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EXECUTIVE SUMMARY

This report describes the findings of an independechnical review (ITR) team that
investigated operational irregularities at the Eowmental Restoration Disposal Facility (ERDF)
at Hanford. These irregularities included (i) dia#l to recognize that pumps for the leachate
collection system were not functioning for an exewh period and (ii) falsification of
compaction data by technicians responsible for toang waste placement in the ERDF. Other
issues related to compaction of the waste werecalssidered by the ITR team.

The ITR team concluded that Washington Closure étah{WCH) and Stoller Corporation
(Stoller) identified key issues that led to falssfiion of the compaction data and have proposed a
management plan that will greatly reduce the proihalof data falsification henceforth. The
level of oversight included in the management psaaufficient to preclude independent third-
party compaction testing. The ITR team also cahetuthat the plan proposed by WCH and
Stoller to manage leachate pumping will minimize tikelihood of unrecognized pumping
system failures and excessive leachate depth iERi2F. However, the ITR team also believes
that the long-term effectiveness of these changegeh on permanent staff being assigned direct
oversight of these issues.

Because the compaction data were falsified fondeneled period, the ITR team concluded that
significant uncertainty exists regarding the apibf the waste to provide effective support for
the final cover ultimately to be placed on the ERDIWCH has proposed a field test that will
address this issueeRDF Placement Optimization and Settlement Monitoring Test). The ITR
team believes that the outcomes of this test, alitly a settlement-monitoring program on the
existing filled cells, will provide insight into éhability of the existing waste to support the ffina
cover. This field test can also be used to agbessuitability of the 3:1 soil-debris ratio andlwi
provide the information needed to develop a peréoroe-based method for waste placement.
Development of a performance-based approach isgtresupported by the ITR team, as this
methodology will result in more effective wasteqaement and will eliminate many of the issues
that led to data falsification. The performancedsh method will also eliminate the need for
density measurements with a nuclear densometerchwhave little value for assessing
compaction of the heterogeneous mixture contaitange particles that is being placed in the
ERDF.

The ITR team also considered the soil pressureinagent and the weight of the compactor in
the context of effective compaction of the wast®oil pressure is the key factor influencing
crushing of materials during compaction; compactaight controls the depth to which

compaction occurs. Conclusions regarding the Islitiaof the current equipment requirements
could not be made with the existing information.owéver, the ITR team believes that the
outcome of the field test proposed by WCH will gaevthe insight needed to determine if the
current requirements for compaction equipment atisfactory.

Based on the review, the ITR team recommends that:

 permanent staff be assigned to the tasks asedciaith each of the operational and
management changes that have been proposed bgrttnaator,



an automated system be installed to monitor le@ctiepth in the ERDF,

an estimate be made of the amount of additieetdge from the ERDF that occurred due
to the pumping failure,

the proposedERDF Placement Optimization and Settlement Monitoring Test be conducted
in the near future and that the ITR team reviewddia and outcomes of the test,

a performance-based method for compaction comeotleveloped that will eliminate the
need for density testing,

a settlement monitoring program be implementefilled cells and that data collected from
this monitoring program be used to assess whethgr fpling practices have resulted in a
waste fill that will support the final cover, and

the equipment used to place the waste employ k&RR8d grade control and stiffness-based
instruments to assess filling and compaction diyeghile the equipment is operating.
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INTRODUCTION

The Office of Environmental Management (EM) of th& Department of Energy (DOE)
convened an Independent Technical Review (ITR) $sess the impacts of operational
irregularities that were recently discovered at Hmvironmental Restoration Disposal Facility
(ERDF) at Hanford. These irregularities included:

. deviations from the waste placement plan;

. falsification of compaction test data;

. guestions about the adequacy of compaction tesdimd;

. failure of the leachate collection system to operas designed, and the inability of

operating personnel to recognize that the systemneafunctioning.

The ITR team conducted a site visit on 13 March720During this visit, the ITR team met with

representatives of the US Environmental Protecigency (EPA) involved with oversight of

the ERDF, received a detailed briefing from the ER@perations staff, and participated in a
brief tour of the facility. Following the site visthe ITR team reviewed extensive technical
documentation regarding the design and operatiegheoERDF.

The ITR team was composed of three experts in westgainment, civil engineering, and
geotechnical engineering: Craig H. Benson, PhD(&versity of Wisconsin; Madison, WI),
William H. Albright, PhD (Desert Research Instituieno, NV), and David P. Ray, PE (US
Army Corps of Engineers; Omaha, NE). Brief curticn vitae for the members of the ITR team
are contained in Appendix A.

BACKGROUND
Environmental Restoration Disposal Facility

The ERDF is a large-scale disposal facility authexti by the EPA and the Washington State
Department of Ecology to receive waste from Hanfdehnup activities. ERDF is operated by
Stoller Corporation (Stoller) under subcontract \idashington Closure Hanford (WCH).
Currently, six disposal cells comprise the ERDFthwiour more cells being planned for
construction by WCH. Approximately 6.1 million M@.8 million tons) of waste, with
approximately 1.4 million GBq (39,000 Ci) of radab@ity, have been placed in the ERDF.

The cells are each 152 m (500 ft) square at thipt21 m (70 ft) deep, and over 304 m (1000
ft) wide at the surface. The cells are doubleddinvith a RCRA Subtitle C-type liner and have
a leachate collection system. An interim cover b@sn placed over filled portions of the first
two cells. The capacity of the initial six-celtsq.2 million Mg (8 million tons).



After the ERDF is filled, a final cover will be mlad over the entire facility to provide isolation
from humans and other biota at the surface andrtiv percolation of water into the entombed
waste. The design of the final cover has not genlbcompleted.

Sour ce of Concern

An event occurred in May 2006 that affected the psimhat are designed to operate
automatically when the level of leachate excee@sgibed settings. Stoller management did
not discover the inoperable leachate pumps untdeD#wer 2006, although technicians were
aware of, and had recorded, the lack of flow friwea pumps.

Subsequently, Stoller conducted an extensive managieassessment in response to this event,
during which they discovered that some of the caripa test data did not correspond to the
Radiological Control Technician records of entrjoithe contaminated area where compaction
tests are performed. When the technician who weaponsible for taking these tests was
confronted with this discrepancy, he confessedatorty not performed the compaction tests and
indicated that he fabricated the data. On 20 Déeer2006, Stoller transmitted an assessment to
WCH indicating that compaction testing was not ctatga for two weeks in October and all of
November 2006.

DOE and EPA were notified of the lack of leachatenping on 21 December 2006 and the

falsification of compaction data on 12 January 200VCH placed the ERDF in a standby mode
on 15 January 2007. In response, EPA verbally segaonditions for a limited restart. On 19

January 2007, with the consent of EPA, Stoller mesai limited waste placement at an area in the
trench that had not yet been used.

LINES OF INQUIRY

DOE requested that the ITR team consider severs lofeinquiry (LOI) pertaining to the
operational irregularities at the ERDF. Findindgstlte ITR team for each of these LOI are
described in this section. These findings weresgmeed at briefings held at Hanford (7 June
2007) and in Washington, DC (13 June 2007). Thesgmtation made at these briefings is in
Appendix B.

LOI No. 1. Validate Scope of Identified Problems

Do the results of the root cause analysis, conducted by the contractor in January 2007, represent
a complete set of reasons for current concerns related to compaction documentation and
monitoring of the leachate level in the ERDF?

Compaction:

The root cause analysis conducted by the contraetseribes the investigation into reasons why
the falsification of compaction data went undetéditm several months. Shortcomings in past



procedures (e.g., lack of accountability of thecgutiractor, lack of visual verification of testing)
are documented. The changes proposed by the cturird implemented, appear sufficient to
provide confidence that the prescribed testing belperformed in the future.

Leachate L evels:

The January 2007 root cause analysis did not asldeegors contributing to failure of the

leachate pumping system or the contractor’s inghiti identify that pumping was not occurring

for an extended period. The precise reason foptimep failure remains unknown, although the
primary hypothesis is that damage was caused lghtning strike. Subsequent analyses did
indicate that the problem would have been noticed kthe pumping rate been regularly
compared to historical pumping rates. The combrattas proposed making this type of
comparison henceforth.

LOI No. 2. Assess Contractor Evaluation of the Elevated L eachate Level on the Landfill
Liner

Are the contractor evaluations adequate for assessing the impact of exceeding the operating
limits above the landfill liner as a result of leachate pump failure from May through December
20067

The contractor analyzed the impacts of the excedseachate level by (i) comparing the quantity
of liquid that collected in the leak detection zdh®2Z) relative to the action leakage rate (ALR)
and (i) examining the load placed on the liningteyn by the additional liquid in the landfill.
Neither of these analyses assesses the most sagrifimpact associated with the elevated
leachate level (i.e., did the excessive leachat lsause additional leakage from the ERDF?)

An analysis of leakage would consider the amountvafer that collected in the LDZ and
determine the fraction of this water that leakedfrthe secondary liner in the ERDF. A
comparison of the liquid quantity in the LDZ to thdR (as done by the contractor) is
inadequate alone, because this analysis does nsiden that some of the liquid in the LDZ may
have leaked from the secondary liner during theodewhen the pumps were not operational.
Because the secondary liner employs a compositeebaystem, any additional leakage due to
the excessive leachate level probably was neghgibNevertheless, an analysis should be
conducted to estimate the amount of additionaldgakhat occurred.

The analysis regarding the additional loads impasethe liner by the excessive leachate level
is not particularly relevant. The load appliedthg waste being placed in the ERDF, which is
largely earthen material, is far greater than waudr be applied by an excessive accumulation
of leachate. The trivial magnitude of this addiabload is illustrated in the analysis and the
conclusions that have been proffered by the cotutrac



LOI No. 3. Evaluate Adequacy of Landfill Performance in View of the Discovered
Falsified Compaction Data and Potential L eachate L evel Problems

Compaction:

Have the impacts of problems discovered regarding compaction been adequately analyzed by the
contractor?

The analysis conducted by the contractor indicdtasthe compaction testing results for much

of the waste placement between January 2002 ancada@007 are questionable, at best. A

considerable portion of the data was falsified, amanany cases where measurements were
made, the technician was re-doing tests to findraa that met the compaction criteria. Both of

these actions cast considerable doubt on the Hélatf the density testing during this period.

The contractor has performed a large-sdalesitu density test in an attempt to verify the
compaction. A test pit was also excavated to iospgee compacted material visually. Large-
scalein situ tests of this type are the best direct method dterchinein situ density and
thoroughness of compaction for material containisge particles, such as the waste being
placed in the ERDF. Although the ITR team had ssvgquestions about how this test was
conducted and how the data were interpreted, thlerésults do suggest that the waste was
adequately compacted in the area that was tedtedvever, the test was conducted at a single
location and near the surface. Thus, a conclugigarding the adequacy of compaction in other
regions of the waste fill cannot be made based@rsingle test. Other testing methodologies or
demonstrations are needed to confirm that the westdoeen compacted adequately. ERBF
Placement Optimization and Settlement Monitoring Test proposed by the contractor should
provide important insights into the potential imgadif any) associated with the lack of
compaction monitoring.

Remedial actions may be required if tlE#RDF Placement Optimization and Settlement
Monitoring Test indicates that the waste is inadequately compact&dsummary of potential
remedies is included in Appendix C.

Are the investigative and remedial measures proposed by the contractor adequate to mitigate
concerns about whether the compacted fill will provide adequate support for the final cover in
the context of the expected performance of the ERDF?

The only investigative measure regarding the adggohthe compacted fill appears to be the
situ density test described previously. No other appinoto determine whether the existing
waste will provide adequate support for the covaswliscovered by the ITR team. The ITR
team does believe, however, that BERDF Placement Optimization and Settlement Monitoring

Test proposed by the contractor should provide strondemce regarding the adequacy of the
compacted waste to provide support for the finakeco The ITR team also believes that a survey
grid should be established on the completed celhat settlement of the waste mass can be
measured on a monthly basis. Favorable resulta free ERDF Placement Optimization and
Settlement Monitoring Test and a long-term settlement-monitoring program \dgotovide an



indication that the methods previously used to @land compact the waste at ERDF are
providing adequate compaction.

The contractor has also proposed shifting from rasite test methodology to a performance-
based placement specification to confirm adequatepaction of the waste. This specification
will be developed as part of the proposeRDF Placement Optimization and Settlement
Monitoring Test. The performance-based specification method welyiused in practice to
place and compact materials in civil engineeringdtires, and is developed by constructing a
test fill to determine the number of passes reguiceoptimize compaction using the equipment
and materials proposed for the project. The optwimn process must focus on the goal of the
test fill (in this case, to preclude unacceptahbféekntial settlement within the final landfill
cover system).

The ITR team believes that the density methodolbgy has been used to evaluate compaction
at the ERDF has many technical flaws and is of tjmgble value. The performance-based
methodology proposed by the contractor is a mudtebapproach to control compaction of the
waste. This approach will ensure that the wasteommpacted in a consistent and uniform
manner, and will avoid many of the problems witmgley testing that led to data falsification.
However, the performance-based methodology musielveloped in the context of acceptable
requirements for the final cover actually to becpthon ERDF.

Leachate Levels:

Have the impacts of problems discovered regarding leachate level been adequately analyzed by
the contractor?

This issue is covered by the response to LOI No. 2.

Are the investigative and remedial measures proposed by the contractor adequate to mitigate
concerns about the adequacy of leachate levels, and how these levels may affect the expected
performance of the ERDF?

The contractor has proposed a manual pumping regimdea data analysis approach to ensure
that leachate levels remain below the maximum pssiblie level. The pumping regimen is
intended to ensure that the system is pumped egudar basis. The data analysis will compare
current pumped volumes to historical volumes. igant deviations between pumped volumes
and historical volumes would precipitate additionmatestigation. The proposed approach is
simple, reasonable, and should be effective pravitteat historical leachate volumes are
consistent with past volumes.

Even with these measures, however, excessive lEadhsels could be realized if the rate of
leachate generation increases (for some unknowsomg¢aand the automatic pumping system
fails between pumping events. A better approadb isstall a system to monitor the leachate
level directly with real-time remote output. Siarilsystems are commonly used in industrial
settings, and can be installed at relatively lovgtcoMoreover, the system would provide a
continuous record of the leachate level in the ER&&tive to the maximum permissible level.



LOI No. 4. Validate Adequacy of Landfill Waste Debrisand Contaminated Soil Mix

Will the continued use of a 3:1 ratio of contaminated soil to debris provide adequate support for
the final cover in the context of the expected performance of the ERDF?

Field observations made by the contractor in téstgxcavated into previously placed waste that
contained debris showed that the debris were sodexl by soil. However, documentation has
not been provided to confirm that the 3:1 ratial(8mdebris), or the number of containers over
which this ratio can be averaged (24), is adequmaseipport the final cover for the ERDF. The
test fill being proposed by the contractor for depeng the performance-based compaction
methodology (i.e., th&RDF Placement Optimization and Settlement Monitoring Test) can be
used to address this question.

LOI No. 5. Assessthe Adequacy of the Compaction Method

Is the compaction criterion adequately prescribed and properly defined in the current
specifications?

The compaction criterion is clearly described agvan percentage of the maximum dry density
of the reference material (SWL sand). However diiterion was developed based on a series of
laboratory tests on soil using a relatively ragterof loading. In contrast, the waste fill cotssis
of a mixture of soil and debris and is loaded sfowlMoreover, simplifying assumptions
regarding secondary compression were made whecriteeion was developed. Consequently,
the relevancy of the criterion is questionable. ditidnal information or demonstrations are
needed to verify that the compaction criterion deguate. Data collected from the proposed
ERDF Placement Optimization and Settlement Monitoring Test will be useful for addressing this
guestion.

Has the use of a soil pressure requirement been sufficient to achieve adequate compaction at
ERDF in the past?

The soil pressure requirement has not been direethted to the compaction criterion. The
compaction requirement has always been to achieleast 90% compaction per ASTM D 1557
using the SWL Medium Sand compaction curve refeedndn the ERDF Waste
Placement/Disposal Specification. A test program was conducted by the contracteefERDF
Interim Operations Test) to evaluate the effectiveness of compaction ustugpment that meets
the soil pressure requirement (a John Deere 1050i@ozer with a track pressure >16 psi).
Density tests conducted in the test area indicdtatd5 to 7 passes with the John Deere 1050C
over a 16-inch lift are sufficient to achieve ade90% relative compaction per ASTM D 1557.
However, this test was conducted using soil aloree, (daily operational cover) rather than a
soil-debris mixture. Thus, the relevance of théisdings to compaction of the mixture being
placed in the ERDF is unknown.

The root cause analysis indicates that the tecdmisesponsible for compaction control in the
ERDF frequently experienced difficulty obtainingsatisfactory compaction test result even



though the equipment being used met the soil pressguirement. Based on this experience, a
reasonable conclusion is that the soil pressurein@gent may not sufficient to ensure that
adequate compaction of the soil-debris mixture dpgilaced in the ERDF. Results of the test
proposed by the contractor for performance-basadephent of the wast&ERDF Placement
Optimization and Settlement Monitoring Test) will help identify whether the equipment and
methods being used are appropriate and whetherf@mmance-based operational procedure can
be used in lieu of density testing.

Does the contractor need to modify the compaction specifications?

The information currently available is insufficietd confirm that the existing compaction
specification is adequate to ensure that the wastgrovide a stable foundation for the final
cover to be placed on the ERDF. Such a specificateeds to be developed. Results of the test
proposed by the contractor for performance-basadephent of the wast&ERDF Placement
Optimization and Settlement Monitoring Test) will help identify a specification or methodology
that is appropriate.

Are there valid reasons (e.g., debris crushing) to require a heavier compactor than the
compactor required to achieve sufficient soil pressure for compaction?

A heavier compactor will compact the waste overeater depth. Thus, a heavier compactor
can provide more effective densification of the t@aparticularly when thicker lifts are used.
However, no definitive information is available iodting that the waste has been compacted
insufficiently (or sufficiently) to provide stablsupport for the final cover. Thus, from the
perspective of densification, a conclusion regagydire need for a heavier compactor cannot be
made at this time. This question may be answera® whefinitively once data are collected from
the propose@&RDF Placement Optimization and Settlement Monitoring Test.

Crushing of material in the waste is primarilyumdtion of the track pressure. Therefore, from
the perspective of crushing, there is no advantagesing a heavier compactor relative to a
lighter compactor if the track pressure is the same

LOI No. 6. Assessthe Adequacy of the Compaction Testing and Monitoring

Is testing with a nuclear density gauge necessary or appropriate for evaluating compaction of
thefill placed in the ERDF?

The present information that is available is insight to determine whether density testing with
a nuclear densometer, or any other device that unesmsdensity over a small volume, is
appropriate for evaluating compaction of the waddeed in the ERDF. The placement of larger
materials in the ERDF has the potential to creaids/or areas of insufficient compaction that
could go undetected using a device that measunesitdeover a small volume, such as the
nuclear densometer. This is particularly true whetlensometer is used in backscatter mode.
Results of the test proposed by the contractomp@aformance-based placement of the waste
(ERDF Placement Optimization and Settlement Monitoring Test) will assist in making this



determination. A likely outcome is that a performoe-based operational specification is more
appropriate than point measurements made with leawudensometer or similar device.

Should an independent third party be evaluating compaction of the fill placed in the ERDF?

If the contractor implements the proposed changegheir operational and management
procedures (e.g., daily oversight, management glawee, shadow program), there is no need
for an independent third party to evaluate compaotif the waste being placed in the ERDF.

How often should compaction testing be performed?

The frequency of compaction testing that is neagsdapends on the method that is used and the
importance of adequate compaction to satisfacteryopmance of the facility. When small-
scale measurement methods (such as a nuclear detespare used for compaction control, and
compaction of the material is critical to ensureequhte performance, compaction testing is
typically conducted on each lift at a rate of oestper 10,000 %tof material placed. Methods
that test larger volumes of material can be coratutdss frequently. However, regardless of the
method being used, at least one test should beuctettiper shift or whenever the characteristics
of the waste or the placement method change stgunifly.

When a performance-based placement specificatiarsasl for compaction control, the testing
frequency essentially becomes continuous providetkcanician or inspector continuously
observes the placement operation. This type ofrogmh is a likely outcome OERDF
Placement Optimization and Settlement Monitoring Test proposed by the contractor. Adoption
of the performance-based approach would elimirntaented for density testing with a nuclear
densometer or similar device, and thereby makésthe of testing frequency moot.

LOI No. 7. ldentify Adequacy of Proposed M anagement Actions

Are the programmatic changes proposed by the contractor adequate to ensure the problems
associated with compaction and leachate levels will not occur again?

The contractor is implementing modifications toith@anagement systems to ensure that the
problems associated with the compaction testing l@agdhate levels will not occur again.
Progress towards their completion is assessed ghrtiue ERDF Corrective Action Tracking
system.

Revised Procedures:

The contractor has revised numerous plans and topgarocedures in response to the recently
discovered problems with compaction testing andHate collection. These include more
specific instructions on configuration managemdrnges, as well as notification on findings
associated with internal and external assessmemtsaadits; new requirements to identify
potential environmental, safety, and health hazayeiserated by design changes; additional



instruction on developing or revising procedures dddress operational changes; and
modifications to the operation, monitoring, andlgsia of leachate collection system data.

The Quality Assurance Project Plan (QAPjP) includesew section — 3.5.6 Data Collection and
Reporting — which states that all quality signifitalata will require a secondary verification
check by the work supervisor to demonstrate contgrof data and information using the
appropriate data check sheets. The provision eppgb daily verification of air monitoring
equipment, facility maintenance inspections, letehallection inspections, and compaction
testing. The section further states that evidesfceonformity with the acceptance criteria is
maintained in the records and indicates the peasimorizing the release of the data as well as
the primary, secondary verification, and data sheetstly, the QAPjP contains new provisions
for periodic review of any data generation methimdsnsure that such methods address customer
satisfaction, conformity to data and informatiomugements, and process trends — including
opportunities for preventive action.

Employee Training:

The contractor has instituted additional trainiogghsure personnel are fully aware of any recent
changes to operating procedures and to re-emphtmsazenportance of the proper conduct of
operations (including monitoring and testing respbitities) in assuring compliance with all
applicable requirements. This training has inctuétamal classroom sessions, as well as less
structured tailgate and one-on-one instructionhi@ field. Training has been documented in
accordance with procedures. The Training Plan been revised to include more specific
categories of personnel. The required trainingrimaicludes minimum mandatory training and
required reading, as well as the training frequenty addition, the revised training matrix is
broken down by function-specific job categoriedeasl of the more generic -- line management,
supervisors, waste disposal personnel, drivers,ddiice personnel categories used in the old
plan.

Operational Oversight:

Stoller has increased daily oversight of key atiigirelating to compaction testing and leachate
monitoring. Moreover, by adding an Operations Mgarathe Site Superintendent has assumed
additional direct supervision of craft personn&toller also has identified more staff that will
conduct compaction tests and provide quality asserand subcontractor oversight. In those
instances in which Stoller personnel are tempgradting in these positions, designation of
permanent staff will be critical to ensure longatgperformance of the oversight functions.

WCH also has instituted a shadow program — progigit another level of oversight in addition
to Stoller personnel — to confirm that disposatilfiy infrastructure, maintenance, and waste
handling operations are conducted in accordande ieguirements. The shadow program will
be phased out once WCH determines that Stolleropees are consistently adhering to
procedures to ensure full compliance. There do¢sppear to be any documentation regarding
the specific criteria that WCH will use to makestlidetermination. WCH is in the process of
developing a more rigorous surveillance prograna asiccessor to the shadow program. This
program will reportedly involve frequent direct epgation, formal checklists, and periodic



independent focused assessments; however, documentan the specific aspects of the
program has not been finalized.

LESSONSLEARNED

A number of important lessons have been learnguhesof this review. These lessons, which
are summarized in this section, are relevant toBR®F as well as other landfill operations at
DOE facilities.

» Performance-based specifications can permit betietrol of waste compaction operations
and monitoring.

* Automation (e.g., compaction monitoring, leachatenitoring) reduces reliance on human
factors, and can result in more effective operation

* Flexible caps may provide better protection fronfoveseen and uneven landfill settlements,
and therefore have a greater likelihood for renrmgraffective throughout their design life.

» Although not specifically reviewed, automation o&ste monitoring at landfill entry may
avoid unintentional landfilling of non-compliant ste.

* Review of landfill operations at other DOE facési is recommended to increase their
reliability and cost-effectiveness. These revislsuld include an assessment of compaction
operations, the design and operation of leachatéection systems, the design and
construction of liners and caps, and waste acceptaronitoring. Site-specific issues should
also be considered. Applied studies should be wded to support changes in operations
based on these reviews.

* Personnel involved in landfill operations at DOEiliies need to be cognizant of the
rationale and importance associated with the varamtivities for which they are responsible,
and how these activities are related to the longrtperformance of the landfill. This
perspective will focus personnel on accomplishhgjrtactivities properly and thoughtfully.

 Many DOE landfills have been designed very congex@iy and do not account for the
effectiveness of modern barrier systems. Reviewihi policy and reconsidering
performance assessments may permit more costieffexgierations.

* Long-term performance of landfills is an importassue in the context of long-term
stewardship. There is an urgent need for morernmétion regarding the performance of
barrier systems used in DOE landfills over varibose-scales.

 DOE-EM manages large and long-term projects thatake decades to complete. Methods

and specifications developed early on may not levaat or efficient in later years. Periodic
review and updating of methods and specificatismecommended.
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CONCLUSIONSAND RECOMMENDATIONS

Based on the review conducted, the ITR team makes following conclusions and
recommendations:

1. The ITR team believes that the operational aramhagement changes that have been
proposed (e.g., daily oversight, management slanei, shadow program) significantly
reduce the possibility for data falsification inethuture. These activities should be
continued. Moreover, to ensure that these chamagesinstitutionalized, the ITR team
recommends that permanent staff be assigned tdasles associated with each of the
operational and management changes.

2. The ITR team believes that the proposed progmpump the leachate collection system
regularly will greatly reduce the possibility thestcessive leachate depths will occur in the
ERDF in the future. However, the ITR team recomdsethat an automated system be
installed to monitoring leachate depth in the ERDFhe ITR team also recommends that
WCH estimate the amount of additional leakage ftbe ERDF that occurred due to the
pumping failure.

3. The ITR team believes that the propo&RDF Placement Optimization and Settlement
Monitoring Test will provide important insights needed to addresmy of the unresolved
issues related to the waste placement method &udability of equipment, suitability of
soil-debris ratio, need for density testing, etdhe test will also provide the data needed to
(i) evaluate whether the placement methods useetdfere have resulted in a waste mass
that will support the final cover for the ERDF aiiglto develop a performance-based waste
placement method. The ITR team recommends thaffitdd test be conducted in the near
future and that the team review the data and outsashthe test.

4. The ITR team recommends that the performanceebasethod for waste placement be
developed. This methodology is consistent with emndapproaches being used for other
earthen fills and will result in a more effectivebompacted waste mass. Use of a
performance-based method will also eliminate thedrfer density testing and will preclude
many of the issues that led to data falsificatiothie past.

5. The ITR team recommends that WCH implement tesatnt monitoring program in the
filled cells and that data collected from this ntoring program be used to assess whether
past filling practices have resulted in a wastethiat will support the final cover. The ITR
team recommends that this monitoring program betuhsd in the near future and that the
team periodically review the data and outcomesefprogram.

6. The ITR team recommends that WCH and Stollercosepaction equipment that employs
GPS-based grade control and stiffness-based insigno assess compaction directly
while the equipment is operating. These featureslavprovide a continuous record of
filling and continuous assessment of the degreeaste compaction.

11



Appendix A: Resumes of the | TR Team

12



Craig H. Benson, PhD, PE

Professor 2214 Engineering Hall

Civil and Environmental Engineering 1415 Engineering Drive
Geological Engineering Madison, Wisconsin 53706 USA
University of Wisconsin-Madison (608) 262-7242, F-(608) 263-2453

benson@engr.wisc.edu

EDUCATION

B.S., Lehigh University — 1985
M.S., University of Texas at Austin — 1987 (Civil Engineering, Geotechnical/Geoenvironmental)
Ph.D., University of Texas at Austin — 1989 (Civil Engineering, Geotechnical/Geoenvironmental)

POSITIONS

University of Wisconsin-Madison
+  Chairman, Geological Engineering, July 2007 to Present.

* Associate Chairman for Environmental Science and Engineering, Dept. of Civil and Environmental
Engineering — July 2004 to July 2007.

+  Professor of Civil and Environmental Engineering, Professor of Geological Engineering — February
2000 to Present

+  Associate Professor of Civil and Environmental Engineering, Associate Professor of Geological
Engineering — May 1995 to January 2000

*  Assistant Professor of Civil and Environmental Engineering, Assistant Professor of Geological
Engineering — January 1990 to May 1995

CONSULTING ENGINEERING EXPERIENCE

Dr Benson has served as a consultant on more than eighty projects for government and industry in the
United States and abroad. His consulting work includes specialty design and analysis, peer review,
prototype and field testing of new technologies, forensic engineering, and litigation support. In addition,
he holds two patents for equipment and methods used in testing of hydraulic conductivity and pressure
plate extraction.

RECENT RELEVANT PUBLICATIONS (AS FIRST AUTHOR ONLY)

Refereed Journal Articles

Benson, C., Thorstad, P., Jo, H., and Rock, S. (2007), Hydraulic Performance of Geosynthetic Clay Liners
in a Landfill Final Cover, J. Geotech. and Geoenvironmental Eng., in press.

Benson, C., Barlaz, M., Lane, D., and Rawe, ]. (2007), Practice Review of Five Bioreactor/Recirculation
Landfills, Waste Management, 27(1), 13-29.
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Benson, C., Sawangsuriya, A., Trzebiatowski, B., and Albright, W. (2007), Post-Construction Changes in
the Hydraulic Properties of Water Balance Cover Soils, |. Geotech. and Geoenvironmental Eng., in press.

Benson, C., Abichou, T., and Jo, H. (2004), Forensic Analysis of Excessive Leakage from Lagoons Lined
with a Composite GCL, Geosynthetics International, 11(3), 242-252.

Benson, C. (2001), Waste Containment: Strategies and Performance, Australian Geomechanics, 36(4), 1-25.

Benson, C., Abichou, T., Albright, W., Gee, G., and Roesler, A. (2001), Field Evaluation of Alternative
Earthen Final Covers, International |. Phytoremediation, 3(1), 1-21.

Refereed Conference Papers

Benson, C. (2007), Modeling Unsaturated Flow and Atmospheric Interactions, Theoretical and Numerical
Unsaturated Soil Mechanics, T. Schanz, Ed., Springer, Berlin, 187-202

Benson, C. and Wang, X. (2006), Temperature-Compensating Calibration Procedure for Water Content
Reflectometers, Proceedings TDR 2006: 3rd International Symposium and Workshop on Time Domain
Reflectometry for Innovative Soils Applications, Purdue University, West Lafayette, IN, USA, 50-1 - 5-16.

Benson, C., Bohnhoff, G., Ogorzalek, A., Shackelford, C., Apiwantragoon, P., and Albright, W. (2005),
Field Data and Model Predictions for an Alternative Cover, Waste Containment and Remediation, GSP No.
142, A. Alshawabkeh et al., eds., ASCE, Reston, VA, 1-12.

Benson, C., Tipton, R., Kumthekar, U., and Chiou, J. (2003), Web-Based Remote Monitoring System for
Long-Term Stewardship of a Low-Level Radioactive Waste Land(fill, Proc. Ninth International Conference
on Radioactive Waste Management and Environmental Remediation, ASME, 516, 1-6.

Benson, C. and Chen, C. (2003), Selecting the Thickness of Monolithic Earthen Covers for Waste
Containment, Soil and Rock America 2003, Verlag Gluck auf GMBH, Essen, Germany, 1397-1404.

Benson, C. (2002), Containment Systems: Lessons Learned from North American Failures, Environmental
Geotechnics (4 ICEG), Swets and Zeitlinger, Lisse, 1095-1112.

Benson, C., Albright, W., Roesler, A., and Abichou, T. (2002), Evaluation of Final Cover Performance:
Field Data from the Alternative Cover Assessment Program (ACAP), Proc. Waste Management ‘02,
Tucson, AZ.

Benson, C. and Boutwell, G. (2000), Compaction Conditions and Scale-Dependent Hydraulic
Conductivity of Compacted Clay Liners, Constructing and Controlling Compaction of Earth Fills, ASTM
STP 1384, D. Shanklin, K. Rademacher, and J. Talbot, Eds., ASTM, 254-273.

Reports

Benson, C., Barlaz, M., Lane, D., and Rawe, ]. (2003), State-of-the-Practice Review of Bioreactor Landfills,
Geo Engineering Report 03-05, Dept. of Civil and Environmental Engineering, University of Wisconsin-
Madison.
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Benson, C., Abichou, T., Wang, X., Gee, G., and Albright, W. (1999), Test Section Installation Instructions
— Alternative Cover Assessment Program, Environmental Geotechnics Report 99-3, Dept. of Civil &
Environmental Engineering, University of Wisconsin-Madison.

Benson, C. and Wang, X. (1998), Soil Water Characteristic Curves for Solid Waste, Environmental
Geotechnics Report 98-13, Dept. of Civil and Environmental Engineering, University of Wisconsin-
Madison.

Benson, C., Albrecht, B., Motan, E., and Querio, A. (1998), Equivalency Assessment for an Alternative
Final Cover Proposed for the Greater Wenatchee Regional Landfill and Recycling Center,
Environmental Geotechnics Report 98-6, Dept. of Civil and Environmental Engineering, University of
Wisconsin-Madison.

Benson, C. (1998), Comparison of the Effectiveness of Prescriptive and Alternative Covers: Mead Paper,
Escanaba, Michigan, Environmental Geotechnics Report 98-13 Dept. of Civil and Environmental
Engineering, University of Wisconsin-Madison.

Benson, C. (1997), A Review of Alternative Landfill Cover Demonstrations, Environmental Geotechnics
Report 97-1, Dept. of Civil and Environmental Engineering, University of Wisconsin-Madison.

Benson, C. and Hill, T. (1997), Results of Field Hydraulic Conductivity Tests Conducted on Mine Backfill:
Flambeau Mine, Environmental Geotechnics Report 97-4, Dept. of Civil and Environmental
Engineering, University of Wisconsin-Madison.

Benson, C. and Wang, X. (1997), Assessment of Green Sands from Wagner Castings Co. as Barrier
Materials for Landfill Covers, Environmental Geotechnics Report 97-8, Dept. of Civil and
Environmental Engineering, University of Wisconsin-Madison.

Benson, C. and Wang, X. (1996), Field Hydraulic Conductivity Assessment of the NCASI Final Cover Test
Plots, Environmental Geotechnics Report 96-9, Dept. of Civil and Environmental Engineering,
University of Wisconsin-Madison.

Benson, C. (1996), Final Cover Hydrologic Evaluation - Project Summary, Environmental Geotechnics
Report 96-4, Dept. of Civil and Environmental Engineering, University of Wisconsin-Madison.

Benson, C. (1994), Assessment of Air Permeability and Freeze-Thaw Resistance of Soils Proposed for Use
in the Final Cover at Greater Wenatchee Regional Landfill, Environmental Geotechnics Report 94-3,
Department of Civil and Environmental Engineering, University of Wisconsin-Madison.

Benson, C., Khire, M., and Bosscher, P. (1993), Final Cover Hydrologic Evaluation: Phase II - Final Report,
Environmental Geotechnics Report 93-4, Department of Civil and Environmental Engineering,
University of Wisconsin-Madison.

RELEVANT PUBLICATIONS - CONTRIBUTING AUTHOR

Dr. Benson has made significant contributions to more than 100 additional relevant publications
including conference papers, journal articles, reports, standards, and reviews.
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Bill. Albright@dri.edu

EDUCATION

B.S., University of California, Davis — 1976 (Environmental Toxicology)
M.S., University of Nevada, Reno — 1995 (Hydrogeology)

Ph.D., University of Nevada, Reno - 2005 (Hydrogeology)
POSITIONS

Desert Research Institute

»  Associate Research Hydrogeologist, Division of Hydrologic Sciences (DHS), Nevada System of
Higher Education — 2002 to Present

»  Served as Faculty Senate chair — 2001 & 2007
»  Assistant Research Hydrogeologist, DHS — 1997 to 2002
+  Staff Hydrogeologist, DHS — 1990 to 1997

+  Staff Chemist, Division of Earth and Ecosystem Sciences — 1987 to 1990

Staff Chemist, Division of Atmospheric Sciences — 1980 to 1987

CONSULTING EXPERIENCE

Dr. Albright has reviewed articles on behalf of the Water Resources Research, Journal of Geotechnical and
Geoenvironmental Engineering, Waste Management, Canadian Geotechnical Journal, and the Vadose Zone Journal.
He served as co-Principal Investigator with Alan McKay on the development of a wastewater irrigation
program for Alpine County, Nevada to assess the field effects of the South Tahoe Public Utilities
Division’s wastewater disposal program. He also developed guidance for the state of Nevada on design
and numerical modeling of landfill covers. He helped develop the concept of alternative cover design
assessment for an EPA-funded program to provide field-scale data for the development of design
guidance, improved numerical modeling, and regulatory revision for the design and evaluation of solid
waste landfill covers. In addition, Dr. Albright directed an evaluation of evapotranspiration discharge in
the Smoke Creek Basin — a closed basin in northern Nevada.

RECENT RELEVANT PUBLICATIONS - PRIMARY AUTHOR

Albright, W., Benson, C., Gee, G., Abichou, T., Tyler, S., Rock. S., 2006. Field Performance of a Compacted
Clay Landfill Final Cover at a Humid Site. |. of Geotech. and Geoenv. Engr.
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Albright, W., Benson, C., Gee, G., Abichou, T., Tyler, S., Rock. S., 2006. Field Performance of Three
Compacted Clay Landfill Covers, Vadose Zone ].

Albright, W., Benson, C., Gee, G., Roesler, A., Abichou, T., Apiwantragoon, P., Lyles, B., and Rock,
S.,2004, Field Water Balance of Landfill Final Covers. . of Environmental Quality, 33; 2317.

Albright, W.H., C.H. Benson 2002. Alternative Cover Assessment Program, 2002 Annual Report. DRI
Report No. 41182. Desert Research Institute, Reno, NV.

Albright, W.H., G.W. Gee, G.V. Wilson, M.]. Fayer, 2002. Alternative Cover Assessment Project: Phase I
Report. DRI Report No. 41183. Desert Research Institute, Reno, NV.

Albright. W. H., SSW. Tyler, S. Hokett. 1997. Analysis of shallow soil moisture flux adjacent to the Area 5
radioactive waste management site. DRI Report #45150. Desert Research Institute, Reno, NV.

Albright, W. H. 1997. Application of the HYDRUS-2D model to landfill cover design in the State of
Nevada. DRI Report #41153, Desert Research Institute, Reno NV.

Albright, W. 2001. Alternative Engineered Earthen Final Cover Systems: Final Report. Prepared for:
California Integrated Waste Management Board. DRI Report #41168, Desert Research Institute, Reno
NV.

Refereed Conference Papers

Albright, W.H., Benson, C.H., 2006. Field Performance of Three Compacted Clay Landfill Covers.
Geological Society of America Annual Meeting, Abstracts with Programs Vol. 38, No. 7. Oct. 22-25,
2006, Philadelphia PA.

Albright, W.H., Benson, C.H., 2004. Field Water Balance of Final Landfill Covers: The USEPA’s
Alternative Cover Assessment Program (ACAP) in Proc. NATO/CCMS Conf. On Rehabilitation of Old
Landfills, 23-26 July, 2004, Cardiff, Wales.

Albright, W.H., Benson, C.H., Gee, G.W., 2003. Coast to Coast: Performance Data From the 11 ACAP
Sites. EPA Conference on Designing, Building and Regulating Evapotranspiration (ET) Landfill
Covers, March 9-10, 2004, Denver CO.

Albright, W., 1999. Alternative Landfill Covers: A Shift from Prescriptive Design to Descriptive Process.
Annual Meeting of the American Institute of Hydrology and the Fourth USA/CIS Joint Conference on
Environmental Hydrology and Hydrogeology.

Albright, W.H., Benson, C.H., Gee, G.W., Rock, S., 2000, Tests of Alternative Final Landfill Covers Using
Innovative Water Balance Monitoring Systems: Geological Society of America, Annual Meeting, Reno,
NV, Abstracts with Programs, vol. 32, no. 7, p. 126.
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EDUCATION
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M.S., University of Nebraska, Lincoln — 1986 (Civil Engineering)
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U.S. Army Corps of Engineers

»  Chief, Geotechnical Engineering and Sciences Branch, Omaha District — June 2006 to Present
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+  Senior Geotechnical Engineer, Foundations and Materials Section, Omaha District — December 1984
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CONSULTING ENGINEERING EXPERIENCE

Mr. Ray currently leads a team of 83 engineers, geologists, and scientists that provides geotechnical data
and design for military and civil works customers, and provides support to military and EPA customers
on hazardous, toxic, and radioactive waste (HTRW) remediation. He has overseen preparations for
design documents, analyses, and report deliverables for construction of HTRW containment structures
for Army, Navy, EPA, and other federal customers. The most notable projects include the Hazardous
Waste Landfill at Rocky Mountain Arsenal, the Old Landfill Cap Repair at Bainbridge NTS, and the
Jamaica Island Landfill Cover at Portsmouth Naval Shipyard. He also directed technical support in the
construction of over 30 HTRW containment facilities, including major evapotranspiration covers for Box
Canyon at Camp Pendleton and covers at Holloman AFB.

Mr. Ray prepared and taught cap/cover design and construction classes for Army and Navy, and
authored guide specifications for slurry wall and clay cover construction. He also reviewed and helped
prepare the Corps’ QA manual for construction of HTRW containment facilities.

He served as a Project Manager for the Rapid Response Section, which included the design of the Red
Water Cover at the West Virginia Ordnance Works. In addition, Mr. Ray performed design and technical
support for the construction of the cover for the Delaware Sand and Gravel Superfund Site in Delaware
and the clay cover for Schmalz Dump Superfund Site in Wisconsin. He also provided technical support
for the design and construction of the Basin F Site at Rocky Mountain Arsenal in Colorado, the Bruin
Lagoon Superfund Site in Pennsylvania, and the Moyer Superfund Site in Pennsylvania.
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