4198

1181-41951/81-12/93
1181-7194

7193-5195 6[95-5/98

8/94-8/98

6/97-6/95

7/89-6/941OI94-5I98

241 -T-103
241-T-104

241 -T-105
241 -T-108

241 -T-107

1/81-11/93 7193-7195

1181-8195

7/84-8/95

7195-4/98
1[96-5198

8195-4198
8195-4198

6194-5198

3182-7195

1180-12196
1181-2/82

3/86-2188
1181-12/84

1181-2184
1/84-7/94

7184-7195
6183-7195

1181-719410/94-5/98

10/94-8/95
5197-5198

241 -T-1 08
241 -T-109

241 -T-1 10
241 -T-1 11
241 -T-1 12

10/95-6/98
9/94-5/98

6/95-5/98
7195-5198
9/95-8/88

1181-9/95
1/81-9/94

1181-5/95
1/84-7/95
1161-10/95

6/84-8/94
6/90-9/94

9161-4194

1189-4195

1181-7195

5182-9195

3i86-2t88

3/86-2/88

241 -T-201
241 -T-2o2

241 -T-203

241 -T-204
241 -TX-1 01

1/86-12/96
1/81 -6[98

1181-4/98
1/81-6/98

7186-6198

5/96-4/98

5/98-6/98
5/96-6/98

1/81-10/95 10/95-6/98 4189-8195

241-TX-102
241-TX-103

24I-TX-104

1/81 -4/96
1/64-9/88

1/84-7/93

7/64-3/96

7/93-3/96

1/96-4/98

4/96-4/98
1181-10/95

1/81-1/96
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241 -TX-1 05

241-TX-106

5/96-6/98

5/96-6/98

6/96-4/98

6/96-4/98

1/61-1 0/96

1/81-10/96 3166-2198

3/86-2/88

W6-2188
3186-2188

3188-2/98

3/86-2/88

3166+W8

3186-2188

3/86-2/98

3/66-2/88

3166-2198

3186-2198

3186-2188

241 -TX-1 07

241 -TX-1 08

241 -TX-1 09

241 -TX-1 10

241-TX-1 11

5/96-8/98

5/96-6/98

5/96-6/98

5/96-6/98
5/96-6/98

1/79-3/96

1/81-7/90

1/64-6/84

1181-2185

1/81 -1 0/95
1/81-6/64

1/61-8/95

1/81-6/84

1181-7194

1181-7/94
1/79-8/94

1181-7194

1/81-1/93
5iT8-5194

1181-6184
1164-7164

5/98-4/98

5/96-4/98

1/96-4/98

6/96-4/98

7t96-4198

4/64-4/96

3181-4/96

1/81-10/95

7/S4-4/96

9/64-1/96

7164-7195

7164-10/95

6/S4-3/96

6/34-5/95

6/64-1/96
7/69-1/96

1181-10/96

1181-4/96

1181-10/96

1181-10/96

1/81-10/96

1/81-10/96

1/61 -10/96

241-TX-112

241-TX-I 13
241-TX-114

241 -TX-1 15

241 -TX-1 16

5/96-6/98

5/96-6/98
5/96-6/98

5/96-6/98

5/96-6/98

7/96-4/98

6/96-4/98

6/96-4/98

4/96-4/98

6/96-4/98

241 -TX-1 17

241 -TX-1 18

241 -W-l 01

241 -W-l 02
241 -lV-l 03

5/96-6/98

5/96-6/98

1295-6/98

12195-6198

1ZY95-6198

6/96-4/98

2196-4/98

7195-4/98

9/95-6/98

10195-4/98

8/81 -7195

9/81 -9/95

81S4-8195

241 -TY-l 04
241 -TY-l 05

241 -TY-l 08

241-U-101
241 -U-102

12/95-8198
12J95-6198

12/95-6/98

7/95-6/98

4196-4198
11/98-4/98

1181-7195

1/81-6/88
1/98-6/98 6/83-1 0/95

241 -U-103
241 -U-104

241 -U-105
241 -U-106
241 -U-107

8/95-9198 7194-8198 12134-7194

1181-4198

1181-918512/95-6/98
8195-6198

6/95-6/98

7194-6198
8/94-6/98

7/94-6/98

9/63-7/94
9189-8194

1/90-7/94

8/88-2/88

3188-2k38

241 -U-108
241 -U-1 09
241 -U-1 10

241 -U-1 11
241 -U-1 12

5/95-6/98
7/94-6/98
1/96-8/98

1/96-6/98

1/90-1/95
10185-7194

4/64-1 0/95
1/81-1 0/95

8195.8198

1[81 -4198

241 -U-201
241 -U-202

241 -U-203

1/81 -6/98

1/81-6/98
1181-4198

1/81-6/98241 -U-204
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Appendix E

Statistical Analyses of Level Data

This appendix presents a statistical analysis of 70 SSTS that supports the preliminary
integrity assessment, In these analyses, a result that “the mean volume rate is NOT
equivalent to O galh” does not imply that the tank is leakhg. Rather, it indicates that,
in applying a null hypothesis test to the ensemble of volume rate dat~ the mean value
cannot be explained simply by random occurrence. Similarly, a result that “the mean
volume rate is equivalent to O galh” does not necessarily imply that the tank is leak-
tight; it just describes that, as a result of the variability of the dat% the mean volume
rate cannot be distinguished from O gal/h.

The minimum detectable leak values reported in this appendix describe the smallest
leak that could be reliably detected (at a PD of 95% and 99~0), if a leak test were
conducted on that tank using the level sensor deea-ibed and the 30-day test periods.
These data demonstrate the performance potential for a possible firture leak test
program, and provide a preliminary liquid integrity assessment “baseline” for such a
program.

~ VISTARESEARCH,INC. E-1 September 19WJ
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Data File: A-101 Data is from sensor fype: NEUTRON ILL

1006000
g 1004000
, 1002000
g 1000000
z 998000

$! 996000
* 994000
J!+ 992000

990000

———

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date

No. points edifedfrom fimeseriese 16

2.00- volume rates used for Pd/ Pfa analysis
[

i .00- +
+

0.00-
++ +++ ●

-1.00- + I

-2.CQ - i
-3.00 ~—— ——. —.. _J

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date
I

No. avg. volrate estimates removed= 1

During the anaiyais period, the average volume rate=
The standard deviation of the volume rate estimates=

For Pd I Pfa = 95% 15%:
The mean volume rate ia equivalent to Ogalih
Threshold, T -1.92 gaVh
Min. Detectable Leak -3.83 gaVh

Gaussian Plots Not Representative

Duetosmd N....

N= 11
0.07 galfh
1.06 gaVh

For Pd I Pfa = 98% 11%:
The mean volume rate is equivalent to Ogallh
Threshold, T: -2.92 galfh
Min. Detectable Leak -5.85 gallh

Gaussiam Plots Not Representaijve

Due to small N....

I

~ VISTA RESEARCH, INC E-3 HNF.3018, Rev. O



Data File: A102 Data is from sensor type: Intrusion FIC

50000 1
z volume time sen s wad for analysis
or 40000 + ~! !

30000-

20000- 2

10000- I

0. !

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date

No. points edted from time series= 305

s 20.00
b 0.00-(u
m ●

-20.00- ● i
~

-40.00-
●

s I

E -80.00-
3 I

5 -80.00- ●

> !
-100.00 J

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date

No. avg. VOIrate estimates removed m 4

Wiring the analysis period, the average volume rate z
The standard deviation of the volume rate estimates =

For Pd I Pfa = 95% 15%:
The mean volume rate is equivalent to Ogalh
Threshold, T -29.03 gaVh
Min. Detestable Leak -58.06 ga!lh

0.025
0 Iv

0.015

I 0.01+
I 0.045+

-5 -4 -3 -2 2345
volume r~te - gh

N= 26

-4.73 ga!fh
17.00 gal/h

For Pd 1 Pfa = 99% I l%:
The mean volume rate is equivalent to O gallh

Threshold, T -42.24 gal/h
Min. Detestable Leak -24.48 gallh

0.025–
oo?- -

0.015-

0.01--

0.005T
I

v 1
4

-5 -4 -s -2 -1 2345
volume r~te- Jlm

For this data, a threshold= 5.00 gaVh w“II detect a tank release of 64.48 ga!h at a Pd. 95%
The corresponding Pfa is 1.64%

~ VISTA RESEARCH, INC E-4 HNF.3018, Rev. O



Data File: A-103 Data is from sensor type: Manual ENRAF

I
372000

~ 371500 volume time series used for enafysis

& 371000-

5 370500-

2 370000 - PIcs ,
369500 ~

1
369000

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date

No. points edtedfromtime series= 3

s 2.50
h 2.00 volume rates used for Pd / Pfa analysis
(U ● I
m 1.50

$j 1.00- ● \

g 0.50-
●

●

0.00- .*.
g

/
-0.50-

-0”
=
0
>

-1.00
-1.50

● 1

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date
I

No. avq. VOIrate estimates removed= 9

During the anaiysis period, the average volume rate=
The standard deviation of the volume rate estimates=

For Pd / Pfa = 95% 15%:
The mean volume rate is equivalent to Ogal/h
Threshold, T -1.00 gal/h
Min. Detestable Leak -2.00 gal/h

JQil!L_
-5 -4 -3 -2 2345

v;~ume r~ti - ~

N= 21
0.14 gallh
0.58 gal/h

For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to O galfh
Threshold, T -1.46 ga~h
Min. Detectable Leak -2.92 gal/h

&
,.5.4.3.2. 2345

vo;me r~te - gh

For thk data, a threshold= -1.84 ge!lh will detect a tank release of 2.92 gaVh at a Pd = 95%
The corresponding Pfa is 0.16%

~ VISTA RESEARCH, INC. E-5 HNF-301 S, Rev. O



Data File: B-102 Data is from sensor type: Manual ENRAF

20400

s 20200 volume time series used for analysis
n $

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date

No. points ed~ed from time series= 4

0.30.s
> 0.20-

vo/ume rates used for Pd / P@ analysis

% ●

0.10- ● *
g ● ~
g 0.00 ● . . ●O

-
●*

. . . * ●

E -0.10-
.e

●
●*

I
z
z -0.20- ,
> ● ●

-0.30 ●

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date
1

No. avg. VOIrate estimates removed = 2

During the ana@ia period, the average volume rate=
The standard deviation of the volume rate estimates=

For Pd I Pfa = 95% 15%:
The mean volume rate is equivalent to Ogal/h
Threshold, T -0.18 gaVh
Min. Detectable Leak -0.37 gal/h

3,5 T

--i--
-5 -4 -3 -2 -1 2345

volume r~te - gh

N= 28
-0.01 gaVh
0.11 ga!fh

For Pd 1 Pfa = 99% I l%:
The mean volume rate is equivalent to Ogal/h
Threshold, T .0.27 gailh
Min. Detectable Leak -0.54 gallh

I 3.5,

_JL-
1-54 ‘3 ‘2v~~m.~t.-9Lt2 s 4 5

‘or this data, a threshold. -0.38 geVh will detect a tank release of 0.54 gaVh at a Pd = 95%
The corresponding Pfa is 0.95%

~ VIST.4RES5ARCH,INC. E-6 HNF-3018,Rev. O



Data File B-104 Data is from sansor type: NEUTRON ILL

~ 400000--————————————— .-

m
——---~

volume fime series used for analysis [
, 395000 -

g 390000

z
\

: 385000- ~

s 380000 T
I

Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan-
86 87 88 89 90 91 92 93 94 95 96 97 98

date

No. points edifedfrom timeseries= O

;
3.00 -— ——————————.—_,._._ ——.

I
m 2.00- volume rates used for Pd / Pfa analysis

al 1.00-

~ 0.00- ● ●.
● +’ 6 ●

E

~
-1.ocl

= -2.0+3-
~ -3.00-

,—————. ___.__ ...____________ .,

Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan. Jan.
88 87 88 89 90 91 92 93 94 95 96 97 98

date
I

No. avg. VOIrate estimates removed= 1

During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pci 1Pfa = 95% 15%:
The mean volume rate ia equivalent to O gal/h
Threshold, T -0.55 ga!fh
Min. Detectable Leak -1.11 gal/h

Gaussian Plots Not Representative

Due to small N....

N= 6
-0.11 gaLlh
0.29 gal/h

For Pci I Pfa = 99% 11%:
The mean volume rate is equivalent to Ogal/h
Threshold, T -0.68 ga!fh
Min. Detectable Leak -1.76 gallh

Gaussian Plots Not Representsbve

Due to small N....

I
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Data File: B-105 Data is from sensor type: NEUTRON ILL

140000
ii
m 135000

g 130000
=
$ 125000

% 120000
9

115000

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date

No. points edtedfrom time series= 5

3.00- ————. —_ ——______

$ *(JO. volume rates used for Pd/ Pfa analysis ~
0)

1.00-
a
~

I
0.00- * ● 4

● 4 ● ●

2 -1.00- [

= ● I

o -2.OQ
>

-3.00- ““ _ j

Jan-94 Jan-95 Jan-96 Jan-97 Jan-96

date

NO avo VOIrate estimates remnvw+ = n...=... . . . . . . . ,--------
N= i.during the analysis period, the average volume rete = -0.29 galfh

The standard deviation of the volume rate estimates= 0.49 ga~h

For Pd I Pfa = 95% 15“h: For Pd I Pfa = 99% 11 %:
The mean volume rate is equivalent to O gai/h The mean volume rate is equivalent to Ogal/h
Threshold, T -0.93 gel/h Threshold, T -1.47 gallh
Min. Detectable Leak -1.85 gal!h Min. Detestable Leak -2.93 galfh

Gaussian Plots Not Representsb’ve Gaussian Plots Not Representative

Due to small N.... Du8tosrnail N....
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Data File: B-1 10 Dataisfrom seneertype LOW

276000
~ 274000
, 272000
~ 270000
2 268000
~ 266000
~ 264000
S 262000

260000 !

Jan-94 Jan-95 Jan-96 Jan-97 Jan-96

date

No. points edted from time series= 209

3.00
\

2.00
volume rates used for Pd / Pfa anaiysis

1.00- ]

0.00- I
●

m ●

-1.00-
● I

●

-2.00- I

-3.00 ~ I

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date
1

No. avg. volrate estimates removed= 1
N= 6

During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pd I Pfa = 95% 15%:
The mean volume rate is NOT equtialent to OgaVh
Threshold, T -0.75 gaVh
Min. Detectable Leak -1.49 gaUh

I

Gaussian Plots Not R~resentaWe

Due to small N....

-0.41 gaVh
0.37 ga!Jh

For Pd I Pfa = 99% 11%:
The mean volume rate is NOT equivalent to Oga~h
Threshold, T -0.86 gaVh
Min. Detectable Leak -1.73 gaVh

Gaussian Plots Not Rspresanta6ve

Due to smal N....
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Data File: B-II 1 Data is from sensor type: NEUTRON ILL

350000- .— ,
~ 300000. volume time series us
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No. points edted from time series= 3
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volume rates used for Pd/ Pfa analysis
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~
4 ●

p 0.00- ● ●

+
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-3.00 J I~-—. ——.——.——..—.— ——..-.——

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date

.during the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pd I Pfa = 95% 15%
The mean volume rate is equivalent to O gal/h
Threshold, T -0.73 ga~h
Min. Detectable Leak -1.45 gaVh

Gaussian Plots Not RepresentaWe

Duetosma!l N....

No. avg. vol rale esmnates removed = 1
N= 6

0.12 ga~h
0.36 galfh

For PdIPfa=889611%:
The mean volume rate is equivalent to O gal/h
Threshold, T -1.21 ga!Jh
Min. Detectable Leak -2.43 ga!fh

Gaussian Plots Not Repre$entatie

Due to small N....

~ VISTA RESEARCH, INC. E-10 HNF-3018, Rev. O



Data File B-1 12 Data is from sensor type: Manual ENRAF

I 22000 r — —— — ————

~ 21800 volume time sen”esused for analysis

“2’600; ,~ I

~ 21400

% 21200
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jj 20600

20600
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,
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$ volume rates used for Pd/ Pfa at&afysis ~
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I
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~ I

0.50-
?

● I
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0
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-0.50 —––—
I—————-—-—z. —— . . . . .. . ——!

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date

No. avg. VOIrate estimates removed= O
N= 30

During the analysis period, the average volume rate = 0.05 galfh
The standard deviation of the volume rate estimates= 0.31 ga!fh

For Pd I Pfa = 95% 15% For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to O galfh The mean volume rate is equivalent to O galh
Threshold, T -0.53 gal/h Threshold, T
Min. Detectable Leak

-0.76 galIh
-1.05 ga!fh Min. Detectable Leak -1.53 gal/h

-oi!!--
-5 -4 -3 -2 234

v~~me r’2te - g~ 51

1.2T

_?!!iL-
-5-4-3-2-101 2S45

volume rate - gauh

For this data, a threshold. -0.98 gallh will detect a tank release of 1.53 gal/h at a Pd = 95%
The corresponding Pta is 0.45%

~ VISTARESEARCH,w. E-II HNF-3018, Rev. O



. -., . .. --- -.. . .. .—..—.-
~ala t-lie: ~x-lws uata ISmom sensor ~pe: ManUal ENFIAF

93000- —-— -

3 volume time series used for analysis
Y 92500 -

i?
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9
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~ ,~1
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No. points edited fromtimeseries= 4

x 0.80> —.-— .-———.
h volume rates used for Pd / Pfa analysis
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%
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~
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●***** ●
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=
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>

-0.40
●

———. —-— ——______________

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date

No. avg. VOIrate estimates removed= 6

During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pd I Pfa = 95% 15%:
The mean volume rate is NOT equivalent to O gal/h
Threshold, T -0.29 gallh
Min. Detectable Leak -0.58 gaVh

__i!i_-
,-5 -4 -3 -2 -1 2345

volume r% - g~

N= 24
0.08 gaVh
0.17 ga!/h

For Pd I Pfa = 89% I t%:
The mean volume rate is equivalent to O galih
Threshold, T -0.42 ga!fh
Min. Detectable Leak -0.85 gai/h

_JiL-
-5 -4 -3 -2 2345

v;;me r;te - g~

For this data, a threshold= -0.50 gallh will detest a tank release of
The corresponding Pfa is 0.56%

~ VISTA RESEARCH, INC. E-12

0.85 ga!fh at a Pd = 95%

HNF-3018, Rev. O



Data File: BX-104 Data is from sensor type: Manual ENRAF

121600 z —— .— _
1
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volume time series used for analysis
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E
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5
~ 120800-

1
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1
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No. points edfiedfrom time series= 4
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volume rates used for Pd / Pfa analysis

--q
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No. avg. VOIrate estimates removed= 5
N= 25

During the analysis period, the average volume rate = 0.01 gallh
The standard deviation of the volume rata estimates= 0.18 gaVh

For Pd I Pfa = 95% 15%: For Pd / Pfa. 98%/ 1%:
The mean volume rate is equivalent to Ogalfh The mean volume rate is equivalent to Ogal/h
Threshold, T -0.31 gallh Threshold, T -0.45 gallh

Min. Detestable Leak -0.62 ga!Jh Min. Detectable Leak -0.91 gaVh

27-

_J!!L--
-5 -4 -3 -2 2345

v;lume r% - g~

d!!i!L-
-5 -4 -3 -2 2345

vOlme r!le - gh

For this data, a threshold. -0.60 gaVh will detect a tank release of 0.91 ga~h at a Pd = 95%
The corresponding Pfa is 0.62%

~ VISTA RESEARCH, INC. E-13 HNF.3018, Rev. O
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~ala File: tm-1u5 uata E lrom sensor rype: Manual tNHAi_

i!E~--- -W---volume time series used for analysis

89000 !
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No. points edfied from time series = o
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s
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volume rates used for Pd / Pfa analysis ]
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=
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Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date

No. avg. VOIrate estimates removed= 8
N= 22

During the analyz.is period, the average volume rate= 0.03 gallh
The standard deviation of the volume rate estimates= 0.33 ga!fh

For Pd I Pfa = 95% 15’%: For Pd I Pfa = 99’% 11%:
The mean volume rate is equivalent to Ogal/h The mean volume rate is equivalent to O gal/h
Threshold, T -0.57 gal/h Threshold, T -0.83 galfh
Min. Detectable Leak -1.14 gal/h Min. Detectable Leak -1.67 galfh

1.2~

-l!A--
-5 -4 -s -2 2345

v;;ume r% - gAih

_l!!i
-5 -4 -3 -2 2S45

v;ime r%3 - gh

For this data, a threshold= -1.10 galJh will detect a tank release of 1.87 galfh at a Pd = 95%
The corresponding Pfa ia i.28%

~ VISTA RESEARCH, INC. E-14 HNF-301S, Rev. O



Data File BX-110 Data is from sensor type: Auto ENRAF

219000- .— -—

z volume time series used for analysis

?’ 218500-
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~
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2

~
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No. peintsedted fromtime series= 3
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z
5 volume rates used for Pd/ Pfa analysis
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~
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●**

9

E
●

= -0.50-

: ●
\

-1.00 --------------------------------------------------J

I Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

I date

No. avg. VOIrate estimates removed= 8
N= 22

During the anelysis period, the average volume rate= 0.05 galJh
The standard deviation of the volume rate estimates= 0.30 gaifh

For Pd I Pfa = 95%15%: For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to O gal/h The mean volume rate is equivalent to Ogal/h
Threshold, T -0.51 gallh Threshold, T -0.75 galfh
Min. Detectable Leak -1.02 gallh Min. Detestable Leak -1.50 ga!Jh

-ti!!--
.5 -4 -3 -2 -1 0 2345

volume rate - A

_&!lL
-5 -4 -3 -2 -1 2345

volums r~te - gk

For this data, a threshold= -0.97 gallh will deteet a tank release of 1.50 ga!fh at a Pd = 95%
The corresponding Pfa is 0.32%

~ V[STARESEARG-1,INc. E-15 HNF-3018, Rev. O



Data File: BY-101 Data is from sensor type: NEUTRON ILL
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No. points edifedfrom timeseries= 4
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~ z~~ - volume rates used for Pd/ Pfa analysis 1
w
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0 + \
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!?

t

-3.00 ~ .—.— ..— ——. ——. c._ —.- J

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date

.during the analysis period, the average volume rate =
The s~andard deviation of the volume-rate estimates=

For Pcf I Pfa = 95%150%:
The mean volume rate is equivalent to Oga!fh
Threshold, T -4.37 galJh
Min. Detectable Leak -8.74 gaVh

Gaussian PIotsNotRepresentai+ve

Du+to small N....

NO. avg. VOI rale esIlrTENes removeci = v

N= 8

0.98 gaVh

2.31 ga!fh

For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to Oga!fh
Threshold, T -6.91 gaVh
Min. Detectable Leak -13.82 gaVh

Gaussisn Plots Not Represe”tatie

Due to small N...

~ vISTA RESEARCH, INC. E-16 HNF-3018, Rev. O



Data File: BY-102 Data is from sensor type: NEUTRON ILL
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$ *,(JJ . volume rates used for Pd / Pfa analysis
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Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date
1

No. avg. VOIrate estimates removed = 1

During the ana$fsis period, the average volume rate=
The standard daviafion of tha volume rate eefimatas =

For Pd I Pfa = 95% 15%:
The mean volume rate is equivalent to Oga!fh
Threshold, T: -7.90 gal/h
Min. Detectable Leak -15.60 gaVh

Gsussian Plots Not Re+mesentaWe

Due to small N....

N= 6
1.42 galfh
4.17 galih

For Pd I Pfa = 99% 11%:
The maan volume rate is equivalent to Oga!lh
Threshold, T -12.50 gal/h
Min. Detectable Leak -25.00 gal/h

I
Gaussian Plots Not RspresentabW

Dueto small N....

~ VISTA RESEARCH, INC. E-17 HNF-3018, Rev. O



Data File: BY-103 Dataisfrom sensor type: NEUTRON ILL
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=
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No. points edited fromtimeseries= 16
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Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date
I

No. avg. VOIrate estimates removed= 4

During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pd I Pfa = 95% 15%:
The mean volume rate is equivalent to O gal/h
Threshold, T -1.90 gal/h
Min. Detectable Leak -3.61 gaVh

Gaussian Plots Not Rspreseotalive

Due to small N....

N= 5
0.72 gallh
0.69 ga~h

For Pd ! Pfa = 99% 11%:
The mean volume rate is equivalent to O gal/h
Threshold, T -3.35 ga!fh
Min. Detectable Leak -8.69 ga!Jh

Gaussian Plots Not Representative

Due to small N....

~ vISTA RESEARCH, INC. E-18 HNF-3018, Rev. O



Data File BY-104 Data is from sensor type: NEUTRON ILL

260000 —--y
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I
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During tha analysis period, the average volume rate=
The standard daviation of the volume rate estimates=

For Pd \ Pfa = 95% !5%:
The mean volume rate is equivalent to O gal/h
Threshold, T -0.53 gallh
Min. Detectable Lealc -1.07 galrh

I Gaussian Plots Not RepresentaWe

Due to small N.... I

No. avg. VOIrate estimates removed= 3
N= 5

0.15 galrh
0.25 gallh

For Pd I Pfa = 99% I I“%:
The mean volume rate is equivalent to Ogal/h
Threshold, T -0.94 ga!fh
Min. Detectable Leatc -1.66 ga!fh

Gaussian Plots Not Represa”tative

Due to smsl N....

~ VISTA RESEARCH, INC. E-19 HNF-3018, Rev. O



Data File: BY-105 Data is from sensor type: NEUTRON ILL
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~ 500000- volume time series used for ana sis

: 400000- ~
i

g 300000
I
I

g 200000- i
b

f 100000- i

o
I

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date

No. points edited from time series = 5

3.00- .—— ———.——... ——...

2.00- volume rates used for Pd / Pfa analysis

1.00-
● \

0.00-●
& &

* I
4

-1.CO ~

-2.CO -
/

-3.00 .——...—...—.—-— -_...-J

Jan-94 Jan-95 Jan-98 Jan-97 Jan-98

date
I

No. avg. VOIrate estimates removed = 2

During the analpis period, the average volume rate=
The standard deviation of the volume rate estimates=

For Pd I Pfa = 95% 15%:
The mean volume rate is equivalent to Ogal/h
Threshold, T: -1.00 gallh
Min. Detectable Leak -2.oo gaVh

Gaussian Plots Not Represertdive

Due to small N....

N= 8
0.15 ga~h
0.53 gallh

For Pd / Pfa = 88%/ 1%:
The mean volume rate is equivalent to O gal/h
Threshold, T: -1.58 ga!fh
Min. Detectable Leak -3.16 gaVh

I Gaussian Plots Not Representative

Due to smsJ N....

~ VISTA RESEARCH, INC E-20 HNF-3018, Rev. O



Data File: BY-106 Data is from sensor type: NEUTRON ILL
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No. avg. VOIrate estimates removed= 3

During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pd I f%. 95% i 5%:
The meen volume rate is equivalent to Ogal/h
Threshold, T -1.82 galfh
Min. Detectable Leak -3.63 gal/h

Gaussian Plots Not Rspresenta@fe

Due to small N....

N= 6
0.50 ga!Jh
0.90 gal/h

For Pd I Pfa = 99%11%:
The mean volume rate is equivalent to Oga!fh
Threshold, T -3.03 gaVh
Min. Detectable Leak -6.07 galfh

I Gaussian Plots Not Representative

Due to smal N....

I
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Data File: BY-107 Data is from sensor type: NEUTRON ILL
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I

No. avg. VOIrate estimates removed= 2

During the anaiyais period, the average volume rate=
The standard deviation of the volume rate estimates=

For Pd I Pfa = 95% 15%:
The mean volume rate is equivalent to O gaVh
Threshold, T -1.64 @l/h
Min. Detectable Leak -3.28 gal/h

Gaussian Plots Not Representative

Due to S!lldl N....

N. 7
-0.04 gal/h
0.84 galfh

For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to O galih
Threshold, T -2.65 gaVh
Min. Detectable Leak -5.31 ga~h

Gaussian Plots Not Representative

Due to smsll N....

I
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Data File: BY-109 Data is from sensor type: NEUTRON ILL
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I

No. avg. VOIrate estimates removed= 4

During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pd I Pfa = 95%15%:
The mean volume rate is equivalent to Ogal/h
Threshold, T -4.14 ga!fh
Min. Detectable Leak -8.26 galfh

Gaussian Plots Not Representative

Dwtosmall N....

N= 4
-0.62 gal/h
1.76 galih

For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to O gal/tr
Threshold, T -7.99 gallh
Min. Detectable Leak -15.97 galJh

Gaussian Plots Not Representative

Oue to smd N....

I I
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Data File BY-11O Data is from sensor type: NEUTRON ILL
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~ 250000 volume time series used for analysis
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No. ava. VOIrate estimates removed = 2

During the analysis period, the average volume rate =
The atandard deviatian of the volume rate estimatea =

For Pd I Pfe = 95% 15%:
The mean valume rate is equivalent ta Ogal/h
Threshold, T -1.41 galh
Min. Detectable Leak -2.82 gaVh

I
Gaussian Plots Not Representative

Due to small N.... I

.
N= 10

0.13 galfh
0.77 gal/h

For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to Ogal/h
Threshold, T -2.17 ga!fh
Min. Detectable Leak -4.33 gaVh

Gaussian Plots Not Representative

Due to small N....
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Data File: BY-1 12 Data ia from sensor type: NEUTRON ILL
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I

No. avg. VOIrate eafimates removed = 2

During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pd I Pfa = 95% 15%:
The mean volume rate is equivalent to Ogal/h
Threshold, T -1.53 gaVh
Min. Detectable Leak -3.05 ga!fh

Gaussian Plots Not Representative

Due to small N....

N= 8
-0.23 galfh
0.80 gal/h

For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to O gallh
Threshold, T -2.41 gal/h
Min. Detectable Leak -4,83 galfh

Gaussian Plots Not Rep,esentaljw

Due to smsll N....
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Data File: c-103 Data is from sensor type: Manual ENRAF
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No. points edted from time series= 3
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—{
1

i% 3.00-
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-1.00
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Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date

No. avg. VOIrate estimates removed = 2

During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates =

For Pd \ Pfa = 95% 15%:
The mean volume rate is equivalent to O gaifh
Threshold, T -1.30 gallh
Min. Detectable Leak -2.59 gallh

N= 28
0.23 gal/h
0.76 ga!Jh

For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to Ogalfh
Threshold, T -1.88 gal/h
Min. Detectable Leak -3.77 galfh

JLii!k-
-5 -4 -s -2 2S45

v;kme r~te g~

o&i!lk-
,-5-4 -s -2-1 2345

volume r%. gk

For this data, a threshold= -2.03 gallh will detect a tank release of 3.77 gal/h at a Pd = 95%
The corresponding Pfa is 0.52%

I
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Data File: C-106 Data is from sensor type: Auto ENRAF
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date

No. avg. VOIrate eefimates removed = O
N= 30

During the analysis period, the average volume rate = 0.01 gallh
The standard deviation of the volume rate estimates= 6.51 ga!fh

For Pd I Pfa = 95% 15%: For Pd I Pfa = 99% 11%:
The mean volume rate ia equivalent to O gaVh The mean volume rate is equivalent to Ogalfh
Threshold, T -11.06 galfh Threshold, T -16.03 ga!fh
Min. Detectable Leak -22.12 ga!lh Min. Detectable Leak -32.05 ga!lh

=
.5 -4 -3 -2 -1 0 2345

volume rate gh

0.06

L-JiL--
-5 -4 -3 -2 2345

v;kme ,Zte gk

For this data, a threshold. 5.00 ga!Jh will detect a tank release of 32.05 galih at a Pd = 95%.
The corresponding Ra is 3.76%
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Data File: S-lol Data is from sensor type: Manual ENRAF
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No. ~infsedited fromtimeseries= 12
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L volume rates used for Pd/ Pfa anal sis \
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~
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-1.50 ● -l——————”——”—.——., ______

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date
1

No. avg. VOIrate estimates removed= o

During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pd I Pfa = 95% 15%:
The mean volume rate is equivalent to O gal/h
Threshold, T -0.58 gal/h
Min. Detectable Leak -1.17 galfh

1.2 T

&
,.5 .4.3 .* 234

vo;me r;te - g~ ‘1

N= 30
0.02 galJh
0.34 gallh

For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to O galfh
Threshold, T -0.S4 gaVh
Min. Detectable Leak -1.69 gal/h

1.2 ~ I

J!#!--
-5 -4 -3 -2

vcime rie - ghh ‘1234

For this data, a threshold. -1.12 gaVh will detect a tank release of 1.69 gal/h at a Pd = 95%
The corresponding Pfa is 0.40%
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Data File: s-1 02 Data is from sensor type: NEUTRON ILL

566000 ————————— —
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% 552000

~

$ 550000 /
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No. pints edtedfmmtimes eriea= 3

3.00 — ———.. ———. —... —.—.

$ 2,r)o- volume rates used for Pd / Pf~ analysis
m /

1.00-
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iE’ -1.00- I
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o -2.00-
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-3.00 —— -— ..—____ J

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date

During the analysis period, the average volume rate =
Tha standard deviation of the volume rate estimates=

No. avg. VOIrate estimates removed= 1
N= 7

0.52 ga!fh
0.62 gaVh

For Pd I Pfa = 95% 15%:
The mean volume rate is NOT equivalent to Ogal/h
Threshold, T -1.21 gaVh
Min. Detectable Leak -2.41 gal/h

Gaussian Plots Not Representative

Due to small N....

For Pd I Pfa = 89% I V%:
The mean volume rate is equivalent to Ogal/h
Threshold, T -1.95 gallh
Min. Detectable Leak -3.91 gaVh

Gaussian Plots Not Represenrab%

Due to small N....

1
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Data File: S-103 Data is from sensor type: Manual ENRAF

292000

No. points edited from time series = 15
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h 2.00-

volume ratgs used for Pd/Pfa anafysis 1
(u
m i
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>
-3.00 —–—--—— ——.—z . ,—. -— —_, _____________

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date

No. avg. VOIrate estimates removed= O
N= 30

During the analysis period, the average volume rate = 0.06 gal/h
The standard deviation of the volume rate estimates= 0.74 ga!fh

For Pd 1 Pfa = 95% 15% For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to O galih The mean volume rate is equivalent to OgaVh
Threshold, T -1.26 gal/h Threshold, T -1.83 gallh
Min. Detectable Leak -2.52 ga!Jh Min. Detectable Leak -3.66 gallh

J2itL-
-5 -4 -3 -2 2345

v;kme r% - g~

L!!&i
-5 -4 -3 -2 2345

v;kme r%3 gh

For this data, a threshold. -2.10 gaVh will detect a tank release of 3.66 galfh at a Pd = 95%
The comeeponding Pfa ia 0.65%.
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)ata File: S-104 Data is from sensor type: NEUTRON ILL
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-3.00- . I—.— .—. ——. —- .—— —

Jan-94 Jan-95 Jan-98 Jan-97 Jan-98

date

Owing the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pcf I Pfa = 95% I 5%:
The mean volume rate is equivalent to Ogal/h
Threshold, T -1.55 ga!Jh
Min. Detectable Leak -3.10 gallh

I

No. avg. VOIrate esttmates removed = 1
N= 7

-0.09 ga!lh
0.80 gal/h

For Pd I Pfa = 98% 11%:
The mean volume rate is equivalent to O galih
Threshold, T -2.50 ga!lh
Min. Detectable Leak -5.01 gallh

Gaussian Plots Not Representable

Oueto small N....
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Data File: S-105 Data is from sensor type: NEUTRON ILL

150000 -r- ————.

~ 148000

& 146000

E 144000
z
> 142000
x
~ 140000

138000

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date

No. points adied from time series= 3

3.00 ——— .“— ... —. —.__.

~ 200. volume rates used for Pd/ Pfa analysis q

m
1.00- i

$J ● ●
~ 0.00- + [

* ●
● ● 1

E -1.00- I
=
o -2.rxl - \
> I

-3.00- —. ———e-. .——---------------
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date

during the analyais period, the average volume rate=
The standard daviation of the volume rate estimates=

For Pd I Ha = 95%15%:
The mean volume rate is equivalent to O gal/h
Threshold, T -0.63 gaVh
Min. Detectable Leak -1.25 gallh

No. avg. VOIrate estimates removed= 1
N= 7

0.09 gaVh
0.32 galfh

For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to Oga!fh
Threshold, T -1.01 ga!lh
Min. Detectable Leak -2.03 gal/h

&aussEan Plots Not Representaffve

Due to small N....

Gaussian Plots Not Repmsentabve

Due to small N....

I
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Data File: S-108 Data is from sensor type: NEUTRON ILL
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.During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pd I Pfa = 95% 15%:
The mean volume rate is equivalent to O ga~h
Threshold, T -1.15 gaVh
Min. Detectable Leak -2.29 gallh

Gaussian Plots Not Representable

Dueto small N....

No. avg. VOIrate eStlIIWeS removed = 2

N= 6

-0.03 ga!fh

0.57 ga!fh

For Pdl Pfa.99%11%:
The mean volume rate is equivalent to Ogalfh
Threshold, T -1.91 gallh
Min. Detectable Leak -3.83 galfh

I Gaussian Plots Not RepresentaWe

Due to small N....
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Data File: S-los Data is from sensor type: NEUTRON ILL
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date

During the ana~sis period, the average volume rate=
The standard deviation of tha volume rate estimates=

For Pd I Pfa = 95% 15%:
The mean volume rate is equivalent to Ogal/h
Threshold, T -1.07 gaVh
Min. Detectable Leak -2.13 ga!lh

Gaussian Plots Not RepresentaWe

Due to small N....

No. avg. VOIrate estimates ramoved = 1
N= 7

0.27 gaVh
0.55 gaVh

For Pdl Pfa.99%11%
The mean volume rate is equivalent to Ogal/h
Threshold, T -1.73 ga!fh
Min. Detectable Leak -3.45 galfh

Gaussian Plots Not Representable

Due to smal N....
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Data File: S-no Data is from sensor type: NEUTRON ILL

500000 F—— ———.——— ——————

1
volume time sen”esused for analysis

~~
I

\

200000-
I

I

100000-
t

o J

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date

No. points edied from time serias = I

3.00- ———.———.—...—,— ———— _

2.00- volume rates used for Pd/ Pfa analysis i

1.00- I
0.00- + 6 +

-1 .OfJ-
!

● +

-2.00- 1

-3.00 —-— ——.———. ——

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98
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I

No. avg. VOIrate estimates removed= 3

During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pd I Pfa = 95% 15%:
The mean volume rate is equivalent to OgaVh
Threshold, T -1.41 gal/h
Min. Detestable Leak -2.81 gaVh

Gaussisn Plots Not RepresemaWe

Due to smsl N....

N= 5
-0.30 gaVh
0.66 gaVh

For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to OgaVh
Threshold, T -2.47 galih
fvfin. Detectable Leak -4.94 gallh

Gaussian Plots Not RepresentaWe

Due to smsl N....
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Data File: s-1 11 Data is from sensor type: Manual ENRAF
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No. avg. VOIrate estimates removed= O
N= 30

During the analysia period, the average volume rate=
--

-0.05 ga!fh
The siandard deviation of the volume-rate estimates= 0.67 gaVh

For Pd I Pfa = 95% 15%: For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to Ogal/h The mean volume rate is equivalent to Ogal/h
Threshold, T -1.14 gaVh Threshold, T -1.65 gal/h
Min. Detectable Leak -2.28 gallh Min. Detectable Leak -3.31 galfh

0.6 ~

dLL3L_-
-5 -4 -3 -2 2345

v;;me r%3 - g~

0.6 ~

LL!A-
-5 -4 -3 -2 -1 2345

volume r~te gk

For this data, a threshold. -2.22 gauh will detect a tank release of 3.31 gaVh at a Pd = 95%
The corresponding Pta is 0.27%
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Data File: S-112 Data is from sensor type: NEUTRON ILL
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I

No. avg. VOIrate estimates removed= 1

During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pd I pfa = 95% 15%:
The mean volume rate is NOT equivalent to OgaVh
Threshold, T -0.44 gaVh
Min. Detectable Leak -0.89 gal/h

I
Gaussian Plots Not Representstie

I Duetosmall N.... I

N= 7
0.20 gallh
0.23 gal/h

For Pd I Pfa = 88% 11“%:
The mean volume rate is equivalent to O gal/h
Threshold, T -0.72 ga~h
Min. Detectable Leak -1.43 ga!fh

Gaussian Plots Not Representative

Due to smal N....
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Data File: Sx-lol Data is from sensor type: NEUTRON ILL
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No. avg. VOIrate estimates removed = 3

During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For PdIPfa=957015%:
The mean volume rate is equivalent to OgaVh
Threshold, T -5.94 gaVh
Min. Detectable Leak -11.86 gallh

Gaussian Plots Not Raprosentatie

Due to small N.... I

N= 5
1.49 galfh
2.79 ga!fh

For Pd I Pfa = 99% I W:
The mean volume rate is equivalent to Ogal/h
Threshold, T -10.44 gal/h
Min. Detectable Leak -20.68 gal/h

1
Gaussian Plots Not Representetie

Due to small N....
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VISTA RESEARCH, INC. E-39

Data File SX-102 Data is from sensor type: NEUTRON ILL
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I

No. avg. VOIrate estimates removed= 2

During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pd 1 Pfa = 95% 15%:
The mean volume rate is equivalent to O gal/h
Threshold, T -1.67 gallh
Min. Detectable Leak -3.34 ga~h

Gaussian Plots Not Representative

Due to small N....

N= 7
0.35 ga~h
0.86 ga~h

For Pd I Pfa = 99% I I%:
The mean volume rate is equivalent to Oga~h
Threshold, T: -2.70 ga!lh
Min. Detectable Leak -5.40 ga!fh

Gaussian Plots Not Representative

Duo to smsll N....
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. -., ------- . . . ..-. ,----- .. .
~ala tile: S,+l UJ uala ISworn sensor ~pe: NblJ 1HUN II-L
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No. avg. VOIrate eafimates removed = 1

During the analysis period, the average vohrma rate=
The standard deviation of the volume rate estimates=

For Pd I pfa = 95% 15%:
The mean volume rate is equivalent to Ogallh
Threshold, T -0.41 ga!fh
Min. Detectable Leak -0.82 galfh

I
Gaussisn Plots Not Representable

Due to smsl N....

N= 7
-0.01 galJh
0.21 gaVh

For Pd I Pfa = 99%11%:
The mean volume rate is equivalent to Ogal/h
Threshold, T -0.66 gaVh
Min. Detectable Leak -1.33 gaVh

Gaussisn Plots Not Representable

Due to small N....
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Data File: SX-104 Data is from sensor type: NEUTRON ILL
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No. avg. VOIrate estimates removed= 1

During the ana~sis period, the average volume rate=
Tha standard deviation of the volume rate estimates=

For Pd I Pfa = 95%15%:
The mean volume rate is equivalent to O gal/h
Threshold, T -3,60 galfh
Min. Detectable Leak -7,20 gal/h

N= 5
-0.41 ga!fh
1.69 gal/h

For Pd I Pfa = 99%11%:
The mean volume rate is equivalent to Ogalh
Threshold, T -6.32 galfh
Min. Detestable Leak -12.65 gal/h

I Gaussian Plok Not Representative I Gaussian Plots Not Representative

Duetosm?JI N....
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Data File: SX-105 Data is from sensor type: NEUTRON ILL
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During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pd I Pfa = 95% 15%:
The mean volume rate is equivalent to Ogal/h
Threshold, T -0.84 ga!fh
Min. Detectable Leak -1.68 ga!fh

Gaussian Plots Not Rapresentalive

Due tosmsil N....

No. avg. VOIrate estimates removed= 1
N= 7

-0.10 gallh
0.43 gal/h

For Pd I Pfa = S9% 11%:
The mean volume rate is equivalent to Ogal/h
Threshold, T -1.36 galfh
Min. Detectable Leak -2.72 galJh

Gaussian Plots Not Represe”tatWe

Due to smsll N....
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Data File SX-108 Data is from sensor type: Auto ENRAF
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No. avg. VOIrate estimates removed= 4

During the analysis period, the average volume rate = -0.08 gallh
The standard deviation of the volume rate eafimates = 0.87 galfh

N= 26

For Pd I Pfa = 95% 15%: For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to Ogal/h The mean volume rate is equivalent to Ogal/h
Threshold, T -1.49 gal/h Threshold, T -2.16 gallh
Min. Detectable Leak -2.97 gallh Min. Detectable Leak -4.32 gal/h

&
-5 -4 -3 -2 -1 0 2S45

volume rate - gk

2!LsA
-5 -4 -3 -2 .1 0 2345

volume rate - g~

For this data, a threshold. 5.00 ga~h will detact a tank release of 4.32 galih at a Pd = 95%
The corresponding Pfa is 0.007.
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Data File: T-102 Data is from sensor type: Auto ENRAF
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Uuring the analyais period, the average volume rate= -0.02 gaVh
The standard deviation of the volume rate estimates= 0.24 gallh

For Pcf I Pfa =95%15%: For Pd I Pfa = 99%11%:
The mean volume rate is equivalent to Ogal/h The mean volume rate is equivalent to Ogal/h
Threshold, T -0.41 galJh Threshold, T -0.59 gaVh
Min. Detectable Leak -0.81 @Vh Min. Detectable Leak -1.18 gaVh

-J!lL-
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v;;me r% gL

L
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For this data, a threshold. -0.82 geVh will detect a tank release of 1.18 gaVh at a Pd = 95%
The correspmding Pfa is 0.53%
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Data File: T-104 Data is from sensor type: NEUTRON ILL

600000 Y _—— —— —7
~ ~ooooo volume time series used for analysis

,

; 400000- !

g 300000
I

s 200000-

I

s !
g 100000- i

o i

Jan-94 Jan-95 Jan-96 Jan-97 Jan-96

date

No. points edied from time series= 4

3.00 .—. —. —. —... — ————..—.—.

$ *OO . volume rates used for Pd / Pfa analysis i
u)

1.00-
~ ● ~
p 0.00- ●

i? -1 .Q3 - ● !
= ●

-2.00-
~

-3.00 —
I._ —.,.——.— .— ——

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date

During the analysis period, the average volume rate =
The standard deviation of the volume rate eefimates =

For Pd I Pfa = 95%15%:
The mean volume rate is equivalent to Ogal/h
Threshold, T -1.48 gallh
Min. Detectable Lealc -2.96 ga!fh

Gaussian PlotsNotRepresentable

Due to smstl N....

No. avg. VOIrate WtlrIW3S P3TIOVWI = 3

N= 5

-0.43 galfh

0.69 ga~h

For Pd I Pfa = 99% 11%:

The mean volume rate is equivalent to O galJh
Threshold, T -2.60 gaVh
Min. Detectable Leak -5.20 galfh

Gaussian Plots Not Representative

Due to small N....
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Data File: T-1 11 Data is from sensor type: NEUTRON ILL
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For Pd I Pfa. 95% 15%:
The mean volume rate is equivalent to O gallh
Threshold, T -0.95 galfh
Min. Detectable Leak -1.90 ga!fh

Gaussian Plots Not Representative
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N= 7
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For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to OgaVh
Threshold, T -1.53 gaVh
Min. Detectable Leak -3.07 gal/h
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Gaussian Plots Not Representative

Due to small N....
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Data File: T-1 10 Data is from sensor type: NEUTRON ILL
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The mean volume rate is equivalent to O galih
Threshold, T -0.88 gaVh
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Gaussian Plots Not Representative
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No. avg. VOIrate estimates removed= 2
N= 6
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For Pd I Pfa = 99%11%:
The mean volume rate is equivalent to Ogalfh
Threshold, T -1.47 ga!Jh
Min. Detestable Leak -2.94 galfh
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Gaussian Plots Not RepresentaWe

Due to small N....
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Data File: T-1 12 Data is from sensor type: Manual ENRAF
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Threshold, T -0.12 ga!fh
Min. Detectable Leak -0.25 gaVh

I
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N= 29
0.00 gal/h
0.07 gal/h

For Pd I Pfa = 99% 11 %:
The mean volume rate is equivalent to O gal/h
Threshold, T -0.18 gal/h
Min. Detectable Leak -0.36 gallh

L
,.5.4.3.2. 2345
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For this data, a threshold= -0.25 gallh will detect a tank release of 0.36 gal/h at a Pd = 95%
The corresponding Pfa is 1.11%
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Data File: TX-1 01 Data is from sensor type: Auto ENRAF

g 111400 - volume time series used for analysis

I 111300-

2 ll1200-

: lllloo -

J lllooo -

5 llo900- V

110800 ~

Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date

No. points edfiedfrom fimeseries= 4

1,00 ————— —————. —-—. —.-—_.. ”_______

~
volume rates used for Pd/ Pfa analysis ●

m ~
m 0,50-

~
●

g 0.00 . . ●0
‘b~

\

E
; -0.50- ●

I

$
-1.00

●——. ————-. —._. _,_. .___..

I Jan-94 Jan-95 Jan-96 Jan-97 Jan-98

date
1

No. avg. VOIrate estimates removed= 8

During the analysis period, the average volume rate =
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For Pd I Pfa = 95% 15%:
The mean volume rate is equivalent to Ogal/h
Threshold, T -0.49 gaVh
Min. Detectable Leafc -0.98 ga~h
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.5 -4 -3 -2 2345

vclume r~te - gclih

N= 22
-0.01 ga~h
0.28 gal/h

For PdIPfa=88%11%:
The mean volume rate is equivalent to Ogai/h
Threshold, T -0.71 gallh
Min. Detectable Leak -1.43 gal/h

_4!ii
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For this data, a threshold= -0.98 ga!lh will detect a tank release of 1.43 gal/h at a Pd = 95’%
The corresponding Pfa is 0.32%

~ vISTA RESEARCH, INC. E-49 HNF-3018, Rev. O



Data File: TX-I 02 Data is fromsensorfype: NEUTRON ILL
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For Pd / Pfa = 95% 15%:
The mean volume rate is equivalent to Ogal/h
Threshold, T -0.60 gallh
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eaussian Plok Not Representative

Dustosrnall N....
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For PdIPfa=99%11%:
The maan volume rate is equivalent to Oga!fh
Threshold, T -0.97 ga!fh
Mtn. Detactabla Lealc -1.94 gaVh
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Due to small N....
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Data File: TX-106 Data is from sensor type: NEUTRON ILL
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For Pd I Pfa = 95% 15%:

The mean volume rate is equivalent to Ogal/h
Threshold, T -1.52 gai/h
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For Pd I Pfa = 98% 11%:
The mean volume rate is equivalent to O gal/h
Threshold, T -2.46 galJh
Min. Detectable Leak -4.92 gallh

Gaussian Plots Not Representahve

Due to small N....
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Data File: TX-I 08 Data is from sensor type: NEUTRON ILL
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For Pd I Pfa = 95% 15%:
The mean volume rate is equivalent to O gal/h
Threshold, T -0.69 galfh
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For Pd I Pfa = 99% 11%:
The mean volume rate is aquivalant to OgaI/h
Threshold, T -1.12 gallh
Min. Detectable Leak -2.23 galfh
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Due to small N....

I

~ VISTA RESEARCH, INC. E-52 HNF-3018, Rev. O



Data File: TX-1 10 Data is from sensor type: NEUTRON ILL
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The standard deviation of the volume rate estimates=

For Pd I Pfa = 95% 15%:
The mean volume rate is NOT equivalent to Ogallh
Threshold, T -1.02 gaVh
Min. Detectable Leak -2.04 gal/h
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For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to Ogal/h
Threshold, T -1.71 gal/h
Min. Detestable Leak -3.41 gal/h

Gaussian Plots Not Representative

Due to small N....
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Data File: TX-1 11 Data is from sensor type: NEUTRON ILL
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For Pd I Pfa = 99% 11%:
The mean volume rate is NOT equivalent to O gaVh
Threshold, T -0.69 ga!fh
Min. Detectable Lealc -1.39 ~a~h

Gaussian Plots Not Representative

Due to small N...
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Data File: TX-I 12 Data is from sensor type: NEUTRON ILL
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Data File: TX-1 13 Data is from sensor type: NEUTRON ILL
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Min. Detectable Leak -1.11 ga!lh Min. Detectable Leak -1.79 gaVh

GaussianPlots Not Representative Gaussian Plots Not Representdve
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Data File: TX-114 Data is from sensor type: NEUTRON ILL
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For Pcf I Pfa = 95% 15%:
Themean volume rate is aquivalentto Ogal/h
Threshold, T -0.81 galfh
Min. Detectable Leak -1.61 gal/h
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-0.05 ga!fh
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For Pd I Pfa = 89%. 11%:
Themean volume rate is equivalent to Oga!fh
Threshold, T -1.30 gaVh
Min. Detectable Leak -2.61 gaVh

Gaussian Plots Not Representative

Due to smsll N....
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Data File: TX-1 15 Data is from sensor type: NEUTRON ILL
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Min. Detectable Leak -2.31 gallh

Gaussian Plots Not Representable
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Data File: TX-1 17 Data is from sensor type: NEUTRON ILL
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The mean volume rate is equivalent to O gallh
Threshold, T -0.87 @l/h
Min. Detectable Leak: -1.35 gaVh
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Data File: TX-1 18 Data is from sensor type: NEUTRON ILL
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I.————.——-——.——____
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During the analyais period, the average volume rate=
The standard deviation of the volume rate estimates=

For Pd I Pfe = 95%15%:
The mean volume rate ia equivalent to O gal/h
Threshold, T -0.52 galJh
Min. Detestable Lealc -1.05 gallh

No. avg. vot rale esumales removed = 2
N= 7

0.03galfh
0.27gal/h

For Pd I Pfa = 89% 11°/0:
The mean volume rate is equivalent to O galih
Threshold, T: -0.85 gallh
Min. Detectable Leak: -1.69 gallh

GaussJan Plots Not Representative

Due to small N....

Gaussian Plots Not Repressntatie

Due to small N....
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Data File TY-103 Data is from sensor type: NEUTRON ILL
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E
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I

No. avg. VOIrate estimates removed= 1

During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pd I Pfa = 95% 15%:
The mean volume rate is equivalent to O gaVh
Threehold, T -1.76 galfh
Min. Detectable Leak -3.52 ga!fh

Gaussian Plots Not Representable

DW to Stil N....

N= 7
-0.35 galfh
0.91 galfh

For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to O gal/h
Threshold, T -2.85 galfh
Min. Detectable Leak -5.69 gaVh

Gaussian Plots Not Representative

Due to small N....
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Data File: N-1 04 Data is from sensor type: Auto ENRAF
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No. avg. VOIrate estimatea removed = 1

During tha analysis period, the average volume rate=
The standard deviation of the volume rate eafimates =

For Pd I Pfa = 95% 15%:
The mean volume rate is equivalent to Ogalfh
Threshold, T -0.36 gaVh
Min. Detectable Leak -0.71 galfh

‘T

_J!i!L-
-5 -4 -3 -2 2345

v;~ume r% - ~

N= 29
0.04 ga!fh
0.21 galfh

For Pdl Pfa .99% /1%:
The mean volume rate ia equivalent to Ogallh
Threshold, T -0.52 ga!fh
Min. Detectable Leak -1.04 gaVh

_J!ii
-5 -4 -3 -2 -1 0 2345

volume rste - gh

For this data, a threshold= -0.66 gallh will detect a tank release of 1.04 ga!fh at a Pd = 95Y&.
The corresponding Pfa is 0.84%
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Data File: U-101 Data is from sensor type: Manual Tape
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During the analysis period, the average volume rate =
The standard deviation of the volume rate eatimatea =

For Pd 1Pfa = 95% 15%:
The mean volume rate is equivalent to Ogal/h
Threshold, T -0.82 gallh
Min. Detectable Leak -1.65 gaVh

No. avg. VOIrate estimates removed = 2
N= 28

0.10 gallh
0.48 gal/h

For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to OgaVh
Threshold, T -1.20 galfh
Min. Detectable Leak: -2.40 ga!fh

0.8 T

-L!)iL-
.5 -4 -3 -2 2345

v;lume r% - gh

d&if!
-5 -4 -3 -2 2S45

v;;me r% - gh

For this data, a threshold= -1.51 gal/h will detect a tank release of 2.40 gal/h at a Pd = 95%
The corresponding Pfa is 0.27%
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Data File: U-lO2 Data is from sensor type: NEUTRON ILL
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During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pd 1Pfa = 95% 15%:
The mean volume rate is equivalent to Ogal/h
Threshold, T -0.83 ga!fh
Min. Detectable Leak -1.66 gallh

date

No. avg. VOIrate estimates removed= 1
N= 9

-0.08 gaVh
0.45 gaVh

For Pd I Pfa = 99”A.11%:
The mean volume rate is equivalent to O ga!ih
Threshold, T -1.29 ga!fh
Min. Detectable Leak -2.59 gallh

Gaussian Plots Not Representative

Due to small N....

Gaussian Plots Not Represe”tatie

Dustosmsll N....
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Data File: U-103 Data is from sensor type: Manual ENRAF
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During the ana$%is period, the average volume rate=
The standard deviation of the volume rate estimatea =

For Pd I Pfa = 95% i 5%:
The mean volume rate ia equivalent to O gaVh
Threshold, T -0.61 galfh
Min. Detectable Leak -1.23 gallh

,—

-D!!!__
,-5 -4 -s -2 “;~me:te.gh 2 s 4 5

N= 29
0.00 gallh
0.36 gallh

For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to O galih
Threshold, T -0.89 gallh
Min. Detectable Leak -1.78 ga!Jh

_!Q!!
-5 -4 -3 -2 -1 2345

volume r~ie - g!dlh

For this data, a threshold= -1.20 gaVh will detect a tank release of 1.78 gellh at a Pd = 95%
The corresponding Pfa is 0.38%
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Data File: U-105 Data is from sensor type: Auto ENRAF
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No. avg. VOIrate estimates removed = 1
N. 29

.during the analysis period, the average volume rate =
-.

0.27 ga!fh
The s~andard devia~on of the volume-rate estimates = 0,54 gal/h

For Pd I Pfa =95%15%: For Pd I Pfa. 88% 11%:
The mean volume rate is NOT equivalent to O gaVh The mean volume rate is NOT equivalent to Ogalrh
Threshold, T -0.92 gallh Threshold, T: -1.33 galfh -
Min. Detectable Leak -1.83 gaVh Min. Detectable Leak -2.66 gal/h

-&ii!L-
-5 -4 -3 -2 2S45

v;~ume r$e - gk

0.7 T

J!!3!L-
-5 -4 -3 -2 2345
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For this data, a threshold= -1.52 ga~h will deteet a tank release of 2.66 gaVh at a Pd = 95%
The corresponding Pfa is 0.25%
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Data File: U-106 Data is from sensor type: Auto ENRAF
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No. avg. VOIrate estimates removed= 1
N= 29

During the analysis period, the average volume rate = 0.06 ga!fh
The standard deviation of the volume rate estimates= 0.19 galfh

For Pd I Pfa = 95%15%: For Pd I Pfa = 99% 11%:
The mean volume rate is NOT equivalent to Oga!fh The mean volume rate is equivalent to O galfh
Threshold, T -0.32 ga!fh Threshold, T -0.46 galfh
Min. Detectable Leak -0.84 gaVh Min. Datactable Leak -0.93 galfh

2T

-J!l!--
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2T

_J!i!4-
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volume rate g~

For this data, a threshold= -0.57 gallh will detect a tank release of 0.93 gaVh at a Pd = 95%
The corresponding Pfa is 0.61 %
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Data File: U-107 Data is from sensor type: Manual ENRAF
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During the analysis period, the average volume rate = 0.08gatlh
The standard deviation of the volume rate estimates= 0.46 galfh

For Pd I Pfa. 95% 15%: For Pd I Pfa = 99% 11%:
Themean volume rate is equivalent to Ogal/h Themean volume rate is equivalent to Ogal/h
Threehold, T -0.78 gaVh Threshold, T -1.13 gaVh
Min. Detectable Leak -1.56 ga!fh Min. Detectable Leak -2.26 galfh

0.8 T

-oi!L-
-5 -4 -s -2 2345

v;llme r~te - gh

#Li!L
-5 -4 -3 -2 2345

v;;me r;te - g~

Forthisdata, a threshold. -1.44 gaKh willdetect atankreleaseof 2.26 gaVh ata Pd=95%
The corresponding Pfa is 0.29%
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Data File: U-108 Data is from sensor type: NEUTRON ILL

I
~ 494000

Y 492000

g 490000

; 488000

# 486000

9 484000 -!
1“ I

Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan-
86 87 88 89 90 91 92 93 94 95 96 97 98

date

No. points edited fromtime series= 5

3.00—— ——-—-.

2.00- volume rates used for Pd/ Pfa analysis

1.00-

0.00- ●
+ * ● .

-1.00-
-2.oa,

Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan.
86 67 86 89 90 91 92 93 94 95 96 97 96

date

No. avg. volrate estimates removed= 1

During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pd I Pfa = 95%15%:
Themaan volume rate is equivalent to Ogal/h
Threshold, T -0.35 gal/h
Min. Detectable Leak -0.71 ga!fh

I
Gaussian Plots Not Representative

Due to small N....

N= 9
-0.08gaifh
0.19galfh

For Pd I Pfa = 99Y. 11%:
Themean volume rate is aquivalentto Ogal/h
Threshold, T -0.55 ga!fh
Min. Detectable Leak -1.10 galfh

Gaussian Plots Not Reprssentabve

Duo to smal N....
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Data File: u-1 11 Data is from sensor type: NEUTRON ILL
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during the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pd I Pfa = 95% 15%:
The mean volume rate is equivalent to O gaVh
Threshold, T -0.46 gaVh
Min. Detectable Leak -0.92 gaVh

Gsusskn Plots Not Representative

Due to small N....

N= 7
0.13 gallh
0.24 ga~h

For Pd I Pfa = 99% 11%:
The mean volume rate is quivalent to O gaUh
Threshold, T -0.74 ga!fh
Min. Detectable Leak -1.49 ga!fh

I 1

Gaussiam Plots Not Representative

Due to small N....
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Data File: S-1 OS Data is from sensor type: Manual ENRAF
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No. avg. VOIrate estimates removed= O

During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pd I Pfa = 95% 15%:
The mean volume rate is NOT equivalent to O galfh
Threshold, T -1.50 ga!fh
Min. Detectable Leak -3.00 galfh

-5 -4 -3 -2 2345
v;lume r;te - g~

N= 30
0.40 gaifh
0.88 galfh

For Pd I Pfa = 99% 11%:
The mean volume rate is equivalent to Oga!lh
Threshold, T -2.18 galfh
Min. Detectable Leak -4.35 ga!fh

m
-5-4-3-2-1012 345

volume rate - gauh

For this data, a threshold= 5.00 galfh will detect atank releaseof 4.35 gaVh ata Pd =95%
The corresponding Pfa is 0.00%
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. .. .. . . . -.. —.—
Jata Hte: U-109 Data Is trom sensor type: Auto ENRAF
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During the analysis period, the average volume rate =
The standard deviation of the volume rate estimates=

For Pd I Pfa = 95% 15%:
The mean volume rate is equivalent to O ga!fh
Threshold, T -0.98 gaVh
fvfin. Detectable Leak -1.96 gallh

N= 29
0.07gaVh
0.58gallh

For Pd I Pfa = 99% 11%
The mean volume rate is equivalent to Oga!lh
Threshold, T: -1.42 gal/h
Min. Detectable Leak -2.64 ga!fh

J!lilL-
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l!L3L
-5 -4 -3 -2 -1 2345
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For this data, a threshold= -1.83 gaUh will detect a tank release of 2.64 gaVh at a Pd. 95%
The corresponding Pfa is 0.24%

~ vISTA RESEARCH, INC E-72 HNF-3018, Rev. O



Data File: S-107 Data is from sensor type: Auto ENRAF
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During the analysis period, the average volume rate = 0.18 ga!lh
The standard deviation of the volume rate estimates= 0.27 galih

For Pd I Pfa = 95% 15Y0: For Pd I Pfa = 99% 11 %:
The mean volume rate is NOT equivalent to O gal/h The mean volume rate is NOT equivalent to O gallh
Threshold, T -0.46 ga!4h Threshold, T -0.67 gaVh
Min. Detectable Leak -0.92 gal/h Min. Detectable Leak -1.33 gaVh

,::,& :,:, ,::A:::,
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For this data, a threshold. -0.72 ga!/h will detact a tank release of

The Corresgwnding pfa is 0.46%
1.33 gaVh at a Pd = 95y0
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Single-Shell Tank Sluicing History and Failure Frequency HNF-3018, Rev. O

Appendix F

Calculation of Potential Leaks
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Single-Shell Tank Sluicing History and Failure Frequency HNF-3018, Rev. O
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FltJF--3018, R=vo
Single-Shell Tank Sluicing History and Failure Frequency
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222
67
150

157

136
137

ENRAF
No Data

LOW
No Data

LOW

No Data No Data
No Data No Data
No Data No Data
No Data No Data

1.49 6

500
500
500
500

ASMD LKR
ASMD LKR
ASMD LKR

SOUND
ASMD LKR

1s/11
1s/11

500 LOW
ENRAF
No Data
No Data
No Data

1.45 6
1.05 2

No Data No Data
No Data No Data
No Data No Data

500
55
55
55

55

1s/11
1s/11
1s/11

ASMD LKR
ASMD LKR
ASMD LKR

SOUND
SOUND

1s/11
1s/11
[s/1I
1s/11

No Data
No Data
No Data
ENRAF

No Data No Data
No Data No Data
No Data No Data

0.58 1
0.62 2

500
500
500

1s/11 500

SOUND
SOUND
SOUND

ASMD LKR
SOUND

1s/1I
IPI

Is/Pi

500 ENRAF
No Data
No Data
No Data
No Data

1.14 2
No Data No Data
No Data No Data
No Data No Data
No Data No Data

500
500

1s/11 500
ISIPI 500

ASMD LKR
ASMD LKR

SOUND

ls/Pl
IPI

ls/Pl

500 ENRAF
No Data
No Data

1.02 4
No Data NO Data
No Data No Data

500
500
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BY-I 01
BY-I 02

BY-1 03 (T, Fe)
BY-1 04 (T, Fe)
BY-1 05 (T, Fe)

BY-1 06
BY-107 (Fe)

BY-108 (Fe)
BY-1 09

BY-1 10 (Fe)
BY-1 11 (Fe)
BY-1 12 (Fe)

C-lol (-l-)
c-1 02 (T, o)
C-103 (T, o)

C-104 (1-)
C-105 (Sri, T)

C-106 (1, HL)
C-107 (T)

C-108 (T, Fe)
C-109 (Fe)
C-llo (-1-)

C-III(T)
C-112 (1-)

C-201
C-202
C-203

C-204
S-lol (1)

S-102 (H,O)
S-103

S-104 (-l-)

s-1 05
S-1 06

S-107 (1-)
S-108
s-1 09

SOUND
SOUND

1s/11
IPI

750

750

750

367
277

414
406

0
0

5
0
0
0

15.1

5
0
0
0
0

20
0
0
0
0

0
0
0
0
2

5.5
0

0.55
0.45
0.4

0.35
0
0
0

24

0
0
0
0
0

272 LOW
LOW

8.74
15.80

57
83220

ASMD LKR
SOUND

ASMD LKR
ASMD LKR
ASMD LKR

IPI
1s/11
IPI
IPI

1s/11

285 LOW
LOW
LOW
LOW
LOW

3.81
1.07
2.00
9.37
3.28

26
7
16
88
17

750 281
750 503 327
750 842 393

215

197

750 266

ASMD LKR
SOUND
SOUND
SOUND
SOUND

1s/11
IPI

1s/11
1s/11
1s/11

750 228 No Data
LOW
LOW

No Data
LOW

No Data
8.28
2.82

No Data
3.05

No Data
45
19

No Data
17

750 290 228
750 398 277

306
227

101
208
151
198
122

167
17+
90
90
143

86
108
5
4
7

6
291

750
750

500
500

459
291

88
316
195
295
134

ASMD LKR
SOUND
SOUND
SOUND
SOUND

1s/11
ISIIP
IPI

1s/11
IPI

No Data
No Data

No Data
No Data

2.59
No Data
No Data

No Data
No Data

9
No Data
No Data

500
500 No Data

No Data500

SOUND
SOUND
SOUND
SOUND

ASMD LKR

IPI
IPI

1s/11
1s/11
IPI

500 229 ENRAF
No Data
No Data
No Data
No Data

22.10
No Data
No Data
No Data
No Data

89
No Data
No Data
No Data
No Data

500
500

237
68
66
178

57
104
2
1
5

3
427
549

500
500

ASMD LKR
SOUND

ASMD LKR
ASMD LKR
ASMD LKR

1s/11 500 No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Date

ls/Pl 500
1s/11
1s/11
1s/11

55

55
55

55
750

ASMD LKR
SOUND
SOUND
SOUND

ASMD LKR

1s/11
IPI
/P1
IPI

1s/11

No Date
ENRAF
LOW

ENRAF
LOW

No Data
1.17
2.41
2.52
3.10

No Data
8

20
12
17

750 349
750 248 206
750

750

294

458
479
376

228

SOUND
SOUND
SOUND
SOUND
SOUND

1s/11
IPI
IPI
IPI
IPI

305 LOW
ENRAF
ENRAF
LOW
LOW

1.25
3.00
0.92
2.29
2.13

9

23
6

17
18

750 316

267750
750 450 302
750 566 358
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S-no SOUND IPI
S-11 1 (H,O) SOUND IPI
S-112 (T, H) SOUND IPI
Sx-lol (T) SOUND IPI
SX-102 (H) SOUND IPI

750

750

390

540
523

456
543

652

614
663

538
104

87

244
82

125
92

26
181
12
102
32

27
343
98
21
173

44
58

369
446
67

29
21
35
36
87

217
157
65

F-5

o
0
0
0
0

0
6

0
0

5

35

10
5.5

2
30

15
0

50
7.5
0

1
0
0

115
0

1
i
o
1
0

0
0
0
0
0

0
0
0

274 LOW
ENRAF
LOW
LOW
LOW

2.81
2.28
0.89
11.88
3.34

18
19
7

96
30

345
750 337
1000
1000

1000
1000

335
376

SX-103 (T, H, O) SOUND IPI
Sx-104 (n ASMD LKR /P1

428 LOW
LOW
LOW

ENRAF
No Data

0.82
7.20
1.68
2.97

8
71
18
27

No Data

410
SX-105 d, H)
SX-106 (T, H)

SX-107 (T)

SX-108 (T)
Sx-109 (T)
Sx-110 (T)
Sx-11 1 (1-)
Sx-112 (1-)

Sx-113 (1-)
SX-I 14 (T)
Sx-115 (1-)
T-1 01 (1)

T-1 02

T-1 03
T-104

T-105 (T)
T-1 06 (T)

T-1 07

T-1 08
T-1 09

T-1 10 (T, H)
T-111

T-112 (T)

T-201
T-202
T-203
T-204

TX-l 01

TX-l 02
TX-I 03
l-x-l 04

SOUND
SOUND

ASMD LKR

IPI
IPI

1s/11

1000 443

1000
1(3QO

374
169

ASMD LKR
ASMD LKR
ASMD LKR
ASMD LKR
ASMD LKR

1s/11
1s/11

1000 160 No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Data

1000 235
1s/11 1000 144

1s/11 1000 179
1631s/11 1000

ASMD LKR
ASMD LKR
ASMD LKR
ASMD LKR

SOUND

1s/11 1000 100 No Data
No Data
No Data
No Data
ENRAF

No Data
No Data
No Data
No Data

0.81

No Data
No Data
No Data
No Data

1

1s/11
1s/11
ls/Pl
1s/11

1000
1000

205
61

500 107
500 72

68 No Data
LOW

No Data
No Data
No Data

No Data
2.96

No Data
No Data
No Data

No Data
16

No Data
No Data
No Data

ASMll LKR
SOUND
SOUND

ASMD LKR
ASMD LKR

1s/11 500
IPI

1s/11
1s/11
IPI

500 221
500 105

62500
500 141

ASMD LKR
ASMD LKR

SOUND
ASMD LKR

SOUND

1s/11
1s/11
IPI
IPI

1s/11

500
500

80
86

No Data
No Data

LOW
LOW

No Data

No Data
No Data

1.76
0.83

No Data

No Data
No Data

10
5

No Data

500 233
500 270
500 91

19
15
22
23

SOUND
SOUND
SOUND
SOUND
SOUND

1s/11
1s/11
1s/11
1s/11

55
55
55
55

No Data
No Data
No Data
No Data
ENRAF

No Data
No Data
No Data
No Data

0.98

No Data
No Data
No Data
No Data

31s/11 750 130

SOUND
SOUND
SOUND

1s/11 750 192
163
120

LOW
No Data
No Data

1.20
No Data
No Data

6
No Data
No Data

1s/11 750
1s/11 750

FC07-7R98-COI



TX-1 05 (o)
TX-1 06

TX-1 07
TX-1 08

TX-1 09 (1-)
TX-1 10
TX-111

TX-1 12
TX-1 13
TX-I 14
TX-115
TX-116

TX-1 17
TX-118(T)
l-Y-l 01 (1-)

TY-102
TY-103 (1-)

-I-Y-I04 (o)
-I-Y-I 05
N-1 06
u-1 01
U-102

U-103 (H,O)
U-104

U-105 (H,O)
U-106 (0)

u-1 07 (T, o)

U-106 (H)
U-109 (H)
U-I IO(T)
u-ii 1 (o)

U-112

U-201
U-202 (o)
U-203 (0)
U-204 (0)

ASMD LKR
SOUND

1s/11
1s/11

1s/11
IsIll
1s/11
1s/11
1s/11

1s/11
1s/11
1s/11
1s/11
1s/11

[s/11
1s/11
1s/11
1s/11
1s/11

1s/11
1s/11
1s/11
1s/11
IPI

IPI
1s/11
IPI
IPI
IPI

IPI
IPI

ls/Pl

IPI

1s/11

1s/11

1s/11

1s/11

1s/[1

750
750

750
750
750
750
750

750
750
750
750
750

750
750
750
750
750

750
750
750
500
500

500
500
500
500
500

500
500
500
500
500

55
55
55
55

609
453

36
134
334
462
370

849
607
535
640
831

626
347
118
64
162

46
231
17
25
374

466
122
418
226
406

466
483
186
329
49

5
5
3
3

0
0

2.5
0
0
0
0

0
0
0
0
0

0
0
1
0
3

1.4
35
20
30
0

0
55
0
0
0

0
0

8.1
0

8.5

0
0
0
0

377
303

98
153
271
308
284

396
376
342
392
388

385
253
145
119
166

107
198
70
66
236

280
117
257
166
251

280
278
147
215
82

7
7
6
6

No Data
LOW

No Data
3.04

No Data
22

ASMD LKR
SOUND
SOUND

ASMD LKR
SOUND

No Data
No Data

LOW
LOW

No Data

No Data
No Data

1.38
2.04

No Data

No Data
No Data

9
15

No Data

SOUND
ASMD LKR
ASMD LKR
ASMD LKR
ASMD LKR

LOW
LOW
LOW
LOW

No Data

2.08
1.11
1.61
1.48

No Data

20
10
13
14

No Data

ASMD LKR
SOUND

ASMD LKR
SOUND

ASMD LKR

LOW
LOW

No Data
No Data

LOW

0.81
1.05

No Data
No Data

3.52

7
6

No Data
No Data

14

ASMD LKR
ASMD LKR
ASMD LKR
ASMD LKR

SOUND

ENRAF
No Data
No Data
ENRAF
No Data

0.71
No Data
No Data

1.65
No Data

2
No Data
No Data

3
No Data

SOUND
ASMD LKR

SOUND
SOUND
SOUND

ENRAF
No Data

1.23
NO Data

1.83
0.84

1.56

8
No Data

11
3
9

ENRAF
ENRAF

SOUND
SOUND

ASMD LKR
SOUND

ASMD LKR

No Data
ENRAF
No Data

LOW
No Data

No Data
1.96

No Data
0.92

No Data

No Data
13

No Data
5

No Data

SOUND
SOUND
SOUND
SOUND

No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data

“at P.= 95%
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