APPENDIX E

INVENTORY RECON ATION METHODS

I. EPA INVENTORY RECONCILIATION METHOD

EPA has developed a simple methodl for monitoring
underground motor fuel storage tank inventory records to detect a
systematic deficit which may be attributable to a leak. The
method is based on counts of the number of daily underages found
in the inventory record and is simple enough to be implemented by
a tank operator without excessive calculation or burdensome
record-keeping. As originally formulated, the method is intended
for application as the "first line of defense against leaks" in
an on-going monitoring program. Thus, the approach is sequential
in nature and involves making a decision on the presence or
absence of an inventory deficit at the end of each 30-business-
day period, based on a comparison between the cumulative count of
daily underages and certain statistically-derived "action
numbers"l. A cumulative number of underages in excess of the
appropriate action number was to be interpreted as evidence of a
deficit. The statistical model and calculations underlying the
method were detailed in the report from Battelle Columbus
Laboratories to EPA2. The basic method required modification for
application to the inventory data collected in the survey because
each sampled facility provided only a single, one-time record of

ly.s. EPA, Office of Toxic Substances, "More About Leaking - -
Underground Storage Tanks: A Background Booklet for the
Chemical Advisory," (October 1984). :

2pavid c. Cox, "Performance of the Chemical Advisory Inventory
Analysis Method Under Various Scenarios," Report from Battelle
Columbus Laboratories to EPA under contract No. 68-01-6721
(April 1984).




30 days' inventory for analysis. The purpose of this section is
to describe the statistical model on which the modified EPA
method is based.

The decision rule for the proposed method will be defined by
considering a well-run station where the only sources of
discrepancy in the inventory records are (i) a daily leak of
magnitude L and (ii) unavoidable random error in the daily stick
measurement of the tank. Successive daily errors are assumed |
independent and identically normally distributed with mean zero;
this assumption is supported by the research of Warren Rogers3'4.
Hence, we can write:

Xi

= x4y + €4

where X; is the jth daily stick measurement, x; is the true
quantity of gasoline in the tank at the close of the ith day, and
ei..N(o,ifz) is the stick measurement error. Now consider a
period of n days, assuming for simplicity that the station is
open every day. The process of balancing inventory at the end of

5 and assuming that there

each day, as described in the literature
is no metering error at the pumps, leads to a set of daily

variances (discrepancies),

i - €j-1,1=1, ... n.

3"Inventory Reconciliation system," Warren Rogers Associates.
4warren Rogers, personal communication.

Samerican Petroleum Institute: "Recording Practices for Bulk
Liquid Stock Control at Retail Outlets," (1977).

6Metering error, if present, can be estimated and removed from
the record, see American Petroleum Institute, "Recommended
Practice for Bulk Liquid Stock Control at Retail Outlets,"
(1977) .




Let N be the total number of negative daily variances,
= #{i11 < i < n, 44 < O}.

Clearly, large values of N suggest that there is a leak,
i.e., L > 0. The exact probability distribution of N is, in
general, very difficult to derive. However, of the special case
of no leak, i.e., L = 0, the calculation has been carried out?,
Table E-1 shows the distribution for the case n = 30 of most
interest. In general, we must rely on a normal approximation to
the distribution. This is derived as follows. We first find the
mean E(N) and variance V(N) as follows. Define:

p= Pr‘(d,i < 0)
Iig] » ifd1<0
0, else

Then E(I ) = p, E(I I ) = p2 if |j-i| > 1 (because then Ii’ Ij are indepen-

dent), E(I Ii+l) Thus
n .
E(N) E(izl I{) = np. Also,
no,
E(ﬂ ) = E(. 51 Ii + 2 2 Iilj)
g 2 n- 1
= E(GE Iy + 2%, LI+ 21<J 1 Lily)

np + 2(n-1)py + [n(n-1) - 2 (n-1)1p?

Therefore
vn) = E0V2) - (v | ' [1]
= np(1-p) - 2(n-1)(p - P
s a(L)2 T

7Warren Rogers, "The Exact Null Distribution of the Number of
Negative Daily Variances," Report from Warren Rogers Associates
to EPA, (September 1984).
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Table E-1. Probability distribution of the number of negative
daily variances, N, for the no-leak case, based on’
30~-day inventory

No. of ' Probability of
negative variances occurrence
< 10 0.0024
11 0.0121
12 0.0456
13 © 0.1161
14 0.2022
15 0.2432
16 0.2022
17 0.1161
18 0.0456
19 ‘ : 0.0121
> 20 0.0024




We approximate N by a normal distribution with mean np +0.5 and
variance o(L)z. The mean is taken as np +0.5 to provide an
approximate continuity correction for use in the upper tail of
the distribution, in which our greatest interest lies.

To check the accuracy of the approximation, consider the
case L = 0. Then,

Py = Pp(4 <0, dj + 1 <0) = Pp(ey < @4_y, €443 < ey)

1/6

since all six orderings of e;_,, ej, e; , ; are equally likely.
Thus, from Equation [1],

g(L)2 = n/4 - 2(n-1)/12 = (n+2)/12

Setting n = 30 we have the approximation,

N ~ N(15.5, 2.67)
Table E-2. shows the accuracy of the approximation.

Table E-2. Accuracy of normal approximation to distribution of
N for the case L = O (no leak)

P.(N > n) Pp(N > n)
n fexact) (approximate)
15 0.6216 0.6217
16 0.3784 0.3783 | ..
17 0.1762 0.1788 o
18 0.0601 0.0630
19 : 0.0145 0.0162
20 0.0024 0.0029




Clearly the approximation is sufficiently accurate over the
range of n reported. For L #¥ 0, the exact distribution of N has
not been derived. We will rely on the normal approximation in
such cases. The mean and standard deviation of the approximating
distribution have been calculated and are shown in Table E-3.

Table E-3. Mean and standard deviation of normal approximation
to the distribution of N, the number of negative
daily variances, for various values of the daily
leak rate L, for a 30-day inventory

L Standard
(gallons) Mean deviation
2 16.46 1.636
3 1l6.93 1l.641
4 17.41 1.647
5 17.88 1.654
6 18.34 1.665
7 18.81 l1.678
8 19.27 l1.684
9 19.72 1.699
10 20.16 1.707

The final feature for which we must account before we can
determine the decision rule is round-off error. In practice,
inventory values are typically reported to the nearest gallon so
that an exact inventory balance, i.e., a zero variance, can occur
due to round-off. This is fairly common in actual inventory
data. We will assume that a zero variance is reported if the
actual variance is less than 0.5 gallons in absolute value.

Thus, a negative variance is reported only if the actual variance
is less than -0.5 gallons. Let N* be the number of negative
variances actually reported and assume oy2 = 25 gallons. - °"Then
the distribution of N* should be approximated by a normal
distribution with mean and standard deviation shown in Table E-4.




Table E-4. Mean and standard deviation of normal approximation
to the distribution of N*, the number of negative
daily variances accounting for round-off error, for
various values of the leak rate L, for a 30-day

inventory
L Standard
(gallons) Mean deviation
0 15.26 1.633
1 15.74 1.634
2 16.22 1.635
3 16.69 l1.638
4 17.17 1.644
5 17.64 1.650
6 18.11 1.660
7 18.58 1.672
8 19.04 1.681
-9 19.493 1.687
10 19.94 1.703
Now suppose we have 30 days' inventory and there is no leak.

Using the approximating distribution from Table E-4 the number of
daily variances observed should have the distribution shown in
Table E-5.

Table E-5. Probability distribution of the number of negative
daily variances, N*, observed when no leak is present

n = number of
negative variances (Py.(N* > n)
15 0.564
leée ' 0.326
17 0.142
18 0.047
19 0.011 a
20 0.002 R




Thus, if we make 18 or more negatives our criterion for deciding
that a deficit is present, there is approximately a five percent
false-positive rate. That is, a tank with no leak and no source
of error in inventory other than random measurement error due to
sticking has approximately a five percent chance of being
erroneously classified as a leaker. Note that false-positives
due to other factors such as theft are not accounted for here.
The detection capability of this version of the EPA inventory
analysis method can now be calculated using the values given in
Table E-4. Results are shown in Table E-6.

Table E-6. Probability of detection of leaks of various sizes
using the modified EPA inventory method based on
30 days' data

Actual leak

Detection

Gallons/day Gallons/hour probability
1 .04 0.08
2 .08 0.14
3 .12 0.21
4 .17 0.31
5 .21 0.41
6 .25 , 0.53
7 « 29 0.64
8 .33 0.73
9 .37 0.81
10 .42 0.87

Thus, leaks of at least nine gallons per day or more have better
than 80 percent chance of detection. It should be noted that the
detection capability of the simple inventory method based on only
30 days' data would be expected to be poor. The method was
designed, as explained previously, for use as a tool for -on-going
monitoring programs.
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II. WARREN ROGERS ASSOCIATES' INVENTORY RECONCILIATION METHOD

Warren Rogers Associates (WRA) has developed a computerized
system for analyzing daily inventory data from underground
storage tanks in order to identify leaks®. The details of the
method are proprietary. This section provides a brief
description of publicly~available information on the model and
should not be interpreted as an evaluation or endorsement by EPA.

The WRA system was developed in response to the perceived
inadeguacy of conventional, routine inventory accounting in
~detecting small or moderate leaks. Typically, such leaks are
masked in the data by a variety of errors. For example, a single
delivery error of 300 gallons could mask a 10 gallon-per-day leak
based on 30 days' inventory. The purpose of the model is to
isolate, identify, and quantify these errors.

Errors accounted for include:

- Delivery errors;

- Unexplained additions;
- Pump meter error;

- - Temperature effects;

- Stick error; and

- Tank or line leaks.

Occasionally, other, rarer, errors will appear, e.g., use of an
incorrect tank conversion chart, or theft. The data required by
the model include only daily stick readings, deliveries, and

sales. RN -

8warren Rogers Associates, Inc., "Inventory Reccnciliation
System," (undated).




The basis for the model is that the major errors and
discrepancies in the inventory data are very distinct in their
characteristics and thus in the way they contribute to the total
record. Thus, for examrle, an unrecorded over-delivery or an
unrecorded removal will cause a permanent shift in the record
which remains as a fixed component in all future observations.
This effect can be estimated and removed from consideration when
evaluating the possibility of a continuing day-to-day trend
indicative of a leak. By contrast, a large stick error caused by
a mistake in reading the stick or conversion chart will typically
cause a large discrepancy in that day's inventory which will be
followed the next day by a discrepancy of similar size in the
opposite direction. The two discrepancies will tend to cancel
out in the cumulative inventory record. The "signature" of a
pump meter error is different: such an error will induce day-to-
day errors of constant sign proportional to the through-put of
the tank.

WRA's report to clients includes a record of day-to-day
variances and the cumulative variance between book inventory and
stick measurement for the period. It also provides:

- Over- or under-deliveries by date of occurrence and
amount. That is, the discrepancy between the amount of
product actually delivered as opposed to the amount
reported:;

- Unexplained one~time gains or losses also by date and
amount;

- Meter errors at the pump:

- Trends which are indicative of either a tank or line
leak; and

LY -

- Effects of possible disparities between the ambient air
temperature and underground temperature.




As a special contribution to this study, WRA also provided a
"data quality code" based on professional interpretation and
experience. The data quality code is explained in Table E-7.

sample WRA inventory report is shown in Figure E-1. Based on a

discussion with the developers of the WRA model, the false-
positive rate is five percent, comparable to the modified EPA
method.

Table E-7. WRA data quality code

Category Definition

Confident of the result

The trend could have been
delivery-induced

The trend is noisy but believable

No confidence in the trend due
to the data

5 Data is questionable and requires
further investigation.

IITI. ENTROPY LIMITED INVENTORY RECONCILIATION SYSTEM

Entropy Limited has developed the Precision Tank Inventory

Control (PTIC) systemg. The analysis is based on principles
similar to the WRA system and accounts for the same types of
errors and discrepancies. Entropy appears to consider thermal
effects and vapor losses more comprehensively than does WRA.
However, additional input data to the system is required for
these analyses.

9Entropy Limited, "Precision Tank Inventory Control," (1984).
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The PTIC system reports its leak findings as an estimated
leak rate, in gallons per day, and as a "probability of leak"
(see the sample inventory report in Figure E-2). According to
the model's developers, the probability of leak is based on a
Bayesian-type analysis which accounts for various factors
including the quality of the inventory data. Details are
proprietary. Typically, the decision rule is phrased in terms of
the leakage probability as follows:

Leak probability Decision
< 1l0% Tank is tight
10% - 50% Inconclusive

> 50% Tank is leaking

The 50 percent cutoff point corresponds to a false-positive rate
of approximately two percent. To obtain a more typical five
percent false-positive rate, a cutoff of 30 percent leak
probability should be used to decide that the tank is leaking.
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