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3.1 LEAK DETECTION AND MONITORING TECHNOLOGIES

The leak detection and monitoring technologie~ ~ecommended for further consideration in
HNF-SD-WM-ES-379 are:

Mass balance

Tracers

Leak detection caissons (where existing
Electrical resistance tomography (ERT)
Volumetric inventory balance (dynamic)
Volumetric (static)

Post-retrieval soil sampling

Two additional systems suggested for inclusion in the next technology update are 3-D laser or
ramen tomography surface mapping and precision differential pressure cells deployed at the
bottom of the tank.

3.1.1 Mass Balance

Mass balance techniques utilize both retrieval tank and receiver tank level indication such as
ENRAFs™ ! FICs™ 2 and in-tank video combined with characterization data to convert volume
data to mass data. The mass data is then run through a simple algorithm to compare how much
sluice material (by weight) went into the retrieval tank and how much waste material (by weight)
came out of the retrieval tank. The errors associated with converting volume ta to mas: ~ ta
make this technique only applicable to large leaks. In addition, this technique is limited to static
measurements that require operational shutdown.

3.1.2 Tracers

Tracers are used extensively in the petroleum industry to detect and locate small leaks in
underground storage tanks and transfer piping. The utility of tracers for leak detection in SSTs
during retrieval is limited by the ability to sample the surrounding soils both spatially and
temporally. The use of partitioning tracers such as difluoromethane and perfluoroacetone for
leak detection provide excellent confirmation of a leak when the tracer is detected

{Gauglitz 1999). However, missed detections (it is difficult to quantify a nondetection as a
nonrelease) and deployment of sufficient injection and e-—-action wells are both issues.

Regardless of leak detection applications, unique tracers have a significant application in leak
monitoring. By inoculating sluice water with unique tracers, contaminate plumes from SST
retrieval can be tracked with improved certainty over current leak monitoring and vadose
characterization where multiple tank and pipe leaks overlap.

! ENRAF is a registered trademark of Enraf, Inc, of Houston, Texas. Some Hanford Site SSTs (and double-shell
tanks) utilize the Enraf 854 Servo Level Gauge for level indication.

? FIC is registered trademark of Food Instrument Corporation (no longer in business) level ganges that were installed
in SST's and double~shell tanks with liquid surfaces in the 1960s. Many FICs have been replaced with the more
accurate and more reliable ENRAFs™.
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3.1.7 Post-Retrieval Soil Sampling

Post-retrieval soil sampling technology simply applies standard soil sampling techniques to leak
monitoring only if a leak is detected. The basic approach with this technique is to not deploy
leak monitoring technologies if no release is detected. Post-retrieval soil sampling is a
contingency technology to be used on SST: 1at are not expected to leak.

3.2 LEAKMITIGATION TECHNO! )GIES

The leak mitigation technologies recommen-= for further constderation in
HNF-SD-WM-ES-379 are:

e Auxiliary pump
e Inherent liquid minimization

Both of these technologies essentially minin  : the “free” leakable liquid in a SST during
retrieval either via a separate pump near the  tom of the tank or via a retrieval technology that
removes liquid from the bottom directly.

3.2,1 Auxiliary Pump

Advances in self-priming pump technology have provided another means of responding to a leak
that occurs during waste retrieval operations. Any free liquids (i.e., those that can leak out of the
tank) are pumped directly to the waste receive acility. Continuous self-priming bottom suction
trash pumps, commonly referred to simply as  ash pumps” in petroleum sludge applications,
provide enough pressure differential to prime ... impellers continuously. This allows waste
from the bottom of the tank to be continuously pumped to the waste receiver  cility without
allowing collection of free (leakable) liquids in the bottom of the tank. Ifth. 1terstitial liquids
are continuously pumped out of the tank; then the risk of a catastrophic® leak is minimized.

A novel application of a robust trash pump within the context of the waste retrieval operations
would be to auger, lance, or push a trash pump to the bottom of an SST and then pump «  any
free interstitial liquids that have accumulated tI e. During the actual retrieval (whether by
enhanced sluicing, low-flow sluicing, confined _.aicing, orl. . volt e density gradient
(dissolution methods), the pump should be run ~* a flow rate 10% to 20% grea  than that of the
sluicing or dissolution water being added tothe nk. Inthe event thata k were to be
detected, the flow of water to the tank would be stopped and the pump would continue to remove
any free liquids. This scenario would require deployment of the trash pump as an auxiliary
pump for low-flow sluicing and confined sluicing where the primary waste conveyance may
occur at the top of the sludge or salt cake.

3.2.2 Inherent Liquid Minimization

Inherent liquid minimization technology pror continuous removal of free (leakable) liquids
from the SST during retrieval similar to that d by use of auxiliary pumps. In cases of
? A “catastrophic” leak is defined in HNF-3018 as a It er than 50,000 gal.
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National Environmental Policy Act of 1969 'ublic Law 91-190, 42 USC 4321 et seq., as
amended

ORNL/ER/Sub/92-SK236/1, 1994, Leak Testing Plan for the Oak Ridge National Laboratory
Liquid Low-Level Waste System (Active Tanks), Rev. 2, prepared by Vista Research, Inc.,
for the Oak Ridge National Laboratory, Oak Ridge, Tennessee.

Resource Conservation and Recovery Aci 76, Public Law 94-580, 90 Stat. 2795,
42 USC 901 et seq.

WAC 173-303, “Dangerous Waste Regulatic ,” Washington Administrative Code, as amended.

WHC-SD-WM-...3-378, 1996, Proposed Strategy for Leak Detection, Monitoring, and
Mitigation During Hanford Single-Shell Tank Waste Retrieval, Rev. 1, Westinghouse
Hanford Company, Richland, Washin, »n.

WHC-SD-WM-ES-379, 1996, Trade Study o; reakage Detection, Monitoring, and Mitigation
Technologies to Support Hanford Single-Shell Tank Waste Retrieval, ev. 0, Fos
Whee Environmental Corporation fc- *estinghouse Hanford Company, Richland,
Washington.
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Append A
SST Retrieval Lean Modeling and Analysis

(Reprinted from Vista Research Technical
Memorandum F029-99-02, Excerpts Only)
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singly contained tanks, together with a for  reporting program and annual structural integrity
updates for the tanks.

Although there were many liquid integrity ..,..roaches available to ORNL, they selected a
program that was rooted in the benefits afforded by the EPA regulations. ORNL also selected a
volumetric method, based upon an existing le--~1 sensor in the tanks. This method measures the
liquid surface level in the tank over time and, Rer compensating for known effects, compares
the measured volume rate to a threshold valu hat had been previously determined. Test result
reports are generated automatically and report~ to site personnel.

An approach similar to ORNL's will be adoptcu by Hanford, and applied to the single shell tanks
with measurable quantities of liquid to support the retrieval operations for those tanks.
Following the previous DOE experience in thi: rea, it is expected that Hanford's program will
first establish a workable leak criterion based v,.on the existing (or needed) sensors in the tanks,
and then apply that criterion during regular test- -f the tanks while they are being retrieved. This
is discussed below.

Leak Testing Program Approach

To the extent that a loss of liquid integrity of the wank would be signaled by a decrease in liquid
volume in the tank, the volume rate data measured by a level sensor in the tank can be used to
assess the integrity of the tank, after certain base'-2 measurements are made, and after the raw
data is adjusted for known influences. The liquis 1tegrity assessment method is described in
detail below but in essence is comprised of form ; estimates of the volume rate in the tank and
comparing the measured value to a threshold val... that has been previously determined. A tank
whose volume rate exceeds the threshold (and wh--- the exceedance has been validated) is
deemed to have failed the test and may be leaking \ tank whose volume rate does not exceed
the threshold is deemed to have passed the test an 1 deemed "tight” and non-leaking. The
River Protection Program will adopt a similar app  ich to assess the i :grity of the tanks during
retrieval.

A liquid level sensor installed in a tank can meast. . the apparent volume in the tank, and the
apparent volume changes over time (i.e., volur - —-*-) But since every measurement has noise
or uncertainty associated with it, these measur may or may not be the same as the true
volume or volume rate. This depends on the calibrr**on of the sensor in terms of its accuracy
and precision, and whether or not the measurement. re influenced by external factors. For
example, at Hanford it is known that the measured level in some of the tanks varies with changes
in the barometric pressure. These level changes are thought to occur as a result of gas bubbles
entrained in the tank liquids and sludge that expand 1 contract as the barometric pressure
decreases and increases, thus changing the apparent lume in the tank. Provided that these
external influences are small or can be compensated, .ad provided that a leak in a tank will be
evidenced by a liquid volume change, a volumetric m ~“hod can be used to assess the liquid
integrity of the tank over time.

A leak test or liquid integrity assessment requir-- «~* - -~ ~*~3ed program be established and
carried out. First, a baseline set of data needs t | used to establish a release
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below the threshold, the tank passesthetes  is declared to be sound or non-leakingl!. The
value of the threshold is based upon the des..__ (or allowable) probability of false alarm, or Py,
that is also consistent with some desired or sper*“ied probability of detection, Py, In the case of
Figure 5, a threshold (b) is shown that gives a F  of 5%, which is a commonly used maximum
value. For this threshold, 5% of the area under the histogram of non-leaking data lays to the left
of the threshold and 95% of the area lays to the right. Using this threshold for tests, we expect
that for 95 out of 100 VR measurements and comparisons to T on a non-leaking tank, our tests
will correctly decide that the tank is non-leaking, For 5 of the 100 measurements, however, we
will experience a false alarm wherein (without validation—usually accomplished by a
confirmatory test) we would incorrectly declare th ank to be leaking.

Now consider making 100 VR measurements on a tank that is known to be leaking at some rate,
L, using the same system as was used on the non-leaking tank. In this case, we would expect to
observe another range of actual measurement, but with a histogram centered at L, as shown in (c)
of Figure 5. In (c), the fraction of the area of the histogram that lays to the left of the threshold,
T, is said to be the probability of detection, P;,, When T is selected such that P is 95%, L is said
to be the minimum detectable leak, MDL. Thus, usin~ *se standard nomenclature used by the
leak testing industry, the "minimum detectable leak"  1e volume rate that can be detected with
a 95% confidence, at a false alarm rate of 5%.

Note that for the data of Figure 5, a leak of L gal/h wi.. ..ot be detected some fraction of the time.
This is a missed detection and the probability of a missed detection, P, g, is usually specified as

1-Pp,. Thus, for a Py, of 95%, we will fail to detect actus " "eaks 5% of the time (in this example.)
We would also fail to detect smaller leaks at a larger P,, ind larger leaks at a smaller P,;,. Note
also that we cannot change P, ;, without also changing P,. If we decrease T sc .to decrease
the number of missed detections, we simultaneously incr¢ P, and experience more false
alarms,

Taken all together, the threshold, T, P, and P, of a leak .  ction method collectively describe
the performance of the system, Although the performanc. .. a system could be specified from a
monetary perspective or a technological perspective, its selection is usually determined from the
operations and regulatory consequences of false alarms and ™issed detections.

Based upon the above, the term "minimum detectable leak" w.ll be used as a measure of the
performance of a leak detection system installed on a tank. It will be not, however, be used as a
value for making leak decisions.

11S¢rictly speaking, a null hypothesis test is conducted where the hypothesis is that the ta ~ ‘s non-leaking. If the
test value is less than the threshold, it is said that “we fail to reject the oull hyp-*---*- "
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Leak Strategy

Retrieval methods for each of the tanks will .. .lected, in part, on the performance of the
installed leak detection system. For a given retr'~ 1 method, the release volumes contributing to
the source term can be bounded. At the larger e he maximum release volume can be used to
determine a maximum test threshold, T, as:

RRYV = Retrieval Release Volume
C (Criterion) = RRV/(expected retrieval time)
T (Threshold) = C/2 (for performance = 95°° ?p, 5% PFA ).

At the smaller end, the performance of the leak test system can be used to estimate the potential
contribution to undetected releases. As described above. the threshold, T, is determined from the
historical data for each tank such that the Py, will be -~ greater than 5% for a single test,

consistent with a P, of at least 95%.

To the extent that the T determined from the datais li  than the T determined from the
maximum release volume, the leak testing performance required by the planned retrieval method
will be achieved. In this case, the retrieval leak testing program will adjust T so as to minimize
Pg, consistent with a P, of 95%.

To the extent that the T determined from the data is equ ) or greater than the T determined
from the maximum release volume, the leak testing metuwu will not meet the retrieval
requirements. In this case, either the retrieval method will »~ adjusted, or the leak detection
method will be changed, or both.

Method Validatic

It is important to validate the leak detection system before beginning the retrieval operation so
that the relationship between a leak and the measured quantitv is understood. Validation
methods will be developed and implemented prior to retrieva * ~ an example of a validation
technique applied to a volumetric leak detection method, a known quantity of water could be
added to the tank about to be retrieved, at a known rate. To th :xtent the leak detection system
can accurately measure the rate and quantity of added water, tl.. method can confidently be used
to detect leaks in the tanks where the volume would decrease instead of increase.

Detected and Undetected Rel es

As described in [HNF-1998), a leak test will be performed at pe...dic intervals using a null
hypothesis test applied to data collected from a system whose performance is known. To the
extent that a VR is detected that exceeds the detection threshold, T (and is validated) a detected
potential release volume will be estimated as the value of the detected release rate times the
remaining retrieval time. For the case where the test valueof VRi: ©° °  “he threshold, the
statistical inference is that VR is equivalent to 0 gal/h.
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