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Executive Summary

This document is a revision and update to an earlierreport[l]that describedvarious leak
detection, monitoring, and mitigation (LDMM) technologies that can be used to support the
retrieval of waste tlom the single-shell tanks (SSTS) at the Hanford Site. Ilk revision
focuses on improvements in the technical performance of previously identified and usefid
technologies, and it introduces new technologies that might prove to be usetll. A number of
existing and new commercial technologies have been identified in each of the LDMM areas
(detectio~ monitoring, and mitigation) that can be adaptedto the SSTS and have the potential
to improve and better support waste retrievaloperations. These technologies include: (1)
volumetric methti for leak detection; (2) horizontal directional drilling (HDD) for the
deployment of leak detection and leak monitoring methods like electricalresistance
tomography (ERT) and tracer-gases,and for point-specific post-retrieval soil sampling, and
(3) continuous se~-prinu”ngbott@msuction trrmhpumps for leak mitigation during
hydraulic retrieval.

This report was written with the following viewpoint and objectives First, it seeks to
identifi LDMM methods that are likely to be successful at Hanford. These are expected to be
adaptedhorn LDMM-equivaIent methods used in the petroleum industry, and from methods
used at the Oak Ridge NationaI Laboratory. Secondly, since not all petroleum-based
methods will work at Hanford all of the time, the report seeks to identifi less-proven, but
emerging technologies that have the potential for successful applicationgiven finther
development and demonstration. In this same vein, this report seeks to dismiss methods that
are not expected to be successful or would be less usetld than others identified. Thirdly, thts
repor&emphasizes the need to establishthe performance of all of the LDMM methods used at
Hanford. This is because a performance-basedmethodology is the only way to reliably and
consistently detect and mitigate leaks that might occur tlom an SST and to effectively use
these methods without adversely impacting operations. Lastly, this repofi advancesthe
premise that the selection of LDMM technologies should be based on the method of waste
retrievalthat has been determined appropriatefor a given tank (see the table below). The
selection of the retrieval method itself should be based on factors such as tank integrity,
volume of sludge, salt cake end supernate, and waste constituents.

‘ FosterwheelerSrrvironrnentslCorporation,“TradeStudyof Leakage DctccdorL Mordtering, endMitigation
Technologiesto SrrpportHanfordSingle-ShelfTankWaatcRetrieval.”PrqmredfortheWesdngfreuscHanford
~1’pOl’StiOll, RcPort No.WHC-SD-WM-ES-379Rev.O(March1996).

~ VISTA RESEARCH, INC
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Technology

Refried Method Leak Detection Leak Monitoring LeakM&iaation

NoActiont

EnhancedSluice

LowFlewSluice

ConfinedSIwice

Meehmieatlletriwat$

None None None

Vohnuetric Peat-RetrievelSrilSemple InherentLlqrridMnimkedon

Vohrrneliic ERT AuxitiaryPIUIlp

volumetric ERT AuxilierypUrllP

None Post-RetrievalSoilSarople None

LVDGDissolution Volumetric Peat-RetrievelSoilSample InherentLiqnidMnimimdon
t NoActionRetrievalimpfieatankathatarereedyfor&metclosure(i.e.,@r@thatcontainverylittleresidrnrl
was@duetofnwiorrsafnieiogoreperatioootcanrpaigna).Fortlwe cases,additionalleakdetecdouleak
monitoring,andleekmitigationwhilethetanksawaitcloaumarenotwe-essay.
$MecharricatRe4riwatimpka adryornearly-dryretrieval_ withnoliquidstodetectorleaksto
mitigate.Itmaybeappropriateto sampletheaummmd@soilseftertheretrievalis completeif leachingfrom
enexterrrelliquidwuret (e.g.,reinwater)is snapeeted.

~ VISTA I?ESEARCH, INC. iv %ptembr 1998
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1 Introduction

‘lMs report updates the information presented in an earlierreport, “Trade Study of Leekage
Detectio@Monitoring, and Mitigation Technologies to Support Henford Single-SheI1Tank
Waste Retrieval” [1]. It reviews and updates the leak detectio% monitoring, end mitigation
(LDMM) technologies described in Revkion Oend introduces additionalLDMM
technologies that can be used to supportthe retrieval of wastea from the single-shell tanks
(SSTS) et Henford. The readeris refxred to Revision Ofor a detailed description of the
LDDM technologies.

The waste retrieval approachescovered in tlis report include the three that were
contemplated when the earfiw report wea prepared(mechanicalremovrd, confined sluicing,
end peat-practicesluicing) and another approachthat has been proposed since that time (low
volume density gradkmt (LVDG)).

In Revision O,six technologies for leak detection end monitoring were identified (mass
balancq traoergee, leek detection pits, electricalresistance tomography (ERT), borehole
logging end time-domain reflectometry). These technologies were directed at detecting tank
leeks, not piping leeks; thus, this report only addressesleak detection in tanks. In the
petroleum industry, three methods of leak detection for undergroundstoragetanks (USTS)
have been used effectively, end indeed have been required, for the leet 10 years. llm~ a
comprehensive review of petroleum industry practices allows addition of volumetric methods
(including mass-baaedmethods) end statistical inventory reconciliation (SIR) methods to the
list of identified technologies. (The third petroleum-industry method, tracer gas, was aireedy
identified in Revision 0.)

As described below, the use of volumetric methods for leek detection has significant
implications for designing a robust and cost-effective leak detection and monitoring pro=
because it allows a variety of approachesto be used that could not previously be considered.
This is possible because volumetric methods both detect end quantify the flow rate due to a
le~ have high end field-verifiable performance, and can be implemented with
instrumentation that is alreadyin place in the SSTS. A recent study involving a largenumber
of Henford SSTS shows that volumetric methods will be able to test these tanks reliably end
accuratelyby using level measurements of the aupernatantliquid [2].

Two technologies-horizontal directionaldrilling (HDD) end cone penetrometer-ere being
investigated es a memrs for deploying tracer-gasend ERT methods of leak detection and
monitoring more effectively and for enhancingtheir performance. Both technologies are
presently being evaluated in field demonstrations at Henford. In this repo~ the leek
detection and monitoring technologies are dkcussed in the context of the waste retrieval
approach.

This report also presents, and recommends the use o~ an unambiguous and industry-accepted
definition of performance (in terms of probability of detection and probability of false alarm)

~ v,.$TA RESEARCH, IF4C 1 Soptemiw1599
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mddescribes howtoevaluate thepetiormance ofanysystem interms oftilsdefitition, The
adoption of this ASTM/EPA approachaddressesa major issue identified in the earlierreport.
Revision Oevaluated only minimum and maximum leak detection sensitivities, an approach
that can lead to ambiguities about method selection. These ambiguities can be avoided if the
performance of leak detection methods is evaluated. Also, for mom if not all of the
technologies described, it is the only way to make a defensible estimate of performance.

Finally, three leak mitigation methods are inchrdedin this report. The subsurface-barriers
method diaeusaedin Revision Ois updated, and a method that makes use of self-priming
submersible pumps for advancedemergency pumping is discussed.

In this report, tbe following definitions, which are consistent with Revision O,areused for
leak detection, leak monitoring and leak mitigation.

● Leak Detection—a leak detection system is any method or system that can detect
a leak.

● Leak Monitoring-a leak monitoring system is any system that can map out the
concentrationand/or spatd extent of a contamination plume due to a release of
the contaminant from a tank (or pipe),

● Leak Mitigation-a leak mitigation system is any system that can prevent a leak
during waste retrievaloperations or minimize its impact.

The overriding goal in selecting and implementing a
waste retrievaltechnology is to minimize the total
volume of liquid waste that would be releasedto the
environment if a leak were to occur. The triangle shown
in Figure 1 links together the three elements necessary
for a releaseof liquid waste horn a tardqa fourth
element, time, is necessaryto obtain a leak volume. If
there are no holes in the tank, then by definition there is

f-lobno oossibilitv of a leak. If however. there are one or

Free Liquid

A Hydraulic
l-lead

more holes in the t% the volume of liquid released can Figure1. Leakninhhtion @ia@e.

be minimized by minimizing the volume of free liquid or
the hydrmdic bead of tbe liquid, or both. If any of the legs of the triangle are severed, then
no leak will occur,

The report is organized into seven sections. Section 2 defines the performance of a leak
detection system and standardindustry accepted proceduresfor estimating the performance
of a system. It also describes briefly the most cormnordyaccepted methods for tank leak
detection in the petroleum industry, which has been actively and succesatidly testing many
hundreds of thousands of tanks for leaks over the past 10 years. In this sectio~ a brief
description of horizontal duectional drilling, a technology that can be used to tiectively
deploy LDMM technologies is described. Section 3 reviews and updates the leak detection
and leak monitoring technologies, and Section 4 reviews and updates the leak mitigation
technologies. Several addkionrdtechnologies are introduced in both sections that were not
inchrdedin Revision O. Section 5 describes waste retrievaltechnologies that could be

~ VISTA RESEARCH, INC. 2 Septembw 1SW
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implemented at Hanford. In Section 6, the LDMM technologies are discussed in terms of
each of the possible waste retrievalapproachesthat could be used. The conclusions and
recommendations are presented in Section 7.

~ VISTARESEARCH,INc 3 SOptemhr1ea9
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2 Leak Detection

Leek detection technologies can be broadly divided into two basic approaches: internal and
external. Internal methods determine whether a tank (or pipe) is leakhg by attaching or
inserting a sensor into the tank (or pipe) and measuring the changes in the fluid in the tank
Volumetric systems (e.g., level- or mess-based systems) and acoustic systems are examples
of internal systems. Volumetric systems measure the change in the level of the liquid and
report variancesin the level that maybe indicative of a leak. For high performance,
volumetric systems must comprehend such apparentchanges in liquid level as instmment
drM end recordingerrora,as well as intluencea that can affect the measured level and could
otherwise be interpreted as a leak. At Hanford, examples of these influences include the
effects of barometric pressure on the dissolved gasseain the SST liquids, temperature effects
that cause expansion and contractionof the liquid volume, end evaporation. For a variety of
reasons, internal systems arethe moat widely used systems of leak detection.

External systems determine whether a tank (or pipe) is le&ng by mtilng measurements
outside the tank. ERT and tiacer systems are examples of external systems. The
performance of external systems is controlled by the physical and chemical properties of the
backfill and soil beneath the tank. Most external sys$ems seek to establish baseline
conditions for soil end groundwater andthen to monitor any change in baseline conditions
that would be indicative of the release of liquid horn a tank. External syskms must clearly
understandthe leak history of the target tarrkin orderto declarea change in the baseline and
thereby declare a leak. With some systems this can be diffhdt, because background levels
of various physicrd or chemical components may change overtime (e.g., the seasonal
changes in soil properties aud groundwater levels). External systems can be very effective
when the release contains a traceror constituents not naturallypresent or not previously
releasedto the soil/groundwater. External systems canbe used for leak detectio~ but in their
applicationto SST waste retrievaloperationsthey tend to be better suited for leak
monitoring.

2.1 Performance of a Leak Detection System

The perfornronce of any type of leak detection or leak monitoring system (i.e., its accuracy
and reliability) can be defined unambiguously as long es that system provides a quantitative
measurement of the sensed entity. Furthermore, performancecan be determined by means of
a straightforwardevaluation procedurefist developed by the EPA [3,4] andthen developed
into en ASTM standardpractice [5]. Performanceis defined in terms of the probobili~ of
detection (pD)of a specified kmk rate @R) and theprobobili(y offalse dorm (PFA). The
terms probability of detection and probability of false alarmrefer, respectively, to the
statisticalprobability of detecting a leak when a leak is actually preaen~ andto the statistical
probability of incorrectly declaringa leek when there is no leak. These two terms are deeply
rooted in the expression of performance applied to detection devices such as radarsand
sonars, and for the peat 10years have been used in the leak detection industry for
undergroundstoragetanka (USTS) containingpetroleum tiels and other hazardous
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substances. Leak rate (or the volumetric flow rate through a hole in a tank or pipe) refers to
the temporrdrate of change of liquid volume due to a defect or loss of liquid integrity, At
Hanford, “leak rate”refers to a volume loss tlom an SST (or a related pipeline) over some
time interval, due to a breachin the liquid integrity of the tank. This is an important ccm~
because the term “rate”allows us to complete the performance of different systems and to
determine the required tlequency of conducting a test.

The PFA can be determined from measured data once a detection ctiteriarr, usually defined in
terms of a detection threshoki (T), is selected. Once the LR of interest has been selected, T
can be selected such that it yields a certain PDand PFA. Once PDand PFA are specified, a
minimum &tectable leak rate (MOLR) can be estimated. Also, once the detection criterion
is selected, the PD can be computed for any leak rate. A PD of %0/0 means that the system
will (on average) detect 95 out of 100 leaks at a specified leak rate. A PFA of So/o means that

the system will falsely indicate the presence of a Iesk 5 out of 100 times when no release is
actually present.

The term minimum detectable fed rate, or MDL~ is a quantity that can be used to detine
the performance capability of the system, however, it mayor may not be representativeof the
performance of the system as it is operated. For example, a system might have a MDLR of
3.0 g~ at PD = 95% and a PFA = 5Y0. If such a system were to be used as a monitoring
system, then a PFA < 1°/0might be more appropriatethan one equal to So/o, so that false
alarmscould be reduced to a level that is operationallyacceptable. The resulting
performance of the system as operated,the~ might be PD = 957. against a LR = 5,0 grd/hand
a PFA = 0.25’??o.It is in everyone’s interest to use a system with a very high performance, so
that it car be operatedefficiently and cost etlbctively. The MDLR provides a reference and a
startingpoint for selecting a leak detection system that has adequatepertormrmcefor makhrg
sound operationaldecisions.

The performance of a system depends on the strength of the signal and the total noise in the
signal barrd. For a given systeq the instrumentation and rmcompensated ambient noise (e.g.,
barometric pressure and temperature etl%cts)usually limits the performance of the system.
The performance of a system might be improved if anothertype of tank gauge were
employed, or if there were modifications made to the insmrmentatio~ data collection
equipment, signal processing algorithms, or a combination of all of these elements. One way
to determine performance is to conduct many tests on a tank (or tanks) whose integrity is
known a priori;these tests must be conducted over a wide rangeof operationaland
environmental condhions based on those that might be encountered once the system has been
implemented, EPA/ASTM evaluation procedures requireabout 25 tests [3-10].

If a leak detection system has a very high level of performance (in terms of MDLR), one can
select a detection criterionthat meets budget, schedule, engineering and operational
requirements. In other words, the budget, engineering and operationalrequirements can be
used as the basis for selecting an appropriatedetection criterion.
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2.2 Performance Evaluation Example

The performance of a leak detection system is to determined by conducting many tests on a
tank (or many tanks) whose integrity is known. Consider the volume data in the time series
shown in Figure 2. These datq taken tlom four months of dady samples tlom an ENRAFTM
level gauge on SST Tank U-105 at Hanford, show how the measured volumes appearto very
with time. The volume covers a range of 1,100 gal (l%omabout 447,800 to 448,900 gal) in a
more or less random way. Since the tank is not active end is (presumably) not leaking, the
observed fluctuations in level are simply “noise.” The magnitude of the noise can be
statistically estimated from a series of volume rate measurements obtained by fitting a
regressionlines to periodic segments of the level data. The four straight lines shown going
through the volume time series in Figure 2 representthe regressionlines obtained through an
analysis of the four one-month periods. It can be observed that the datablocks each have
distinct and different trends. The slopes through the date sets representingeach of the four
one-month periods are showerin Table 1

Wli% 9/1/s6 lfY1/9a 11/1/% 12/1/=

Figrert2. Rsw volume datafrom Tsek U-105over a four-monthperiod.

As described below, by examining a largernumber of these one-month perioda,a statistical
estimate of the performance of a leak detection system based upon this data can determined.
A plot of the slope of the regressionof 24 one-month-long data segments from the EINRAFTM
gauge on Tank 105-U is shown in Figure 3. An analysiaof these data [2] shows that the
EWTM data yields an averagevolume rate of 0.21 gtih over the 2-yeer period, with a
standarddeviation of the slope estimates of 0.62 gal/h. The standarddeviation represents the
uncertain y of the method and is used to make the estimate of performance. The mean
suggestathat there is a smell inflow of 0.21 gal/h. If thk inflow is constant, it does not effect
performance. An estimate of the performance of this system can be made using the
histograms of the noise and the signal-plus-noise.

Table1. VobuneRateDatefromTankU-105
Assuming that the histograms of the noise
andthe signal-plus-noise are normally

Date Slopeof regrwaion,m distributed, as prescribedby the ASTIWEPA

August1996 +0.02gal/h standardteat procedurefor evaluatingthe

September1996 -0.35galAr
performance of a volumetric leek testing
system [5,8], it can be shown that by uaiug a

October1996 -0.65SSIIII threshold of- 1.05 gal/h, a leak rate of -2,11
November 1996 to.37 gslAr galllrcan be detected with a PDof %Yo if a
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month-long test is conducted. Using this threshold, a PFAof 570 would be expected. The
performance would degradeif the test were conducted over periods shorterthan one month.
l%is degradationmuId be partially (or entirely) offset by sampling the level sensor more
tlequently than once per day (typical sample rates are onoe per minute), and by compensating
for some of the known influences such as temperature, barometric pressure, and so on.

Auc-95 Jan-% Jul-% Jan-97 Ju!-97

date

Figure 3. Regressionslopesof 24 one-monthvolume periodsfrom Tank U-105,

2.3 Leak Detection in the Petroleum Industry

The petroleum industry has developed and successfidly used a variety of leak detection and
monitoring techniques for environmental protection and regulatory compliance. The systems
used in this industry are evaluated for performanceaccordingto standardtest proceduresand
practices prescribedby ASTM [3] and EPA [8-10], A list of over 100EPA-evaluated
technologies that have MDLRs of 0.1 and 0.2 g~ which are in compliance with state and
local regulations for USTS, is published by the National Work Group on Leak Detectio~ an
ad hoc group of state and federal regulators [13]. This list has recently been amended for
some states via the Internet to include volumetric tank testing systems for bulk tanks,

Volumetric systems, including mass-based systems, are the most commonly used approachto
leak detection. Statistical inventory reconciliation(SIR) systems, which compensate for
various errorspresent when reconciling inventory, have gained technical acceptancein recent
years. FhMIly, there arethe tracer-basedsystems, in which a tracer substancenot found
naturally in the subsurface environment is placed in the tank and detected outside the tank; in
addition to leak detection, tracer systems can also be used for leak location. All three types
of systems have similar performance in terms of probability of detection and probability of
false alarm MDLRs of 0.1 gal/h for tightness tests and 0.2 gal/h for monthly monitoring
tests), and all have gained regulatory acceptancefor use in undergroundstoragetanks (IJSfS)
containing pstroleum. In recent years, all three technologies have been successtidly adapted
for use on bulk tie] tanks with capacitiesequal to or greaterthan the largest SSTS at Hrmford.

Volumetric systems are the most common system of testing fireltanks, both largeand small
[3, 6,7, 11-17]. Hundreds of thousands of tests on USTS, using 25 to 50 different types of
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systems, have been conducted over the past 10years. Furthermore,the performance of
volumetric systems is well known and can be determined in a straightforwardmanner
accordingto EPA and ASTM protocols without having to simulate a leak in a tank (T& is
not true for the external systems of leak detectio~ where the location of the hole and the
properties of the hole and backfill impact the per&ormanceof the leak detection system.)
This system of leak detection was successfully applied to the liquid low-level waste (LLLW)
tanks at the Oak Ridge National Laboratory [11,12]. During the past two years, volumetric
systems, using differential pressure measurements, have been developed for and
demonstrated on large(250,000 gal to 12,5000,000gal) bulk fiel tanks [17].

Volumetric systems were not described in Revision O,most likely because their application
during a sluicing campaign was not obvious, and the technology had not yet been
successtllly adaptedfor the largebulk he] tanks. The successfid applicationof this
technology to tanks largerthan those at Hanford and the anrdysisof the level data alone from
over 30 of the SSTS at Hanford suggest that accurateleak detection (better than 5 to 10 gal/h)
is possible. A preliminary analysis of the performance a simple volumetric system that uses
only level measurements showed that leaks of 3 galh or less could be detected with a
probtdility of 95% and a probability of fake alarm of 5’?40[2]. This analysis was based on
monthly level data obtained on the supernate. The obvious advantagesof a volumetric leak
detection system arethat (1) there is no confimion about which tank may be lesldng; (2) it is
an easily understood and evaluated technology; and (3) it can be used to quanti~ the Ieak
rate in terms of a flow rate, a usetid operationaland regulatory quantity.

The petroleum industry has used inventory reconciliation systems for gross leak detection for
the last 50 years. SW introducedto the industry about 10years ago, is an enhanced
inventory reconciliation system that is commonly used in the petroleum industry to meet
regulatoryleak detection requirement for USTS [4]. Higher accuracyis obtained with SIR by
accounting for some of the largererrorsin inventory reconciliation. Wklr the addition of
pipeline flow meters, this approachhas also been successtidly applied to largebulk tanks.
As used at a retail service statio~ the system reconciles the volume of tiel delivered to the
tank by truck stored in the tank and dkpensed by a pump from the tank into a vehicle.
Accurate measurements of these quantities and the dimensions of the tank are required. As
generally implemented, approximately 30 days of level and dispensing pump data collected
at least once per day are required for leak detection. These data include (1) the volume of
fiel delivered from the tanker truck into the tank as specified on the delivery slip, (2) the
level of the tie] in the tank as determined ffom a stick or electronic gauge, and (3) the
volume of fuel dispensed to a car as determined by the dispensing pump. Thk system is very
similar in natureto the proposed mass balance system except that, unlike at Hanford, the
density of the fiel is expected to remain essentially constant during dispensing and storage
and measurements of liquid volume are made,

The third leak detection approachthat is successtid in the petroleum industry and that should
be considered as a means of leak detection for the Hanford tanks is the tracer system. Two
types of tracer systems are employed. In the first type, the liquid itself or one or constituents
in the liquid, either in a gaseous or liquid state, may be used as a tracer. In most cases, these
tracers arenot unique and are found naturally in the surroundingsoillgroundwateror are
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present fromprevious releasesoraccidental spills. Theuseofthis typeoftracer systemhes
not beenvery successfid. Inthesecottd type, aunique substance, which isnotneturelly
present inthesoi@roundwater,i sinsertedi ntothetenk. Thelattertype oftracersystem, in
which a liquid tracer is mixed into the waste end is released as a gas once the liquid leaks
into the soil, has been successfully used for detection of leaks in petroleum tanks [18].

The performance of both types of tracers is controlled by the properties of the backfill and
soil beneath the tank. Tracer systems of the first type seek to establish a baseline soil
condhion end to monitor changesto that baseline due to the releaseof liquid tlom the tank.
These systems must clearly understandthe leek history of the target tank in orderto declarea
change in the baseline end thereby declare a leek. For some systems, this is very diffkuh to
ascertainbecause background levels may change over time (e.g., aces.onelchanges). Tracer
systems of the second type require more therrone type of tracer for practicaluse, because
releases and spills will introduce the non-naturallyoccurringtracer into the soil/groundwater.

Although a direct comparison of performance for all of the LDMM technologies covered in
thk report is not possible since not all of the methods have been examined, a comparison of
some methods can be made. While preliminary and incomplete in this revisio~ a
comparison of LDMM technologies es they are end have been used in the petroleum industry
end at DOE sites is nonetheless reveafing. This is shown in Table 2, below,

Table2.MioimumDetectableLeakRatesforLDMMtechnologiesin vsrious applications

MDLRPerformsece
((!3P&?95”h,P~@50%)

LDMM TechnoleRv USTS Fieid-Erested USTS DOE DOE
(-=50Kg@ (100Kgelte 4.5M&l) ORNL Emford

(gslih) (2@m
Vehueetric 0.1,0.2 o.2t03.l 0.2 <3.0

JnventoryBelerw 0.1,0.2 0.2* --

Tracer 0.1,0.2 0,1,0.2 0.5** -.

Lesk MIon Pit .. 0,5 ~&*

ERT .. .. 0,5 to S.0*

Mess Balenw .. .. .. ..

BOrehok I.oggieg ..

TireeDomein . . .- -- .-
Reftestometry

* Esdmatd, methcd basnot rrndergeneperfommoceevaluation
** GAAT mnductivily prtrbs
***m ~, ~tp.f~~ nti Specifiedor estimated
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2.4 Deployment of LDMM Measurement Systems

One of the more important deciding reasons for selection of a leak detection or leak
monitoring technology in Revision Owas deployability. Deploying measurement systems
nearor under the tardcs(tank farms) at Hanford will require some type of excavation or
drilling technique. The more common techniques that might be used at Hanford include
vertical drilling, cone penetrometer, slant borings, and hand and mechanical excavation.
Wile those techniques can deploy sensors neartanks, using them to attempt to deploy the
sensors under largetanks (or tank farms) is problematic. Horizontal directionaldrilling on
the other hand, has progressedsignificantly in the last few years and offers an alternatefor
sensor deployment.

Horizontal dwectional drilling offers a number of important advantagesto LDMM
technologies. First, it can be used to deploy sensor systems which otherwise could not be
deployed. Second, the performance a leak detection or a leak monitoring system can be
improved because sensors can be placed directly beneath a tank in closer proximity to a
potential leak from that tank. Potential borehole sensors that could be deployed in a
horizontal well include resistive ERT (discussed above) to make (rLy) contour maps of the
conductivity of the soil beneath the tank, conductivity detectors to sense the conductivity of
the soils at the deployed locations, rdtation detectors to detect the presence of ra&oactive
materials beneath the tanks, arrdchemical tracers. Other sensors could also be deployed.

HDD is now commonly used in the utility industry, where fiber optic cables, telephone
cables, electrical lines, and other undergroundutilities areto be newly installed within an
existing infrastructure,or where upgradesor replacements areto be installed. HDD is used
to precisely place a borehole that can be maneuvered while it is being created so that (known)
existing pipelines and utilities can be avoided. In this application it is much more cost-
effective that the traditionaltrench-and-excavateinstallations of prior years.

Fundamentalto the potential use of boreholes under Hanford’stanks is the question of the
accuracywith which the borehole position can be determined as the bore is tilng drilled.
There arethree methods that are currentlyused to measure the location of the drill bit-as the
hole is being drilled, For shallow applications(less than 30-tl), a walk-over sonde system
can be used. For deeper drilling, accelerometer-magnetometersystems areused. Thk latter
system can be combined with a magnetic field-reversal method to achieve 1%.to 2% depth
accuracyin drill path alignment.

HDD is currently being demonstrated at “cold test sites at Hanford. These demonstrations
will determine the ability of HDD to penetratethe gravel and cobbled soil in the subsurface
at Htiord, and the accuracyof the drill path. Practicaldesign decisions can then be made
regardingthe use of HDD to deploy measurement systems under the Hanford tanks. If the
deployment issue is successtidly addressed, then the main issues for applicationto LDMM
arethe cost of drilling and the cost of safety and confinement associatedwith the drill spoils,
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3 Review and Update of Leak Detection and Leak Monitoring
Technologies

Revision Oof this report reviewed six baseline technologies for leak detection and leek
monitoring end three barriertechnologies for weate retrieveUmitigation. The “No Action”
case was considered for completeness for both leek detection and monitoring, and waste
retrieval. The six baseline leak detection and monitoring technologies end the no action
alternativeconsidered in Revision Oare

. No Action
● Mass Balance
. Tracer Gas
● Leek Detection Pit
● ERT
● Borehde Logging
● TDR

Three leak detection and monitoring technologies not included in Revision Oare

. Volumetric Methods (Lesk Detection)
● Volumetric Inventory Balance (Leak Detection)
● Post-Retrieval Sampling (Leek Monitoring)

A brief review and update of the leek detection end monitoring technologies is presented
below. The disposition end the technical issues associatedwith each technology is
summarized in a “tablegraphic”presented at the beginning of each section. The baseline
technology descriptions aretaken largely from the Revision Odescription of leek detection
end monitoring technologies.

3.1 Leak Detection and Monitoring Technologies in Revision O

A discussion of the original six leak detection and leak monitoring technologies (and the “no
action”alternative) is presented below.

3.1.1 “No Action” Leak Detection and Monitoring

LDMM Tmhndo~ ~p~ Diapodiion
Revision O, 19% Dismiss
Revisiorr 1, 1998 Dismiss

Technical Issues Norq not a viable
alternative
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The no action alternative is based on the assumption that there will be no LDMM
technologies implemented during retrieval operations. Under thkaltemative, onceretrieval
ofatihas beWUittill continue until tiet*bs been filly rAeved. Retrieval would
be terminated only if a catastrophic.leak occurred-one that could be detected even without
the use of a LDMM technology. If a catastrophicleak occurred,then retrieval operations
would be terminated and the liquid in the tank would be removed. The no action alternative
was not consideredfeasibie for use in Revision Oand remains so in thk update.

3.1.2 Mass Balance

LllUM Tseb/w&y update DispostiotI
Revision O, 19% Baaeliie
Revision 1, 1998 R5tahr

Technical Issues Requires liquid
addedto taok

A detailed description of the mass balance method is provided in Revision O.Thk method is
designed to work in SSTS as the liquid is being removed fkom the tank during retrieval. This

approachrequiresthe use of exi~ing EmTM level gauges to monitor the volume of liquid
pumped into andtaken out of the SST, and a visual estimate (using a remote carnesa)of the
waste remaining at the bottom of the tank afier all of the liquid has been removed, The
method requiresthat a small amount of liquid be added back into the SST at the end of each
retrievalperiod (e.g., batch sluice), sufficient to cover the bottom waste. Two level gauges
arerequired, one in the SST tilng remediated and one in the DST used to store the liquid
waste that is transferred into and out of the SST during retrieval.

‘he volume data are converted to mass using characterizationdata and a simple baiance
algorithm is then applied. Although this method was determined to be imme&ately
deployable in Revision O,the errorsassociatedwith the dry volume estimates and
characterizationdensity data limit this applicationto largeleaks. The performance of this
technique is not know but was estimated to be only good to many thousands of gallons,

The merits and performance of this technology should be compared to conventional
volumetric technology. A static level measurement over a short period might give more
accurateand reliableestimates. In Revision O,mass balancewas specified as the baseline
technology, Since a liquid supematant is necessaryto adequately determine residual mass,
thk technology should be retained as a potential method, but replacedor combined with
volumetric technology for more accuracyand reliability.
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3.1.3 Tracers

IJMiM Techsologv Update I.Maposifion
Revision O, 19% Dismiss
Revision 1, 1998 Retain*

Tecimiczd Isaum Sensor deploynwtt~ tracer
disperaa~waste
tnmpatibilit~ Pn and
detected rate depend orr
sensor locations

*withHDD deployment

As stated above, tracer systems have been extensively used in the petroleum industry for
marryyears to detect end locate small leaks in both undergroundend abovegroundstorage
tanks (ASTS) and their associated pipelines[13, 18]. This technology has been eva[uatedfor
porfortnancein petroleum USTS and shown to exceed the leek detection regulatory standards
for undergroundstoragetanks [4]. A tank (or pipd~ne) to be tested is inoculated with a
suitable tracer. The backfill and soil beneath the tank (or above the pipeline) arethen
periodically sampled and tested, typically with a mobile gas chromatographyfor the presence
of the tracer material. If the tracer is detected outside of the tank or pipdine, a leak is
presumed to be present. Thk simple principle allows the tracerleak detection method to be
applied to vtiudlY any tank system geometry. This approachworks best when a tracerthat
does not occur naturallyin the external environment is used.

At DOE sites, tracer methods that employ radiationdetectors in the soil under tanks or in the
interstitial ventilation space of double-shell teoks are commonly employed. Because of
smell, localized spills end other sources of surface contamination that can carrythe
radonuclides into the detection zone, soil-sited, ra&ationtracers areno Iongw well suited to
the detection of leeks from Hanford’s SSTS. There may however, be a well founded SST
applicationfor chemical tracer compounds. As applied to tanks, leek detection is
accomplished by placing a probe arrayunder the floor of the tar& end vapors from beneath
the tank are capturedusing either an active or passive extraction teetitque.

Atypical tracer compound applicableto the SSTS would be a volatile, inert, non-toxic and
non-flammable chemical concentratethat is filly miscible and compatible with the srdt-
Iaden, aqueous, liquids in the SSTS. The normal stetting concentrationof the tracer
compound in the tank is 1 to 10 parts per millio~ accordingto the literatureobtained tlom
one vendor [18]. In one simulation using a 70-R diameter petroleum t~ the produet in the
tank was inoculated with a tracer compound to a concentrationof 10 milligrams per liter
(mglL) [18]. In these concentrations, in petroleum UST applications,tracerscan typically
detect leeks as small as 0.05 gtih in a 2- to 3-day test. These end other tracermeasurements
show that this method is potentially more sensitive and more temporally responsive than
other methods. The method requiresa soil permeability of at least 1 darcy (1x108cm2),
which is easily met in the granularsoils at Hanford.
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The main issues with the use of this technology for either leek detection or monitoring are (1)
finding one or more waste compatible tracer substancesthat will dissolve in the liquid waste
and be transportedwith the liquid waste if it leaks through a hole in the tank and then release
a vapor once it is in the backfill end soil beneath the tti, (2) installing errappropriate
network of sampling ports aroundor underneaththe tank to detect the presence of the tracer
if it leaks ftom the tank; and (3) adequatediffision of the tracerthrough the supematant end
interstitial liquids. More then one tracer substanceis required in case there is an accidental
releaseof a tracerinto the environment or if a leak is detected and are-test of the tank is
required. It is rdsoimportant that the tracerbe completely dkpersed in the liquid so that it
will move with the liquid through a hole, regardlessof its location.

Once these technical issues are addressed,one might expect similar performance to that
found when testing petroleum tanks. Dkussions with the vendor community indicate that
such tracers do exist. The major problems areto install a suitable sampling system and to
ensure that the tracerdMuses throughout the drainablewastes. The former can be addressed
by HDD; the latter can be addressedby en inoculation and sampling teat. At Hanford, where
the tanks areburied over 40-t?deep, probe installationbeneath the tanks is problematic and
was the primary reason for essentially dismissing the technology in Revision Oof the report.
If such probeecould be installed in horizontal wells drilled underneaththe t@ then the
deployment problem is mitigated. Such wells have been used at other DOE sites for vapor
extraction remediation. The utility of horizontal directionaldrilling is currently being
evrduatedat the Hanford site.

3.1.4 Leak Detection Pits

~iiiki Teehndogy Up&t.!? Dispdion
Revision O, 19% Retain*
Revision 1, 1998 Retain*

Technical Issues Limited to4teoksilr
AX-farm; false &rrns

*LirnitcdApplication

As pointed out in Revision O,this method of leak detection should be used when available.
However, ordy the AX tank farm was constructed with leak detection pits. Leak detection is
accomplished by instrumenting the pits of four AX SSTS with conductivity probes and
rtilation detectors.

An improvement to the current leek detection method is to modify the instmmentation
package so that it can distinguish surface or groundwater from liquid waste. This can be
accomplished using a conductivity sensor that measuresthe conductivity of the liquid. &
demonstrated at Oak Ridge, such sensors can readily distinguish the low conductivity of
water tiom the high conductivity of liquid waste [1 2].
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3.1.5 Electrical Resistance Tomography

LZM4M Technology Update DispoaWon

Revision O, 1996 Retain
Revision 1, 1998 Retain

Technktd k3SU@3 Probe deployment
(SPLltid & number)

The technical basis for ERT is that a leak of highly conductive saline solutions from a tank
will cause variations in the electrical resistivity of the soil beneath the tank. As described in
Revision O,the ERT method empIoys a number of vertically oriented probes installed in
boreholes circumferentially sited aroundthe tank. Each probe contains a number of
electrodes located at intervals along the prob%each electrode must be in intimate contact
with the soil. To allow the conductivity beneath the tank to be measured, the electrodes must
be below the bottom of the tank, andthe analysis needs to account for the metal in the bottom
and sides of the tank.

To measure the soil conductivity, a dc voltage is applied between all possible pairs of probes
and the current in the path between each electrode pair is recorded. The ratioof the voltage
to the current is the “transferresistance.” By inverting the resulhg matrix of transfer
resistances, a planar,two- (Ny) or thretilmensional (x,y,z) image (tomograph) of the soil’s
conductivity under the tank can be reconstructed. ERT contour maps of the subsurface are
made over time and areused to determine whether or not a leak is present. Any significant
change in the soil conductivity conditions between maps would indicate that a release had
occurred.

Demonstrations at Hanford in 1994 and 1995, using a dilute saline solution (0.08M NaCl) to
simulate the releaseof high level wastes (HLW) from a tankj showed that releasesfrom a
tank could be reliably detected using ERT [19]. lo these demonstrations, two releaserates
were used. For a (simulated) leak at the side of the tank, the saline solution was released at a
rate of about 7 gal/~ for a (simulated leak nearthe middle of the t@ a releaserate of about
0.85 gsl/h was used. In both cases, the protxmseddata was able to detect the releaseby the
time about 50 gal of liquid had accumulated.

The spatialresolution and detection sensitivity of ERT is strongly related to the deployment
of the electrodes uwx-in terms of both the number of elettrode-bearkrg probes (azimuthal
distribution) and the number of electrodes on each probe (depth). Fewer electrodes in
azimuth and depth lead to poorertopographically reconatfucted imaging and poorer release
detectability. While increasingthe number of electrodes will improve the performance of
ERT, such action entails additional installation and signal processing costs. Thus, the
“correct”ERT configurationis a balancebetween performance and cost items. During the
demonstration program described in Revision O,three configurationswere considered. One
was a “4,1”configuration which utilized a single electrode at the bottom of each of 4 probes
installed in vertical boreholes located at 90-degree intervals aroundthe test tank. The 4,1
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configuration results in six independent pairs of probes whose data can be processed to form
an “image”(albeit a very coarse one). During the demonstratio~ the 4,1 datarequired about
20 min of processing time using a Sunm SPARC1 Oworkstation to form the image atter the
resistance data had been obtained [20]. Another contlgurationwas an “8,3”configuration (8
probes, each with 3 equalIy spaced electrodes nearthe bottom of the probe). The 8,3
configuration provides 168 probe paircombinations that can be topographically processed;
four hours was requiredto process a single plane of this data. A third configurationwas a
“16,8”configuration (16 probes, 8 electrodes). The 16,8 corr@urationprovides nearly 5,000
probe pairs, and a processing time of several days was estimated. The authorsof Revision O
recommended the 8,3 contlguratio~ which allows good detection sensitivity with acceptable
processing times.

The most important advancesassociatedwith ERT are associatedwith computing power and
deployment. These advances, when combined with advances in cone-penetrometer
deployment and the potentirdfor HDD deployment, make ERT an attractive method for leak
monitoring, and if required, could be used for leak detection, especially if deployed directly
underneaththe tank. If deployed with HDD, the ERT electrodes would be placed on the
exterior of a casing, thus providing intimate soil contact.

3.1.6 Borehole Lagging

LDMM Teclwwiogv U’dat.e Disposition
Reviswn 0, 1996 Diiiss
Revision 1, 1998 Retain*

Technical Issues No %wthods” areidentified; requires
HDD for under-tank logging

*withHDD deploymentfor chanwtcriration

A borehole geophysical logging technology operatesby lowering a measuring device into a
borehole by a cable connected to a logging truck. The downhole device measures physical
propertiesof the formation as it is pulled up the borehole, transmitting the information up the
cable to the logging truck. The data are processed in real time, and a continuous
measurement of the appropriatephysical parametersis displayed as a timction of depth.

Borehole technology was dismissed in Revision Omainly because the spatialcoverage of the
measurements made in each borehole was limited to severaIfeet aroundthe borehole. The
potential for HDD deployment of borehole logging would greatly improve the performance
of this technology. The same number of boreholes drilled horizontally underneatha tank
would provide significantly better coveragethan holes drilled vertically outside the perimeter
of the tank, The number of horizontal holes requiredfor complete spatialcoverage for a
borehole leak monitoring system would be significantly greaterthan required for ERT or
tracermeasurements. As a consequence, borehole logging is recommended when detailed
measurements are needed to characterizea plume that has been detected and characterized
spatial]y with ERT or tracer measurements.
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3.1.7 Time-Domain Reilectometry

LDMM Technology Uprihte Disposition
Revision O,1996 Dismiss
Revision 1, 1998 fXsmiss

Tdmkxd hues Multiplicity of wires and
deployment under tank

Time-domain reflectometry was dismissed in Revision Obecause of a number of deployment
problems. WMle the use of horizontal holes might solve some of the deployment issues, it
does not addressall of the problems. ERT andtracer methods areboth easierto deploy, have
better performance and have been more extensively used. Therefore, no finther
considerationof thk technology is warrantedunless some major breakthroughin its
deployment, cost, or performanceoccurs.

3.2 Technologies Not Included in Revision O

A discussion of three technologies not included in Revision Ois presented below

3.2.1 Volumetric Methods

LDMW Tschnokqy F.Jpdwe Dispr3sifion
Rev&ion O, 1996 Not Revk3wed
Revision 1, 1998 Retain

TechrrkxdIssues Requires quiescent liquid surf-,
compensation for external effeets

A static or conventional volumetric leek detection tesi can be performed in a tank in which
no liquid is added to or removed tiom the tank during a test Such a teat would be usetlrl to
establish the overall leak integrity of a tmrk before waste retrieval operationsbegin, when
they are complet~ and during short breaks in the retrieval operations. In general, longer
tests result in higher performance and better end more reliable leak detection. The same
volumetric system can be used to test for small leaks before and after a retrieval campaign
(less than 5 gal/h) and for largerleaks during the retrieval. An evaluation of a brdk leak
detection system to test 90-8 diameter undergroundfire]tmrke for the Navy showed that the
performance in terms of the minimum detectable leek rate (MDLR) was 0.38 gal/h for a 48-h
test and 0.46 grd/hfor a 24-h test, and 0.65 gel/h for a 4-h teat [17]. The accuracyof a leak
detection test in a large diameter tank (e.g., a tank with a diameter of 75 R) is dependent on
the precision of the level sensor and how well the main sources of noise are compensated.

Volumetric methods require either a free liquid surface or a distinct interstitirdliquid surface.
Most volumetric systems use a liquid-level sensing system to measure the rate of change of
the Iiquid surface. There area wide variety of sensors that can measure liquid level (e.g., so
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ENRAFTMgauge or a differential pressure sensor). The precision of both of these types of
sensors would be more than sutllcient to conduct a leak detection test on a SST. Recently, so
estimate of the performance of a volumetric leak detection system was made using only the
existing level gauge data in over 30 of the SSTS at Hanford. Daily measurements of level
collected with ENRAF7Mand FICTMgauges and manual tapes were analyzed assuming a test
duration of 30 days. No attempt was made to compensate for noise effects such as
temperaturebarometric pressure, and so on. Even without compensation, the MDLR (i.e., at
a PD = 95°/0 and a PFA= 50/o)was between 0.5 and 3.0 gaUhfor most of the SSTS examined
[2]. This same level of performance might be achievable in a test with a shorter durationtest
(hours to severaldays) in which the level data were sampled more tkquently (once per
minute to once per hour), if adequate compensation were employed. The purpose of thk
analysis was to demonstrate that volumetric technology was viable and not to develop a leak
detection system. It is clear, however, tlom the monthly test results that reliableand
definitive statements could be made about the integrity of a tank. It is equally clear that a
robust volumetric leak detection system could be developed using existing SST
instrumentation. Such a system was developed and is currently used at the Oak Ridge
National Laboratory to test operationalwaste tanks containing liquid low-level waste
(LLLW) and to teat the inactive (50-tl-diameter) GAAT tanks priorto their being remediated.
In both instances, the existing tank instmmentation was used. The performance of the LLLW
system was significantly better than the 0.2-gal/lrregulatoryleak rate [11]. The performance
on the GAAT tardrswas approximately 0.5 gallh [12]. Both systems arevery different, and
DOE and EPA approvedboth systems for use at ORNL.

A stilling well maybe necessaryto insurethat a free liquid surface is available, particularly
in sludge tanks. Thk would help ensure the liquid level measurements necessaryto conduct
a volumetric test. Aa shown in Figure 5, a stilling well is a tube that is open at the top to

I EmddRamWSteel T!#,i!rKi

Figure 4. Sdlling well conceptemployedwith “bubbler”level sensor.
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allow a free flow of air and open at (or near) the bottom (through a hole) that allows the
liquid to flow into and out of the tmbe. The level sensor is deployed in the tube ratherthan in
the tank and indkectly measures the level changes of the liquid in the tank. If measurements
of interstitial liquids arerequired, then the tube should be inserted into the waste. Kthe hole
at the bottom of the tube is small enough the stilling well low-pass filters the dat%which is
important for making the on-iine volumetric inventory measurements (described in Section
3.2.2, below) during retrieval. When the hoIe is small enough, it limits the flow rate of
liquids between the tube and the tank and only the mean surface level is observed. If the
stilling well is designed to low pass the level measurements, the dtameter of the hole must be
small enough to damp the high-tkquency level fluctuations, yet largeenough to allow
prompt detection of a significant loss of volume without clogging. In principle, any type of
level gauge (e.g., ENRAFTMor differential pressure cell) can be used in a stillitrgwell. A
second stilling well, which is initially filled to the same level as the tirst still welling well,
can be closed and used as a reference level for level changes in the stilling well open to the
tank.

3.2.2 Volumetric Inventory Balance

LDMM Tmlmobgv Vpdw% Disposition
Revision O, 1P96 Not Reviewed
Revision 1, 1998 Retain

Technical Issues Porfornumcodepends on
preei$ionof mtmy Sensory
errorsare cumulative

Volumetric Inventory Balance (VIB) is a method similar to statistical inventory
reconciliation(SIR). VIB can be a means for real-time monitoring waste retrievaloperations
for catastrophicleaks. This method differs tlom the mass balancemethod described above in
that measurements are made during the retrieval operationsand does not requirequiescent
periods between retrieval batches. In this method, the volume (or mass) of the liquid pumped
into and out of the tank and stored in the tank is reconciled horn measurements of level in the
tanks and of mass flow rate in the pipes used to transfer liquid in and out of the tank A
continuous time history of the data will be required for analysis.

It is diffkult to estimate the accuracyof this method without a field evaluatio~ however,
experience in the petroleum industry demonstrates that a very high level of performance can
be achieved. Statistical inventory reconciliation%which is a method that accounts for some of
the more important errorsthat occur when reconciling inventory in a petroleum tank, is 10 to
50 times more accuratethan conventional inventory reconciliation (0.1 grdlhversus 5.0
gal/h). Further, SIR is compliant with EPA regulatory standardsfor leak detection. T&
improvement occurs even though some of the most important sourcesof noise (in a
volumetric test and inventory reconciliation), thermal expansion and contractionof the fuel,
is not compensated. Such improvement, which was initially found for 30-day tests using
only daily measurements is also realiied for teats with durationsof hours to a day or two
using measurements obtained at one-to 60-min intervals.
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The level of compensation of the more important errorsin this leak detection method (e.g.,
the geometry of the liquid level surface, the evaporationand condensation, the solid content
of the waste, andthe density of the liquid waste) depends on the accuracyobtained simply
using the measured volume of the liquid.

3.2.3 Post Retrieval Soil Sampling (Monitoring)

LIEw%4Tedttwlow UpdSt4? Disposition
Revision O, 1996 Not Raviewed
Revision 1, 1998 Retain

Technical Issues Response time

As the name implies, post retrieval soil sampling is simply a monitoring technology that
applies standardsoil sampling techniques to the LDMM problem. By detinitio~ I@
monitoring implies external methods to characterizeleak plume volume, bcatio~ and
migration. Addition characterizationof a leak plume will require either sampling or remote
sensing technologies to determine chemical and radlonuclide constituents. Either vertical or
horizontal deployment of external sensors in boreholes aroundeach tank for properleak
monitoring will be a significant portion of the coat to retrieve the waste born a SST. The
costs associatedwith sampling soils surroundingan SST after a leak is detected are
comparableto the costs of deploying ezternal sensors or drilling boreholes for external
sampling before retrieval operations. This is particularlytrue if a Ietilng SST generatesa
soil sampling effort for closure anyway.

Much of the costs associatedwith LDMM activities will be in deployment. By using
advanced self-priming pump designs to minimize free (drainable)liquids during retrieval and
internalvolumetric methods to detect small leaks should they occur the probabilities of SST
leaks during retrievalare significantly reduced. If it can be shown that the probability of a
leak using a particularretrievaltechnology for a particularSST is small, then there is a cost
benefit to not deploying a leak monitoring technology unless there is a leak to monitor. The
major advantageassociatedwith post-retrieval sampling is in the extreme cost savings of not
deploying a leak monitoring system on tanks that don’t leak during retrieval. Even a modest
cost per tank for deployment of external sensors or boreholes for sampling mukipIied by 149
SSTS becomes a significant commitment. If half the tanks don’t 1* a large saving can be
realized over the life of the program, comparedto pre-retrievaldeployment for every tank.

The only technical issue associated with post-retrieval sampling is response time.
Mobilization of a drilling crew and equipment to characterizea leak plume may take a
number of weeks. This response time is compared to near-realtime for deployed sensors,
For suspect integrity tanks where leaks are expected, pm-retrieval deployment of leak
monitoring sensors may be more appropriate.
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3.3 Leak Deteetion and Monitoring Technologies

A pit-based detection technology should be implemented if a pit existy its design should
include a method of dktinguishing between water end liquid waste.

Two new viable technologies, which have been used extensively in the petroleum industry,
have been added to the list of technologies. Ifa t?ee liquid surfkce or interstitial liquid
surfaceexists, then volumetric and volumetric inventory babmce (V5, or SIR in the
petroleum industry) technologies can be used for leek detection before, during end after
retrievaloperations. Mass balancecan also be used in place of or combined with VIB during
retrieval, if operationsperiodically cease long enough to allow liquid to be added to the tank
andthe accuracyof VIB is not sufllcient. Both ERT end tracermethods can be used as
monitoring methods if a leek is detected. They can also be used es leak detection systems
during retrieval Post retrieval soil sampling may bean appropriateleek monitoring
applicationfor tanks that arenot expected to leek.

Deployment with horizontal directionaldrilling makes tracer-baseddetection and monitoring
a viable monitoring tedmology, end it can improve the performance of ERT. HDD also
allows traditionalborehole technology end conventional sampling techrdquesto be used for
more detailed characterizationmeasurements. Deployment of ERT using a cone
penetrometer should decreasethe overall cost of this method es comparedto using vertical
boreholes for deployment. Ongoing work et Henford with regardto HDD end deployment of
drill-headsensors, SST volumetric (both static and on-line) leek detectio~ end cone
penetrometer deployment of ERT will help determine the technical viability end cost of
implementing these technologies.

In general, it is not possible to estimate the performance of a method (in terms of MDLR)
except by a field evaluation. Analytical estimates can only bound performance with
maximum end minimum detectable leek rates, end except where the underlying noise field is
well known and characteriz~ these estimates are suspect. For most technologies, the impact
of the noise is ditlkdt to realisticallypredict and must be measured. Aa a consequence, all
leak detection systems used to test USTS should be evaluated for performance foIlowing
prescribedASTM/EPA protocols.

It is the goal of any retrieval method to minimize the volume of liquid that could potentially
leek out of a tank during retrieval. This is achieved by minimizing the vohrme of free Iiquid,
minimizing the hydraulic heed, or using a rapid response end reliable leek detection
technology. If the volume of tlee liquid or hydraulic head can be eliminated during retrieval,
then post-retrieval sampling can be used as the primary monitoring option. UhimateIy, the
best selection of a leak detection method will depend on the retrievaltechnology Ix@
implemented, end different technologies may be used for dMkrent retrieval methods.
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4 Review and Update of Leak Mitigation Technologies

Section 4 discusses technologies and methods for containing or stopping a leak during
hydraulic retrieval (once a leak is discovered). The leak mitigation technologies considered
in Revision Oare“no action”and barriers(including chemical, freeze wall and circulating
air). In additionto reviewing these options, this report (Revision 1) considersuuxilkwy
pumping end inherent Iiguid minimization methods as a viable leak mitigation technologies.

4.1 ‘No Action” Mitigation

LZWM Teehnolqy Updde Disposidon
Revision O, 1996 Dismiss
Revision 1, 1998 Dismiss

The “no action”leak mitigation alternativepresumes that a leek into the surroundingsoil is
not objectionable. Although it maybe shown that small volumes of some SST wastes can
leek directly into the soil without significantly increasingthe risk to human healt~ any leek
is clearly unacceptable. The “no action”leak mitigation alternativewas dkmissed as not
viable in Revision Oand remains so in this report.

4.2 Barriers

LDMM Teekiwlogy U’e Disposition
Revisiorr O, 19% Dismiss
Revision 1, 1998 Dismiss

Barriertechnology entails the creationof a distinct barrierbetween an areato be protected
(the groundwater, for example) and an areathat threatensthe protected area(a waste t- for
example). Wlile there are several types of barriers,there aretwo that have demonstrated
DOE potential-tleeze welis and grout walls. The main issues with these technologies are
Wst.

Freeze-well barriers entail the placement of circulation piping throughout en area
underneathor surroundingthe threat region. Refrigerant is then circulatedthrough the pipes.
‘fbk process i?eezes any moisture in the vicinity of the cooling pipes. If there is a significant
amount of moistme=--suchas might occur if a tank began to leek-end well-placed piping,
the t+eezingprocess would spreadover en ever-expanding volume. Eventually, the entire
region surroundingthe installed piping would become fro- creatingan impermeable
barrierthat would contain tirther leakage from the tank as long es the retl-igerantcontinued
to circulate. Freeze-wall technology was demonstrated at the TRU waste disposal areaat the
Oak Ridge National Laboratory in 1996-97 [21].
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Grout bm”srs are anemerging technology that has evolved fkom advances in horizontal
directionaldrilling. A grout barrieris made by drilling two parallelbores that go under the
region to be contained and continue back to the surface on the other side, Typically, these
dual bores are 4 to 8 R apart,depending on the soil properties. ‘fbe~ a “groutbar”is
installed at the end of a high-pressuregrouting system that has been run through the bores;
the grout bar spansthe distance between the two bores. The grout bar is then pulled back
through the bores using the same HDD machinery that was used to drill the bores. As the bar
is pulled back, it cuts through the soil material between bars. As the bar moves, grout is
pumped into the now-loosened soils and allowed to harde~ leaving a continuous, 4-to 6-in
grout barrier. Then a new dual bore is drilled immediately adjacent to the previous, now-
grouted one. The bar is pulled again,the new region is grouted, and the boring tools are

reposition~ for the nefi dud ~re. This Pro~ss continues until the entire region beneath the
threat has beerrisolated by contiguous sections of grout wall. The grout-wall barrierhas been
demonstrated at a commercial site in Memphis, Tennessee [22].

4.3 Auxiliary Pumping

LIMkl Teclmokqy lYpa@ Dtsposiiio/J
Revision O, 1996 Not Reviewed
Revision 1, 1998 Retain

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 receiver facility, in a way similar to the
current stabilization program. Continuous self-prining bottom suction trash pumps,
commonly referred to simply as “trushpump< in petroleum sludge applications, provide
enough pressuredifferential to prime the impellers continuously. This allows waste tiom the
bottom of the tank to be continuously pumped to the waste receiver facility without allowing
collection of tlee (Ieakable) liquids in the bottom of the tank. If the interstitial liquids are
continuously pumped out of the tar& then clearly the risk of a catastrophicIeak is
minimized.

A novel application of a robust, trash pump within the context of the waste retrieval
operationswould be to auger, lance, or push such a trash pump to the bottom of an SST and
then to pump out any free interstitial liquids that have accumulated there. During the actual
retrieval (whether by enhanced sluicing low flow sluicing, confined sluicing, or LVDG
methods), the pump should be mn at a flow rate 10°/0to 20?!0greaterthan that of the
sluicirrgkiissohrtionwater being addedto the tank. In the event a leak is detect~ the flow of
water to the tank is simply stopped andthe pump continues to remove any the liquids. This
scenariowould require deployment of the trash pump as an auxiliary pump for low-flow
sluicing and confined sluicing where the primary waste conveyance occurs at the top of the
sludge or saltcske.
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4.4 Inherent Liquid Minimization

IJMIM Tmhnologv Update Disp@sWan
Revision O,1996 Net Revkwed
Revision 1, 1998 Retain

Similar to the auxiliary pump described in section 4.3, this leak mitigation technology
provides a continuous removal of fkee (leakable) liquids fkom the SST during retrieval. In
the case of enhanced sluicing with large flows (- 300 galJmin)an appropriatelysized
continuous self-priming bottom suction trash pump (a.k.a., trash pump) would be used to
provide the primary waste conveyance. In the case of LVDG dissolutio~ an appropriately
sized jet pump will be used to provide the primary waste conveyance. Both of these systems
will inherently minimize fkee (Ieakable) liquids in the tank during retrieval. By inherently
minimizing ilee liquids, the response to a detected leak is to simply ~op the sluicing
operationsand continue to pump until there all of the free liquids have been removed.
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5 Waste Retrieval Technologies

As retrievaltechnologies mature, it will become important to seleet LDMM technologies
whose performance matches the retrievaltechnology seleeted. The four waste retrieval
technologies considered in Revision Oare: no actio%bulk (or “pastpractice”)sluice,
confined sluice, end mecbankal retrieval. In addition to reviewing theee technologies,
Section 5 of this report (Revision 1) also considers two other cendldates: low-flow sluicing
end, low volume density gradient dissolution as viable waste retrievaltechnologies. LDMM
recommendations for all five technologies are discussed.

5.1 “No Action” Retrieval

miuiwf’homntendotiolr.$

Leak Detwtkm None

Leek Monitoring None
IA& Mitigation None

The “no action”retrieval alternative may be applicableto tanks that are essentially empty
today as a result of operationaltransfers or previous sluicing campaigns. A tank that is
selected for “no action”retrieval will be directly turned over for closure and will therefore
requireno leak detection leek monitoring, or leak mitigation.

5.2 Enhanced Sluicing

LDiwflfecotnmedatiolta

Leak Deteotion Volumetric system

Le& Monitoring Poet-r@rievaIsample
Lerik Mitigation hthereat Liquid Minimization

There have been several important advancesin sluicing technology since the originalpast-
practice shricingin the 1950s, ‘60s, and ‘70s. The two most significant advancesare in
nozzle development end pump performance. Newer sluicing nozzles can provide a
continuous waterjet at rangesup to 30 R, eompered to older nozzles that essentially lost the
jet withh the first few feet. Newly designed self-priming submersible pumps earroperate
with less than 2 in. of head end can remove slurry solids, comparedto older pumps that
required2 fl of head and were plagued with plugging problems.

Tanks seleeted for this enhanced sluicing method will undergo integrity assessment
ecmstituentsof eoncem will rdsobe examined. Presumably, tanks seketed for enhanced
sluicing will be expected to withstand the attendantrigors of this procedurewithout
developing catastrophicleaks. It is recommended that a volumetric system be used for leak
detection. Inherent liquid minimization is recommended for leak mitigation, so that the
driving force as well as the source of the leak can be removed quickly. Poet-retrieval
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sampling is recommended for leak monitoring, because it requiresdeployment only in the
event of an actual leak.

5.3 LOW-FIOWSluicing

LIWMRecotnnwndations
Leek Detection Volume&ic system

Leak Monitoring Electrical resistancetomography
Leek Mitigation Auxiliary pump

There have been major advancesand technology breakthroughsin the ares of low-flow
sluicing. These advances have come largely from the Hanford Tenks Initiative progr~
which reviewed demonstration tests tiom both arm- end vehlclebased low flow sluicing
technologies. Low flow sluicers will use a low flow (- 30 gal/rein), high pressure
(- 15,000psi) water jet to dislodge waste with a continuos self-priming bottom suction trash
pump es the primary waste conveyance.

Low flow sluicing has potential application in tanks that have higher percentages of residual

salt cake. The advantage of low flow sluicing is that, to the greatest extent possible, existing
sludge and saItcake are Iefi on the portions of the tank most vulnerable to leaks during most
of the waste retrieval operation.

In tanks where a leek is more likely to occur, it is recommended that volumetric methods be
used for leak detection. Also for suspect tanks where low flow sluicing may be applied, pre-
retrieval deployment of ERT is recommended for leak monitoring, An auxiliary continuos
self priming bofiom suction trash pump is recommended for leek rnitigatio~ so that the
hydraulic driving force as well as the source of the leek can be removed quickly.

5.4 Confined Sluicing

LZM4M Zbeot?uthrndotions

I.@ekDetection Volumetric system

Leak Monitoring Electrical resistancetomqpphy
Leek Mitigation Auxiliary pump

Confined sluicing refers to a specific sluicing technology developed by PNNL. The confined
sluicer makes use of a low flowhlgh pressurewater jet to dislodge waste that is then
pneumatically retrieved to the top of the tank Air is sperged into the inlet to allow water
droplets end waste granulesto be vacuumed the necessary 30 to 50 feet to the top of a tank
riser. Nearly all the advantagesand disadvantagesof low flow sluicing apply to confined
sluicing. Confined sluicing has potential application in tanks that have higher percentagesof
residual salt cake, In suspect integrity tanks, volumetric methods are still recommended for
leak detection and it is recommended to deploy ERT as a leak monitoring technology prior to
initiating sluicing operations. The use of en auxiliary continuos self-priming bottom suction
trash pump to minimize free liquids is the recommended leek mitigation,

E VISTARESEARCH,INC. 30 September1S9S



LDMM Technology Trade Study Update HNF-SD-LNM-ES-379, Rev, 1

5.5 Mechanical Retrieval

LDMMRewmunendatiom
Leak Detection None

Leak Monitoring Post-retrievalsampling
Leak Mitigation None

Although there have not been significant advances or technology breakthroughsassociated
with mecharkel retrieval, there remain a number of tanks for which hydraulic retrieval may
not be appropriate.

The mechanical waste retrieval technique would use a scoop-like end effecter tilxed to the
end of a robdc arm The end effecter would be capableof mechanically excavating the
solid waste in the tank. A jackhammer end effecter may be necessary for breaking up the
rock-like layer of sludge known to exist in some tanks. The excavated weate would be
placed by the robotic arm into en in-tank mechanicalwaste conveyance system and from
there removed from the SST for thrtber processing,

It is expected that the mechanicalretrieval tecluique will be used only for the removal of dry
or semi-dry weates horn tanks that are known to have leaked catastrophicallyin the past.
Because there would be no liquids involved (the contents are essentially dried materials)
there are no recommendations for Ieak detection or mitigation. If some sort of leek or
leaching were to occur, post-retrievalsampling would be an appropriatemeans of leek
monitoring.

5.6 Low-Volume Density Gradient (LVDG or “Sprinkler”) Dissolution

LDMMReco#nmemdmfm
Le8k Detection Volumetric system

Leak Monitoring Post-retrievalsampling
Le9k Mitigation Inherent Liquid Minimization

Low volume density gradient dissolution is a promising method of waste retrieval. It
proposes to use low volumes of water, distributed acrossthe surface of the salt cake, to
dissolve the soluble portions of the remaining waste. The dissolved wastes arethen removed
by means of a low-volume jet pump that is eugered, lanced or pushed into the waste et the
bottom of the tank. The principle bebind this method is that, as the solvent trickles through
the salt cake on its way to the bottom of the terdq it will be dissolving weate along its path,
making it possible for the saturatedsolution to be pumped tlom the bottom dweotly to a
waste receiver facility such as a double-containedreceiver tank.

31 Soptembwr19ss



LDMM Technology Trade Study Update HNF-SD-WES-379, Rev. 1

Similarly to those selected for enhanced sluicing, tanks selected for LDVG retrievalwill
undergo integrity assessments, and constituents of concern will be examined. Presumably,
tanks selected for LVDG retriewd will be expected to tokxate the confined solvent liquids
without developing catastrophe leaks. Based on thk assumptio~ it is recommended that
volumetric methods be used for leak detection. Inherent liquid minimization is
recommended for leak mitigatio~ so that the driving force as well as the source of the leak
can be removed quickly. Post-retrieval sampling is recommended for leak monitoring,
because it requiresdeployment only in the event of an actual leak,
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6 Selection of LDMM Technologiea by Retrieval Method

The foregoing work reviewed several LDMM technologies of potential import to the SST
retrievalprogram. These included technologies that were identified in the Revision Oversion
of thk report, end several new or improved technologies that were identified in this report,
Table 3, below, summarizes the results of this update in terms of the LDMM component, the
LDMM technology, how these technologies are dealt within this update comparedto
Revision O,end pertinent comments relatedto the technology. The table shows that for most
of the technologies that were identified and then dismissed in Revision O,there have not been
any significant changes in the technology, nor have there been any “new”reasonsto utilize
those technologies.

The table also shows that of the two technologies identified end recommended in Revision
O-mass balanceand ERT—for leak detection and leak monitoring are still considered to be
viable technologies. However, mass balancing—sn internalmethod—is replaced in thk
update report with the recommendation to use volumetric methods for leak detection
whenever a static test can be performed end volumetric inventory balance (also celled SIR)
methods during retrieval operations. Volumetric methods dmeetly measure the volume
changesthat occur in the tank ERT is an external method that can be used as long as it is
applied priorto the occurrenceof a leak. The potential feasibility of thk method is enh~ced
by current developments in HDD technology. This is because horizontal wells will allow
ERT electrodes to be placed underneaththe tank to measurex-y regions with good sensitivity
end resolution. Because of the improvements of HDD technology, tracergas is now
consideredto be a viable leek monitoring technology and could be used for leak detection if
volumetric tests cannot be performed. With HDD deployment, conventional borehole
technology could be applied, but is mainly usefid for only characterizationmeasurements.
ERT end tracersboth can be implemented with only a few horizontally drilled holes, whereas
bore hole measurements for leak monitoring would require many holes in a dense network.

When retrieval methods are consideredtogether with the recommendations for LDMM
technologies, speeific reeommendations can be made. These are shown in Table 4, below.
TMs table shows, for example, that if confined sluicing is seleeted as the retrieval method for
a particulartank, the recommended leak detection method is a volumetric method, and that
ERT is the recommended leak monitoring method. Advanced emergency pumping is
recommended here as the best means to mitigate any releasethat might occur should a leak in
the tank develop during sluicing. Similarly, if the mechanical retrieval of en otherwise dry
(little or no drairrableliquids) tank is seleeted, then no leak detection end no leak mitigation
measures are recommended for this application. Post-retrieval sampling, however, is
recommended as a monitoring method.

The essence of tlds section is the assignationof LDMM technologies, matrixed to the various
retrieval methods that have been identified for Hanford’s SSTS.
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Table 3. Dispositionof Ix& Detection,Leak Monitodng,andLeak MitigationTecfmologiesReviewed

Dlspeaition Dispeaitfon
TeebrroloEY irrRev O in Revl comments-.

No Adiorr Dlamiss Dismiss Dismissed in orkirrsf reomt. No
signiticaertche&es in t&nelogy or

application,
Maw BaLwree Retain Retainkdeline Use in conjurredonwith volumetric

methods
Trocers Dismiss Retain SigrrilicantLDMM potentialwhen

combinedwith HDD deployment
LaakDdeedorr Pit Dismiss R@&Mimited Use existing Leak Detwtion Pitain the

applicability Axtankfarrn
ERT Retain Retain Emergingtechnology sigrrikmt

VofumairicInventory
potential when combinedwith HDD.

Not Reviewed Retain Use in conjunctionwith vobrmetic
Bafams methods
vOkne&ic Not Reviewed Retain AfIows staticdetectionof leaks of 1 to

10gal/hand the petendalof on-fine

—

No Aciiorr Dismissed in origird moon. No
Leak Monitoring sigoiticantdran&s in t&lmOlOgyor

application.
ERT Retain Retain Emergingtecfmolo~, significant

potendafwhen deployedwith eorre
penetnmeters orHDD.

Borehofe Logging Dismiss Dismiss Dismissed in originalreport No
significantchangesin tdrrrology or
application.

‘lT)R Dismiss Dismiss Dismissed in originalmpert, No
significantchangesin tcdrnologyor
application.

P0$Md&?w3 Soif Not Reviewed Retain Aflows deploymentof leak monitoring
sun ordyaftera leak is detected..

~s~
No Adion Miieifon Dismiss Dismiss Dismia&din originalreport.No

signifrciot changesin technologyor
application.

Cfose-CoupfedBorriers Dismiss Retain May be practicalwith advanced
HorizontalDtiorral Drilling
capabilities

Arixifiary I+ernp Not Reviewed Retain Wrimizes frez liquidsandhydmrdic
headduringrcoieval

Irrharenf Liqrrid Not Reviewed Retain Mirdmizes free liquidsandbydmulic
MiJrimiz&wr headduringretrieval
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Table4. RetrievalMethodccndLDh4MTechrrologies

Tccbnolo~

RcericwlMc@od Iark Deteetion Leek Monitoring Leak Mitigation

5 No Actioni None None None

6 EnhrwrcedNuke volumetric Post-Reukval Smrrple IrrhereatLiquid MinimkMon

7 Low Flow Sluice Vobrrnctric ERT ArrxilimypuIIIp

8 Confined Sluice Vobrrnetric ERT Auxilimy PUrllp

9 Mechcnkcf Retried None Poet-RetrievalSmnple None

10 LVDG Dicsobdimr Vobrmctric Poet-RetriewdSmnple hrbercntLiqrridMirhimdon

T No Action ltdrievcl implies tank thct arereadyfor directclocrrrc(i.e., tanks thatcmnecinvery little reaidmd
mate due to previonasluicingor operationalcampaigns).Forthecccares,additionalleak detection,leak
monitoring,arrdkak mitigadonwhile tbe trrrdraawaitclocureme not rreceawry.
$ Mcchcrdccl Rctrievcl implies a dry or nearly-dryretrievclpruceaswith no Iiqrridcto detector lcckc to
mitigate. It rrmybe appropriateto merqdethe arrrrorrndingsoils ctler the retrievalis complete if leachingfrom
rmexternalliquidcemree(e.g., raiowater)is mpected.
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7 Conclusions and Recommendations

Based upon the work described in this update report,there areviable LDMM technologies
appropriatefor the Henford single-shell tanks. Because these technologies are varied, and
each has its strengths and weaknesses, there is no single technology that is appropriatefor
every SST, However, an LDMM technology appropriatefor a given tank can be identified if
it is keyed to the retrieval method that has been selected for that tank

The most successful and robust LDMM technologies are likely to be those that have been
developed and demonstrated in other venues and can be adaptedto the Hanford SSTS, or
those that are emerging as a direct result of Hanford’s unique requirements. Oiven this
premise, the leak detection and monitoring technologies that are likely to be most successtid
at Hanford include volumetric testing, volumetric inventory balance, mass balance, tracers,
and electricalresistance tomography. The first three aretank-internal methods of leak
detectio~ and the last two aretank-external methods of leak detection that carralso be used
for leak monitoring, Volumetric technology is best used during quiescent periods in the
tanks. The others can be used any time, including periods during which the waste in the
tanks is being actively retrieved. To obtain the beat results with mass balancetechniques,
however, some quiescent period is required.

Maas bahmce and ERT were identified as viable technologies in Revision O. Volumetric
teatin~ volumetric inventory balance, and tracersare brought forward in thk update report
because of important developments that have occurred since Revision Owas issued.

Volumetric methods (which have been widely used in petroleum industry leak detection)
have recently undergone tier development and have been applied to large(250,000 to
5,000,000 gal and 12,500,000 grd)bulk fuel tanks. Semnd, volumetric testing has been
successfully demonstrated on DOE waste tanks at Oak Ridge and is under review at Hanford.
At Oak Ridge, a thorough and robust programof monthly testing, reporting, and annual
integrity updates to DOE, EPA, andthe Tennessee regulatorshas been established and fully
implemented. At Hanford, the liquid level data ffom over 30 SSTS have been analyzed using
the tools developed for volumetric analysis, and the feasibility of routine testing of those
tanks is under review. Whh the installationof a stilling well, a volumetric inventory balance
system, similar to SIR (and mass balance), may be able to provide leak detection during
retrievrd

Tracers (as well as ERT) have become a more viable option for the Hanford LDMM mission
because of recent advances in the field of horizontal duectional drilling (HOD). These
advancesare currently being demonstrated and evrduatedat the Hanford Site. Unlike vertical
boreholesthat can only place sampling wells on the periphery of the SSTS, HDD tdmology
can precisely create well-defined boreholes immediately unuh an SST. Sensors can be then
be inserted into these boreholes and placed in mukiple locations beneath the tank-where
they will be in the direct path of a potential le~ or at least closer to the leak than sensors
located in vertical bores at the edges of the tank. Chemical and gaseous tracers could be used
in these bores, as well as radiationdetectors or other types of “sniffers,” In addition to
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tracers,ERT electrodes could also be installed inexpensively in the horizontal bores as they
are cased. This would SI1OW(Z y) tomographic maps of the areabeneath the tank to be
created,with a sensitivity and spatialresolution that is unachievable with ERT sensors placed
in vertical bores.

A nationally recognized methodology for evaluatingthe performance of a leak detection
system was introduced in 1992. The ASTM standardtest procedure,which was developwi
by the EPA is the most straightforwardmethod of determining the accuracyand reliability of
a leak detection method. This evaluation protocol requiresthat many tests be conducted with
the method of choice, with the goal of rnahng an estimate of performance in terms of the
probability of detection and probability of false alarm. The uncertaintiesand ambiguities of
mtilng analyticalestimates of performance are eliminated. Volumetric, inventory and
statisticalinventory reconciliation, andtracer systems have been evaluated for many sizes of
petroleum USTS.

This report has also identified two new leak mitigation technologies—auxiliary pumping and
inherent liquid minimization. In the fist technology, a self-priming submersible pump
would be augered, lanced, or pushed into each SST and pkwed at the bottom. Free (Ieakable)
liquids are pumped from the tank during retrieval, thus minimizing the amount of liquid
waste that could be releasedinto the environment if a leak occurred. In the second, free
liquids are continuously removed fkom the SST during retrieval.

Lastly, this report has identified two new retrievaltechnologies that can be used in the SSTS:
low volume density gradient dissohrtio~ and low-flow sluicing. In the first scheme, tiesh
water would be introduced to a tank by a sprinkler (for example) and used to dissolve the
soluble components of the sludge and salt cake. With the near-saturatedsolutions being
continuously pumped off, the LVDG scheme would retrieve wastes while minimizing the
amount of liquid that could be leaked In the second, low-flow, h@-pressure water jets are
used to dislodge wastes, which are removed with a trash pump.

Each of these (and other) LDMM technologies has been discussed in the context of its
relationshipto the others. A “selection matrix” preparedfor this report identifies the LLDM
technology (or technologies) that is most compatible with each of the retrieval methods
currently being ccmsidered.

Estimates of deployment and performance arebest made by demonstration and evaluation.
Accordingly, it is recommended that a further investigation be undertaken to better quanti~
the expected performance and costlrenefit aspects of the following LDMM technologies: (1)
static and inventory-based volumetric systems, andHDD deployed tracer,ERT and other
borehole technologies for leak detection and monitoring and (2) deployment of self-priming
submersible pumps in sludge and salt cake,

It is recommended here that, in the cases where these concepts can be applied to the LDMM
systems, the EPA’s PD and PFA terminology be adopted at Hanford, and that the detection
criteriaand test frequency be developed as necessaryto meet Hanford’s unique testing
requirements, It is also remrnmended that bench-scaletests of LDMM technologies be
undertakento validate the tindings presented in this report,
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