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DOE U.S. Department of Energy

DOE/NV U.S. Department of Energy, Nevada Operations Office
DQO Data Quality Objective
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EXECUTIVE SUMMARY

The Area 3 U-3ax/bl Disposal Unit, Corrective Action Unit (CAU) 110. which consists of one
Corrective Action Site 03-23-04, was closed in accordance with the reissued (November 2000)
Resource Conservation and Recovery Act (RCRA) Part B operational permit NEV HW009
(NDEP, 2000) and the Federal Facility Agreement and Consent Order (Nevada Division of
Environmental Protection [NDEP] et al., 1996). The U-3ax/bl is a historic disposal unit within
the Area 3 Radioactive Waste Management Site located on the Nevada Test Site (NTS). The
unit, which was formed by excavating the area between two subsidence craters (U-3ax and U-
3bl), was operationally closed in 1987. The U-3ax/bl disposal unit was closed under the RCRA,
as a hazardous waste landfill.

Existing records indicate that, from July 1968 to December 1987, U-3ax/bl received

2.3 x 10" cubic meters (8.12 x 10° cubic feet) of waste. NTS nuclear device testing generated
approxiraately 95 percent of the total waste volume disposed of in U-3ax/bl; 80 percent of the
total volume was generated from the Waste Consolidation Project (Elletson and Johnejack,
1995).

Area 3 is located in Yucca Flat, within the northeast quadrant of the NTS. The Yucca Flat
watershed 1s a structurally closed basin encompassing an area of approximately 780 square
kilometers (300 square miles). The structural geomorphology of Yucca Flat is typical of the
Basin and Range Physiographic Province. Yucca Flat lies in one of the most arid regions of the
country. Water balance calculations for Area 3 indicate that it is continuously in a state of
moisture deficit.

The U-3ax/bl Disposal Unit was closed in place by installing a RCRA equivalent cover.
Following cover construction, a fence was installed around the cover to prevent accidental
damage to the cover.

Closure of CAU 110 was completed using a NDEP approved Closure Plan, Revision 0, dated
August 2000 (U.S. Department of Energy, Nevada Operations Office [DOE/NV], 2000). The
closure plan was based on the recommendations presented in the characterization report
(DOE/NV, 1999). The Area 3 U-3ax/bl Disposal Unit, CAU 110, was closed in the following
manner:

* The Area 3 U-3ax/bl Waste Disposal Unit was closed in place by installing a monolayer
vegetative cover. Following cover construction, a fence was constructed around the cover to
prevent accidental damage to the cover.

X
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Closure activities were certified by an independent registered professional engineer. Post-closure
monitoring will consist of site inspections to determine the condition of the engineered cover and
cover performance monitoring using Time-Domain Reflectometry arrays to monitor moisture
migration in the cover. Any identified maintenance and repair requirements will be remedied
within 60 working days of discovery and documented in writing at the time of repair. Results of
all inspections/repairs for a given year will be addressed in a single report submitted annually to
the NDEP. Soil moisture will be monitored within the cover for a period of at least two years
prior to establishing performance criteria for NDEP regulatory purposes.
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1.0 INTRODUCTION

This Closure Report (CR) has been prepared for the Area 3 Radioactive Waste Management Site
(RWMS) U-3ax/bl Disposal Unit Corrective Action Unit (CAU) 110 in accordance with the
reissued (November 2000) Resource Conservation and Recovery Act (RCRA) Part B operational
permit NEV HW009 (Nevada Division of Environmental Protection [NDEP], 2000) and the
Federal Facility and Consent Order (FFACO) (NDEP et al., 1996). CAU 110 consists of one
Corrective Action Site 03-23-04, described as the U-3ax/bl Subsidence Crater. Certifications of
closure are located in Appendix A.

The U-3ax/bl is a historic disposal unit within the Area 3 RWMS located on the Nevada Test
Site (NTS) (Figure 1). The unit, which was formed by excavating the area between two
subsidence craters (U-3ax and U-3bl), was operationally closed in 1987. The U-3ax/bl disposal
unit was closed under the RCRA, as a hazardous waste landfill (Figure 2).

Existing records indicate that, from July 1968 to December 1987, U-3ax/bl recetved

2.3 x 10° cubic meters (m°) (8.12 x 10° cubic feet [ft’]) of waste. NTS atmospheric nuclear
device testing generated approximately 95 percent of the total waste volume disposed of in
U-3ax/bl; 80 percent of the total volume was generated from the Waste Consolidation Project
(Elletson and Johnejack, 1995).

Area 3 is located in Yucca Flat, within the northeast quadrant of the NTS. The Yucca Flat
watershed is a structurally closed basin encompassing an area of approximately 780 square
kilometers (300 square miles). The structural geomorphology of Yucca Flat is typical of the
Basin and Range Physiographic Province. Yucca Flat lies in one of the most arid regions of the
country. Water balance calculations for Area 3 indicate that it is normally in a state of moisture
deficit (U.S. Department of Energy, Nevada Operations Office [DOE/NV], 1999).

1.1 PURPOSE

The Area 3 RWMS U-3ax/bl Disposal Unit was identified as a historic RCRA site in the RCRA
Part B Permit issued by NDEP Permit Number NEV HW009 (NDEP, 1995). This permit
specifies that the unit be closed under Title 40 Code of Federal Regulations 265 (U. S.
Environmental Protection Agency [EPA], 1996b) closure requirements for interim status
facilities. Additionally, closure requirements, include U. S. Department of Energy (DOE) Order
5820.2A (DOE, 1988) and DOE Order 435.1. A Closure Plan (CP) (DOE/NV, 2000) was
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developed for the U-3ax/bl Disposal Unit to address all of the above requirements. The purpose
of this CR is to document that the closure of the Area 3 RWMS U-3ax/bl Disposal Unit complied
with all of the CP closure requirements.

1.2 SCOPE

The recommended closure strategy for the Area 3 RWMS U-3ax/bl Disposal Unit was closure in
place with a RCRA equivalent cover. The approved closure strategy consisted of the following
activities:

» Preplanning and site preparation.

» Closure of 11 polyvinyl chloride (PVC) monitoring wells located around the perimeter of U-
3ax/bl. The CP identified only nine monitoring wells, two additional wells were located and
closed during the closure field activities. Closure was accomplished by removing the PVC
piping to a depth of 0.3 meters (m) (1.0 foot [ft]) below existing grade. The remainder of
the pipe was filled with grout, and a 0.3-m (1-ft) concrete cap was installed over the
monitoring well.

+ Installation of four time-domain reflectometry (TDR) monitoring instrumentation nests in
the cover to monitor cover performance.

« Construction of a monolayer cover by adding an additional 0.3 m (1 ft) of fill on top of the
operational cover.

» Seeding the monolayer cover with native shallow rooting vegetation.

 Installation of a irrigation system over the entire cover to augment natural rainfall and
promote vegetation growth.

« Installation of a fence and signs around the cover to prevent animals from eating the native
vegetation and keep unauthorized personnel from performing intrusive activities on the
monolayer vegetative cover.

» Post-closure cover monitoring has been started. Cover performance monitoring will be
performed for a two-year period prior to negotiating post-closure criteria with the NDEP.
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However, the Permit will be modified by NDEP to reflect post-closure inspections and
subsidence survey requirements.

1.3 CR CONTENTS
This CR is divided into the following sections:

Section 1.0 - Introduction

Section 2.0 - Closure Activities

Section 3.0 - Waste Disposition

Section 4.0 - Closure Verification

Section 5.0 - Conclusions and Recommendations
Section 6.0 - References

The appendices of this document have been modified from the approved March 2001 FFACO
outline. The following FFACO outline appendices have either not been included or revised as
indicated below:

« Data Quality Objectives (DQOs) as developed in the Corrective Action Decision Document
- DQOs were not developed for the closure of the Area 3 U-3ax/bl Disposal Unit. The
monolayer cover was constructed to the criteria specified in the Construction Quality
Assurance Plan.

 Confirmation Sampling Test Results - The U-3ax/bl Disposal Unit was closed by
installation of a monolayer vegetative cover. Verification samples were not required.

+ Waste Disposition Documentation - Hazardous or radiological waste was not generated
during the closure activities. All waste was surveyed and disposed in the Area 3
Radiological Waste Management Area dumpster. The waste in the dumpster is disposed
within the Area 23 landfill on a weekly basis.

» Modifications to the Post-Closure Plan - Modifications have not been proposed to the post-
closure monitoring plan. '

The following documents were used to develop this closure report:

« Characterization Report for Corrective Action Unit 110: Area 3 U-3ax/bl Disposal Unit.
Nevada Test Site, Nevada, Rev. 0, DOE/NV-580; November 1999 (DOE/NV, 1999).
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* Closure Plan for Corrective Action Unit 110: Area 3 RWMS U-3ax/bl Disposal Unit,
Nevada Test Site. Nevada; Rev. 0, DOE/NV-647, August 2000 (DOE/NV, 2000).

No DQOs were developed for the construction of the Area 3 U-3ax/bl Disposal Unit cover. The
landfill cover construction activities were controlled by the construction drawings in the
Construction Quality Assurance Plan located in Appendix A-1 of the CP (DOE/NV, 2000).
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2.0 CLOSURE ACTIVITIES

This section of the CR details the specific activities involved in the closure of CAU 110.

2.1 DESCRIPTION OF CORRECTIVE ACTION ACTIVITIES

Closure of CAU 110 was completed using the approved Closure Plan for Corrective Action Unit
110: Area 3 RWMS U-3ax/bl Disposal Unit. Nevada Test Site. Nevada, Revision 0, dated
August 2000 (DOE/NV, 2000). The CP was based on the recommendations in the
Characterization Report for Corrective Action Unit 110: U-3ax/bl Disposal Unit. Nevada Test
Site. Nevada (DOE/NV, 1999). The characterization report was developed from a number of
characterization studies performed for the DOE/NV Waste Management Division. Before the
closure activities began, the following prefield activities were completed:

« Preparation of National Environmental Policy Act documentation.
* Preparation of the Site-Specific Health and Safety Plan.
 Preparation of the Field Managefnent Plan.

The following is the scope of the closure actions implemented for CAU 110. Hold and check
points identified in the Closure Plan Construction Quality Assurance Plan (DOE/NV, 2000) were
approved in the field and a copy of the completed form is provided in Appendix B.

2.1.1 Installation of Time-Domain Reflectometry Instrumentation Nests

The following activities were required to install the post-closure monitoring cover performance
instrumentation. TDR instruments are used to calculate the moisture content of the soil at a
specific location. By installing TDR probes at a number of depths, a moisture profile can be
developed. This vertical moisture profile can be used to verify that cover design is effectively
removing moisture from the vegetative cover. The TDR installation field activities were
conducted between October 29, 2000 through November 7, 2000:

« Based on the operational cover geotechnical analysis (DOE/NV, 2000), a backfill

compaction standard of 80 percent was established. The compaction standard was
developed for a number of different compaction techniques (Appendix C). A test pit located

7
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Just outside of the cover was used to determine the number of passes, using different
equipment, required to achieve the required 80 percent compaction. Performance standards
were established for the following compaction techniques: foot tamping, backhoe wheel
rolling, and mechanical thumping.

Four 0.6-m (2-ft) deep trenches were excavated across the cover (Figure 3) to bury the TDR
cables. The trenches were angled so that two sets of “V” trenches were formed. The center
of the “V” was located just outside of the monolayer cover. The cabling from the two TDR
nests were wired into a data logger located on a instrument panel found at the point of each

“V”. To protect the cabling from moisture, the cabling was run through a sealed

7.62 centimeter (cm) (3 inch [in]) diameter flexible PVC conduit.

The four trenches were backfilled and wheel-rolled according to the performance standard
developed to achieve the specified 80 percent compaction.

Four TDR nests were excavated (Figure 3). Each nest was excavated to a depth of 1.8-m
(6-ft) below ground surface. The excavation followed the benching requirements specified
in the Design Change Notice (DCN) number: DCN 01/10-449. A total of eight TDR
instruments was installed in each nest. Each TDR instrument was staggered within the
excavation to prevent any preferential pathways for moisture to enter the monitoring system.
The bottom TDR instrument was installed by hand excavating 0.3-m (1 -ft) into the
operational cover. The soil on top of all TDR instruments was compacted by using the foot-
tamping performance standard. Areas of the excavation not directly over a TDR instrument
were compacted using the mechanical thumper compaction standard. The top TDR
instrument was placed on the ground surface. An additional 0.3-m (1-ft) of soil was placed
on top of the TDR instrument and compacted to 80 percent using the foot-tamping
performance standard. A diagram of a TDR monitoring nest is provided as Figure 4.

The two data loggers are connected to a wireless signaling system which connect to a land
based telephone line located in the Area 3 RWMS office building. This system allow off-
site downloading of TDR data, which reduces monitoring costs.

TDR soil moisture calibration curves (Appendix I) were developed for the U-3ax/bl by using
cover soil compacted to 80 percent. The soil surrounding the TDR probe is moistened to a
known moisture content. The reading is recorded and the experiment is repeated using
different soil moisture percentages until a calibration curve is developed. Direct TDR
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measurements from the TDR nests are then compared to the calibration curve and a soil moisture
percentage is estimated. Additional information on the post-closure monitoring program is
provided in Section 5.1 of this CR.

2.1.2 Installation of Monolayer Cover

This section outlines the activities required to construct the monolayer cover. An 2.5-m to 3-m
( 8-ft to 10-ft) operational cover was constructed over the U-3ax/bl waste unit in 1987.
Subsidence and hydrologic modeling (DOE/NV, 2000) determined that only an additional 0.3 m
(1 ft) of soil was required to meet the monolayer cover performance criteria. The monolayer
cover installation field activities were conducted between October 30, 2000 through

December 7, 2000. Specific construction details are provided below.

« Native soil was obtained from the Area 3 borrow pit located approximately 5 kilometers
(3 miles) southwest of the Area 3 RWMS. Geotechnical tests of the borrow pit soil
confirmed that it was similar to the material used in constructing the operational cover in
1987.

» Bull dozers and front-end loaders were used to stockpile borrow material. On average four
belly dump trucks were used to transport the borrow material to the U-3ax/bl cover. Each
belly dump truck transported approximately 14.2 m® (18 cubic yards [yd’]) of borrow
material.

« Due to surface contamination radiological posting requirements and to minimize/eliminate
the requirement to decontaminate equipment, belly dump trucks were restricted to areas of
the cover that had imported borrow material spread on the surface. A front-end loader,
dozer, and grader were used to push the borrow material onto the U-3ax/bl cover. This
operation was conducted in a manner that prevented any equipment coming in contact with
the original operational cover surface. Approximately 11, 571 m* (15,125 yd®) of borrow
material was transported to and placed on to the operational cover.

« Survey grade stakes were installed to direct cover grading operations across the 3 hectares

(ha) (7.5 acre [ac]) monolayer cover. After the final grade was established across the
monolayer cover, a final elevation survey was conducted to “as-built” the monolayer cover.

11
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* Seven subsidence monuments were installed across the monolayer cover. The locations of -
the subsidence monuments are provided in Figure 3. Each monument was surveved and
location and elevation information engraved on a brass plate attached to the center of each
monument.

2.1.3 Planting Native Vegetation

To enhance the moisture removal capabilities of the monolayer cover, a mixture of shallow
rooting native plants were identified for the U-3ax/bl monolayer cover. The native plants will
intercept committed precipitation before it can reach the waste unit. The planting field activities
were conducted between November 28, 2000 through December 6, 2000. Specific construction
details are provided below.

* The monolayer cover surface was disked to a depth of 0.3 m (1 ft) to provide an ideal soil
condition for the establishment of the selected native species seeds.

* Seeding was accomplished at a broadcast-seeding rate of 22.79 kilograms (kg) per ha (20.33
pounds [Ib] per ac) of pure live seed. Seeds were planted using a tractor-drawn seed drill. A
drag chain was used to cover the planted seeds. A list of the species and relative abundance
is provided in Appendix D.

* Straw mulch was applied over the seeded cover to protect the seeds from erosion and to
increase soil moisture content in the upper 15-cm (6-in) of the cover. The straw was applied
at a rate of 4,484 kg/ha (4,000 Ib/ac) using a straw blower. The mulch is held in place by
crimping the ends of the straw into the cover using a tractor-drawn disk crimper.

* In order to establish the seeds that were installed in the monolayer cover, the natural
precipitation required augmentation. The Area 3 RWMS receives on average 17 cm per year
(yr) (6.69 in/yr); optimal revegetation requires 25 cm/yr (9.84 in/yr) of rainfall. A sprinkling
irrigation system was installed across the monolayer cover. The irrigation system is fed
from a Baker tank that is filled by water trucks on an “as needed” basis. The goal of the
irrigation program is to augment natural precipitation and keep the upper 15 cm (6 in) of the
monolayer cover moist. Irrigation activities are scheduled on an “as needed” basis from
January 2001 through June 2001.

 After the vegetation has become established, the irrigation system will be removed from the
site. Irrigation activities are scheduled to be completed by June 30, 2001.

12
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2.1.4 Closure of PVC Monitoring Wells

Nine PVC monitoring wells were identified in the CP, however eleven PVC monitoring wells
were installed along the slope of the U-3bl portion of the U-3ax/bl waste disposal unit. It is
thought that these PVC monitoring wells were installed to provide waste cell water content
information through neutron logging. During the U-3ax/bl landfill operations and installation of
the operational cover, the majority of these PVC wells were crushed within 6 m (20 ft) of the
ground surface. Since these PVC monitoring wells could not be used for any post-closure
monitoring purposes, they were closed following Nevada Administrative Code (NAC) 534.421,
Plugging: Wells for Purposes Other Than Water Wells. The well closure activities were
conducted between November 28, 2000 through December 6. 2000. Closure activities consisted
of the following:

« A 0.3-m (1-ft) long by 0.3-m (1-ft) wide by 20-cm (8-in) deep hole was hand dug around
each PVC monitoring well.

+ A hand saw was used to cut the exposed PVC piping flush with the bottom of the excavated
surface.

+ A neat cement grout was used to fill the PVC monitoring well from the base or crushed end
to the ground surface. The neat cement grout was allowed to set and additional material was
placed into the monitoring well if any settling occurred.

« A 0.3-m (1-ft) long by 0.3-m (1-ft) wide by 20-cm (8-in) high cement grout plug was poured
to cover the top of the closed monitoring well. This plug blocks any potential preferential
pathway for runoff to migrate into the U-3ax/bl waste unit.

2.1.5 Installation of Monolayer Cover Fence

To prevent indiscriminate access of personnel or animals to the monolayer vegetative cover, a
fence was installed around the cover. A single entry gate was installed near the northwest corner
of the cover (Figure 3). Site access information and identification signs are installed on the
fencing to meet hazard notification requirements. The fence construction activities were
conducted between December 7, 2000 through January 25, 2001. Detailed fencing construction
details are provided below.
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~« Fence posts were driven into the ground in 1.5-m (5-ft) intervals around the cover. Each

fence post was driven approximately 0.56-m (22-in) into the ground with approximately 1.2-
m (4-ft) of fence post exposed.

* Four smooth strand wire lengths were attached between the fence posts around the

monolayer vegetative cover. The lengths of smooth wire were installed as close to equal
distant apart as possible.

* A grader was used to excavate an approximately 0.3-m (1-ft) v-shaped trench of soil from
the base of the fence. This excavation was required for the installation of chicken wire mesh
around the exterior of the monolayer vegetative cover. The chicken wire mesh is required to
keep animals from borrowing under the fence and destroying the vegetation.

* After the chicken wire mesh has been installed, the grader was used to replace the 0.3-m
(1-ft) of soil that was removed.

* Warning signs were installed on the fence every 61-m (200-ft) along the exterior of the
U-3ax/bl monolayer vegetative cover.

2.2 DEVIATIONS FROM CP AS APPROVED

Two DCNs and an E-mail were requested and approved during construction of the monolayer
vegetative cover. Each change was associated with the Construction Quality Assurance Plan
(QAP) located in Appendix A-1 of the Closure Plan (DOE/NV, 2000). Each change is discussed
separately below and are found in Appendix E. In addition to the engineering DCNs and e-mail,
two additional PVC monitoring wells were discovered and closed per Section 2.1.4.

2.2.1 DCN No. 01/10-448

This DCN was required to support the excavation of the TDR installation nests. The
Construction QAP drawing JS-003-00004-C3 required that the construction crew use portable
shoring to support the side walls of the excavation. The drawings did not allow the use of
benching techniques to stabilize the sides of the excavation. No shoring was available so the
Construction QAP drawing was modified to allow for benching on both sides of the excavation.
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2.2.2 DCN No. 01/10-449

This DCN clarified how the compaction performance standard would be established. The size of
the test pit was reduced from 1-m (3-ft) by 4.9-m (16-ft) to 1-m (3-ft) by 1.8-m (6-ft). Reducing
the size of the test pit did not affect the compaction performance standard accuracy or
methodology. Reducing the size of the test pit provided the same results while reducing the time
and resources required to obtain the compaction performance standard data.

2.2.3 November 11, 2000 E-mail

The Bechtel Nevada design engineer assigned to the U-3ax/bl Disposal Unit closure project,
authorized a deviation from the Construction QAP in an November 11, 2000 E-mail. The E-mail
was to be followed with a DCN formalizing this change. This DCN was not issued during the
construction phase of the project. In lieu of a DCN, the “as constructed” survey data were
evaluated against the authorization requirements of the E-mail and these changes were
incorporated into the final “as built” engineering drawings. The e-mail authorized reducing the
size of the final fence perimeter. The final fence location was reduced to the perimeter of the old
radiological delineation fence line. The Construction QAP drawing JS-003-00004-C2 fence
perimeter was larger than is required to address radiological or safety concerns. By reducing the
perimeter of the fence line to the original radiological control perimeter, the amount of acreage
requiring post-closure inspection/maintenance was significantly reduced.

In addition to reducing the fence perimeter, the location of the access gate was relocated from the
south side of the cover to the west side. The gate location was moved to provide easier access
into the U-3ax/bl monolayer vegetative cover from the Area 3 RWMS office area.

2.2.4 PVC Monitoring Well Closure

Two additional PVC monitoring wells were discovered hidden in low areas filled with tumble
weeds. These monitoring wells were similar in construction to the nine previously identified
PVC monitoring wells. These newly identified wells were closed in the same manner and time
frame as the nine PVC monitoring wells identified in the CP.

2.3 CAU 110 CLOSURE ACTIVITIES SCHEDULE

The completed closure field activities schedule can be found in Figure 5. Activities such as post-

15
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closure monitoring and irrigation of the vegetative cover are ongoing and are not included in the
schedule.

2.4 CAU 110 FINAL SURVEY “AS BUILT” DIAGRAMS

The final engineering “as built” drawings for the CAU 110 Area 3 U-3ax/bl Disposal Unit are
provided in Appendix F of this report. The information included in Appendix C (compaction
performance standard geotechnical data) and Appendix E (engineering DCNss) along with final
survey data were used to complete the final engineering “as built” drawings provided in
Appendix F.

16
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3.0 WASTE DISPOSITION

Waste generated from CAU 110 closure activities consisted of non-radiologically impacted
personal protective equipment and sanitary trash. All waste was surveyed to verify that it met
release criteria. Once verified, the waste was bagged and disposed of in the Area 3 RWMS
dumpster. The waste in the dumpster is disposed within the Area 23 landfill on a weekly basis.
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4.0 CLOSURE VERIFICATION

The U-3ax/bl Disposal Unit was closed by constructing an engineered cover. Closure
verification consisted of the completion of the CAU 110 Remediation, U-3ax/bl Disposal Unit
Closure Approval Matrix and Checklist located in Appendix B. Guidance for the cover
construction and verification was provided in the approved Construction QAP (Appendices A-1,
DOE/NV, 2000).

4.1 DATA QUALITY ASSESSMENT

The closure of the Area 3 U-3ax/bl Disposal Unit did not require the development of DQOs.
Following EPA guidance for landfill closures, a Construction QAP was developed (EPA. 1991).
The Construction QAP included a CAU 110 U-3ax/bl Disposal Unit Closure Approval Matrix
and Checklist (Appendix B) which verified that all of the quality assurance check and hold points
were verified in the field prior to progressing to the next closure task.

4.2 LAND-USE RESTRICTIONS

The Area 3 U-3ax/bl Disposal Unit has been closed in accordance with the approved closure plan
(DOE/NV, 2000). This landfill has been fenced and posted with signs reading “Subsurface
Radiologic Contamination”. The future use of any land related to the U-3ax/bl Disposal Unit is
restricted from any activity that may alter or modify the containment control as approved by the
state of Nevada and identified in this document or any other CAU 110 documentation unless
appropriate concurrence from the NDEP is obtained in advance.

The specific location and monitoring requirements for the Area 3 U-3ax/bl site was recorded on
the CAU Use Restriction Information Form. The information on the completed form is added
into the DOE/NV Facility Information Management System and the Central Data Repository.
The original CAU Land Use Restriction Form was filed within the U-3ax/bl Disposal Unit
project file. A copy of the CAU Use Restriction Information is included in Appendix G of this
report. The post-closure monitoring requirements for CAU 110 are outlined in Section 5.1.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

Closure of the Area 3 U-3ax/bl Disposal Unit was accomplished by completing the following
tasks:

51

Closure of eleven PVC monitoring wells located around the perimeter of U-3ax/bl. The CP
identified only nine monitoring wells, two additional wells were located and closed during
the closure field activities. Closure was accomplished by removing the PVC piping to a
depth of 0.3-m (1-ft) below existing grade. The remainder of the pipe was filled with grout
and a 0.3-m (1-ft) concrete cap installed over the monitoring well.

Installation of four TDR cover monitoring instrumentation nests to monitor cover
performance.

Construction of a monolayer cover by adding an additional 0.3-m (1-ft) of fill on top of the
operational cover.

Seeding the monolayer cover with native shallow rooting vegetation.

Installation of a irrigation system over the entire cover to augment natural rainfall and
promote vegetation growth.

Installation of a fence and signs around the cover to prevent animals from eating the native

vegetation and keep unauthorized personnel from performing intrusive activities on the
monolayer vegetative cover.

POST-CLOSURE MONITORING REQUIREMENTS

The components of the Area 3 U-3ax/bl Disposal Unit post-closure monitoring plan are provided
below.

5.1.1 Inspections

Inspections will be done on a quarterly basis. Inspections will consist of visual observations to
check that the cover is intact. Each site inspection will be documented on a site inspection form.

23
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The post-closure inspection will consist of the following elements:

. A detailed inspection of the cover fencing. The perimeter of the fencing will be walked
by the inspector and the condition of the fencing and chicken wire, warning signs, and
entrance gate and lock will be documented every six months.

. The condition of the seven survey subsidence markers will be inspected every six months.
In addition, on an biannual basis, all seven survey markers will be resurveyed to
determine if the cover has subsided.

. During each inspection, any changes in the condition of the cover or fenced area will be
documented. Specific changes noted on the current condition of the cover include, but
are not limited to, trash/debris within the fenced compound, animal burrows/nesting
activity, or erosion of the cover.

. Cracks or settling imperfections (<15 cm [6 in] deep) on the cover will be documented
and will be scheduled for repair on an annual basis. Larger disruptions of the cover
(animal burrows or erosion) will be immediately evaluated and repaired within 90 days.

. All repair work should preéerve the original cover “as built” design. If the cover repair
requires modification of the cover design, DOE/NV will present a formal design
modification request to the NDEP prior to making the design modification.

5.1.2 Cover Monitoring

The U-3ax/bl Disposal Unit cover is designed to limit infiltration into the disposal unit. Waste
cover performance will be monitored using TDR soil water content sensors buried at various
depths within the waste cover to provide water content profile data. Soil water content profile
data will demonstrate whether the cover is performing as expected.

TDR probes have been buried in the cover at depths of 0.3 to 2.4 m (1 to 8 ft), one probe every
0.3 m (1 ft). TDR probes are installed at a distance of 36.5 m (120 ft) from the edge of the cover.
A profile of eight probes (a stack) was repeated at four locations across the cover (Figure 4).
Moisture content data from the TDR moisture probes will be stored on a datalogger. The
datalogger can be programmed to collect data at any frequency of interest; however, the
recommended data collection frequency is once per day. The recommended frequency of remote
data download and data analysis is once per week.
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5.1.3 Compliance Criteria

The U-3ax/bl Disposal Unit cover boundary is defined by the fence installed around the cover.
The fence encloses the approximately 3-ha (7.5-ac) site. The point of compliance 1s the depth of
the deepest TDR soil moisture probe. Compliance will be set based on soil moisture content;
however, the specific criteria will not be established until the cover has had sufficient time to
reach equilibrium. The cover will be irrigated, as needed, to supplement rainfall for the first year
in order to aid in establishing vegetation. Once the moisture content within the cover reaches
equilibrium, soil moisture trigger values will be agreed upon with the NDEP.

The following have been established for the post-closure monitoring program:

1)  Notify the NDEP of noncompliance within 14 days of determining that the cover is not
operating according to the established compliance criteria.

2y Ion-critical (cracks or settling imperfections equal to or less than 15 cm {6 in] deep on
the cover) maintenance activities will be compiled during the fiscal year and addressed in
the following fiscal year. The NDEP will be provided with the list of non-critical cover
maintenance requirements each August.

3)  Cracks or settling imperfections greater than 15 cm (6 in) deep which extend 1.0 m (3 ft)
or more on the cover (through animal burrows, erosion, or subsidence) will be evaluated
and repaired within 60 days of detection.

4)  Onan twice a year basis, all seven survey markers located on the cover will be
resurveyed to determine if the cover has subsided.

After NDEP notification of noncompliance, a work plan will be submitted to the NDEP within
90 days outlining the proposed remediation/investigation plan. All corrective actions will be
documented in an annual post-closure monitoring report and a copy submitted to the NDEP.

5.1.4 Maintenance and Repair

The post-closure inspection will be done, at a minimum, once every three months. All inspection
and maintenance activities conducted during the year will be documented and submitted to the
NDEP. The annual letter report will be provided on or before August 31th of each year of the
post- closure inspection period. The post-closure inspection period duration is proposed to be

[§)
wn



Closure Report - CAU 110
Section: Conclusions
Revision: 1

Date: August 6, 2001

five years. After five years of post-closure monitoring, the permittee may submit a request to

NDEP to reevaluate the monitoring program and/or schedule. The annual letter report will
include the following information:

. Brief narrative and pictures from post-closure Inspection activities.

. U-3ax/bl Disposal Unit cover inspection logs.

. Moisture content profiles through the previous year.

. Maintenance and repair documentation (if any).

. Specific recommendations for non-standard maintenance or changes in post-closure
monitoring.

All closure and post-closure monitoring documentation will be retained in project files and is
available upon request.

5.2 RECOMMENDATIONS

Based upon the completion of site activities, it is requested that a notice of completion be
provided by the NDEP for CAU 110. Upon closure approval, CAU 110 will be promoted from
Appendix III to Appendix IV of the FFACO, “Closed Corrective Action Units.”
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CERTIFICATION OF CLOSURE BY THE
NATIONAL NUCLEAR SECURITY ADMINISTRATION
NEVADA OPERATIONS OFFICE

I certify under penalty of law that the Area 3 U-3ax/bl Disposal Unit, Corrective Action
Unit 110, located in Area 3 at the Nevada Test Site has been closed in accordance with the

approved Closure Plan for CAU No. 110: Area 3 RWMS U-3ax/bl Disposal Unit, Nevada Test
Site dated August 2000 and the Permit for & Hazardous Waste Management Facility Number

NEV HW009_ United States Department of Energy. Nevada Operations Office, Nevada Test Site,
dated November 2000. All measures required in the Closure Plan and applicable Resource

Conservation and Recover Act 42 U.S.C. 6901-6991i and Title 40 CFR 260-268 have been fully
implemented and that, to the best of my knowledge, no violations exist.

WW "
Kathleen A. Carlson, Manager
NNSA Nevada Operations Office

6/7/0/

Date

National Nuclear Security Administration
Nevada Operations Office

P.O. Box 98518

Las Vegas, NV 89193-8518
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CERTIFICATION OF CLOSURE BY THE
INDEPENDENT PROFESSIONAL ENGINEER

1, Dean D. Nelson, a registered Professional Engineer, hearby state that I have reviewed the
Closure Plan for the Closure of the Area 3 U-3ax/bl Disposal Unit, Corrective Action Unit 110,
Jocated in Area 3 at the Nevada Test site and am familiar with the rules and regulations of Title
40 §CFR 265.90 and §265.310 pertaining to the closure of this Corrective Action Unit has been
performed with the exception of that stated in Section 2.2, in accordance with the approved
Closure Plan for CAU No. 110 Area 3 U-3ax/bl Disposal Unit, Nevada Test Site dated August -
2000 and the Permit for a Hazardous Waste Management Facility Number NEV HW009, United

States Department of Energy. Nevada Operations Office, Nevada Test Site, dated
November 2000.

T“"’\ "‘1 &Do '

Date

PEER Consultants, P.C.
2439 Losee Road, Suite 1C
North Las Vegas, Nevada 89109
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' Requested by K. CAMPBELL UserlAgéncy - BECHTEL Material _PROCTOR, LAB # 0262, TP21 (11/09/
l Project U3 AX/BL Location of Tests TEST PIT _
Tested by J. Denny Date Testad 10/312000 Checkedby £ L./ A _
l LABORATORY NO 139 140 141 142 143 144
DEPTH OF PROBE 10" 10" 10" 12" 12" 12"
' DEPTH OF TESTS UFT#H 1 1 1 2 2 2
TEST # 1 2 3 4 5 6
'DRY DENSITY-PCF 90.1 93.9 91.1 94.5 93.4 919

MOISTURE % _84 7.6 8.5 7.6 7.0 7.5
PERCENT COMPACTION 79.1 82.4 80.0 83.0 82.0 80.7_
MAX DENSITY PCF 113.9 113.9 113.9 113.9 113.9 1139
OPTIMUM MOISTURE % 12.9 129 . 12.9 12.9 12.9 129
iREQUIRED COMPACTION % 80.0 80.0 80.0 80.0 80.0 80.0
N / OUT of SPECIFICATION ouT IN IN IN IN IN_

UGE NO 23205 DATE OF STANDARDIZATION 10/31/2000 VALUE OF M 631

STANDARDIZATION D 2814

LOT PLAN
X X X
184 2&5 346

REMARKS: TEST PIT WAS APPROXIMATELY 6X3'BY 3' DEEP. 1st LIFT CC: J. SOROLA BECHTEL _
PLACED WAS ABOUT 10" AND THE 2ND ABOUT 12" THICK. G. HUDAK _

. RETEST OF TEST #1 WASNOT NEEDED BY K. CAMPBELL. J. SMITH BECHTEL _
D. MADSEN BECHTEL _

' K CAMPBELL BECHTELﬁ

MTL BECHTEL FILES
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' Bechtel Nevada ng Department Sheet _1_of 2_
Bachtel Novaga  ZoiiycrnGE NoTice OGN No. 0110448
[x] Design Drawing [[] Design Specification Date Infiated: 10/31/00

Document No.: _JS-003-00004-C3

Revision No.: 0

Titte: SECTIONS

Description of Change:
MODIFIED SECTION C

Engineering Tracking No. 00004.A03

9
s 4

?,%E TION ©-
P By: Date: By: Date:
S oo N [NETL)
"~ APPROVALS o ’
P -Engineer: Other BN Organizations: (PA, ESS&H, etc.) Date:
Date:
Date: Date:
Date: Date:

e/vidicsi{gen2032)(gen100)/dcn1

BN-0404 (1108) wpd



BEG"’G’ Nevada Engineering Department Sheet .2 _of 2_
 ___  asaa ] DESIGN CHANGE NOTICE DCN No. 01/10-448

Document No.: JS-003-00004-C3 Revision No.: 0
Title: SECTIONS

Description of Change: . . .
MODIFIED SECTION D Engineering Tracking No._00004.A03

APPRDIX EXIST

a0

'S“E.E.T 10N @ 3

a/stiesl/(gen2032)(gen100)/den2




| f : . ] H ; ; i
i i : f i i i i i ;

Bechtel Nevada™

Engineering Department
DESIGN CHANGE NOTICE

Sheet 1

of 1

DCN No.: DCN01/10-4489

DDesign Drawing

@Design Specification

Date Initiated:

-

10/31/2000

Document No.:

- SP-00004A03-C0007

Revision No.:

Title: Construction Specifications for U3ax/b! RCRA Equivalent Closure

Description of Change:

shall be 3 feet (914 mm) by 6 feet (1.83 m).

SECTION 02222, PART 3, PARAGRAPH 3.03.D.2.c:

lREPLACE Minimum area to be tested shall be 3 feet (914 mm) by 16 feet (4.88 m). WITH Minimum area to be tested

——

Pregaged by: Date: Cheched by: Date:

L, L ,g;(fZ /&ﬁ/@ L‘({ ;22'&:— 6) 31/
l,V /) APPROVALS | '

roject Engineer: Date: Other BN Organizations: (PA, ESS&H, etc.) -
N7 R ) -

' 7/ Dafe: Date:
Date: Date:

Date: Date: .

BN-0404.doc



From: Julie Sorola

To: ) ENVIRON.MERC-DORMB.CampbeK

Date: 11/9/00 9:15am

Subject: Re: Ax/bl fence engineering tech change request and TDR data -Reply
Kevin,

The proposed fence reconfiguration is acceptable. A DCN will be issued that wil! delete the requirement to reinstall
the existing rad fence after construction of the cover and move the new fence to the approximate location of the
existing rad fence. Per our conversation, the new fence will be signed as a radiation contamination area in addition
to the required RCRA postings.

Please supply information on the new postings for inclusion in the asbuilt package i.e., spacing, size, color, wording,
etc. | know these postings are standard for the NTS, but we do not have that information in engineering.

ccC: HUDAKGG, ENVIRON.MERC-DORMB.MADSENDD, ENVIRON.MERC...
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Note: Datum information is in World Geodetic

System (WGS), 1984
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CAU Use Restriction Information

CAU Number/Description: _CAU 110: Area 3 WMD U-3ax/bl Crater _
Applicable CAS Numbers/Descriptions: _CAS 03-23-04: U-3ax/bl Subsidence Crater

Contact (Organization/project): _DOE/NV Industrial Sites Project Manager
Surveyed Area (UTM coordinates; Zone 11, NAD 27): The site is defined by the following

NAD 27 coordinates: Gatepost: 13.452.458.93 N: 1,924.573.54 E Southern end of cover:
13.452.059.38 N: 1,925.447.12 E- Northeast side:13.452,601.21 N; 1,924.918.18 E -

| l 13.452,578.35 N: 1,925,092.17E - 13,452.347.30 N: 1,925.415.20 E - 13.452,236.09 N:

1,925.474.25 and Southwest side: 13,452.247.57 N: 1,924.620.24 E - 13.451,942.82 N:
1,925,192.82 E - 13.451,964.20 N; 1,925,336.12

Survey Date: January 24, 2001 Survey Method (GPS, etc.): _Transit Survey

Site Monitoring Requirements:_Visual inspections. subsidence monitoring, & TDR analysis

Required Frequency (quarterly, annually?): Varies, check Closure Plan for activity specific
frequency

If Monitoring Has Started, Indicate Last Completion Date: _N/A

Use Restrictions
The future use of any land related to this Corrective Action Unit (CAU), as
described by the above surveyed location, is restricted from any DOE or Air
Force activity that may alter or modify the containment control as approved by
- the state and identified in the CAU Closure Report or other CAU documentation
unless appropriate concurrence is obtained in advance.

Comments: See the Closure Report for additional information on the condition of the site and

any monitoring and/or inspection requirements.

l Submitted By: \ - . Date: __(o/ tg / o]
|

cc with copy of survey map:
CAU Files (2 copies)
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U-3ax/bl TDR CALIBRATION
Conducted March 2001
Dan Levitt, Environmental Technical Services, Bechtel Nevada -
April 4, 2001

Introduction

Calibration of time-domain reflectometry (TDR) sensors is required because soil type affects
TDR response, and because TDR trace length (and subsequent volumetric water content)
measurements increase as cable lengths and numbers of multiplexers increase. A “dry-down”
calibration was conducted on a TDR probe in a laboratory in March 2001.

Results indicate that a linear equation fit the calibration data with a correlation coefficient (R?) of
0.9963, which is an excellent fit. The calibration data fell just far enough away from standard
calibration equations such as Topp’s equation (Topp et al., 1980), that it is recommended that the
site-specific and cable length-specific U-3ax/bl linear regression equation be used. A 2" order
polynomial equation was also fit to these data (R? = 0.9966), but the gain in accuracy is so slight,
that a linear regression equation should be used for simplicity.

Calibration Procedure

[Note: A BN Draft Procedure is currently being prepared, but has not been formalized yet.]

A bucket of soil was collected from the U-3ax/bl cover in November 2000. Soil from that bucket
was placed in a flat pan with dimensions of 52 x 26 x 7 cm, with one Campbell Scientific Inc.
(CSI) TDR probe model CS610 buried horizontally in the middle of the pan. The probe had 2 cm
of soil above and below the probe rods. The TDR probe had 165 feet of RG8 cable, and was
wired through a level-two SMDX50 multiplexer, with 10 feet of RG58 cable connecting to the
level-one multiplexer. with 1.5 feet of RG58 cable connecting to a TDR100 TDR controller. This
configuration is identical to the two U-3ax/bl TDR system configurations.

The soil pan was placed on an electronic balance for NIST-traceable mass balance
measurements. The electronic balance was configured such that its digital output could be logged
by an analog datalogger as TDR measurements were made, providing a dataset of TDR
measurements of trace length divided by probe length (L/L), with simultaneous measurements of
mass. :

After initial setup. the soil pan was saturated, and left to dry for two weeks. After drying to a
final volumetric water content (VWC) of 5.5%, the soil from the soil pan was weighed, oven-
dried for 24 hours, and weighed again to determine final VWC. This “anchor point” was used to
convert mass balance measurements into VWC readings, and compared to L/L. measurements

made by TDR.
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Results and Discussion

Results from this dry-down calibration are shown in Figure 1. Due to the long cable lengths and
soil type at U-3ax/bl, the TDR trace end-points were extremely flat under saturated, and near-
saturated conditions, rendering the TDR data unreliable under such conditions. Therefore, the
TDR data was only fit through a VWC of 30 %. Fortunately, only the top few centimeters of soil
at U-3ax/bl is expected to get this wet (following significant rains), so the use of a TDR
calibration in the range of 5 to 30 % volumetric water content should be sufficient. The noisy
data at the wet end of this calibration are shown in Figure 1. Figure 2 is the same as Figure 1, but
with Area 5. and CNTA TDR calibration data included for comparison.

A linear equation, and a 2™ order polynomial equation were fit to the U-3ax/bl data using linear
regression data analysis tools in MicroSoft Excel. The correlation coefficient (Rz) for these fits
were 0.9963 for the linear equation, and 0.9966 for the 2™ order equation. There is essentially no
difference between these equations, so it is recommended that the linear equation be used for
simplicity. :

If the calibration data were closer to one of the standard calibration equations, such as Topp,
Topp’s equation could be used for simplicity. However, the U-3ax/bl TDR system configuration
uses the longest cable lengths known to be used by staff at CSI (Jim Bilskie, CSI, Personal
Communication). If the Topp equation is used, VWC will be over-predicted by about 5 % VWC
(ata VWC of 25 %). -

This method does not account for hysteresis. However, field soil is usually in a drying state, with
wetting only occurring following precipitation events, and the error associated with hysteresis is
generally a few percent VWC. In addition, this method of calibration is recommended by
Campbell Scientific Inc., and by researchers at several Universities who use and calibrate TDR
regularly (Jim Bilskie. CSI. Personal Communication). ’

U-3ax/b] TDR Calibration Equation
Results of linear regression analysis yielded the following table of coefficients:

intercept -17.13722
X Variable 1 10.373701

Such that VWC (%) = -17.137 + 10.3737 * (L/L)

Where (L/L) is trace length / probe length and output by the datalogger.

References
Topp, G.C.. I.L. Davis and A.P. Annan, 1980. Electromagnetic determination of soil water
content: Measurements in coaxial transmission lines. Water Resources Research 16(3):574-582.
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Figure 1. U-3ax/bl TDR calibration fits with the Topp Equation.
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= CNTAsoll, 165' cable, 2 muxes | Y
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Figure 2. U-3ax/bl TDR calibration with other calibration data and equations.
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