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ATTACHMENTS

. Proposed License/Permit Changes

a. Proposed Redline/Strikeout Changes to Radioactive Material License #UT
2360249
b. Proposed Redline/Strikeout Changes to Ground Water Quality Discharge Permit
No. UGW450005
Proposed Embankment Design (Engineering Drawing Series 10014)
Whetstone April 19, 2011 Report, “EnergySolutions Class A West Disposal Cell
Infiltration and Transport Modeling.”
Class A West Site Drainage Evaluation and Ditch Flow Calculations,
AMEX Earth & Environmental, Inc Report, 2011.
Class A West Well Spacing Analysis
Clive Radiation Safety Committee ALARA Evaluation
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1.0 GENERAL INFORMATION

1.1 INTRODUCTION

EnergySolutions, LLC (EnergySolutions) requests that the Utah Division of Radiation
Control (DRC) review and approve a design change to the Class A North and Class A
disposal embankments. This design change constitutes an ameadment to both
Radioactive Material License (RML) # UT 2300249 (EnergySolutions, 2008), the Class
A Low Level Radioactive Wwaste license} and Ground Water Quality Discharge Permit
No. UGW450005 (EnergySolutions, 2005). Proposed changes to these documents are
provided in redline/strikeout format as Attachment la and Ib to this Amendment
Request.

This amendment would combine the Class A and Class A North disposal cells into one
embankment with a moderate increase to the overall height of the proposed embankment,
Combining these two embankments into one allows EnergySolutions to more effectively
utilize the space on Section 32 for LLRW disposal. Engineering Drawing Series 10014
provided in Attachment 2 illustrates the proposed embankment design. It should be noted
that drawings from this series have been used to replace other drawings in the GWQDP
(see Attachment 1b). Overall, the Class A North embankment footprint will be extended
by approximately 110 feet to the north to make productive use of open ground between
the rail facilitics and the embankment. The heights at the shoulder and top of the
completed embankment are 37.6 feet and 75.3 feet respectively (see Engineering
Drawing 10014-CO1).

The Class A West embankment is similar in concept to the Class A Combined (CAC)
embankment requested in 20035 (EnergySolutions, 2005). Key parameters are summarized
in Table 1.1 below. Although the Class A West embankment builds on analyses
performed in support of the previous CAC design, all analyses have been updated to the
specific Class A West geometry.

Table 1.1: Comparison of Class A West and CAC embankments

) CAW CAC | CAN Class A
Disposal Volume (cy) 8724097 |  ORIS087 1,722,509 3,778,896
"""" Embankment Area (ft*2) | 5,801,781 5,561,723 1,713,768 3,164,247
_ ShoulderHeight(fop* | 376 | so | 357} 32
Peak Height (ft)* 753 852 .. 25 | 536
- SideSlope Length (fy** | 188 | 250 178.5 " 160 |
" Top Slope Length (ft)** 942 880 2255 o540

* Measured from the fop of clay lner {EL 4263'} to the top of waste.
Class A: Add 6.5 for top of cover height. Subgract ~9' for average height above natural grade.
Class A North: Add 6.5" for top of cover height. Subtract ~1() for average height sbove natural grade.
Class A West; Add 6.5 for top of cover height. Subtract ~9.5' for average height above natural grade.
** Dimensions are for top of waste.

Upon approval of this amendment request, the Class A and Class A North embankments
would be re-designated as the Class A West {CAW) embankment. Engineering and
construction practices with respect to waste placement would continue as specified in
EnergySolutions® existing Construction Quality Assurance and Quality Control Plan
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(CQA/QC Plan) and in accordance with practices currently performed in the Class A and
Class A North embankments (EnergySofutions, 2008).

Overall height of the embankment will increase by 26 feet. The increased height allows
EnergySolutions to effectively combine both embankments into one while maintaining
compliance with top slope and slide slope requirements established in the permit.

As waste placement in the existing Class A embankment nears completion, LLRW waste
disposal operations will move north and encompass the unutilized area that currently
exists between Class A and Class A North.

In order to evaluate potential groundwater impacts from the Class A West embankment, a
study was performed titled, “EnergySolutions Class A West Disposal Cell Infiltration and
Transport Modeling,” dated April 19, 2011 (Whetstone, 2011). This report, provided in
Attachment 3, was prepared by Whetstone Assoclates consistent with previous
groundwater modeling performed for embankments at the Clive facility.

1.1.1  IDENTITY OF APPLICANT

EnergySolutions, LLC is a Utah limited liability corporation with its principal place of
business located at the Clive disposal facility, described in Section 1.2 below. Corporate
headquarters are located at 423 West 300 South, Suite 200, Salt Lake City, UT 84101.

EnergySolutions” directors are as follows:

Vat J. Christensen

President, Chief Executive Officer
423 West 300 South, Suite 200
Salt Lake City, UT 84101

Board Members/Managers:

Steven R. Rogel

Chairman

423 W 300 8, Suite 200
Salt Lake City, Utah 84101

J.I Everest i1

Director

423 West 300 South, Suite 200
Salt Lake City, UT 84101

David B. Winder
Director

490 16™ Avenue

Salt Lake City, UT 84103

J. Bamnie Beasley, Jz.
Director

729 Falling Springs Pr.
P.O. Box 558

Tiger, GA 30576
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Robert Whitman

Director

FranklinCovey Co.

2200 West Parkway Blvd.
Salt Lake City, UT 84119

Dr. Pascal Colombani
Director

Sentor Advisor

AT Kearney Paris

44 rue de LLishonne
75008 Paris

France

David J. Lockwood
Director

Partner

ValueAct Capital

435 Pacific Ave., 4" Floor
San Francisco, CA 94133

Claire Spottiswoode, CBE
Director

Chairman
EnergySolutions EU Ltd.
1* Floor, Stella Building
Windmill Hill Bus, Park
Whitehill Way

Swindon

SN5 6NX

UK

1.1.2 QUALIFICATIONS OF APPLICANT

1.1.2.1 TECHNICAL QUALITICATIONS

As a facility, the EnergySofutions Clive site has more than 20 years of experience with
the design, construction, management, engineering, and operation of radioactive waste
disposal embankments. Since receiving its first radioactive material license in 1988,
EnergySoluiions, formerly Envirocare of Utah, has constructed a naturally occurring
radicactive material (NORM) disposal embankment, a low-activity radicactive waste
(LARW) disposal embankment, 2 RCRA mixed radioactive and hazardous waste disposal
(Mixed Waste) embankment, the Class A and Class A North disposal embankments, and
a wranium- and thorium-mill radioactive tailings 1ie.(2) disposal embankment.

There will be no change to the waste types received, waste placement procedures, or
basic embankment design systems; therefore, EnergySolutions’ past experience translates
directly to the construction of the Class A West embankment.
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1.1.2.2 FINANCIAL QUALIFICATIONS

EnergySolutions, LLC is a subsidiary of EnergySolutions, Inc. a publicly held
corporation. In accordance with Utah Administrative Code (UAC) R313-25-33(6),
EnergySolutions is required to submit a financial statement anmually to DRC. These
financial statements demonstrate on an ongoing basis that EnergySolutions is financially
qualified to carry out licensed activities.

In addition, EnergySofutions maintains comprehensive sureties. These sureties are
calculated to ensure that all costs associated with facility closure and post-closure
monitoring are accounted for, thereby protecting the State of Utah against any default by
the Company.

As detailed in Section 10 below, EnergySolutions will fund existing surety instruments in
an amount adequate to close the Class A West embankment in compliance with the
approved design specifications; therefore, existing information regarding financial
qualifications 1s adequate for the Class A West embankment.

1.1.3  ORGANIZATIONAL STRUCTURE

Detailed requirements and qualifications for significant organizational positions are
described in EnergySolutions” Class A LLRW Hcense, Condition 32, Appendix I
(currently approved revision is Rev. 22, August 2, 2010).

There will be no changes 1o the organization for purposes of constructing the Class A
West embankment.

1.2 GENERAL FACILITY DESCRIPTION

Operations are conducted in Section 32, Township 1 South, Range 11 West, SLBM,
Tooele County, Utah. This location is known as Clive, Utah (also referred to as South
Clive}. EnergySolutions’ Clive disposal facility will be referred to herein as the facility.
Engineering Drawing 0801-G03, Site Layout and Facility Legend, has been provided for
reference in Aftachment 2. The Class A West embankment will be located completely
within Section 32. Engineering Drawing 10014-U01 illustrates the location of the Class
A West embankment in relation to other site facilities.

EnergySolutions’ Class A LLRW RML and 1le{2) RML allow for the disposal of
specified radicactive wastes in accordance with specified conditions and restrictions.
Waste receipt, management, and disposal operations of LLRW waste at the proposed
Class A West embankment will be conducted in accordance with the Class A RML.

Aside from the combination of the Class A and Class A North embankments into the
Class A West embankment, there will be no change to existing facilities as part of this
amendment reguest.

1.21  LAND USE

Most of the land within a 10-mile radius of the site is public domain administered by the
Bureau of Land Management. Information with respect to and use near the site is located
in Section 1.2.2 of the 2005 Class A LLRW RML License Renewal Application (June 20,
2005; hereafter referred to as the 2005 LRA). Figure 1a (Section 1.2) of the 2005 LRA
delineates the property owned by EnergySofutions.
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1.2.2

1.2.2.1

1.2.2.2

Land vse in the immediate vicinity of the site will not be affected by the Class A West
embankment, since the embankment is located entirely within the licensed area of
Section 32.

PRINCIPLE FEATURES

RESTRICTED AREAS

Any area utilized for waste unloading, hauling/handling, and placement in the Class A
West embankment will be considered a restricted {or controlled) area as defined in 10
CFR 20.3(a)(14). Any person working within the restricted area is assigned, and must
wear, a personnel monitoring badge to measure their exposure to radiation.

The fence is conspicuously posted with "Caution -- Radioactive Materials" signs bearing
the standard radiation symbol. Other signs are posted as appropriate. In accordance with
the existing Clive Radiation Protection Program document, Revision 3, June 25, 2007,
the restricted area boundary may change as waste placement proceeds in the Class A
West embankment. There will not, however, be any changes to the requirements for
control of the restricted areas as a result of the Class A West embankment, nor will there
be any added waste handling facilities as a result of the Class A West embankment,

SITE BOUNDARY AND BUFFER ZONE

EnergySoiutions controls, through fences, gates, and security monitoring, all access to
property at the Clive facility. In addition, all restricted/controlled areas are fenced. Upon
completion of the embankment, it will be permanently fenced and posted, leaving a
minimum 94 feet of buffer zone between the toe of waste and the fence. This aliows
room inside of the fence for an inspection roadway and groundwater monitoring wells.

A buffer zone of at least 300 feet is maintained between the closest edge of any
embankment (i.e., toe of waste) and the outside site boundary or property line. A buffer
zone of at least 92.67 feet is maintained between the closest edge of any embankment and
the Vitro property line. Although previous submittals reported the buffer zone to the
Vitro property line as being a minimum of 100 feet, it was discovered in preparation of
the design drawings for the Class A West embankment that the approved castern waste
limit for the Class A embankment ranges from 95 feet 4 inches in the northeast corner to
92 feet § inches in the southeast corner. Waste has already been placed along the entire
eastern waste limit for the Class A embankment. Control points have been added for the
castern waste [imit of the Class A West embankment to restore the buffer zone to 100 feet
for future waste placement.

This discrepancy in the buffer zone for the castern waste limit of the Class A
embankment does not compromise the facility’s ability to comply with the well network
early warning requirement at Part LF.1(f) of the GWQDP. Part LF.1(f) requires that the
monitoring well network be adequately spaced to provide early warning of a contaminant
release from a waste embankment before the contaminant leaves the buffer zone. Exact
distances for groundwater wells on the east side of the Class A embankment are provided
in Table 1.2 below.
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Table 1.2: Groundwater well and buffer zone distances

Well Number Bistance from waste limit | Distance from property line
GW-88 85.0 12
GW-89 84.0 11
GW-90 85.0 9
GW-91 85.5 8

Note: Distances to the nearest 0.5 foot. GW-88 distance is from Class A West waste limit; which is closer
than its distance to the Class A waste limit.

Since the minimum distance between these wells and the property line is 8.0 feet, and
groundwater travels no more than 2.7 feet per vear (section 6.2.4 of Whetstone, 2011}
there remains adequate time to detect a contaminant release before the contaminant
leaves the buffer zone.

With the exception discussed above, Class A West embankment buffer zones are
consistent with buffer zone dimensions approved for the current LARW, Class A, Class
A North, Mixed Waste, and 11e.(2) embankments.

1.22.3 GROUNDWATER USERS
No domestic water use occurs within 10 km of the facility.

1.2.2.4 UTILITY SUPPLIES AND SYSTEMS
Utility information was provided in the 2005 LRA (Section 1.2.3.4).

1.2.2.5 CLASS A WEST EMBANKMENT

The proposed embankment design is shown in detail in engineering drawing series
10014. The construction materials are comprised of native clays mined on Sections 5 and
29, Tocated directly south and north of Section 32; and native rock from a local quarry.

1.2.2.6 COVERS
Cover design for the Class A West embankment is detailed on Drawing 10014-C03.

The cover for the Ciass A West embankment will have identical components,
specifications, and construction procedures to the currently approved Class A and Class
A North embankment cover.

1.2.2.7 SURFACE WATER CONTROL FEATURES

During construction, the Class A West embankment wiil be surrounded by run-on and
run-off berms. Run-on berms are designed to prevent stormwater run-on, from ambient
precipitation in the vicinity of the facility, into the emplaced waste before final cover is
built.

Run-off berms are used during operation of the facility to ensure that precipitation that
falls on emplaced waste is collected and does not carry contamination off of the site.
Because run-off berm locations necessarily move as new portions of the disposal
cmbankment are opened for waste placement, these operational features are necessarily
not depicted on facility design drawings. These surface water controls have been
successfully utilized at the Clive facility for over 20 years.
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1.2.2.8 INTRUDER BARRIERS

This topic is addressed in the 2005 LRA {Section 1.2.3.8). Upon completion, permanent
fencing will surround the facility. Further details are provided in Sections 3.1.8 and 3.2.8
below.

1.2.2.9 MARKERS

Permanent granite markers will be placed at the facility to identify the location and type
of disposal material as described in the 2005 LRA (Section 1.2.3.9). These markers are
similar o those markers currently marking the Vitro embankment located at the site.

1.2.2.10 BOUNDARIES AND MARKERS

This topic is addressed in the 2005 L.RA (Section 1.2.3.10). Since there is no change in
the types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

1.2.2.11 SURVEY CONTROL PROGRAM

This topic is addressed in the 2005 LRA (Section 1.2.3.11). Since there is no change in
the types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

1.2.2.12 SITE UTILIZATION PLAN

An updated site layout is provided as Figure 1. No existing facilitics wili be impacted by

the Class A West embankment footprint; and no new facilities are proposed to
specifically support this embankment. Waste placement will generally progress from the
southern boundary of the existing Class A footprint to the north, with large component
and Containerized Waste Facility disposal areas developed separately prior to being
enveloped by bulk waste placement. This is consistent with current approved practices.

1.2.2.13 SUPPORT FACILITIES

This topic is addressed in the 2005 LRA (Section 1.2.3.13). Since there is no change in
the types of waste that will be managed, this discussion wiil be unaffected by the Class A
West embankment. No new facilities are proposed to specifically support this
embankment.

1.2.2.14 ADMINISTRATION BUILDINGS

This topic is addressed in the 2005 LRA (Section 1.2.3.14). Since there is no change in
the types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

1.2.2.15 STORAGE AND WASTE HANDLING AREAS

This topic is addressed in the 2005 LRA (Section 1.2.3.15). Since there is no change in
the types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment. Since the 2005 LRA, additional storage and waste handling areas
have been permitted, constructed, and placed into operation; including the Shredder
Facility and the Rotary Dump Facility, Design and operation of these facilities will be
unaffected by the Class A West embankment.
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1.2.2.16 DECONTAMINATION AREAS

This topic is addressed in the 2005 LRA (Section 1.2.3.16). Since there is no change in
the types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment. Since the 2005 LRA, additional decontamination and wastewater
management facilities have been permiited, constructed, and placed into operation;
including the Intermodal Container Wash Building, Fast Side Drainage and Gray Water
System, and Northwest Comer Evaporation Pond. Design and operation of these facilities
will be unaffected by the Class A West embankment.

1.2.2.17 PHYSICAL SECURITY

Site security procedures for the Clive facility are provided in the Site Radiological
Security Plan (LLRW RML Condition 54, currently approved as revision 3, May 5,
2008). Because the plan requirements are general and do not specify particular
embankment designs or waste placement locations, there will be no changes to the Site
Radiological Security Plan for construction of the Class A West embankment.

1.2.2.18 EQUIPMENT AND EQUIPMENT STORAGE

This topic is addressed in the 2005 LRA (Section 1.2.3.18). Since there is no change in
the types of waste that wiil be managed, this discussion wili be unaffected by the Class A
West embankment.

1.2.2.19 EXCAVATED MATERIALS AREA

This topic is addressed in the 2005 LRA (Section 1.2.3.19). There will be no change in
management of excavated materials for the Class A West embankment.

1.23 CURRENT EMBANKMENT CONDITIONS

Drawing 10014-C01 provides an overlay of the proposed Class A West embankrment
design. From this figure, it is evident that the proposed embankment will completely
overlay the existing Class A and Class A North embankments. As evidenced from the
drawing, existing collection lysimeters CL-W-3, CL-W4 and CL-N5 would need to be
removed from service upon approval of the Class A West embankment amendment
request. In accordance with Part IV.C.4 of the GWQDP, prior Executive Secretary
approval will be required before abandoning these collection lysimeters. Similarly, in
accordance with Part ILM of the GWQDF, an abandonment report will be required
within 60 days of completion. Planned collection lysimeter C1.-W?2 was not constructed,
with DRC approval. Locations for an additional 9 collection lysimeters are proposed on
drawing 10014-C01, to provide comparable coverage to the approved networks for the
Class A and Class A North cells. Table 1.3 below compares acres/lysimeter for the

embankments.
Table 1.3: Acres per Collection Lysimeter
Embankment Acres # of Lysimeters Acres/Lvsimeter
Class A 73 7 10
Class A North 39 5 8
' Class A West 133 14 9.5
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1.3 SCHEDULES

EnergySolutions has conducted NORM waste disposal operations at the Clive facility
since 1988. LLRW disposal operations began in 1991. Mixed waste disposal operations
have been conducted since 1992, Construction activities necessary to combine the Class
A and Class A North embankments into the Class A West embankment will begin
immediately after approval of the amendment request. Waste placement to the increased
shoulder height will begin on the south half of the existing Class A embankment,
proceeding north.

1.3.1  CONSTRUCTION

Much of the liner for the Class A West embankment has already been constructed,
mcluding all of the existing Class A embankment and much of the Class A North
embankment. Liner will need to be constructed in the area between the Class A and Class
A North embankments. Cover has not yet been constructed over any waste in the Class A
or Class A North embankments. Cover construction is expected to begin no later than
2016 for the area comprising the southeast corner of the current Class A embankment.

1.3.2 OPERATIONS

EnergySolutions estimates that disposal operations in the Class A West embankment may
continue for up to 20 years.

1.3.3 CLOSURE

Closure of the Class A West embankment will take place during normal operations. As
new areas are constructed, the filled areas will be covered to meet final design
specifications before being closed. Closure activities will include a settiement monitoring
program prior to cover constraction as provided in the LLRW and 1le.(2) CQA/QC
Manual, work element “Temporary Cover Placement and Monitoring.” The settlement
monitoring program includes a requirement that temporary cover be placed and
monitored for at least one year prior to final cover construction, with evaluation of
differential settlement. If differential settlement exceeds or is projected to exceed the
established criteria, surcharging of affected areas will be required. This program will
continue unchanged for the Class A West embankment. Upon final closure of all disposal
embankments, the site will be decommissioned and the long-term surveillance period will
begin,

1.4  INSTITUTIONAL INFORMATION

In accordance with a letter dated November 18, 1987, from the Director of the Burean of
Radiation Control {the agency has since been named the Division of Radiation Control),
and in accordance with R447-25-9(2} an exemption was granted, allowing for disposal
activities on privately owned land at Clive. A suppiemental exemption was granted on
March 8, 1991. These exemptions were not specific to a particular disposal embankment
or land area. On March 16, 1993, Envirocare and the Utah Department of Environmental
Quality entered into an Agreement Establishing Covenants and Resiriciions related to
LI.RW disposal activities on privately owned land. This Agreement specifically applies
1o all of Section 32, less the defined property of the Vitro embankment. EnergySolutions
continues to be bound by this Agreement.

Accordingly, since it will be located entirely within Section 32, the Class A West
embankment is addressed by the existing land ownership exemption for LLRW
management and disposal.
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For the Class A disposal cells, EnergySolutions will retain ownership of the land, and witl
be responsible for site closure, as well as the long-term maintenance and monitoring of
the disposal site. In accordance with 10 CFR Part 40.28, the ownership of the 11e.(2)
disposal facility will be transferred to the Department of Energy (DOE), another Federal
Agency designated by the President, or the State of Utah. The land will be transferred at
no cost to the DOE. The DOFE or other designated agency will be responsibie under the
general license for custody of and long-term care of the site, including monitoring,
maintenance, and emergency measures necessary to protect the public health and safety
and other actions necessary to comply with the standards. If is anticipated that the
State of Utah will retain a function in the post-closure activities at the site in an
oversight role.

Funds for the closure, remediation and long-term surveillance of the facility are discussed
in Section 10 below. Upon State of Utah reguest to draw upon the irrevocable letter of
credit established at Zions First National Bank, funds are maintained in trust for the
benefit of the State of Utah with Wells Fargo Bank. Furthermore, the State of Utah has
established a Perpetual Care Fund with a target initial minimum balance of $100 miilion
at the conclusion of the post-closure monitoring period (i.e., year 101 after site closure).
The Perpetual Care Fund is funded by an annual payment and eamnings accrued to the
fund cash balance with an irrevocable letter of credit bringing the value to $13 million.

1.5 MATERIALS INCORPORATED BY REFERENCE

EnergySolutions has summarized the references listed in each Section as Section 11 of
this License Amendment Request.

1.6 CONFORMANCE TO REGULATORY GUIDES

To the extent practicable, the information presented in this amendment request conforms
to the recommendations provided in “Standard Format and Content of a License
Application for a Low-Level Radioactive Waste Disposal Facility” (NUREG-1199,
USNRC, January 1991},

A complete list of regulatory guides applied to facility design is included in Section 1.6
of the 2005 LRA.

1.7  SUMMARY OF PRINCIPLE REVIEW MATTERS

EnergySolutions requests that DRC issue a license amendment for the proposed Class A
West embankment.

EnergvSolutions has reviewed LLRW RML #UT 2300249, and GWQDP No.
UGW450005, as well as supporting documents for each. The embankment liner, waste
placement, and cover systems for LLRW are identical to the existing Class A and Class A
North embankments; thercfore, many RML and GWQDP conditions and supporting
documents are unaffected by the proposed Class A West embankment.

Revisions to the LLRW RML and GWQDP are provided in redline/strikeout format in
Attachment la and 1b respectively.
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2.0

21

2.1.1.1

2.1.1.2

2.2

2.3

23.1

232

SITE CHARACTERISTICS

Site characteristics of the Clive site have been the subject of many investigations and
regulatory reviews. Because this basic information about the site is not affected by the
Class A West embankment, the most recent summary found in section 2 of the 2005 LRA
is incorporated by reference.

GEOGRAPHY, DEMOGRAPHY, AND FUTURE DEVELOPMENTS
SITE LOCATION AND DESCRIPTION

LOCATION OF THE FACILITY

The Clive site is on the eastern edge of the Great Salt Lake Desert, 3 miles west of the
Cedar Moustains, 2.5 miles south of Interstate 80, and 1 mile south of a switch point
called Clive on the tracks of the Union Pacific Railroad system. The facility is located at
approximate latitude 40° 41" 18" North, longitude 113° 06' 54" West.

The licensed disposal area is a parcel of land consisting of Section 32 of T18, R11W, in
Tooele County, Utah, with the exception of approximately 100 acres used in the Vitro
Remedial Action project. The DOE owns the 100 acres used in the Vitro Remedial
Action project. The Class A West embankment will be located entirely within Section
32.

NEARBY FACILITIES

This topic is addressed in the 2005 LRA (Section 2.1.1.2). Since there are not any new
facilities in the area since that submittal, this discussion will be unaffected by the Class A
West embankment.

POPULATION DISTRIBUTION

This topic is addressed in the 2005 LRA (Section 2.1.3). This information is unaffected
by the Clasg A West embankment.

METEOROLOGY AND CLIMATOLOGY

EnergvSolutions has operated a weather station at Clive since April 1992, The station
monitors wind speed and direction, 2-m and 9-m temperatures, precipitation, pan
evaporation and solar radiation. An 18-year summary report from January 1, 1993
through December 31, 2010 was provided to the Utah Water Quality Board on February
15,2011 (CD11-0035). Since the Class A West embankment will be located entirely
within Section 32, this information adequately characterizes the site. See also Section 2.3
of the 2005 L.RA.

GEOLOGY AND SEISMOLOGY

REGIONAL and SITE GEOLOGY

This topic is addressed in the 2005 LRA (Section 2.4.1). This discussion is unaffected by
the Class A West embankment.

SEISMOLOGY

This topic is addressed in the 2005 LRA (Section 2.4.2); and has been independently
reviewed and updated by AMEC Earth & Environmental in the course of licensing the
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Z4

2.4.1

24.2

2.5

251

252

CAC embankment in 2005-2006. References for the AMEC update report and
interrogatory responses are provided below. Since this information applies to Section 32
as a whole, this discussion will be unaffected by the Class A West embankment.

e  AMEC, “Report: Combined Embankment Study, Envirocare,” December 13,
2005

¢  AMEC, “Round 2 Interrogatories and Response, Class A Embankment Height
Study, EnergvSolurions Facility Near Clive, Utah,” April 28, 2006

e AMEC, “Interrogatory Statement and Response, AMEC Interrogatory Response
Letter Dated April 28, 2006, Class A Embankment Height Study,
EnergySolutions Facility Near Clive, Utah,” May 22, 2006

The 2005 LRA summarizes work dating back to 1985, during the initial site investigation
for the Vitro disposal cell. These investigations developed seismic design values for a
Maximum Credible Earthquake of 6.5 with peak acceleration of 0.37g. The previously
submitted CAC cell geometry was evaluated against this design value and found to meet
acceptable safety factors. The Class A West cell geometry is essentially unchanged from
the CAC embankment, except that the height of the Class A West embankment at its peak
is lower by about 7 feet.

In reviewing the historical seismic design vaiue work, AMEC found that it was both
poorly-documented and conservative by current standards. Therefore, the seismic hazard
was updated based on more current knowledge and information. The updated seismic
hazard develops a design maximum earthquake of 7.1 with peak acceleration of 0.24g.
These higher values were used in analysis of the CAC embankment in 2005-2006 and
continue to be used in the analysis of the Class A West embankment.

HYDROLOGY

SURFACE WATER HYDROLOGY

This topic is addressed in the 2005 LRA (Section 2.5). Since surface water hydrology
was characterized for all of Section 32, this information 1s applicable to the Class A West
embankment.

GROUNDWATER CHARACTERIZATION

This topic is addressed in the 2005 LRA (Section 2.5). Since groundwater was
characterized for all of Section 32, this information is applicable to the Class A West
embankment.

GEOTECHNICAL CHARACTERISTICS

FIELD INVESTIGATIONS

This topic is addressed in the 2005 LRA (Section 2.8.1). Since no new field
investigations have been completed since that time, this discussion will be unaffected by
the Class A West embankment.

FIELD AND LABORATORY TESTING AND ENGINEERING PROPERTIES

This topic is addressed in the 2005 LRA (Section 2.8.2). Since no new field
investigations have heen completed since that time, this discussion will be unaffected by
the Class A West embankment.
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233 GROUNDWATER CONDITIONS

A significant amount of water quality data and geochemical information has been
developed for the subsurface soil and groundwater below Section 32. This information
was submitted to DRC on September 1, 2004, as a Comprehensive Groundwater Quality
Evaluation Report (CD04-0405). Since groundwater quality was characterized for all of
Section 32, this information is applicable to the Class A West embankment.

254 BORROW MATERIALS

This topic is addressed in the 2005 LRA (Section 2.8.4). A supplemental evaluation of
the change in borrow material volumes associated with the requested design change
follows.

EnergySolutions estimated the difference in material quantities for the redesigned
embankment compared with material needs for the Class A and Class A North
embankments. Table 2.1 summarizes these estimates. The quantity of clay material
required for the Class A West embankment is increased by approximately 84,509 cubic
yards, since the design of the Class A West embankment encompasses the void space
between the Class A and Class A north embankments. The rock materials needed to
construct the Class A West cover system will increase by approximately 190,642 cubic
yards for the same reason. The total volume of clay borrow and rock borrow materials
needed for remaining cover construction for the entire site is estimated at 1,257,845 and
1,549,809 cubic yards respectively, as summarized in Table 2.2.

In a letter to DRC dated November 21, 2007 (CD07-0373), EnergySolutions provided an
independent assessment of the volume and type of rock available at the Grayback Hills
gravel pit 24. This is one of several pits in the region; and EnergySolutions’ contract area
alone contains approximately 1.1 million cubic vards of proven rock materials. The
adjoining pit areas contain several hundred thousand additional cubic yards of material.
The economic cost associated with using pit 24 for cover rock is currently incorporated
into the LLRW and 11e.(2) sureties.
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Tabie 2.1: Additional Borrow Material for Class A West

180,642

\ CAW ADDITIONAL CLAY RESOURCE REQUIRED 84,509 yd3
CAW ADDITIONAL SAND & GRAVEL RESOURCE REQUIRED

yd3

CLASS A WEST CLASS A CLASS A NORTH
THICKNESS | VOLUME THICKNESS: VOLUME THICKNESS  VOLUME
COVER MATERIALS AREA (ftZ}g (21 (vd3) AREA {ft2) (] (yel3) AREA (f12) (1) yd3)
Waste Footprint Area 5,801,781 3,164,247 1,713,768
Waste Cover Araa (ro ditch centerline) | 5,950,435 3,336,590 .| L8838, 287
Top Slope — 4,128,092 e 12,095,395 e e 1D e
_ Temporary Cover (clay) o1 3528 L0 77,607 | 10 29465
.................... Radon Barrier (clay} L2 B8 (2.0 155,214 20 . 588931
Erosion Materials (rock) ) 3.5 535,123 : 35 271,825 a3 103,129
SideSlope | BB22343 e 1,243,195 e | BOBTTOR e
_..Tempaorary Cover (clay) Vi 67494 10 45,9701 Lo 33174
_Radon Barrier (clay) 2 134988 2.0 51,940 20 78348
... Frosion Materials {rock} e A5 3037241 35 1608960 38 137,110
Outer Ditch Slope Area {2 layers} 197,143 154,230 3 | 124399
Erosion Materials {rock) 15 8,568 1.5 6,911
_TOTALCLAY MATERIAL (BORROW)| L3072 '
OTAL SAND & GRAVEL PRODUCTS _..A41,088
o .. BORROW FACTOR) LI
TOTAL SAND & GRAVEL BORROW 520,485

Table 2.2: Total Cover Construction Material Requirements

. Erosion
Embankments Temp Rad.on Total Clay | Erosion Materials
Cover Barrier Borrow Materials
Borrow
Class A West
Embankment 220,386 440,773 661,159 838,847 989,839
Ditch NA NA NA 10,952 12,924
Mixed Waste
Embankment NA 94,814 94,814 165,924 195,790
Dlitch NA NA NA 5,472 6,457
11le.(2}
Embankment NA 501,872 501,872 279,104 329,343
D{itch NA NA NA 13,098 15,456
TOTALS 1,257,845 1,549,809
Notes:
1. All volumes are reported in cubic yards.
2. Abhorrow factor of 1.18 is applied to the erosion materials to account
excess raw material needs to produce the various cover products.
3. "Embankment"” accounts for materials over the embankment extending
to the drainage ditch centerline. "Ditch" accounts for materials over the
ditch outer slope.
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2.55

2.6

2.6.1

262

STRATIGRAPHY AND DESIGN PARAMETERS

This topic is addressed in the 2005 LLRA (Section 2.8.5). This discussion will be
unaffected by the Class A West embankment.

GROUNDWATER HYDROLOGY

HYDROGEOLOGY

Site hydrogeology has been characterized in a Revised Hydrogeologic Report submitted
to the DRC on September 1, 2004 (CD04-0404}, and a Comprehensive Groundwater
Quality Evaluation Report, submitted September 1, 2004 (CD04-0403). Since site
hydrogeology was characterized for all of Section 32, this information is unaffected by
the Class A West embankment.

GROUNDWATER MODELING .
Groundwater modeling was conducted for the Class A West embankment. The purpose
of conducting this modeling was to simulate flow in the unsaturated and saturated zones
to aid in understanding infiltration and groundwater flow below and adjacent to the Clive
site.

UNSAT-H, a one-dimensional finite difference rumerical model, was selected fo
evaluate the migration of water in the unsaturated soils at the site. Hydrologic Evaluation
of Landfili Performance (HELP) was also used to evaluate the migration of water through
the cover. PATHRAE was used to evaluate the fate and transport of radionuclides,
metals, and organic contaminants through the unsaturated zone and the aquifer. These
results support design and performance analyses and are discussed in further detail in
section 3.2.1 below.

The HELP infiliration modeling results indicate that 0.0937 in/yr {0.238 cm/fyr)
infiltration would occur through the CAW cell top slope, while 0.132 in/yr {0.335 cm/yr)
would infiltrate through the side slope with 6-inch thick Type-B filter. In comparison,
the July 19, 2000 modeling of the Class A Cell predicted infiltrations of 0.104 in/yr
(0.264 ¢m/yr) through the top slope and 0.078 in/yr (0.198 cm/yr) through the side slope.
The differences are due to an increase in precipitation input to the model (revising 7.92
m/yr up to 8.44 in/yr) and increases in embankment slope lengths (modeled as a top slope
of 942 ft and side slope of 188 ft, in comparison {o top and side slopes of 540 fi and 160
ft for the original Class A Cell). Based on these HELP-gencrated infiltration rates, the
UNSAT-H model predicted that moisture contents would stabilize at 0.057 v/v in the
waste and .043 v/v in the native soil below the top slope, at 0.0599 and (1,045 v/v in the
waste and native soil below the side slope (which are comparable to those originally
modeled for the Class A Cell).

The PATHRAE fate and transport modeling for the top slope (0.238 cm/yr infiltration
case} indicates that all radionuclides modeled would remain below the GWPLs for at
jeast 500 years at a compliance well located 240 feet from the edge of the top slope
waste, provided that the concentrations of two radionuclides, Bk-247 and Cl-36, are
received in limited concentrations of 1.92 and 73,900 pCi/g, respectively. All other
modeled constituents would meet the groundwater standard if placed in the top slope area
at Class A limits, By comparison, the July 2000 Class A Cell model projected that al}
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radionuclides modeled would remain below the GWPLs for the regulatory 500-year
period.

The PATHRAE fate and transport modeling for the side slope with a 6-inch thick Type-B
filter (0.335 cm/yr infiltration case) indicates that all radionuclides modeled would
remain below the GWPLs for at least 500 years at a compliance well located 90 feet from
the edge of the waste, provided that CI-36 is reccived in limited concentrations of
10,600,000 pCi/g. All other modeled constituents would meet the groundwater standard if
placed under the side slope at Class A limits. By comparison, the July 2000 Clags A Cell
model projected the need to limit concentrations for Al-36, Bk-247, Ca-41, Cf-249, Cf-
250, C1-36, Re-187, Th-157, and Th-158 in order to ensure GWPL compliance within
500 years. The differences are due to the reduced infiltration rate input to the model
{revising 0.132 in/yr downward to 0.078 infyr).

The transport of heavy metals from the top siope and side slope arcas was modeled using
separate vertical PATHRAE model runs. The results indicated that all thirteen metals
could be piaced in the top slope or side slope at the maximum possible concentration
based on density, and would meet GWPLs at a the water fable and, by exiension, at a
compliance well located 90 feet from the edge of the waste for the 200-year compliance
period established for heavy metals.

GROUNDWATER QUALITY AND GEOCHEMICAL
CHARACTERISTICS

A significant amount of water quality data and geochemical information has been
developed for the subsurface soil and groundwater below Section 32. This information
was submitted to DRC on September 1, 2004, as a Comprehensive Groundwater Quality
Evaluation Report (CD04-0405). Since groundwater guality was characterized for all of
Section 32, this information is applicable to the Class A West embankment.

NATURAL RESOURCES

GEOLOGICAL RESOURCES

This topic is addressed in the 2005 LRA (Section 2.9.1). Since geological resources were
characterized for all of Section 32, this information is applicable to the Class A West
embankment.

WATER RESOURCES

This topic is addressed in the 2005 LRA (Section 2.9.2). Since water resources were
characterized for all of Section 32, this information is applicable to the Class A West
embankment.

BIOTIC FEATURES

VEGETATION

Regional vegetation is characterized in the 1i-Year Meteorologic Summary Report
submitted to the DRC on January 12, 2004 {CD04-0016). This information is applicable
to the Class A West embankment. Further discussion of this topic is addressed in the
2005 LRA (Section 2.10.1). Since vegetation was characterized for all of Section 32, this
information is applicable to the Class A West embankment.
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2.19

3.0

TERRESTRIAL LIFE

This topic is addressed in the 2005 LRA (Section 2.10.2). Since terrestrial life was
characterized for all of Section 32, this information is applicable to the Class A West
embankment.

AQUATIC BIOTA
Aguatic ecosystems do not occur on or near the South Clive site.

ENDANGERED AND THREATENED SPECIES

This topic is addressed in the 2005 LRA (Section 2.10.4). Since endangered and
threatened species were characterized for all of Section 32, this information is applicable
ta the Class A West embankment.

PREOPERATIONAL ENVIRONMENTAL MONITORING

This topic is addressed in the 2005 LRA (Section 2.11). Since preoperational
environmental monitoring was characterized for all of Section 32, this information is
applicable to the Class A West embankment.

FACILITY DESIGN AND CONSTRUCTION

Coordinates for the Class A West embankment and buffer zone are provided on Drawing
10014-U01.

For waste placement, EnergySolutions will utilize construction specifications that have
already heen approved and successfully implemented for the Class A embankments. No
novel engineering designs or construction methods will be implemented for the Class A
West embankment, nor will the waste disposed in the Class A West embankment differ
from waste currently being disposed in the Class A and Class A North embankments in
regards o radioactivity, physical form, or potential hazard.

EnergySolutions will construct the Class A West embankment in accordance with the
waste placement, design and construction procedures and specifications found in the
current LLRW and 11e.(2) CQA/QC Manual. Therefore, the engineering analyses
performed for existing waste disposal practices at the Class A disposal embankments are
also valid for the Class A West embankment. Similar information for other embankment
features is provided in Tables 3.2, 3.3, and 3.4 of the 2005 LRA, and updated/redline
copies of those tables are provided below. Detailed explanations of waste placement
specifications and supporting documentation are located in the 2005 LRA (Section 3).
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Table 3.2: Design Criteria of the Principle Design Features

Principal
Design
Feature

Required
Function

Complementary
Aspects

Design Criteria

Design Criteria Justification

Conditions

Liner

Minimize contact
of wastes with
standing water

Minimize contact of
wastes with standing
water during
operations

Permeability
£1x 107 om/sec

Prevent contact of water with waste.
Operational experience shows that 107
cm/sec permeability promoeles runoff and
allows accumulation of water to occur. Water
is then removed by pumping.

nermal

25 yr. 24 hr, event (1.9 inches)

abnormal

100 yr. 24 hr. event (2.4 inches)

accident

Heavy squipment damage to liner

Minimize contact of normal Liner ang cover retain design permeabilily over time
wastes with standing Liner permeability trfiow into embankment < outffow outof  [abnormal Degraded cover
waler after closure = cover permeability embankment, aceident Kot required per MUREG-1199
nosmal Seltlement completed during operations
Ensure cover Mitigate differential Maximum atlowable distortion in AMEC, Oclober 4, 2000. "Allowabie abnormal Cne area to cover height with adjacent area less than 25 feet
integrity setiement cover = 0.02 Differential Setilement and Distortion of Liner high
and Cover Materials.” - -
acciden? Not required per NUREG-1199
AMEC, May 27, 2005, "Geotachnical Study: : P
increase in Height and Footprint.”
normaj All primary and portion of secondary seitliement in soil layers
complete during construction and 100-year institutional control
period
Ensure cover Mitigate differential | Maximum allowable distortion in AMEC, Oclober 4, 2000, “Aliowable abnormat Creep of compressibie waste and additional secondary
integrity settlement cover = 0.02 Differential Setttement and Distortion of Liner selilement of scifs after 100-year nstitutional control period.
Waste and Cover Materials.”
Placement AMEC, May 27, 2005. "Geotechnical Study: " -
and Increase in Height and Foolprint” accident Not reguired per NUREG-1199
Backfill
normal Static conditions
Ensure structural | Maintain stope stability Stafic safety facior = 1.5 State of Litah Statutes and Administrative
stability Seismic safety factor Rules for Dam Safety, Rule RE25.11-6  |abnormal  Eathiquake
>1.2
accident Not required per NUREG-1199
Average infiliration < 0.0037 HELP modei parameter that achieved [normai Average annual precipitation (7.2 ")
inchesfyear performance based standards, abnormal All abnormal conditions related o the Complementary Aspects
Minimize infiliration (0.238 cm/year) top siope Whetstone Associates, Inc., April, 20141, of "Encourage Runoff”, "Desiccation”, "Frost Penetration”, and
0.132 inchesfyear "E_nergySofuﬁons Céa‘ss A West (CAW) "Bioinirusion".
(0.335 emfyear) side slope Disposal Cell I&Zgr;ﬁt;c;n“and Transport aceident Not required per NUREG-1198
Maintain positive drainage; normaj 100 yr. 24 hr. event (2.4 inches)
Maximum design velocity within | Drainage (flow} needs to be maintained under [abnormal PMP (i-hour = 5.1 inchas)
Encourage runoff drainage layer > calculated all conditions
drainage velocities; accident Downstream blockage
o Do not allow water accurmulgtion
Minimize normat Historic weather patterns
e infiltraticon Prevent desiccation | No desiccation cracking in Radon | Ensure infiltration design criteria is attained  |zbnormal Grought
aver Barrier Clay acoident A
normal Historic weather patierns
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Thickness of reck/fiter/sagrificial | Ensure infiltration design criteria is attained [abnormad Monthly average minimum temperatures, 500 year return
Limit frost penetrations | scil zones = maximum depth of frequency
frost (2 feet) accident Not required per NUREG-1196
niormal Desert plant growth {shailow rooted)
Limit bicintrusion Bicintrusion shai! be discouraged } Ensure infiltration design criteria is attained [3pnormal Desert plant growih (deep rooted)
and shall not cause increased accident Not required per NUREG-1199
infiltration
normal Low to moderate gamma emitters
Reduce Surface dose rates 100 mrem TEDE R313-15-301 abnormal High gamma emitter at top of waste
Exposures accident NA
normal All primary and portion of secondary setilement in soil layers
AMEC, Ocicber 4, 2000. “Allowable complete, no container deteroration up to 100 years
Ecnsure Dr.\f’:,mgat? ; Mg’."m”r.“ Allowable Diffarential Settlement :,!"d D.'s‘tuf,t'on of Liner | ormal | Container delerioration after 100 years, allowing creep of
over ifrersntia istortion = 0.02 and Cover Materials.” compressible waste and additional secondary settlement of
Integrity Sethement AMEC, May 27, 2005. “Geotechnical Study: solls. Earthquake
Increase in Height and Foolprint. accident | Not Required per NUREG-1189
normal 100 yr. 24 b, evant (2.4 inches)
Water velocity < 3 ft/sec on NUREG/CR-4G20 abnormal PMP (1-hour = 6.1 inches)
Racon Barrier Clay accident Not Required per NUREG-1199
Prevent Prevent Piping: Reduce plugging of lower filter layer, normal
Internal Dys{filter)/Des(soil} < & AND Cedergren, H.R., (1977), "Seepage, Performance calculations are developed for saturated
Erosion Deolfiter)/Dsa{soil} < 25 Drzinage, and Flow Nets" second edition, [apnormal conditions within dams. Conditions at Envirocare are much
Enstre John Wiley & Sons, New York, pp. 178-182. less severe.
Prevent Upward Migration of -
Iri;);:{y Fines DOE, 1989. Technical Approach Document, accident DOE ratios have been developed for abnormal saturated
Ds(Lower LayerDes(Upper Revision H, UMTRA-DOE/AL 050425.0002, conditions within an UMTRA embankmeant.
Layer) < 4 pp. 82-83
Cover Material Stability / normal Historic Weather Patterns
Endure Weathering, 1000 year life NUREG-1823 abnormal PMP (1-hour = 6.1 inches)
External Erosion accident Not Required per NUREG-1198
normal Evenly Distributed Weight Loading
. L ) abnormal Creep of compressible waste and addifional secondary
Long Term Cover Drainage Minimize Ponding settlement of soils after 100-year institutional control period,
(Mo Slope Reversal) accident Not Required per NUREG-1199
Seitiement - _ -
Maximum Total Settlement normal Evenly Distributed Weight Loading
£ 15% of Embankment Height Highway embankments and major waste  |abnormal Creep of compressible waste and additional secondary
LARW — 8.4 feet storage embankments have sellled up to 15% setilement of soils after 100-year instifutional controt pericd.
Ensure Class A ~ 9.2 feat of their height and performed adequately  [accident Not Required per NUREG-1199
Struct_tfrai Maintain normal Static Conditions
Stability Slope Static Safety Factor > 1.5 State of Utah Siatutes and Administrative  |apnormal Earthquake
Stability Seismic Safety Factor = 1.2 Rujes for Dam Safety, Rule RG25-11-6 aceident Not Required per NUREC-1189
Cepth of water < depth of difch. nermal 25 yr. 24 hr. event (1.9 inches)
Faciiitate flow away Promote free flowing conditions. | Minimize potential infiliration into the waste. labnormal 100 yr. 24 hr. event (2.4 inches)
from the embankment Freeboard = 0.5 foot under accident Downsiream Blockage
normal conditions.
) Flood water shall dissipate faster |Ponded flood water would premote infiltration. |normal 100 year flood (3,802 ofs)
Provide Site Minimize Infiltration than water fravels through the So fong as flood water drains or evaporates [apnermal PMF (48,500 cfs}
Drainage Drainage under fload conditions cover system. faster than the trave! fime through the cover "
: nt Downst
Systems increased infiltration will be minimized. accide ownstream Blockage
Ensure Ditch Prevent normal 100 yr. 24 hr. event (2.4 inches)
Integrity Internal Velocity < 3 fi'sec on Clay NUREG/CR-4620 abnormal PMP (1-hour = 6.1 inches)
Erosion accidant Not Required por MUREG-1199
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normai No releases
Buffer Provide Site Mot applicable Sized adequate for monitoring Cempliance monitoring abnormal Contaminant releases
Zone Monitoring and corrective measuies aocident Not Required per NUREG-1199
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Table 3.3: Pertinent Characteristics of the Principle Design Features

Principal Design Principal Design Element Pertinent Characteristics References
Feature
2 feet thick Thickness, permeability: GWQDP Condition 1.0.4.(c)
Permeability < 1 x 10° cmisec
Compaction and Moisture in Work Element - Clay
Compacted o §5% of a standard proctor Liner Placement; Compaction specification;
Liner Clay Liner under Embankment | Moisture between optimum and optimum +5% Fines, plasticity index, and liquid fimit in Work Element

B5% fines (<0.G75 mm)
10 < plasticity index < 25
30 < liguid imit < 50

- Clay Liner Borrow Material, Material specification.

Bulk Waste Placement

Bulk Waste Placement

Compacted waste average lift thickness < 24 inches

Compacted with at least 4 machine passes of a CAT 826 compactor, and
must meet CAES acceptance criteria.

First one foot of material above iiner debris-free native soil

Last one foot hefore radon barrier debris-free

Compressible debris < 50% of uncompacted lift volume

Incompressible debris < 50% of uncompacted {ift volume

COA/GC Manual, Attachment il-A, Work Element —
Waste Placement Yith Compactor

Clay Radon Barrier

1 foot of 1 x 107 cr/sec clay
1 foot of 5 x 10°° cm/sec clay

85% fines (<0.075 mm)
10 < plasficity index < 25
30 < jiquid limit < 50

Compacted to 95% of & standard proctor
Moisture between optimurm and optimum + 5%

Top Slops. 2-4%

Thickness, permeability, siope: GWQDP Condition 1.D 4.a(5)

Compaction and Moisture in CQA/QC  Manual
Attachment H-A, Work Element - Radon Barrier
Piacement, Compaction specification

Fines, plasticity index, and liquid limit in CQA/QC
Manual, Attachment II-A, York Element - Clay Liner
Borrow Material, Material specification.

Cover Side Sicpe: 20%
6 inches thick on the top and side slopes Thickness, permesability. GWQDP Condiion 1.0.4.a(4)
Permeability = 3.5 cm/sec Gradation criteria on drawing 10014-C04
Lower Filter Zone Type B filter and Sacrificial Soil gradations must meet specified ratios Reck Scoring Criteria in CQA/QC Manual, Appendix D and
Type B Filter Attachment I-A, Work Element - Fiiter Zone, Qualily of Rock
Rock Scoring Test » 50 specification
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Sagerificial Soil

42 inches thick
Residuat moisture content = 3.5%

Type B filter and Sacrificial Soil gradations must meet specified ratios

GWQDP Condition 1.0.4.8(3)

Gradation criteria on drawing 10014-C04

Cover

Upper Filter Zone
Type A Filter

6 inches thick

D100 £ 8 inches

D70 < 3inches

D50 < 1.57 inch (40 mm)

D15 = 0.85 inch (22 mmy)

D40 = No. 10 Sieve (2.0 mm)

D5 = No. 200 Sieve {~ 6.075 mm)

Rock Scoring Test = 50

Thickness, gradation: GWQDP Condition 1.D.4.a(2)

Rock Scoring Criteria in CQA/QC Manual, Appendix D and
Altachment -4, Work Clement - Filler Zone, Quality of Rock
specification

Erosion Barrier

18 inches thick

Top Cover {Type B riprap).
100 < 4.5 inches
B50 = 1.25 inches
D10 = 0.75 inch
D5 > No. 200 Sieve {~ 0.675 mm)

Side Cover (Typs A riprap):
D168 <18 inch
DO0 £ 12 inch
D50 = 4.5 inch
D10 = 2inch
36 = No. 200 Sigve (~ 0.075 mimy)

Rock Scoring Test » 50

Thickness, gradation: GWQDP Condition 1.D.4.a{1)

Rock Scoring Criteria in CQA/QC Manual, Appendix D and
Altachment 1)-A, Work Element - Filter Zone, Qualily of Rock
specification

Drainage Systems

Drainage Ditches

4 feet deep

*Irreguiar quadrilateral” with a 2% bottom slope and 5.1 (H:V) sides slopes

Borrow Material = CL or ML soils

Natural Ground or Imported Borrow Material Compacled o 95% of a
Standard proctor

& inches of Type A filler material

12 inches of Type A RipRap material

Drawing 10014-C03

Borrow Material in CQA/QC Manual,
Attachment H-A, Work Element - Drainage Ditch
imported Borrow, Material specification
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Buffer Zone

Buffer Zone

94 feet from toe of waste to fence

<G0 feet from toe of waste to compiiance well
300 feet from toe of waste 10 property line

92.7 feet from toe of waste to Vitro property line

Section 1.2.2.2 of this report
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Table 3.4: Projected Performance of the Principle Design Features

Principal Design | Required Function] Complementary
Feature Aspects Design Criteria Projected Performance Performance Reference Safety Factor
T Mirimize contact of B I
wastes with standing Permoability CQA/QC Manual 100
Minimize contact of water during <1 x 107 cmisec Design permeability = 1 x 10 cavsec (all conditions)
waste with standing operations s o -
Liner water Minimize contact of )

wastes with standing
_water after closure

Liner Permeabiiity
= Cover Permeability

Liner design permeability = 1 x 10" cmfsec
Cover design permeabiiity = & x 10 cmisec

CQA/QC Manual

20
{ail conditions)

Ensure Cover integrity Mitigate
Differential Maximum Allowable Distortion Normal maximum distortion = 5.001 AGRA, 2000 Narmal = 20
Settiement in Cover = 0,02 Abnormal maximum distortion = 0.007 AMEC, 2000 Abnormai = 2 86
AMEC, 2005
AMEC, 2011
Ensure Cover Integrity Mitigate Maxirnum Allowable Distortion | Maximum differential setiement (distortion) calculated
Differential in Cover = (.02 at 0.01 for bulk waste faciility under abnormal AGRA, 2000 Abnormal: 2.0
Settlement conditions AMECG, 2005
Waste Placement | . _ R . AMEC, 2011
and Backfill Static = 2.5 (exceeds
Ensure Structural Maintain Static Safety Factor 2 1.5 Static Safety Factar 2 2.1 AGRA, 1986 design criteria of 1.5)
Stability Slope Seismic Safety Facior AGRA, 1989 Seismic = 1.2 {meets
Siability =12 Seismic Safely Faclor = 1.2 AMEC, 2000 design criteria of 1.2)
AMEC, 2005
AMEC, 2011
Average infiltration <
Minimize infiliration G.0937 inches/year infiltration meets performance critéria of transport to
{0.238 crfysan) top menitoring welis for at least 500 years. Whetstone, 2011 Not applicable
slope
0.432 Inches/year
{0.335 crfyear) side slope
Maintain positive drainage; Cover design slope = 4%. See also Section 1.3.3.4.1,
Maximum design velocity Maxirmm theorstical velocities: Whetsione, 2005
Encourage Runoff within drainage layer > 3.45 x 107 fi/sec {top siope) Top Slope:
Cover Minimize tnfiltration drainage velacities; 2.30 x 107 ft/sec (side slope) Envirocare, 2000 4.01
Maximum drainage velocities during PMP:
Da not aliow water 8.6 x 10" fi/sec (top siope) Sections 1.3.3.4.1, 1.3.3.1.5, and Side Siope:
accuraulation 8.0 x 10 f'sec {side slope) 1.3.3.3.2 28.75
UNSAT-H modeling establishes that the steady-state
Prevent No desiccation cracking in moisture content of the clay radon barrier will remain Whetstone, 2011 1.1
Desiccation Radon Barrier Clay constant through all conditions throughout the life of {all conditions)
the embankment.
Limit Thickness of Monigomery Watson, 1988 Top > 1.03
Frost rock/filter/sacrificial seil zones Top Stope frost depth = 3.4 feet Monigomery Watson, 2000 Sides > 1.08
Penetration (3.5 ft} = maximum depth of Side Slope frost depth = 3.2 feet Western Regional Climate Cenler, 2000 | {abnormal condition)
frost
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Cover

Minimize Infiltration

Limit
Biointrusion

Binintrusion shall be
discouraged and shall not
cause increased infiitration

Due io increased evapoiranspiration, vegetation
decreases infiliration through the cover under both the
normal and the abnormal conditions.
Infiltration {normal) = 0.065 cmisec
infiltration (abnormal} = 0.071 cmisec

SWCA, 2000
Whetstone, 2005

Normat = 2.80

Abnormal = 1.86

Reduce Exposure

Surface Dose Rates

100 mrem TEDE

3 mremfyear through cover using abnormal event of
high-gamma source at the top of waste,

EnergySolutions, 2011

> 4.94
(abnormal condition}

Mitigate Maximum Allowable Maximusr differential setifement {distortion) calculated
Differential Distortion = 0.62 at 0.01 for bulk waste facility under abnormal AGRA, 200G Abnormal: 2.G
Settiement conditions AMEG, 2005
AMEC, 2011
Water velocity < 3 fi/sec on Irterstiial Velocities at Radon Barrier/Filter Zone Top = 2158.27
Radon Bayrier Clay Interface: Envirocare, 2000 Side = 431.03
Top Slope = 1.5 x 107 ft/sec (all conditions)
Prevent Side Slope = 8.7 x 107 f/sec
Internal Prevent Piping:
Ensuze Erosion D15{fiter/Dab(soll) £ 5 AND
| C;uvaf{ G50{filtery/DE0(soily < 25 Incorporated as construction specification on drawing Not appiicable
ntegrity

Prevent Upward Migration of

10014-C04

EnergySoftitions, 2011

=13.7¢

Material Stability /
External Ercsion

1000 year life

Side Slopes = 4.5 inches

Fines Upper filter layer Dis / Type B riprap Do = 22/76 = Envirocare, 2000 {all conditions)
Dys(lower Layer) / Dys(Upper 0.2¢
Layer) = 4
Design Rip Rap DS0: Top = 1.67
Top Slope = 1.28 inches Enviracare, 2600 Side = 1.64

{all conditions)

Weighted average quality scoring for specific gravity,
absorption, sodium scundness, and L.A. abrasion.
Reject rock with quality scoring < 50

COAQC Manual

Mot applicable

Ensure Structural
Stabifity

NURFEG-1623
lL.ong Term Cover Drainage Even if the total potential settement were focused at
(No Slope Reversal) ihe crest of the embankment, the drop in elevation AMEC, 2001
from the crest to the shoulder eliminates the potential
for slope reversal. AMEC, 2002
Maxdmum Totaf Settlement
Settlement % 15% of Embankment Height AGRA 2000
Abnormal condition maximum = 3.0 feet
Static 2 2.5 (exceeds
Maintain Static Safety Factor= 1.5 Static Safety Factorz 2.5 AGRA, 1996 design criteria of 1.5)
Slope Selsmic Safety Factor AGRA, 16989 Seismic = 1.2 (meets
Stability =1.2 SBeismic Safety Factor = 1.2 AMEC, 2000 design criteria of 1.2)
AMEC, 2005
AMEC, 2011

Drainage Syslem

Provide Site Drainage

Facilitate flow of
precipitation away
from the embankment

Depth of water < depth of
ditch,
Freeboard > 4.5 fool under
normal conditions.

Design difch height = 4 fest.

Max height of water during normal event = 2.72 feet at
downstream limit of ditch system {conservative "V
ditch assumed).

Max height of water during abnormal event = 2.83 feet
at downstrearn fimit of ditch system (conservative "V"
ditch assumed).

Downstream blockage improves post-closure

performance

EnergySolutions, 2011

Downstream:
Normal SF = 1.29
Abnormal §F = 1.41
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Minimize infiltration Fleod water shall dissipate Maximum depth of PIMF is approximately Bingham, 1996

under flood conditions faster than water travels one foot across the site. This depth would last about Abnormal SF >
through the cover system. 15 hours. Water trave! ime through the cover system Whetstone, 2001 50,000
B is over 89 years.
ensure Ditch integrity Prevent Internal
Erosicn Velocity < 3 fifsec on Clay interstitial velocity at the Clay / Rock interface Envirocare, 2000 = 2158.27
<12 %107 fisec (all conditions}
No contaminants will reach the monitoring wells
Buffer Zone Provide Site NA Sized adequate for menitoring iocated approximately 90 feet from the edge of
Monitoring and corrective measures

Whetstone, 2011

waste, within the buffer zone boundary

Not applicabte
of 94 feet) within 500 years.
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3.1  PRINCIPLE DESIGN FEATURES

3.1.1  WATER INFILTRATION

The Class A West embankment cover has been designed to direct ambient precipitation
away from the disposal unit. Cover design is detailed in Drawings 10014-C02 and 10014-
C03.

Flow from offsite precipitation is controlied during disposal operations by run-on berms
that completely surround the disposal unit. Construction specifications for run-on berms
are provided in the LLRW and 1le(2) CQA/QC Manual, Work Element — General
Requirements, specification “Run-on Control During Project”. No revision to this
specification will be needed for construction of the Class A West embankment.
Groundwater does not need to be directed away from the disposal cell, since the lowest
top of liner elevation is 10 feet above the highest recorded elevation for the upper,
unconfined aquifer. The lowest top of liner elevation will be at approximately 4265 feet
above sea level (see Drawing 10014-C01); the highest recorded elevation for the upper,
unconfined aquifer is 4255 feet above sea level.

The post-closure drainage system surrounding the Class A West embankment has been
designed to direct flow from ambient precipitation away from the disposal unit. The
current drainage system routes the flows from the Class A and Class A North
embankments beginning from a high point at the north west corner, around both sides, to
the south east corner. From that point, the combined flow runs south to the westward
flowing ditch that runs along the south boundary of Section 32. That south ditch
currently carries stormwater from all embankments in Section 32. The revised drainage
system depicted on the drawings will isolate stormwater flows from the Class A West
embankment and route them to the southwest corner of the Class A West embankment,
then southward along the west edge of the 11¢(2) embankment, where the flow will
discharge at the southwest corner of Section 32.

Drainage system design for the Class A West embankment is detailed im Drawings
10014-C01, 10014-C02, and 10014-C03. Because the overall footprint of the Class A
West embankment is slightly larger than the combined Class A and Class A North
footprints, a site drainage evaluation was performed and total ditch flow calculations
have been included with this License Amendment Request (I.AR) as Attachment 4.

The ditch flow calculations provided in Attachment 4 were devised to determine whether
ditch designs associated with the Class A West embankment were rigorous enough to
withstand both the normal (25 year, 24 hour) and abnormal (100 vear, 24 hour) storm
conditions . Flow calculations were also performed for the 11e.(2) drainage ditch system
as water for all of the embankments will flow through the 11e.(2) drainage ditches before
reaching the drainage system outlet.

First, flow velocities for the Class A West and 1le.(2) drainage ditches were calculated
based on the drawings provided in Attachment 2 to this LAR (particularly 10014-C01
and 10014-C03). Upon obtaining flow velocities, storm events were calculated using
isopluvial maps and calculations provided by the National Oceanic and Atmospheric
Administration (NOAA, Atlas 2, Volume VI). Drainage areas were calculated for all
designed embankments at the Clive facility, including the Class A West embankment.
These drainage areas, and ditch volume equations were used to ascertain whether

Page 32 of 53 Revision 0 May 2, 2011





EnergySolutions 1LLC License Amendment Request: Class A West Embankment

upstream storage would cause ditch overflow given the normal (25 year, 24 hour) and
abnormal (100 year, 24 hour) storm conditions.

Drainage calculations were performed first for the Class A West ditches and then second
for the 11e.(2) ditches (as a representation of total site drainage). These calculations
illustrate that current ditch designs meet drainage systems design criterion for the Class A
West embankment (described m Table 3.2), and are adequate to handle site-wide flows
associated with both the normal and abnormal storm events during operations.

DISPOSAL UNIT COVER INTEGRITY

The cover system for the Class A West embankment consists of the same layers and
material specifications as the existing Class A embankments. To date, no cover has been
constructed over waste placed in either the Class A or Class A North embankment.
Therefore, the cover’s ability to perform for the required period of time and to avoid the
need for continuing active maintenance has been assessed previously in permitting the
Class A and Class A North embankments.

A comprehensive summary of cover integrity design criteria for the Class A embankment
is provided in Sections 3.1.1.2, 3.1.2.1 and 3.1.3.3 of the 2005 LRA; performance
assessments against these design criteria are discussed in Sections 3.3.1.2, 3.3.2.1 and
3.3.3.3 of that document. The scope of these assessments include differential settlement,
internal erosion, and material stability/external erosion. These assessments have been
updated by AMEC Earth & Environmental, Inc. (AMEC 2011) and the revised
assessment is presented in Attachment 5. The cover’s ability to resist degradation by
biotic activity is addressed in Sections 3.1.3.1.5 and 3,3.3.1.5 of the 2005 LRA.

STRUCTURAL STABILITY

Waste placement in the Class A West embankment will be controlled in accordance with
the LLRW and 11le.(2) CQA/QC Manual. No changes to waste placement specifications
and contrels will be necessary for the Class A West embankment. Structural stability has
been assessed previously i permifting the Class A embankment. A comprehensive
summary of structural stability design criteria for the Class A embankment is provided in
Sections 3.1.2.2 and 3.1.3.4 of the 2005 LRA; performance assessments against these
design criteria are discussed in Sections 3.3.2.2 and 3.3.3.4 of that document. These
assessments have been updated by AMEC Earth & Environmental, Inc. (AMEC 2011)
and the revised assessment is presented in Attachment 5.

CONTACT WITH STANDING WATER

The Class A West embankment will be subject to identical stormwater management
requirements during operations as the existing Class A embankment. See Condition LE.7
of GWQDP UGW450005 as well as design criteria presented in Section 3.1.1.1.1 of the
2005 LRA; performance assessments against these design criteria are discussed in
Section 3.3.1.1.1 of that document. Contact with standing water after closure will be
controlled using the post-closure drainage ditch system; see Section 3.1.1 above and 3.1.5
below.

SITE DRAINAGE

There are no surface water features within 5 miles of Section 32, as established in Section
(x) and Appendix J of “Pre-licensing Plan Approval Application” dated March 15, 2000.
Therefore, site drainage is addressed in terms of direct precipitation runoff and sheet flow
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associsted with the Probable Maximum Flood event. The post-closure drainage system
surrounding the Class A West embankment has been designed fo direct water from
precipitation or sheet flow away from the disposal unit. Drainage system design for the
Class A West embankment is detailed in Drawings 10014-C01, 10014-C02, and 10014-
C03, and are included with this LAR as Attachment 2.

3.1.6 SITE CLOSURE AND STABILIZATION

Long-term isolation of the waste in the Class A West embankment will be ensured
consistent with cover design features and waste placement specifications in place for the
existing Class A and Class A North embankments. Preventing the need for active
maintenance is addressed within the analvses referenced in Sections 3.1.1 and 3.1.2
above. A cover system designed to minimize infiltration without the need for active
naintenance is considered a complementary feature that has improved the site’s natural
characieristics.

3.1.7 LONG-TERM MAINTENANCE

Preventing the need for active maintenance is addressed within the analyses referenced in
Sections 3.1.1 and 3.1.2 above. Design criteria for the various elements of the liner, waste
placement, and cover systems have been set to incorporate a factor of safety of at least
1.0 against failure under normal, abnormal, and accident conditions. Tables 3.2 and 3.4 of
the 2005 LRA provide a comprehensive discussion of embankment design criteria, their
basis, conditions evaluated, and projected performance for the Class A embankment. This
discussion is applicable to the Class A West embankment because liner, waste placement,
and cover specifications are the same for each embankment.

3.1.8 INADVERTENT INTRUDER BARRIER

Both during site operations and after closure, barriers are maintained to prevent
imadvertent intrusion to LLRW. The barrier consists of chain link fencing. Post-closure
fencing shall be constructed in accordance with the LLRW and tle(2) CQA/QC Manual,
Work Element — Permanent Chain Link Fences. In addition, the embankment cover
system provides a further barrier to inadvertent intrusion, with 3.5 feet of rock layers plus
2 feet of clay and 1 foot of non-contaminated native soil “temporary cover” material
above the waste.

3.1.9 DOSE AFTER CLOSURE

EnergySolutions performed MicroShield® calculations to determine the Total Effective
Dose Equivalent (TEDE) for the completed CAW embankment and ensure that it was
less than the 100 mrem TEDE specified in UAC R313-15-301 (EnergySolutions, 2011).
See Figure 1, below, for details.

An abnormal condition involving a 55-galon drum containing a total activity of 11 curies
was assumed to be placed on its side at fop of waste, just below the Class A West cover.
MicroShield® projected a contact dose rate on top of the completed cover of
approximately 3 mrem, well within the regulatory requirement of 100 mrem.
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Figure 1: MicroShield® Case Title ~ Class A West Cover

MicroShield 8.3
D620L-XP20708-V1-ESSTD (8.062-06000)

Date 8 - i
J- 1011 Herle Ledbie_2 AL

Filename Run Date Rurl Time Duration
Class A West Drum. msd _ Januvary 10, 2011 11:28:12 AM 00:00:00
Praject Info
Case Titie Class A West Cover
Description Cover Contact DR with 55-gallon Drum Below
Geometry 7 - Cylinder Volume - Side Shields
Source Dimensions
Height : 76.0 cm (2 £t 5.9 in)
Radius 30.0cm (11.8 in)
Blose Points
A X b4 Z
#1 220.12cm(71i62in)  380cem(I1ft30in} 00cm (0in)
Shields
Shield N Dimension Material Density
Source 7.589 {3 Concrete 1.6
Transition - Air 0.00122
Shieid 3 ' 6.5 1t Concrete 1.6
Aitr Gap ' Ailr . 0.00122
Source Input: Grouping Method - Acfual Photon Energies
Nuclide Ci By ' pCilem?® Bg/cm®
Co-60 1.100Ge+001 40700e+011 1 5.1190e+001 1.8940e+006

Buildup: The material reference is Shield 3
Integration Parameters

1

Radial i
Circumferential 10
Y Direction {axial) ' 20
Resulis _
' Fluence Rate Fluence Rate Exposure Rate Exposure Rate
Energy (MeV) Activity (Photons/sec) MeV/iem®sec MeV/em¥sec m R : mR/hr
No Buildup With Buildup No Buildup With Buildup
0.6938 6.63%e+07 4.072e-10  5.464e-08 7.861e-13 - 1.055e-10
1.1732 4.070e+11 1.148e-03  5251e02 '« 2.052¢-06 9.384e-05
1.3325 4.070e+11 - 4.488e-03 1.620e-01 7.787e-06 = 2.810e-04
Totals 8.141e+11 5.637e-03 2.1458e.0% 9.83%¢-06 3.748e-04
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3.1.10 SITE MONITORING

Operational environmental monitoring is addressed in Section 4.4 of this document. Post-
operational environmental monitoring is addressed in Section 5.3 of this document.

3.1.11 BUFFER ZONE (Sean)

Buffer zone coordinates for the Class A West embankment are provided on Drawing
10014-U01. A discussion of the design criteria and projected performance of the buffer
zone is located in the 2005 LRA, Sections 3.1.5 and 3.3.5, respectively. See also Section
1.2.2.2 of this document.

3.1.12 OCCUPATIONAL EXPOSURE
Occupational exposure is discussed in Section 7 of this LAR.

3.2  DESIGN CONSIDERATIONS FOR NORMAL/ABNORMAL/ACCIDENT
CONDITIONS

Principal design criteria applicabie to the Class A West embankment are located in the
2005 LRA, Section 3.0, Specifically, design criteria of the principal design features are
summarized in Table 3.2 of that document. Projected performance against these design
criteria are summarized i Table 3.4 of that document. The 2005 LRA focuses on the
Class A embankment; this discussion is generally applicable to the Class A West
embankment because the liner, waste placement, and cover systems are identical for both
embankments. Updated performance projections are incladed in Tables 3.2, 3.3 and 3.4
of this document.

3.2.1  WATER INFILTRATION

Water infiltration is evaluated through infiltration and transport modeling provided as
Attachment 3 to this LRA. The approach and methodology for this modeling are similar
to previous evaluations performed for other embankments at the Clive facility.

Infiltration values for the top and side slopes of the Class A West embankment were
determined to be 0.238 em/yr and 0.335 em/yr respectively. These values compare with
modeled infiltration of 0.265 cm/yr for the top slope and 0.364 cm/yr for the side slope of
the Class A embankment.

At these modeled average infiltration rates, PATHRAE modeling of the fate and transport
of radioactive and hazardous constituents from the waste demonstrates that the Ground
Water Protection Levels will not be exceeded for at least 500 years for radiological
constituents and at least 200 years for heavy metals, provided that the concentrations of 2
radionuclides are restricted as presented in Table 3.5 below:

Table 3.5: Class A West Limiting Concentrations

I

Isotope pCilg Ci/m’
Bk-247 1.92 3.46E-06
C1-36 73,900 1.33E-01
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3.23

324

3.2.5

Whetstone reports ditferent limiting concentrations under the top and side slopes. The
Iower value is reported here. These limiting concentrations are captured in Condition 55
of the draft RML provided in Attachment la.

DISPOSAL UNIT COVER INTEGRITY

Design criteria for protecting the disposal unit cover against internal and external erosion
are provided in Sections 3.1.3.3.2 and 3.1.3.3.3 of the 2005 LRA. Projected performance
of the cover system against these design criteria is provided in Sections 3.3.3.3.2 and
3.3.3.3.3 of the 2005 LRA. These analyses are applicable to the Class A West
embankment because the cover materials and specifications are essentially identical to
that of the Class A embankment.

Design criteria for settlement and subsidence are provided in Sections 3.1.1.2, 3.1.2.1 and
3.1.3.3 of the 2005 LRA. Projected performance of the cover system against these design
criteria is discussed in Sections 3.3.1.2, 3.3.2.1 and 3.3.3.3 of that document. These
assessments have been updated by AMEC Earth & Environmental, Inc. (AMEC 2011)
and the revised assessment is presented in Attachment 5. Updated performance
projections are included in Tables 3.2, 3.3 and 3.4 above to this document.

STRUCTURAL STABILITY

Evaluations of structural stability in terms of settlement and differential settlement are
discussed in Section 3.2.2, above. Design criteria for ensuring structural stability are
provided in Sections 3.1.2.2 and 3.1.3.4 of the 2005 LRA. Projected performance of the
cover system against these design criteria is provided in Sections 3.3.2.2 and 3.3.3.4 of
the 2005 LRA. These assessments have been updated by AMEC Earth & Environmental,
Inc. (AMEC 2G11) and the revised assessment is presented-in Aftachment 5. See also
Section 2.3.2 above. Updated performance projections are included in Tables 3.2, 3.3
and 3.4 above to this document.

CONTACT WITH STANDING WATER

Design criteria for preventing contact of waste with standing water are provided in
Section 3.1.1.1 of the 2005 LRA. Projected performance against these design criteria is
provided in Section 3.3.1.1 of the 2005 LRA. These analyses are applicable to the Class
A West embankment because the liner materials and material specifications are identical
to that of the Class A embankment.

SITE DRAINAGE

Design criteria for drainage systems pertaining to the Class A West embankment are
provided in Section 3.1.4 of the 2005 LRA and reiterated in Table 3.2 above. The ditch
flow calculations within Attachment 45 project the performance of the drainage ditches
against these criteria. These calculations conservatively assume “V” ditch geometry of
the ditches and utilize Manning’s formula along with the design lengths and slopes to
arrive at design flow velocities and storage capacities of the drainage ditches around the
Class A West embankment.

Under the normal condition 25 year, 24 hour storm event, the maximum height of water
within the Class A embankment ditch system is calculated at 2.72 feet in the western
ditch. The design criterion for this event is a freeboard of at least 0.5 feet, or a maximum
depth of 3.5 feet. The safety factor for this design is then 3.5/2.72 = 1.29,
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3.2.8

For the abnormal condition 100 year, 24 hour storm event, the maximum height of water
around the Class A embankment again occurs in the western ditch at a 2.83 feet. The
design criterion for this event is that the ditches retain the water, or a maximum depth of
4.0 feet. The safety factor for this design is then 4.0/2.83 = 1.41.

Additional calculations are included in Attachment 45 that demonstrate the ditches
around the 11e.{2) embankment are adequately designed to contain all water generated at
Clive during both the normal and abnormal storm events.

SITE CLOSURE AND STABILIZATION

Closure of the Class A West embankment will be accomplished by construction of final
cover as arcas of the embankment reach their design height. Accordingly, all of the
principal design criteria discussed herein are applicable to site closure and stabilization,
as these criteria affect embankment construction. Each of the performance assessments
referenced herein includes analysis of the effects of design-basis abnormal events.

LONG-TERM MAINTENANCE

Design criteria for anticipated material durability to prevent the need for long-term
maintenance is evaluated for the Class A embankment in Section 3.1.3.3.3 of the 2005
LRA. Projected performance against these design criteria is provided in Section 3.3.3.3.3
of the 2005 LRA. These analyses are applicable to the Class A West embankment
because the erosion barrier materials and specifications are identical to that of the Class A
embankment.

Design criteria for anticipated erosion effects to prevent the need for long-term
maintenance is evaluated for the Class A embankment in Sections 3.1.3.3.2 and 3.1.3.3.3
of the 2005 LRA. Projected performance against these design criteria is provided in
Sections 3.3.3.3.2 and 3.3.3.3.3 of the 2005 LRA. These analyses are applicable to the
Class A West embankment because the erosion barrier materials and material
specifications are identical to that of the Class A embankment.

The potential effects of design-basis abnormal events on long-term maintenance
requirements are addressed concurrent with projected performance under normal,
abnormal, and accident conditions for each design feature. A factor of safety of at least
1.0 against failure is maintained under normal, abnormal, and accident conditions. Tables
3.2 and 3.4 of the 2005 LRA provide a comprehensive discussion of embankment design
criteria, their basis, conditions evaluated, and projected performance for the Class A
embankment. This discussion is applicable to the Class A West embankment because
tiner, waste placement, and cover specifications are the same for each embankment.

INADVERTENT INTRUDER BARRIER

Both during site operations and after closure, a barrier is maintained to prevent
inadvertent intrusion to LLRW. During site operations, the barrier consists of chain link
fencing. Post-closure fencing shall be constructed in accordance with the LLRW and
11e.(2) CQA/QC Manual, Work Element — Permanent Chain Link Fences. The
embankment cover svstem provides the long-term barrier to inadvertent intrusion, with
3.5 feet of rock layers plus 2 feet of clay plus one foot of non-contaminated native soil
“temporary cover” above the waste. Material stability of cover rock layers is evaluated
for the Class A embankment in Section 3.1,3.3.3 of the 2005 LRA. Projected
performance against these design criteria is provided in Section 3.3.3.3.3 of the 2005
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LRA. These analyses are applicable to the Class A West embankment because the
erosion barrier materials and material specifications are identical to that of the Class A
embankment.

OCCUPATIONAL EXPOSURE

Occupational Exposure Standard requiremenis for receiving, inspection, handling,
storage, and disposal areas are discussed in Section 7, below. Wastes received at the
Class A West embankment will be identical to those approved under the current license
for the Class A and Class A North embankments; therefore, there 1s no need to evaluate
required shielding for higher activity wastes. EnergySolutions” procedures for handling
the accidental rupture of nonstable waste containers are discussed in Section 4.5, below.

SITE MONITORING

Monitoring systems will be inspected for degradation as a component of each sampling
event. Long-term monitoring systems include the groundwater monitoring wells and
seftlement monitoring plates as discussed in Section 5.3 of this document.

BUFFER ZONE

A discussion of the design criteria and projected performance of the buffer zone is
located in the 2005 LRA, Sections 3.1.5 and 3.3.5, respectively. See also section 1.2.2.2
above.

STRUCTURAL DESIGN FOR BELOW-GROUND VAULTS AND EARTH
MOUNDED CONCRETE BUNKERS

Below ground vaults are defined as warchouse-sized vaults buried beneath grade.
Concrete bunkers are defined as concrete lined trenches with compartmental separation
for different waste classes. EnergySolutions does not perform either of these types of
disposal and therefore this topic is not applicable to the Class A West embankment.

CONSTRUCTION CONSIDERATIONS

Storm Water Management General Requirements: Temporary runoff control berms will
be constructed around the waste placement areas in accordance with the LLRW and
11e.(2) CQA/QC Manual, Work Element — General Requirements, specification “Runoff
Controf During Project”. The waste will be placed to divert storm water runoff away
from the waste and to the toe of the cells.

CONSTRUCTION METHODS AND FEATURES

Construction methods for the Class A West embanlanent will be unchanged from current
approved practices as provided in the LLRW and 11e.(2) CQA/QC Manual.

SITE PREPARATION AND CURRENT CONDITIONS

Site preparation requirements for the Class A West embankment are provided in the
LLRW and 1le.(2) CQA/QC Manual, Work Element — Foundation Preparation. Because
these specifications are identical to those of the Class A and Class A North
embankments, no revision to the LLRW and 11e.(2) CQA/QC Manual is needed. The
existing surface as of April, 2011 includes areas of approved clay liner, areas excavated
to near-foundation elevation; and areas that have been disturbed but remain at or near the
original native elevation. As indicated on Drawing 10014-U02, existing groundwater
wells GW-81 through GW-86, GW-109 through GW-117, and GW-140 and 141 are
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located within the embankment footprint and will be abandoned prior to liner
construction.  Collection lysimeters CL-W3, CL-W4, and CL-N5 will also need to be
abandoned and relocated prior to liner construction. See also Section 1.2.3 above,

3.3.1.2 CONTROL AND DIVERSION OF WATER

Surface water is controlled by a system of run-on and run-off berms. A comprehensive
discussion of berm systems for the Class A embankment is provided in Section 3.4.4 of
the 2005 LRA. This discussion is applicable to the Class A West embankment because
berm requirements will be identical for the Class A and the Class A West embankments.
As discussed in section 3.1.1 above, the highest groundwater ¢levation is 10 feet below
the top of liner elevation; therefore, groundwater control will not be necessary.

3.3.1.3 CONSTRUCTION OF DISPOSAL UNITS

The Class A West embankment will be constructed to the existing liner, waste placement,
and cover requirements of the LLRW and 11e.(2) CQA/QC Manual. See also engineering
drawing series 10014.

3.3.1.4 CONCRETE AND STEEL CONSTRUCTION

One aspect of disposal at the Class A West embankment will incorporate concrete as a
component of disposal facility construction: Controlled Low-Strength Material (CLSM)
used to fill voids in debris placement. CLSM use will be conirolled in accordance with
existing requirements applicable to disposal in the Class A embankment. CLSM
requirements are located in the LLRW and 1ie.(2) CQA/QC Manual, Work Element —
Waste Placement, specification “CLSM Pours”™. CLSM is a low-strength void filling
material; no reinforcing steel is used.

3.3.1.5 BACKFILLING
Waste placement in the Class A West embankment will be controlled in accordance with

the LLRW CQA/QC Manual, Work Element — Waste Placement. No changes to existing
approved waste placement methods are requested.

3.3.1.6 CLOSURE OF INDIVIDUAL DISPOSAL UNITS

The cover over the Class A West embankment will be constructed in accordance with the
LLRW and 11e.(2) CQA/QC Manual, Work Elements — Temporary Cover Placement and
Monitoring, Radon Barrier Borrow Material, Radon Barrier Test Pad, Radon Barrier
Placement, Filter Zone, Sacrificial Soil Placement, and Rock Frosion Barrier. See also
drawing series 10014,

3.3.1.7 APPLICABLE CODES, STANDARDS, AND SPECIFICATIONS

Applicable codes and standards are discussed concurrent with establishment of design
criteria for each of the principal design features, as referenced above. In addition, ASTM
standards applicable to construction of the Class A West embankment are listed in
Appendix B of the LLRW and 1ie.(2) CQA/QC Manual and referenced m individual
specifications as appropriate.

3.3.1.8 CONSTRUCTION MATERJALS AND QUALITY ASSURANCE

Construction materials for the Class A West embankment will consist of native soils and
rock. Specifications for each component are provided as discussed above. Quality
assurance and quality control measures required for construction are provided in the

Page 40 of 53 Revision 0 May 2, 2011





EnergySolutions 1.L.C License Amendment Request: Class A West Embankment

LLRW and 11e.(2) CQA/QC Manual. All construction materials and procedures for the
Class A West embankment will be identical to those currently approved for the Class A
embankment.

3.3.1.9 SITE PLANS, ENGINEERING DRAWINGS, AND CONSTRUCTION
SPECIFICATIONS

Engineering drawing series 10014 details the Class A West embankment and is provided
as Attachment 2 to this amendment request. In accordance with Condition 1.H.6 of the
GWQDP, EnergySolutions is required to provide an annual as-built report and drawing
set documenting embankment construction.

33.2 CONSTRUCTION EQUIPMENT

Construction equipment will consist of standard heavy construction and earth-moving
equipment. Equipment used to construct the Class A West embankment will be equal to
that used in construction of the Class A embankment.

3.33  CONSTRUCTION AND OPERATION CONSIDERATIONS FOR BELOW-GROUND
VAULTS AND EARTH MOUNDED CONCRETE BUNKERS

Below ground vaults are defined as warchouse-sized vaults buried beneath grade.
Concrete bunkers are defined as concrete lined trenches with compartmental separation
for different waste classes. EnergySolufions does not perform either of these types of
disposal and therefore this topic is not applicable to the Class A West embankment.

3.4 DESIGN OF AUXILARY SYSTEMS AND FACILITIES

3.4.1  UTILITY SYSTEMS

A discussion of site utility systems is located in the 2005 LRA, Section 3.4.1. This
discussion is applicable to the Class A West embankment because no additional wiility
systems will be needed for the embankment.

3.4.2 AUXILIARY FACILITIES

A discussion of auxiliary facilities is located in the 2005 LRA, Section 3.4.2. This
discussion is applicable to the Class A West embankment because no additional auxitiary
facilities will be needed for the embankment. Since the 2005 LRA, new facilities
including the Northwest Corner Pond, Rotary Dump Facility, and Shredder Facility have
been permitted, constructed, and placed into operation in the northwest portion of Section
32; however, the Class A West embankment has been sized and located to prevent any
impact to these facilities.

3.43 FIRE PROTECTION SYSTEM

A discussion of the fire protection system is lecated in the 2005 License Renewal
Application, Section 3.4.3. This discussion is applicable to the Class A West
embankment because no additional fire protection system will be needed for the
embankment.

3.4.4  EROSION AND FLOOD CONTROL SYSTEM
For information regarding site drainage and flood protection following closure, please
refer to Sections 3.1.5 and 3.2.5, above. A discussion of operational erosion and flood
control is located in the 2005 LRA, Section 3.4.4, This discussion is applicable to the
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4.0

4.1

4.1.1

4.2

Class A West embankment because EnergySofutions will implement identical run-on and
run-off control berms around the Class A West embankment.

FACILITY OPERATIONS

RECEIPT AND INSPECTION OF WASTE

Incoming shipments of Class A wastes will be inspected and received in accordance with
the LLRW Waste Characterization Plan (RML condition 58, current approved revision
date October 8, 2009). There will be no changes to this requirement for purposes of
constructing the Class A West embankment.

PROCEDURE FOR VISUAL EXAMINATION OF SHIPPING DOCUMENTS

This topic is addressed in the LLRW Waste Characterization Plan, Step 3. Since there is
no change in the types of waste that will be managed, this discussion will be unaffected
by the Class A West embankment.

PROCEDURE FOR VISUAL EXAMINATION OF WASTE PACKAGES

This topic is addressed in the Waste Characterization Plan, Step 3. Since there is no
change in the types of waste that will be managed, this discussion will be unaffected by
the Class A West embankment.

PROCEDURE FOR VERIFICATION SURVEYS

This fopic is addressed in the 2005 LRA (Section 4.1). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

PROCEDURE ON VERIFYING WASTE CLASS

This topic is addressed in the current Waste Characterization Plan, Step 2. Since there is
no change in the types of waste that will be managed, this discussion will be unaffected
by the Class A West embankment.

PROCEDURE FOR ANALYTICALLY VERIFYING WASTE CHARACTERISTICS
AND FORM

This topic is addressed in the current Waste Characterization Plan, Step 2. Since there is
no change in the types of waste that will be managed, this discussion will be unaffected
by the Class A West embankment.

OTHER PROCEDURES TO ENSURE WASTE ACCEPTANCE CRITERIA ARE MET

This topic is addressed in the current Waste Characterization Plan. Since there is no
change in the types of waste that will be managed, this discussion will be unaffected by
the Class A West embankment.

WASTE HANDLING AND INTERIM STORAGE

Waste handling and interim storage will be managed in accordance with existing controls
and at existing facilities provided by the RML and the GWQDP, according to the waste
type being managed. There will be no changes to these requirements for purposes of
constructing the Class A West embankment.
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All wastes received at the Clive facility are entered into and tracked with the Electronic
Waste Information System (EWIS). EWIS is an electronic record-keeping system used to
track waste ftype, volume, activity, and placement location within the disposal
embankments. EWIS also contains waste profile information and provides antomated
compliance checks of the waste shipments against license limits, sampling frequency, etc.
Furthermore, all waste containers received are labeled as to waste type, generator, receipt
date, and disposal cell. This prevents inadvertent cross-contamination of waste types.

4.3  WASTE DISPOSAL OPERATIONS

Waste disposal operations will be controlled in accordance with the LLRW and 11e.(2)
CQA/QC Manual. As bulk waste placement in the existing Class A embankment is
completed, bulk Class A waste disposal operations will move to the north eventually
filling in the space between the Class A and Class A north embankments. There will be
no changes to waste placement, testing, and documentation requirements for purposes of
constructing the Class A West embankment.

43.1  WASTE EMPLACEMENT

Waste placement will be controlied in accordance with the LLRW and 11e.(2) CQA/QC
Manual. It is anticipated that bulk Class A waste placement in the Class A West
embankment will proceed northward as the Class A embankment reaches capacity. The
exact sequence will necessarily depend on timing and volumes of bulk Class A waste
receipts.

4.3.2 FILLING OF VOID SPACES

The LLRW and 11e.(2) CQA/QC Manual provides controls for filling void spaces. Since
there is no change in waste placement procedures for the Class A West embankment,
these controls are unaffected.,

433 WASTE COVERING

Waste covering operations will be controlled in accordance with the LLRW and 1Te.(2)
CQA/QC Manual. As discussed in Section 3 above, cover system specifications and
construction procedures will be identical to that approved for the existing Class A
embankment.

4.3.4  LOCATION DISPOSAL UNITS AND BOUNDARY MARKERS

This topic is addressed in the 2005 LRA (Section 4.3.5). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

435  DISPOSAL UNIT CLOSURE AND STABILIZATION

This topic is addressed in the 2005 LRA (Section 4.3.4). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

43.6 BUFFER ZONE (Sean)

This topic is addressed in the 2005 LRA (Section 4.3.6). The Class A West embankment
is generally designed with a 100 foot buffer zone. See also sectionl.2.2.2 above.
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4.4

4.4.1

4.4.2

443

4.5

5.0

OPERATIONAL ENVIRONMENTAL MONITORING AND
SURVEILLANCE

REVIEW AND AUDIT OF FACILITY OPERATIONS

EnergySolutions’ program for facility review and audit is provided in the 2005 LRA,
Appendix V, Quality Assurance Manual. Since there is no change to the types of waste
that will be managed, this plan will be unaffected by the Class A West embankment.

FACILITY ADMINISTRATION AND OPERATING PROCEDURES

This topic is addressed in the 2005 LRA (Section 4.8). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

ENVIRONMENTAL MONITORING AND SURVEILLANCES

A well spacing analysis for the Class A West embankment has been performed and is
provided as Attachment 6 to this amendment request. The well spacing analysis provides
reasonable assurance that releases from the Class A West embankment can and will be
detected.

Environmental monitoring will be performed in accordance with the current approved
Environmental Monitoring Plan per Radioactive Material License #UT 2300249,
condition 26. The current approved version is revision 0, dated November 24, 2008. The
Envirenmental Monitoring Plan does not require separate and distinct air, radon, or direct
gamma monitoring for any particular embankment or waste type; rather, the dose and
contamination limits apply at facility boundaries accessible to members of the public
regardless of source. Therefore, no further revision to the environmental monitoring
program is needed.

EMERGENCY AND CONTINGENCY PLAN

EnergySolutions” cwrrently approved Emergency Response and Contingency Plan,
operating procedure CL-SH-PR-500, is applicable to the Class A West embankment. The
plan addresses general types of emergency, and does not specify different responses for
the Class A, Class A North, and 11e.(2) disposal cells. Haul routes to the cell location
already exist, and waste management practices at receipt and unloading facilities will be
unchanged in relation to this request. Since there is no change to the types of waste that
will be managed, this plan will be unaffected by the Class A West embankment.

SITE CLOSURE PLAN AND INSTITUTIONAL CONTROLS

The embankment is designed to eliminate to the extent practicable the need for active
maintenance after closure. Once the proposed Class A West embankment is closed, no
further maintenance to the embankment is anticipated. Embankment closure is executed
on a continuing basis, with cover construction generally completed within a relatively
short time after a section of the embankment reaches its design fimit of waste placement.
As reguired by RML condition 74, EnergySolutions will submit a detailed site
decontamination and decommissioning plan at least one year prior to the anticipated
closure of the site. This plan will address site closure in the context of site conditions at
that time,
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51  SITE STABILIZATION

This topic is addressed in the 2005 LRA (Section 5.1). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

5.1.1  SURFACE DRAINAGE AND EROSION PROTECTION

This topic is addressed in the 2005 LRA (Section 5.1.1). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

5.1.2 GEOTECHNICAL STABILITY

This topic is addressed in the 2005 LRA (Section 5.1.2). Since there is no change m the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

52  SITE CLOSURE AND STABILIZATION CONSIDERATIONS FOR
BELOW-GROUND VAULTS AND EARTH MOUNDED CONCRETE
BUNKERS

Below ground vaults are defined as warehouse-sized vaults buried benecath grade.
Concrete bunkers are defined as concrete-lined trenches with compartmental separation
for different waste classes. EnergySolutions does not perform either of these types of
disposal and therefore this topic is not applicable to the Class A West embankment.

53 DECONTAMINATION AND DECOMISSIONING

This topic is addressed in the 2005 LRA (Section 5.2). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

54  POST-OPERATIONAL ENVIRONMENTAL MONITORING

This topic is addressed in the 2005 LRA (Section 5.3). Since there is no change in the
types of wastfe that will be managed, this discussion will be unaffected by the Class A
West embankment.

6.0  SAFETY ASSESSMENT

This topic is addressed in the 2005 LRA, Section 6. Since there is no change in the types
of waste that will be managed, this discussion will be unaffected by the Class A West
embankment. Furthermore, the dose assessments are confirmed by monitoring data
reported to DRC. Personnel monitoring information is provided to DRC by April 30 of
each vear in the annual report required by 10 CFR 20.2206. Monitoring of dose to the
general public is reported to DRC with the quarterly environmental monitoring reports
required by RML condition 29.A.  Both of these regular reports confirm
EnergySolutions® ongoing compliance with the applicable dose limits.

6.1 RELEASE OF RADIOACTIVITY

Anticipated sources and radiocactivity of wastes will be no different than radioactive
wastes currently being placed in the Class A and Class A North embankments, 1.e., Class
A LLRW, Radioactive Material License Condition 9.B prohibits receipt of Clags B and
CLLRW.
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6.1.1 DETERMINATION OF TYPES, KINDS, AND QUANTITIES OF WASTE

This topic is addressed in the 2005 LRA (Section 6.1-6.2). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

6.1.2  INFILTRATION

This topic is addressed in the 2005 LRA (Section 6.3.1.4). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment. Section 3.2.1 of this amendment request discusses infiltration
modeling results for the Class A West embankment.

6.1.3 RADIONUCLIDE RELEASE — NORMAL CONDITIONS

Because of changes forecasted for infiltration, limiting waste concentrations for waste
disposal beneath the Class A West Cell’s Top Slope were added for Bk-247 and C1-36 (as
presented in Section 2.6.2). Similarly, the analysis demonstrates that reductions in side
slope infiltration eliminates the necessity to limit waste disposal concentrations beneath
the Class A West’s side slope for Al-36, Bk-247, Ca-41, C£.249, Cf-250, C1-36, Re-187,
Th-157, and Th-158, as originally modeled in 2000.

6.1.4 RADIONUCLIDE RELEASE ~- ACCIDENTAL OR UNUSUAL OPERATIONAL
CONDITIONS

This topic is addressed in the 2005 LRA (Section 6.3.2). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

6.1.5 RADIONUCLIDE TRANSFER TO HUMAN ACCESS LOCATION

Because of changes modeled for the groundwater transport of infiltration, limiting waste
concentrations for waste disposal beneath the Class A West Cell’s Top Slope were added
for Bk-247 and C1-36 (as presented in Section 2.6.2). Similarly, the model demonstrates
that reductions in side slope infiltration eliminates the necessity to limit waste disposal
concentrations beneath the Class A West’s side slope for Al-36, Bk-247, Ca-41, Cf-249,
Cr-250, C1-36, Re-187, Tb-157, and Tb-158, as originally modeled in 2000,

6.1.6  ASSESSMENT OF IMPACTS AND REGULATORY COMPLIANCE

The analyses provided and referenced above demonstrate that EnergySolutions’ exiting
operations have impacts that are maintained within the applicable regulatory limits.
Furthermore, personnel and environmental monitoring data confirm that the applicable
limits are met on a continuing basis. Since there is no change in the types of waste that
will be managed, this issue will be unaffected by the Class A West embankment.

6.2 INTRUDER PROTECTION

6.2.1 NORMAL RELEASES

The waste to be disposed in the Class A West embankment is identical to that approved
for the existing Class A and Class A North embankments, Therefore, there is no
difference in potential radiological release with the proposed embankment. Ongoing
confirmation that refeases meet all applicable regulatory requirements is provided in the
quarterly environmental monitoring reports referenced in Section 6.0 above,
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6.2.1.1 CONTROL OF WINDBORNE DISPERSION
Engineering and operational controls to prevent the resuspension and dispersion of
particulate radioactivity are provided at RML condition 53 and in the LLRW and 11e(2)
CQA/QC Manual. Those controls will be implemented without revision in construction
of the Class A West embankment.

6.2.1.2 CONTROL OF SURFACE CONTAMINATION

All equipment, vehicles, and personnel are screened for both alpha and beta
contamination before being released from the site. There will be no revision to these
requirements associated with the Class A West embankment.

6.2.2 POTENTIAL ACCIDENTAL RELEASES
Construction of the proposed Class A West embankment will not change the nature of
possible potential accidental releases that have been addressed in EnergySolutions’
previous licensing actions. No new emergency response or contingency plans will be
generated, as the nature of the waste that will be disposed of in the proposed Class A
West embankment is identical to the waste currently being disposed of in the Class A and
Class A North embankment.

6.23 POTENTIAL RELEASES FOLLOWING OPERATIONS

6.2.3.1 RADIONUCLIDE TRANSFER TO HUMAN ACCESS LOCATIONS

The construction of the proposed Class A West embankment will not change the nature
of possible transfer to human access locations discussed in previous licensing actions.

6.2.3.2 PROJECTED DOSES TO MEMBERS OF THE GENERAL PUBLIC

Since there will be no change to the waste handled or to the operating and disposal
procedures, previous dose assessment work remains applicable fo the Class A West
embankment. Furthermore, the dose assessments are confirmed to be conservative by
monitoring data reported to DRC. Monitoring of dose to the general public is reported to
DRC with the quarterly environmental monitoring reports required by RML condition
28.A.

6.3 LONG-TERM STABILITY

6.3.1 SURFACE DRAINAGE AND EROSION PROTECTION
This topic is addressed in sections 3.1.5, 3.2.5, and 3.4.4 above.

63.2 SLOPE STABILITY

This topic is addressed in the 2005 LRA (Section 6.4.3.3). Since there is no
change in the types of waste that will be managed, this discussion will be
unaffected by the Class A West embankment. Updated performance projections are
included in Tables 3.2, 3.3 and 3.4 above, and the basis for the projections is included in
Attachment 5.

6.3.2.1 SITE AND SLOPE AREA CHARACTERIZATION

This topic is addressed in the 2005 LRA (Section 6.4.3). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.
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6.3.3 SETTLEMENT AND SUBSIDENCE

Design criteria for settlement and subsidence are provided in Sections 3.1.1.2, 3.1.2.1 and
3.1.3.3 of the 2005 LRA. Projected performance of the cover system against these design
criteria are discussed in Sections 3.3.1.2, 3.3.2.1 and 3.3.3.3 of that document. These
analyses are applicable to the Class A West embankment because the liner, waste
placement, and cover materials and material specifications are identical to that of the
Class A and Class A North embankments. Updated performance projections are included
in Tables 3.2, 3.3 and 3.4 above, and the basis for the projections is included in
Attachment 5.

70  OCCUPATIONAL RADIATION PROTECTION
7.1 OCCUPATIONAL RADIATION EXPOSURES

7.1.1  POLICY CONSIDERATIONS

The objective of the Clive Radiation Protection Program is to ensure that all reasonable
actions are taken to reduce radiation exposures and effluent concentrations fo levels that
are considered As Low As Reasonably Achievable (ALARA).

EnergySolutions” ALARA management policy is detailed in Section 5 of the ALARA
Program deocument. Section 4 of the ALARA Program describes the organizational
structure of the ALARA program and the responsibilities of those involved in managing
and implementing the ALARA program. The ALARA Program is located in the 2005
LRA (Appendix H).

The waste type and classification that will be disposed of in the Class A West
embankment will be no different than waste currently being disposed of in the Class A
and Class A North embankments. Therefore, the ALARA Program will not require
revision for the Class A West embankment.

The Class A West embankment was presented to and discussed by the Clive Radiation
Safety Committee in accordance with the ALARA program. The committee’s review and
ALARA evaluation is provided as Attachment 7 to this amendment request.

7.1.2  DESIGN CONSIDERATIONS
This topic is addressed in the 2005 LRA (Section 7.1.2). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

7.1.3  OPERATIONAL CONSIDERATIONS

This fopic is addressed in the 2005 LRA (Section 7.1.3). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

7.2 RADIATION SOURCES

The types and quantities of materials received for disposal in the Class A West
embankment will be no different than materials disposed of in the Class A and Class A
North embankments. Therefore, radiation protection, access control to restricted areas,
and personnel! protective equipment policies will not change from current standards.
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7.3  RADIATION PROTECTION DESIGN FEATURES

73.1 FACILITY DESIGN FEATURES
This topic is addressed in the 2005 LRA (Section 7.3.1). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

7.3.2 SHIELDING
This topic is addressed in the 2005 LRA (Section 7.3.2). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment,

733 VENTILATION
This topic is addressed in the 2005 LRA (Section 7.3.3). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

7.3.4 AREA RADIATION AND AIRBORNE RADIOCACTIVITY MONITORING
INSTRUMENTATION

This topic is addressed in the 2005 LRA (Section 7.3.4). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

7.3.5 EQUIPMENT, INSTRUMENTATION, AND FACILITIES
This topic is addressed in the 2005 LRA (Section 7.3.5). Since there is no change in the
types of waste that will be managed, this discussion will be maffected by the Class A
West embankment.

7.4  RADIATION PROTECTION PROGRAM
This topic is addressed in the 2005 LRA (Section 7.4). Since there is no change in the

types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

7.4.1  ORGANIZATION
The specific organization of the radiation protection program is defined by the Class A
RML, condition 32.A. These requirements will be unaffected by the Class A West
embankment.

8.0 CONDUCT OF OPERATIONS

Operations at the Clive facility will not change with respect to the Class A West
embankment. The type of waste, method of disposal and engineering design of the
proposed embankment are no different than what is currently performed in the Class A
and Class A North embankments.

8.1 ORGANIZATIONAL STRUCTURE
Detailed requirements and qualifications for significant organizational positions are

described in the RML, Condition 32, Appendix [ {currently approved revision is Rev. 22,
August 2, 2010).
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8.2  QUALIFICATIONS OF APPLICANT

A discussion of applicant qualifications is provided in Section 1.1.2 of this amendment
Tequest.

8.3  TRAINING PROGRAM

This topic is addressed in the 2005 LRA (Section 7.4.3). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

8.4 EMERGENCY PLANNING

This topic is addressed in the 2005 LRA (Section 4.5). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

8.5 REVIEW AND AUDIT

This topic is addressed in the 2005 LRA (Section 4.6). Since there is no change in the
types of waste that will be managed, this discussion will be unaffected by the Class A
West embankment.

8.6 FACILITY ADMINISTRATIVE AND OPERATING PROCEDURES

This topic is addressed in the 2005 LRA (Section 4). Since there is no change in the types
of waste that will be managed, this discussion will be unaffected by the Class A West
embankment.

8.7  PHYSICAL SECURITY

The Site Radiological Security Plan is incorporated in the Class A RML at condition 54
(currently approved as revision 3, May 5, 2008). Since there is no change to the types of
waste that will be managed, this plan will be unaffected by the Class A West
embankment.

9.0 QUALITY ASSURANCE

EnergySolutions’ Quality Assurance Program is described in the 2005 LRA (Section 9).
Since there is no change to the types of waste that will be managed, this program will be
unaffected by the Class A West embankment,

10.0 FINANCIAL ASSURANCE

In order to protect the State of Utah from financial damage arising from having to close
and decommission the facility in the event that EnergySofutions is unwilling or unable to
do so, the LLRW financial surety will be revised to include cost estimates for the closure
of the Class A West embankment.

The annual surety review is submitted annually on or before December 1%, Because the
2010 surety update is still under review by DRC, a revised surety estimate is not included
with this amendment request. EnergySolufions anticipates that the surety will need to be
revised to inchude new groundwater monitoring points; and may require an adjustment for
fencing and construction of haul roads. Adjustments will be made to the surety revision
approved at the time this license amendment is approved, then funded prior to initiating
any waste placement in portions of the Class A West embankment that exceed
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horizontally or vertically bevond the current approved Class A and Class A North
designs.

16.1 FINANCIAL QUALIFICATIONS OF APPLICANT

EnergySolutions financial qualifications are discussed in Section 1.1.1.2 above.

10.2 FUNDING ASSURANCES
10.2.1 SPECIFIC ACCEPTABLE FINANCIAL ASSURANCES

10.2.1.1 SURETIES OR PERFORMANCE BONDS

Sureties are a type of financial mechanism provided to help protect the State of Utah
from financial damage as a result of closing and decommissioning the facility.
Performance bonds are another type of financial mechanism. EnergySolutions has chosen
an alternative financial mechanism approved by the State.

10.2.1.2 LETTERS OF CREDIT

EnergySolutions has chosen as its financial mechanism an irrevocable letter of credit.
This irrevocable letter of credit has been entered into by EnergySolutions and Zions First
National Bank for the benefit of the Executive Secretary of the Utah Radiation Control
Board.

Upon DRC approval of the Class A West embankment and associated financial surety
calculations, and prior to placing waste in portions of the Class A West embankment that
exceed horizontally or vertically beyond the current approved Class A and Class A North
designs, EnergySolutions will amend the letters of credit as necessary to ensure funding
for closure and post-closure monitoring of the Class A West embankment,

10.3  FINANCIAL ASSURANCE FOR INSTITUTIONAL CONTROLS

In addition to the estimated costs for decommissioning the facility, the financial surety
also covers estimated costs of long-term surveillance of the site. This includes sampling
of groundwater monitoring wells, site inspections and repairs and other miscellaneous
costs. See also the discussion in Section 10.0 above.
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LICENSE AMENDMENT

UTAH DEPARTMENT OF ENVIRONMENTAL QUALITY
DIVISTION OF RADIATION CONTROL
RADICACTIVE MATERIAL LICENSE

Pursuant to Utah Code Annotated, Title 19, Chapter 3 and the Radiation Control Rules, Utah Administrative
Code (UAC) R313, and in reliance on statements and representations heretofore, made by the Licensee
designated below, a license is hereby issued authorizing the Licensee to tr. ansfer, receive, possess, and use the
radioactive material designated below; and to use radioactive material for the purpose(s) and at the place(s)
designated below. The license is subject to all applicable rules, and ordﬁrs now or hereaﬂe1 in effect and to all

conditions specified below.
***********$*********%*****************#***$$$****i*x*#x**i***$****$**$$*$*¥*¥****$$****

E S
LICENSEE ) 3,__;_‘_ License Number UT 2300249
S ) Amendment #O10
1. Name EnergySolutions, LLC (EnergySolutions) ) !
)*********$***************$****#*$**
2. Address 423 West 300 South ko } 4. - Expiration Date

Suite 200 o
) January 25, 2013
Salt Lake City, UT 84101

)***********************************

)} 5. LicenseLategory 4-a
******%#****#************#***x*%**m********x***#x***********#**#**k****#********%*******

#*
6. Radioactive Material _ 7. Chemical and/or physical form 8. Maximum Radioactivity
{element and mass number) ) o 4 and/or quantity of material the
' S ) Licensee may possess at any
‘ one time.
A. i Any Radioactive Material AandB. | A, |20,000 Curies***
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Secretary of the Utah Radiation Control Board and also receiving approval from the Governor
and the Legislature.

The Licensee shall fulfill and maintain compliance with all conditions and shall meet all
compliance schedules stipulated in the Ground Water Quality Discharge Permit, number UGW
450005 (hereafter GWQ Permit), issued by the Executive Secretary of the Utah Water Quality
Board.

The Licensee may receive and store up to twenty (20) empty radioactive waste transportation
casks under the following conditions:

4+ The casks are dedicated to the transportation of low level radioactive wastes.

Z:e Storage of the casks is confined to the Restricted Area within the area specified in
License Condition 10, except when staged for return to commerce within 7 days.

4-e_Internal contamination is kept minimal as practical but will not exceed the
contamination limits specified for Department of Transportation, Class 7 Hazardous
Material, Radioactive Material, Excepted Package-Empty Packaging, UN2908.

4-# During storage, casks are to be secured in accordance with their Department of
Transportation or Nuclear Regulatory Commission approved design specifications,

The Licensee may dispose of Class A Low-Level Radioactive Waste (LLRW) and NARM in
both-the Class A and-Glass-A-MNorth West (CAW) disposal cell described in License Condition

40, and in the Mixed Waste Landfill Cell. Class A waste is defined in Utah Radiation Control
Rule R313-15-1008 and NARM at R313-12-3,

F. Effective January 1, 2002, the Licensee shall not accept, possess, store or dispose of
any radioactive waste delivered to the disposal site by any conveyance, unless the associated
Shipping Documents have a valid Generator Site Access Permit number, issued by the Utah
Division of Radiation Control, affixed.

G. The Licensee may receive and treat radioactively contaminated aqueous liquids and
liguid mercury as characterized in the waste profile at the mixed waste facilities only, the waste
must be Class A LLRW at receipt. Treated aqueous liquids may be disposed at the Mixed
Waste Facility or the LLRW Facility, in accordance with Exhibit 3 of the Waste
Characterization Plan. Treated (amalgamated) liquid mercury shall be disposed at the Mixed
Waste Facility only.

H. Reserved

Licensed material in Items 6.C and 6.D, Sealed source(s) contained in compatible portable
gauging devices {registered pursuant to R313-22-210 or an equivalent U.S. Nuclear Regulatory
Commission or Agreement State regulation) for measuring properties of materials.

Licensed material in Items 6.E through 6.1, for operational checks and efficiency
determinations of radiation detection instrumentation.

Licensed material in Items 6.M through 6.0, calibration or reference combined source(s) for
use in conjunction with the Licensee's whole body counter.
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L. Licensed material in Item 6.P, sealed source(s) contained in MGP Instruments, Inc. Model

IRD-2000 dosimeter calibrators/irradiators for tests and source checks of electronic dosimeters.

SITE LOCATION

10.

12.

A. The Licensee may receive, store and dispose of licensed material at the Licensee’s facility
located in Section 32 of Township 1 South and Range 11 West, Tooele County, Utah.

B. Section 32, Township 1 South and Range 11 West, Tooele County, Utah, 1s defined by the
following points of reference:

Southwest Section Comner: Latitude 40° 40" 51.890" N
Longitude 113° 7' 28.580" W
Elevation 4269.76 feet above mean sea level (amsl)
Southeast Section Comer Latitude 40° 40' 51.879" N
Longitude 113°6'20.011" W
Elevation 4277.27 feet-amsl
Northwest Section Corner Latitude 40° 41" 44.098" N
Longitude 113° 7' 28.654" W
Elevation 4273.06 feet-amsl
Northeast Section Comner Latitude 40° 41'44.086" N
Longitude 113° 6' 20.109" W
Elevation 4280.83 feet-amsl
C. The Southwest Section Corner marker of Section 32 shall be the Point of Beginning (POB).
D. The Licensee shall cause a survey to be conducted by a Utah licensed land surveyor to identify
the section corners of Section 32, Township 1 South, and Range 11 West, Tooele County, Utah
(as defined in Condition 10.B). Licensee shall place monuments with brass caps at the
identified section corner locations. Monuments shall be permanent and constructed in a manner
that will protect them from being disturbed.
E. Licensed material in Items 6.C through 6.P shall be used only at the Licensee's facilities
referenced in Condition 10.B.
The open cell area within the Class A andCless-A-NewsthWest disposal embankments where waste

disposal/placement has or may occur, but the cover system has not been completed shall be limited to
3,650,000 square feet. Uncovered radioactive waste shall be limited to a surface area of 1,020,000
square feet.

Pursuant to UAC R313-12-55(1), the Licensee 1s granted an exemption to UAC R313-25-9, as 1t
relates to land ownership and assumption of ownership.
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any combination of them in accordance with the following formula:
{Grams U-235) N (Grams [U-233) + (Grams Pu) 1
350 200 200 =

“Possession” and “Disposal” are defined in License Conditions 63 and 64 respectively.

MIXED WASTE

4. A The Licensee may receive for treatment, storage, and disposal any radioactive waste as
authorized by this license that is also determined to be hazardous {commonly referred to as
mixed waste) as permitted by the “Hazardous Waste Plan Approvals” issued and modified by
the Executive Secretary, Utah Solid and Hazardous Waste Control Board and “HSWA Permit”
issued by the U.S. Environmental Protection Agency.

B. The Licensee may dispose of treated mixed waste in the Class A MNesth the-ClassA West
disposal cells if it meets the criteria described in Exhibit 3 of the Waste Characterization Plan.

C. All other mixed wastes shall be disposed in the Mixed Waste Landfill Cell only.

WASTE TREATMENT AND PROCESSING

15. A Prior to receipt of any low level radioactive or mixed wastes requiring treatment before
disposal, the Licensee shall, based on knowledge of the technology to be used for
treatment/processing of each particular radioactive or mixed waste, calculate and document
that the resultant processed waste is neither Class B nor Class C waste.

B Reserved

C. Following treatment at the Mixed Waste facility the Licensee shall classify the resultant
processed waste in accordance with UAC R313-15-1008.

D. The Licensee shall manifest treated waste from the Mixed Waste facility for disposal in
accordance with UAC R313-15-1006.

PROHIBITIONS AND WASTE ACCEPTANCE REQUIREMENTS
16. A Sealed sources as defined in Utah Administrative Code (UAC) R313-12 shall not be accepted
for disposal.

B. In accordance with UAC R313-15-1008(2)(a)(v), waste shall not be readily capable of
detonation or of explosive decomposition or reaction at normal pressures and temperatures, or
of explosive reaction with water.

C. In accordance with UAC R313-15-1008(2)(a)(vi), waste shall not contain, or be capable of
generating, quantities of toxic gases, vapors, or fumes harmful to persons transporting,
handling, or disposing of the waste.
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L. The Licensee shall not accept containerized radioactive waste unless each waste package has
been:

i. Classified in accordance with R313-15-1008, “Classification and Characteristics of Low-
Level Radioactive Waste.” In addition, the Licensee shall require that all radioactive waste
received for disposal meet the requirements specified in the Nuclear Regulatory
Commission, "Branch Technical Position on Concentration Averaging and Encapsulation”,
as amended.

1. Marked as either Class A Stable or Class A Unstable as defined in the most recent version
of the “Low-Level Waste Licensing Branch Technical Position on Radioactive Waste
Classification.” originally issued May, 1983 by the U.S. Nuclear Regulatory Commission.

iii. Marked with a unique package identification number, clearly visible on the package, that
can be correlated with the manifest for the waste shipment in which the package arrives at
the facility.

M. The Licensee may accept containerized Class A LLRW in the following waste packages for
disposal in the Containerized Waste Facility of the Class A esCless—A-MNeshWest disposal
cell:

i, DOT "strong, tight" containers in accordance with 49 CFR 173 and meeting the
following void space criteria: void spaces within the waste and between the waste and
its packaging shall be reduced to the extent practicable, but in no case shall less than 85
percent of the capacity of the container be filled

il. High-Integrity Containers (HICs) exceeding the void space criteria provided in License
Condition 16.M.1, shall be approved by the Executive Secretary.

il DOT “strong, tight” containers in accordance with 49 CFR 173 exceeding the void
space criteria provided in License Condition 16.M.i and large components shall be
placed as approved by the Executive Secretary.

iv. Oversized DOT containers (larger than 215 cubic feet) meeting the void space criteria
provided in License Condition 16.M.1 shall be placed in accordance with the currently
approved LLRW Construction QA/QC Manual.

MANAGEMENT OF FREE LIQUIDS

7. Al In accordance with UAC R313-15-1008(2)(a)(iv), solid waste received for disposal shall
contain as little free standing and non-corrosive liquid as reasonably achievable, but shall
contain no more free Hquids than one percent of the volume of the waste.

B. Solid waste received and containing unexpected aqueous free liquid in excess of 1% by volume
shall have the liquid removed and placed in the evaporation ponds or the liguid solidified prior
to management.

C. Unexpected non-aqueous free liquids less than 1% of the volume of the waste within the
container shall be solidified prior to disposal.
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that have been and are reasonably anticipated to be disposed of at the facility within 180 days
of Executive Secretary approval of the performance assessment.

Remediation: If following the completion of DRC's review of the performance assessment
described in paragraph 35 B, the disposal of DU as performed after the date of this license
condition would not have met the requirements of the performance assessment, the facility will
undertake remediation to ensure that the performance standards are met, or if that is not
possible, shall remove the DU and transport it off-site to a licensed facility.

Surety: The Licensee shall fund the surety for the remediation, in License Condition 35 D,
Within 30-days of the effective date of this license condition, the licensee shall submit for
Executive Secretary review and approval, the surety cost estimates for remediation of existing
Savannah River DU waste disposal and planned, similar large quantity DU waste disposal.

The West Rail Spur and Unloading facility shall be operated as a transfer station for Surface
Contaminated Objects (SCO) and large components, (waste storage is prohibited). These
objects may be set on the gravel pad for 24 hours to facilitate unloading and transferring to the
Class A West disposal cell.

The West Rail Spur and Unloading facility shall be operated as a transfer station for
conveyances to be unloaded at the Containerized Waste Facility (unloading of waste packages
is prohibited).

All ion exchange resins shall be disposed of as follows:

A.

B.

D.

Solidified using solidification agents approved by the Executive Secretary and disposed of in
the Containerized Waste Facility; or

Packaged in High-Integrity Containers (HIC) approved by the Executive Secretary, carbon-
steel liners, unapproved HICs, or poly HICs meeting the void space criteria described in
License Condition 16.M.1 and disposed of in the Containerized Waste Facility; or

Packaged in High-Integrity Containers (HIC) approved by the Executive Secretary, carbon-
steel liners, unapproved HICs, or poly HICs not meeting the void space criteria described in
License Condition 16.M.i and disposed of as approved by the Division under License
Condition 16.M.ii or 16.M.iii in the Containerized Waste Facility; or

Disposed of in accordance with the requirements of the Construction Quality
Assurance/Quality Control Manual.

The Licensee shall construct the Class A West disposal Cell identified in the Ground Water Quality
Discharge Permit No. UGW450005 and in accordance with approved engineering design drawings
"Series $8ZL10014",

Waste placement and backfilling within the Containerized Waste Facility shall be conducted in
accordance with the following:

A.

The Containerized Waste Facility shall conform to the characteristics defined, analyzed, and
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described in the Engineering Justification Report “Class A Disposal Cell Containerized Waste
Facility” (dated April 12, 2001); Engineering Justification Report, Addendum “Fifteen Percent
Void Space Criteria” (Revision 1 dated October 10, 2001); and the AMEC letter to Envirocare
of Utah, Inc. “Placement of Drums and B-25 Containers with 15 Percent Voids; Envirocare
Class A - Containerized Waste Facility Near Clive, Utah” (dated October 2, 2001). Waste
containers that have void space in excess of 15 percent shall be filled to the top of the container
opening using Controlled Low Strength Material (CLSM) in accordance with the Construction
QA/QC manual. The Licensee is exempt from the CLSM cold weather requirements and the 48
hour notification for void remediation only at the CWF Facility.

B. Waste container placement configurations and associated waste placement procedures, backfill
materials and procedures, and backfill cover materials shall be those approved by the
Executive Secretary following testing according to Work Element: Containerized Waste
Facility-Waste Placement Test Pad of the currently approved LLRW Construction Quality
Assurance/Quality Control Manual.

C. Waste delivered in a shielded transportation cask shall remain in the cask until the waste is
approved for disposal and the disposal location is prepared for the shipment. Waste received
for disposal in the Containerized Waste Facility shall not be handled, stored or transferred
within the contaminated portion of the Restricted Area without the approval of the Director of
Health Physics.

D. The Containerized Waste Facility shall be operated as a contamination-free portion of the
Restricted Area until containerized waste disposal operations are completed. Bulk waste may
then be used to complete the filling of the cell.

E Interim storage is applicable only to the Contamerized Waste Facility. Packages containing
radioactive material shall not be stored for a period of longer than 30 days from the date of
receipt. Retention of waste materials above ground pending disposal up to 3 working days does
not constitute storage. All packages in storage shall be shielded so that the package or shielding
shall not exceed 40 mR/hour at one meter from the surface.

F. Disposal of non-containerized decomposable or compressible waste at the Containerized Waste
Facility is prohibited. Such waste shall be disposed of as debris in bulk waste portions of the
Class A ertiass—A—MestzWest disposal embankments, in accordance with debris placement
requirements of the currently approved LLRW and 11e.(2) CQA/QC Manual.

The LARW and Class A West Disposal Cells, shall be defined by the areas enclosed by the points of
reference in the Ground Water Quality Discharge Permit No. UGW450005. The Containerized Waste
Facility within the Class A West disposal cell shall be separated from the non-containerized area by a
6-foot chain link fence on the berm around the Containerized Waste Facility perimeter area.

Reserved.
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Reserved.

The Licensee shall construct the Class A Merth—West disposal cell identified in the Ground Water
Quality Discharge Permit No. UGW450005 and in accordance with approved engineering design
drawings “Series 8468010014”.

The Licensee shall fulfill all requirements and maintain comphance with all conditions in the LLRW
CQA/QC Manual and engineering drawings currently approved by the Executive Secretary.

All engineering related soil tests conducted by the Licensee to demonstrate compliance with Condition
44 shall be performed by a laboratory certified and accredited by the AASHTO Materials Reference
Laboratory (AMRL). Said certification / accreditation shall apply to clay liner, clay radon barrier, soil
filter layers, sacrificial soils, and riprap matenials, or other soil or man-made materials as directed by
the Executive Secretary. Said certification shall include all engineering test methods required by
License Condition 44, or as directed by the Executive Secretary. Certification is not required for the
DRC approved sealed single ring infiltrometer permeability test contained in Appendix B to the
LLRW and 11e(2} CQA/QC Manual.

Reserved

The Licensee shall not initiate disposal operations in newly excavated areas until the Division has
inspected and the Executive Secretary has approved the cell/embankment liner.
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CONSTRUCTION DRAWINGS.

48. A. The Licensee shall provide a comprehensive set of drawings for the entire Clive site.
The drawings shall correctly: (1) locate all structures, utilities, fences, ponds, drainage features
railroad fracks, roads, storage facilities, loading and off-loading facilities, disposal
embankments, all environmental monitoring locations including instruments/devices, and any
other appurtenances related to the operation, maintenance and closure of the disposal facility;
and (2) provide survey control including elevations in sufficient detail to fully describe the site.
The drawings shall be developed in accordance with the standards of professional care. A
drawing index shall be included that identifies drawings by discrete number. Each drawing
shall include a revision block that documents the latest changes or modifications by date and
includes the initials of the responsible reviewer for QA/QC tracking purposes.

B. Drawings showing approved future designs shall be marked as “Final Drawings.” Final
drawings or drawings developed for construction shall be sealed by a Utah registered
professional engineer. The drawings shall be developed in accordance with the standards of
professional care.

C. Within 30 days of completion of any project that requires approval by the Executive
Secretary, a set of “As-Built” drawings shall be submitted for review. The drawings shall
indicate as-built conditions as they existed no earlier than 30 days prior to the submittal.
Drawings of finished construction shall be marked as “As-Built” in the final entry in the
revision block.

SITE OPERATING PROCEDURES

49, Shipments containing free liquid in excess of 1% shall be absorbed, evaporated, or the liquids
removed only at facilities with approved secondary containment or the rail rollover facility,

50. A. On-site generated waste shall be managed according to its radiological, physical and
chemical characteristics. Solid phase material shall be disposed in ecither the Class A Cell:
Class—A—MehWest Cell, Mixed Waste Cell, or the 11¢.(2) Cell. Waste water from
decontamination facilities will be put in the evaporation ponds or sprayed on disposal cells for
purposes of dust and engineering controls.

B. Site equipment that has reached the end of its useful life, 1s not operational and does not meet
the removable contamination limits of License Condition 27, Table 27-A, shall be disposed in
the LLRW Class A Geb-or-Class-A-NorthWest Cell within 90 days as debris in accordance
with requirements of the LLRW Construction Quality Assurance/Quality Control Manual or
stored on approved facilities for storage, transfer, and sampling of bulk waste.

C. Facility vehicles transferring or unloading waste shall not be left unattended.

51.  The following shall be implemented for LLRW and 11e.(2) Waste segregation purposes:
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A LLRW and 1le.(2) waste shall not be managed simultaneously at the Rail rollover facility,
Shredder Facility, Rotary Dump Facility, or Rail Digging facility;

B. Any vehicle or facility used to manage waste for disposal within the 1le.(2) disposal
embankment, must be clearly labeled to designate 11e.(2) management. The labels shall be
visible from both sides of a vehicle/facility designated for 11e.(2) waste management.

C. Equipment, vehicles and facilities, which are used for management of LLRW will be cleaned
of any material before being used for 1le.(2) waste management activities. Equipment,
vehicles and facilities shall be cleaned of all waste material to a limit of 500 grams per square
foot prior to being used for other waste types.

Waste shipments or transportation packages received shall meet the following contamination control
requirements for removable contamination

*Less then 220 dpm/100cm” alpha

*Less then 2200 dpm/100cm’ Beta-gamma

If a shipment or transportation package does not meet the above contamination requirements, the
Licensee shall take actions to reduce the risk for spread of contamination.

A. Quarterly, the Licensee shall clean the facility roads, or more frequently when needed.
The material collected from cleaning the roads shall be disposed within an approved disposal
embankment for Class A waste.

B. On a biweekly basis (once every two weeks) between the first day of May and the last day of
September, the Licensee shall spray a polymer solution on all exposed contaminated cell areas
and areas of waste within the Class A Gelland-Class A Morth'West Cell which have been
disturbed in the previous two weeks. The Licensee will apply a polymer-based stabilizer in
accordance with the manufacturer’s instructions.

C. The Licensee shall minimize the dust created during the process of placing and moving waste,
through the use of water. Water or other engineering controls shall be placed on roads and in
areas which work s being performed.

D. The Licensee shall cease loading, hauling, and dumping of un-containerized waste whenever
the 5-minute average wind velocities exceed 35 miles per hour. When both the 5-minute
average and 5-minute maximum wind velocities are less than 35 mph as observed on the
meteorological station, management of un-containerized waste may resume.

The Licensee shall fulfill and maintain compliance with all conditions and requirements in the Site
Radiological Security Plan (Revision 3, May 5, 2008).
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A.  Forthe Class A sad-Class-A-NerthWest disposal cells, the Licensee shall ensure that the actual
cumulative activity of chlorine-36 does not exceed 0.2828 picocuries per gram in accordance
with the following formula:

Total Activity of chlorine-36 Received (picocuries) <73,.900-8-28
gram
Total Mass of Active Cell (grams) + Completed Cell (grams)

picocuries per

+:B. For the Class A end-Class-A-NerthWest disposal cells, the Licensee shall ensure that the actual
cumulative activity of berkelium-247 does not exceed 0.0001 picocuries per gram in
accordance with the following formula:
Total Activity of berkelium-247 Received (picocuries) < 19284881 picocuries per gram
Total Mass of Active Cell {grams) + Completed Cell (grams)

+€. For the Mixed Waste disposal cell, the Licensee shall ensure that the actual cumulative activity
of chlorine-36 does not exceed 8.75 picocuries per gram in accordance with the following
formula:

Total Activity of chlorine-36 Received (picocuries) < &8.75 picocuries per gram
Total Mass of Active Cell (grams) + Completed Cell {grams)

2Z:D. For the Mixed Waste disposal cell, the Licensee shall ensure that the actual cumulative activity
of berkelium-247 does not exceed 0.00314 picocuries per gram in accordance with the
following formula:

Total Activity of berkelium-247 Received (picocuries) < 0.00314 picocuries per gram
Total Mass of Active Cell (grams) + Completed Cell (grams)

Containerized Class A waste shall be certified by the generator to meet the Waste Acceptance Criteria
in accordance with the Waste Characterization Plan described in License Condition 58.

A.  The Licensee shall move rail shipments into the Restricted Area within seven (7) days of
arrival. The shipments may be returned to the carrier when management of the waste is not possible
within the seven (7) day period, unless additional time is approved by the Executive Secretary of the
Utah Radiation Control Board.

B.  Empty outbound railcars shall be picked up by the local rail service within seven (7) days of
release from the Restricted Area, unless additional time is approved by the Executive Secretary of the
Utah Radiation Control Board.

C.  Railcars that have been decontaminated and surveyed both internally and externally and found
to meet criteria of non-fixed radioactive surface contamination less than 220 dpm/100 cm” Alpha,
2,200 dpm/100 cm” Beta and a dose rate less than 0.5 mrem/hr or that meet’ the limits found in Table
27-A do not have to picked up by local rail service within seven (7) days.
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76. Reserved.
SPECIAL HANDLING
77. Except while waste packages are being handled in the active arcas of the Containerized Waste

Facility, external gamma radiation levels shall not exceed 40 mR/hr at one meter from the surface of
any emplaced waste package or from shielding placed around disposed waste containers.

78. The Licensee shall observe the following controls on waste handling at the Containerized Waste
Facility:
A, Before unloading any waste container whose external gamma radiation at the surface exceeds

10 R/hr, an ALARA review shall be performed and documented and a pre-job briefing shall be
conducted.

B. As part of the ALARA review, the Licensee shall determine and record (1) estimates of the
radiation dose rates for the waste container, disposal unit working face, and any other
potentially significant radiation sources; (2} expected durations of exposures to and distances
from each radiation source; and (3) expected doses to each person involved in the actual
disposal operation.

C. Before unloading any waste container whose external gamma radiation at the surface exceeds
200 R/hr, a practice run shall be conducted. The practice run shall involve shielding,
container(s) filled with non-radicactive material, and handling equipment that are similar to
those involved with the actual shipment. Similarity includes similar rigging and physical
characteristics (e.g., weight, dimensions, and attachments), Those personnel who will
participate in receiving, processing, handling, and disposing of the actual waste will participate
in the practice run, using actual procedures. The Licensee shall notify the Division 24 hours in
advance of conducting the practice runs.

D. On a case-by-case basis, the Executive Secretary may exempt the Licensee from conducting
the required practice run, considering the results of earlier practice runs and actual experience
handling waste containers with high radiation levels.

7379, Reserved.

44.80, The Licensee shall notify in writing the Executive Secretary at the earliest possible date, but no later
than 10 days before scheduled receipt of each shipment with contact radiation levels in excess of 200
R/hr. The notification shall include the anticipated dates of receipt and plan for disposal in the
Containerized Waste Facility.

75.81. The Director of Health Physics or other qualified person designated by the Director of Health Physics
shall be present for and shall observe the receipt, processing, handling, and disposal of each waste
package with contact radiation levels in excess of 200 R/hr.

F5:82. The Licensee shall dispose of only closed containers in the Containerized Waste Facility. The
Licensee shall not dispose of any breached waste container in the Containerized Waste Facility
without first repairing the breached container or overpacking it in an undamaged container. The
Licensee is authorized to open packages at its facility only to;





w
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Repair or repackage breached containers,

Inspect for compliance with conditions of this license.

Confirm package contents and fill voids in packages/containers that have greater than 15%
void space.

Accomplish other purposes as approved by the Executive Secretary.

#+383. The Licensee shall handle and emplace LLRW packages in the Containerized Waste Facility such that
packaging integrity is maintained during handling, emplacement, and subsequent backfilling. Waste
packages deposited in the Containerized Waste Facility shall be protected from any adverse effects of
operations which may damage them.

SEALED SOURCES AND/OR DEVICES

84.

A.

1.

11.

111

v.

Sealed sources shall be tested for leakage and/or contamination at intervals not to
exceed the intervals specified in the certificate of registration issued by the U.S.
Nuclear Regulatory Commission under 10 CFR 32.210 or by equivalent regulations of
an Agreement State.

In the absence of a certificate from a transferor indicating that a leak test has been made
within the intervals specified in the certificate of registration issued by the U.S. Nuclear
Regulatory Commission under 10 CFR 32.210 or by equivalent regulations of an
Agreement State prior to the transfer, a sealed source received from another person
shall not be put into use until tested.

Sealed sources need not be tested if they are in storage and are not being used.
However, when they are removed from storage for use or transferred to another person,
and have not been tested within the required leak test interval, they shall be tested
before use or transfer. No sealed source shall be stored for a period of more than 3
years without being tested for leakage and/or contamination.

The leak test shall be capable of detecting the presence of 185 becquerels (0.005 pCi)
of radioactive material on the test sample. If the test reveals the presence of 185
becquerels (0.005 wCi) or more of removable contamination, a report shall be filed with
the Executive Secretary in accordance with R313-15-1208, and the source shall be
removed immediately from service and decontaminated, repaired, or disposed of in
accordance with Utah Radiation Control Rules. The report shall be filed within 5 days
of the date the leak test result is known with the Division of Radiation Control, P.O.
Box 144850, Salt Lake City, Utah 84114-4850. The report shall specify the source
involved, the test results, and corrective action taken.

(a) The Licensec is authorized to collect leak test samples in accordance with
Condition 85.1) of this license, the Licensee's renewal application (dated March
1, 2001), and the Licensee's Memo (dated March 11, 2002).

(b} The analysis of leak test samples shall only be performed by individuals who
meet the qualifications of a Health Physics Technician [ or 11, as defined by this
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A. On or before August 14, 2008, the licensece shall provide under oath or affirmation, a
certification that the Trustworthiness and Reliability Official is deemed trustworthy and
reliable by the licensee as required in paragraph 2.B of Attachment I, "Fingerprinting and
Criminal History Records Check Requirements for Unescorted Access to Certain Radioactive
Material.” :

B. All fingerprints obtained by the licensee pursuant to this requirement must be submitted to the
U.S. Nuclear Regulatory Commission for transmission to the U.S. Federal Bureau of
Investigation (FBI). Additionally, the licensee’s submission of fingerprints shall also be
accompanied by a certification, under oath and affirmation, of the trustworthiness and
reliability of the Trustworthiness and Reliability Official as required by paragraph 2.B of
Attachment 1, "Fingerprinting and Criminal History Records Check Requirements for
Unescorted Access to Certain Radioactive Material."

C. The licensee shall complete implementation of the fingerprinting requirements on or before
November 12, 2008. The licensee shall notify the Executive Secretary when full compliance
with the requirements described in the Executive Secretary's letter dated May 16, 2008,
Attachment 1, "Fingerprinting and Criminal History Records Check Requirements for
Unescorted Access to Certain Radioactive Material” and Attachment 2, "Specific
Requirements Pertaining to Fingerprinting and Criminal History Records Checks" have been
achieved. Notification to the Executive Secretary shall be made within twenty-five (25) days
after full compliance has been achieved.

D. The licensee shall notify both the Executive Secretary and the U.S. Nuclear Regulatory
Commission within 24 hours if the results from a criminal history records check indicate that
an individual is identified on the FBI’s Terrorist Screening Data Base.

CLOSEOUT CONDITIONS

89.

Except as specifically provided otherwise in this license, the Licensee shall conduct its program in
accordance with the statements, representations, and procedures contained in the documents, including
any enclosures, listed below. The Utah Radiation Control Rules, Utah Administrative Code R313 shall
govern unless the statements, representations, and procedures in the Licensee’s application and
correspondence are more restrictive than the rules.

i=A.  License renewal application, Revision 2, dated June 20, 2005.

B. The following documents refer to revisions made in Amendment 22:
+{1)  Letter CD04-0481, dated October 27, 2004, Amendment and Modification Request —
Class A North Embankment.

2(2y  Letter CD04-0548, dated December 23, 2004, Revised Class A North Disposal
Embankment License Amendment Request.

343y URS Review of Revised Class A North Embankment Amendment Request, dated
December 29, 2004,

444y Letter CD05-0024, dated January 17, 2005, Class A North Disposal Embankment
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License Amendment Request Revision 2.
£:(8)  Letter CD05-0265, dated May 20, 2005, Revision of Appendix R, Environmental
Monitoring and Surveillance Plan.
5.(6)  Letter CD05-0266, dated May 25, 2005, Surety Calculations for the Class A North
Disgposal Cell.
Z{7)__Memo: Treesa Parker to John Hultquist, dated May 25, 2005, Proposed revisions to
RMI. for Amendment 22
£:(8} Email: Treesa Parker to Christine Hiaring, dated June 1, 2005, License Amendment 22
Minor Changes for Consistency.

The following documents refer to revisions made in Amendment 22A:
a:{1}  Division letter dated November 14, 2005.

The following documents refer to revisions made in Amendment 22B:

B:(1)__Letter CD05-0333, dated June 30, 2005, RML no. UT 2300249 Request for approval of
revisions to Appendix I, Organization, and amendment of License Condition 32 A.

(27  Memorandum dated August 2, 2005, Subject; Review of Appendix 1

(3] Letter CD05-0398, dated August 16, 2005, Request for approval of revisions to
Appendix I, Organization and amendment of license condition 31.A.B,C, and 32A.

E«4) Letter CDO05-0507, October 26, 2005, Additional information regarding proposed
revisions to Appendix I, Organization and amendment of license condition 31.A,B,C,
and 32A.

#(5)  Letter CD05-0453, dated September 19, 2005 Request for amendment of License
Condition 9.10 RML UT2300478; Organization.

{6} Letter dated November 22, 2005, Request for information regarding request to revise
Appendix I of the 11e(2) License Application and Amendment of L.C. 9.10.

E(7) Letter dated October 11, 2005, Re: Request for Information: Revision to Appendix [
and amendment 31A. B. C. and 32A. dated August 16, 2005 (CD05-0398).

L(8) _Memorandum, dated October 3, 2005, Subject; Appendix I, revisions to RML
UT2300249 conditions 31 A, B, C,and 32 A.

=9} Letter CDO05-0411, dated August 23, 2005, Payment of administrative cost for
Appendix I amendment request dated August 16, 2005.

K-(10) Letter CD05-0472, dated September 30, 2005, License condition 39.E amendment
august 10, 2005, License Condition 39 E. amendment “draft”.

M=(12) Email dated September 16, 2005, Subject: RE: FW: Draft amendment for LC 39.E.

ML(13) Letter CD05-0285, dated June 1, 2005, Envirocare containerized waste facility concrete
overpacks corrective action plan.

{14} Letter dated June 2, 2005, filling waste package voids at the containerized waste
facility using controtled low strength material {CL.SM)
13, 2005, CD05-0181.

{16} Letter CD03-0366, dated July 26, 2005, Re: Letter to Dane Finerfrock, dated June 27,
2005, CD05-0326.
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F{17) Letter CD06-0011, dated January 12, 2006, Request to amend License Condition No, 2,
Address.

5418} Letter CD06-0043, dated February 3, 2006, Request to amend License Condition No. 1,
Company Name.

(19 Letter dated February 6, 2006, evidence of name change with the Utah Department of
Commerce.

{20) Email dated October 6, 2005, Subject: License condition 39.E.

V{21) Memorandum from Woodrow W. Campbell through Loren Morton and Dane
Finerfrock to Envirocare File, dated January 13, 2006 regarding AMRL Soils Lab
Certification for the Envirocare Soils Lab.

W(22) Email dated February 15, 2006 from Loren Morton to Dan Shrum, Subject: License
Amendment for Condition 73.

2(23) Email dated December 23, 2005 from Loren Morton to Dane Finerfrock, Subject:
Proposed Changes to License Condition 73 - Annual Surety Evaluation Report.

¥.{24) Letter dated February 22, 2006, Subject: Revise void remediation procedure OPC-6.0.

The following documents refer to revisions made in Amendment 22C:

A{1}  Letter CD05-0435, dated September 8, 2005, Request to amend RML UT 2300249:
Condition 58, Waste Characterization Plan.

B(7y Letter CD05-0557, dated December 5, 2005, RML UT 2300249; Condition 58 Waste
Characterization Plan ~Revised License Amendment Request.

C(3)  Letter CD06-0072, dated February 27, 2006, Radioactive Material License UT
2300249: Condition 58 Waste Characterization Plan — Revised License Amendment
Request.

B-(4) FEmail dated February 24, 2006 from Boyd Imai to Sean McCandless Re: Waste
Characterization Plan.

E{5) Letter CD06-0059, dated February 15, 2006, Radioactive Material License UT
2300249 —Self Identified Noncompliance.

EA{6)  Letter dated March 17, 2006, from the DRC regarding the February 15, 2006 letter of
noncompliance.

(7} Letter CD06-0055) dated February 9, 2006, Request to Amend RML UT 2300249 to
show addition of Liquid Radioactive Sources to License Condition 6.E.

H.(8) Letter (CDO06-0092) dated March 8, 2006, RML UT 2300249; Request for
administrative amendment. Conditions 21A and B and Condition 81.

The following documents refer to revisions made in Amendment 22E:

(1} CD06-0389, “Request to amend Radioactive Materials License No. UT 23000249 and
11e.(2) Radioactive Materials License No. UT 23000478 — Request for approval
revised Appendix I, Organization,” October 6, 2006.

2:(2) Shredder Facility
#a. CDO05-0448, “Radioactive Materials License No, UT 2300249 (RML) and

Groundwater Quality Discharge Permit UGW450005 (GWQDP). Request to
Construct Shredding Facility,” September 15, 2005,
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iizh.  CDO05-0532, “Request to Construct Shredding Facility — Revised Design and
Interrogatory Response,” November 14, 2005,

iti-¢.  CD03-0556, “Request to Construct Shredding Facility — Additional
Information,” December 2, 2005.

Interrogatories”, February 1, 2006.

we, CD06-0098, “Request to Construct Shredding Facility — Response to Round 3
Interrogatory,” March 10, 2006.

wi-f,  ASTM F-1417, “ASTM Method F 1417-92. March 29, 2006.

wit e, CD06-0188, “Request to Construct Shredder Facility — Response to Round 4
Interrogatory,” May 9, 2006.

Interrogatory,” May 25, 2006.

i1, CD06-0234, “Requests to Construct Shredder and Rotary Dump Facilities -
Revised Wastewater Management Process,” June 19, 2006.

%1, “EnergySolutions LLC Low-Level Radioactive Waste Closure & Post-Closure
Trust License UT 2300249 Trust #16673400,” June 29, 2006.

xi:l,  CD-0346, “Interim Wastewater Management Plan for the Shredder Facility —
Response to August 18, 2006 Request for Additional Information,” August 31,
2006.

il CDO06-0388, “Radioactive Material License UT 2300429 and Groundwater
Quality Discharge Permit (GWDP) No UGW450005 Shredder Facility ~ Request to
Operate,” October 5, 2006,

siidn, CD06-0407, “Comment on Proposed Amendment of Radioactive Material
License UT 2300249 and Groundwater Quality Discharge Permit (GWDP) No
UGW450005, October 18, 2006.

stvn, CDO6-0414, “Radicactive Material License UT 2300249 and Groundwater
Quality Discharge Permit No UGW450005 Shredder Facility — Submittal of
Revised Drawings” October 25, 2006.

w0, CD06-0425, “Groundwater Quality Discharge Permit No UGW450005
(GWQDP) Submittal of Revised Appendix J and K,” November 7, 2006.

1{3) _Rotary Dump Facility

+:a.CD05-0564, “Request to Construet — Rotary Dump,” December 12, 2003.

+b.CDO5-0570, “Request to Construct Rotary Dump 00 Submittal of Dose
Assessment,” December 16, 2005.

3:¢.CD06-00806, “Request to Construct Rotary Dump Facility -~ Response to Round 1
Interrogatory”, March 2, 2006.

4.0 ASTM F-1417, “ASTM Method F 1417-92.” March 29, 2006.

5.0, CD0O6-0147, “Request to Construct Rotary Dump Facility — Revised Drawings,”
April 10, 2006.

&1. CD06-0210, “Request to Construct Rotary Dump Facility — Response to Round 2
Interrogatory,” May 25, 2006.

7.0 CD06-0211, “Request to Construct Rotary Dump Facility — Response to Round 4B
Interrogatory”, May 25, 2006.
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£:h.CD06-0226, “Request to Construct Rotary Dump Facility — Response to Round 2B
Interrogatories,” June 8, 2006.

+i, CD06-0234, “Requests to Construct Shredder and Rotary Dump Facilities -
Revised Wastewater Management Process,” June 19, 2006.

+(4) _Intermodal Container Wash Building

+a.CDO05-02914, “Radioactive Materials License No. UT 2300249 (RML) and
Groundwater Quality Discharge Permit UGW450005 (GWQDP). Request to
Construct Intermodal Container Wash Building and Access Control Building,” June
9, 2005.

Z5.CDO5-0388, “Request to Construct Intermodal Container Wash Building — Revised
Design and Supplemental Information,” August 8, 2005.

3.¢.CDO5-0432, “Request to Construct Intermodal Container Wash Building — Revised
Design and Interrogatory Response,” September 1, 2005.

4:.CD06-0110, “MARSSIM Release for New Intermodal Container Wash Facility,”
March 22, 2006.

50.CD06-0206, “Radioactive Material License UT 2300249 and Groundwater Quality
Discharge Permit No UGW450005 Intermodal Container Wash Building — Request
to Operate,” May 22, 2006.

&1, “EnergySolutions LLC Low-Level Radioactive Waste Closure & Post-Closure
Trust License UT 2300249 Trust #16673400,” June 29, 2006.

Z.5.CD06-0259, “Groundwater Quality Discharge Permit (GWDP) No UGW450005
Intermodal Container Wash Building — Revised Appendix J and K,” July 10, 2006.
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{5y _Decontamination Access Control Building

Groundwater Quality Discharge Permit UGW450005 (GWQDP). Request to
Construct Intermodal Container Wash Building and Access Control Building,” June
9, 2005.

Z5.CDO5-0367, “MARSSIM Release of New Boxwash Access Control”, July 26,
2005.
Discharge Quality Permit (GWDP) No UGW450005 Decontamination Access
Control Building ~ Request to Operate”, April 6, 2006.

42l “EnergySolutions LL.C Low-Level Radioactive Waste Closure & Post-Closure
Trust License UT 2300249 Trust #16673400,” June 29, 2006.

£.0.CD06-02435, “Groundwater Discharge Quality Permit (GWDP) No UGW450005
Decontamination Access Control Building — Revised Appendix J and K and
Drawing No 05015-S100,” June 30, 2006.

+(6) _ East Side Drainage Project

1-2,CD06-0175, “Request to Construct East Side Drainage and Gray Water System
Modifications,” May 1, 2005.

#5.CD06-0244, “East Side Drainage and Gray Water System Modifications —
Response to DRC Review,” June 30, 2006.

3.¢.CD06-0293, “Groundwater Discharge Quality Permit No UGW450005 East Side
Drainage and Gray Water System — Revised Design and BAT Plans,” August 4,
2006.

4:1.CDO6-0327, “Groundwater Discharge Quality Permit No UGW450005 East Side
Drainage and Gray Water System — Revised Appendix ] BAT Performance
Monitoring Plan and Appendix K BAT Contingency Plan,” August 23, 2006,

£.e.CD06-0328, “Groundwater Discharge Quality Permit No UGW450005 East Side
Drainage and Gray Water System — Revised Drawings,” August 24, 2006.

The following documents refer to revisions made in Revision 0 of the License Renewal

Application:

(L AGRA Earth & Environmental, Inc. 1999. Summary Seismic Stability and
Deformation Analysis: Envirocare LARW Disposal Facility, Clive, Tooele County,
Utah. September 1, 1999. (1998 LRA Appendix J)

(2) AGRA Earth & Environmental, Inc. 2000a. Evaluation of Settlement of Compressible
Debris Lifts: LARW Embankments, Clive, Tooele County, Utah. June 1, 2000.

(3) AGRA Earth & Environmental, Inc. 2000b. Evaluation of Settlement of
Incompressible Debris Lifts: LARW Embankments, Clive, Tooele County, Utah. June
1, 2000.

(4) AMEC Earth & Environmental, Inc. 2000a. Letter Report: Allowable Differential
Settlement and Distortion of Liner and Cover Materials. October 4, 2000,

5 AMEC Earth & Environmental, Inc. 2000b. Letter Report Stability Considerations:

Proposed LLRW Embankment. October 25, 2000.
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Hultquist, Review; Formerly Characteristic Waste — License Amendment Request.

(8) Letter dated August 31, 2009, Sean McCandless to Dane Finerfrock,
Radioactive Material License No. UT2300249 — Revised request for Amendment —
Formerly Characteristic (LLRW Destined) Waste.

(N Email dated October 15, 2009 Sean McCandless to John Hultquist,
Formerly Characteristic, Attachments Revised RML 10/8/09 and WCP Revised
10/8/09.

(10) Memorandum dated October 19, 2009, from Boyd Imai to John
Hultquist, Formerly Characteristic Wastes — Transfer to LLRW.

The following documents refer to revisions made in Amendment 7:

(1) Letter dated September 21, 2009 (CD09-0241) from Val J. Christensen
to Amanda Smith; RML No. UT2300249 — Commitments Relating to Depleted
Uranium Disposal.

(2) Letter dated October 1, 2009 (CD09-0258) from Val I. Christensen to
Dane Finerfrock; RML No. UT2300249 — Commitments Relating to Depleted Uranium
Disposal

(3) Notice of Agency Action to Consider Proposed License Condition No. 35 dated
October 21, 2009,

{4) Email dated February 22, 2010, from Laura Lockhart to Dane Finerfrock and John
Hultquist, License Condition documents —comment response document.

+0. __ The following document refer to revision made i Amendment 8:

P.

(11 Letter dated June 1, 2010 (CD10-0162) from Sean McCandless to Dane Finerfrock;
RML No. UT2300249--Request for Amendment.

221 Letter dated July 15, 2010 {CD10-0200) from Sean McCandless to Rusty Lundberg;
RML No. UT2300249—Revision of Appendix 1, Organization.

33} Letter dated August 2, 2010 {CD10-0219) from Sean McCandless to Rusty Lundberg;
RML No. UT2300249—Revision of Appendix 1, Organization.

44y Letter dated November 1, 2010 (CD10-0298) from Rick Chalk to Rusty Lundberg; 1.
Radioactive Material License UT 2300249, License Condition 16.1 (sic) Letter dated
November 23, 2009 to Dane Finer frock from Mark Ledoux, CD09-0323, 2.
Administrative request from DRC to EnergySolutions to amend License UT 2300249,
License Conditions 6, 7, and 8.

345y Email date November 18, 2010 from Thomas Brown to Boyd Imai, LC 8 E, K, M and
0.

The following documents refer to revision made in Amendment 9:

) Letter dated December 6, 2010 (CD10-0347) from Dan B. Shrum to Rusty
Lunberg; RML No. UT2300249-—Amendment Request — Condition 35.B, Depleted
Uranium.

A2y Memorandum dated December 13, 2010 from John Hultquist to File regarding
Amendment request.
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93 The following documents refer to revision made in Amendment 10:
{13} AMEC Barth & Fovironmental, Inc. 2011, Report: Geotechnical Update Report —
EnergvSolutions Clive Facility Class A West Embankment. February 15, 2011,
{2 Whetistone Associates, Inc. 20011, Class A West Disposal Cell Infiltration and
Transport Modeling., Apriil9, 2011,

UTAH RADIATION CONTROL BOARD

Rusty Lundberg, Executive Secretary Date
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EnergySolutions” GWQDP
Permit UGW4S0005

Permit No. UGW450005

STATE OF UTAH
DIVISION OF WATER QUALITY
UTAH WATER QUALITY BOARD

P.O. BOX 16690
SALT LAKE CITY, UTAH 8§4116-0690

Ground Water Quality Discharge Permit

In compliance with the provisions of the
Utah Water Quality Act, Title 19, Chapter 5, Utah Code Annotated 1953, as amended,
EnergySolutions, LLC
423 West 300 South, Suite 200
Salt Lake City, Utah 84101

hereafter referred to as the "Permittee”, is granted a Ground Water Quality Discharge
Permit for a Low-Level Radioactive Waste and 1le.(2) Waste Disposal Facility in
accordance with conditions set forth herein. This facility currently consists of five separate
operable units: a Low-Activity Radioactive Waste (LARW) cell, an 11e.(2) Cell, a Mixed
Waste cell, and a Class A West cell, apd-a-Class—A-Nerth—eellb-which are located at

approximately latitude 40° 41' 18" North, longitude 113° 06' 54" West.

This modified Ground Water Quality Discharge Permit amends and supersedes all other
Ground Water Discharge permits for this facility issued previously.

This modified permit shall become effective on  Setsber4-2018
This permit and the authorization to operate shall expire at midnight, June 8, 2013.

Co-Executive Secretary
Water Quality Board
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3. Ground Water Protection Levels for Radiologic Parameters, Mixed Waste Cell

Based on the type of waste to be disposed of in the Mixed Waste Cell, which
includes low-level radioactive waste, an evaluation of indicater isotopes, and the
Ground Water Quality Standards (GWQS); ground water protection levels
(GWPL.} defined as either the GWQS or the Background Concentration,
whichever is greater as listed in Table 1E and 1F of this Permit. In all cases,
ground water quality in any compliance monitoring well at the Mixed Waste Cell
shall comply with the GWPLs found in Table 1E, unless other GWPLs have been
cited on a well and radiologic parameter-specific basis in Table 1F, below.

4 Revision of Ground Water Protection Levels

After submittal of additional ground water quality data, the ground water
protection levels may be revised by the Executive Secretary.

Table 1A: Ground Water Protection Levels (GWPL) — Universal to All LARW,
Ehass-A-Class A WestiMortheand Evaporation Pond Wells

Parameter [ GweL @ Parameter | GwpLY
Field and Inorganic Parameters (mg/l) Radiologic Parameters — Alpha Emitters " (pCi/l)
Cyanide 0.2 Adjusted Gross Alpha ©* 15
Fluoride 4.0 Neptunium-237 ¢V 7
Total Nitrate/Nitrite (as N) 16.0 Strontium-90 42
pH (units) ' 6585 | Thorium-230 83
Dissolved Metals (mg/l} Thorium-232 92
Antimony' % 0.006 Uranium-233 26
Arsenic NA ¥ Uranium-234 26
Barium 2.0 Uranium-235 27
Beryllium © 0.004 Uranium-236 27
Cadmium 0.005 Uranium-238 26
Chromium 0.1
Copper 1.3 Radiologic Parameters — Beta/Gamma Emitters ©° (pCi/l)
Tead 0.015 Carbon-14 3,200
Mercury 0,002 Todine-129 ©7 21
Molybdenum NA @ Technetium-99 3,790
Nickel & 0.10 Tritium 60,900
Seleniurm 0.05
Silver 0.1 Combined Radiologic Parameters (pCi/l)
Thatlium"® 0.002
Uranium ~ total 0.03 Radium-226 + Radium-228 % 5
Zinc 5.0
Organic Parameters (mg/l)
Acetone | 0.7 1,2-Dichloroethane 0.005
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Parameter GWPL D Parameter GwWpPL Y

2-Butanone "% 4.0 Methylene Chloride 0.005

Carbon Disulfide © 0.7 1,1,2-Trichloroethane © 0.005

Chloroform © 0,08 Vinyl Chloride 0.002

10.

11.

12,

I3.

14.

15.

16.

All ground water protection levels (GWPLs) derived from Ground Water Quality Standards (GWQS, see UAC
R317-6-2), except as noted.

Due to naturally elevated concentrations of arsenic and molybdenum in the Class IV saline aguifer at Clive, Utah,
these constituents are poor indicators of cell leakage and therefore will not be used as compliance parameters with
ground water protection levels. However, the Permittee will continue to sample, analyze, and report arsenic and
molybdenum data in all compliance monitoring wells at Permit and License renewal as a best management
practice,

Beryllium and Nickel GWQS derived from EPA drinking water Maximum Contaminant Levels (MCL), as
published in the July 17, 1992 Federal Register, Vol. 57, No. 138, pp. 31776 — 31849, Table 1.

Total uranium GWQS of 0.03 mg/1 from EPA final MCL in National Primary Drinking Water Regulations Final
Rule for Radionuclides (December 7, 2000 Federal Register, Vol, 65, No. 236, p. 76708).

GWQS for acetone, and carbon disulfide determined by DWQ staff from reference doses available in the techmcal
literature, see August 8, 1994 DWQ Staff Report: Ground Water Quality Conditions and Proposed Revision to
Ground Water Protection Levels, Envirocare of Utah Inc., Low-Level Radioactive Waste and 11e.(2) Waste
Disposgal Facility, near Clive, Tooele County, Utah, p. 3.

GWQS for chioroform derived from a 1998 EPA final drinking water MCL for total trihalomethane compounds in
“Drinking Water Standards and Health Advisories”, EPA 822-B-00-001, Summer 2000.

GWQS for methylene chloride derived from EPA drinking water MCL (ibid.).

GWQS for 1,1, 2-Trichloroethane from final EPA MCL in “Drinking Water Regulations and Health Advisories”,
FPA 822-B-96-002, October 1996.

All GWPL values for alpha-emitting radionuclides based on 1E-4 lifetime cancer mortality risk concentration
levels provided in 1991 EPA draft MCL values for drinking water (July 18, 1991 Federal Register, Vol. 56, No.
138, pp. 33078-9, 33100-3, and Appendix C).

Adjusted Gross alpha activity excludes raden, radium-226, and uranium alpha particle activity. Gross alpha
activity to be determined by ce-precipitation, EPA Method 00-02,

Neptunium-237, as determined by Total Radioactive Neptunium, EPA Method 907.0.

Al GWPL values for beta/gamma emitting radionuclide parameters based on a 4 millirem/vear equivalent dosage,
as per 1991 EPA draft MCL values for drinking water (July 18, 1991 Federal Register, Vol. 56, No. 138, pp.
33078, 33103, and Appendix B).

Todine-129, as determined by Total Radicactive lodine, EPA Method 902.0.

GWQS of 5 pCy/1 for combined radium-226 + radium-228 from final EPA MCL in National Primary Drinking
Water Regulations Final Rule for Radionuclides (December 7, 2000 Federal Register, Vol. 63, No. 236, p. 76708).
GWQS for 2-Butanone (methyl ethyl ketone) derived from Life-time health advisory value in “2006 Edition of the
Drinking Water Standards and Health Advisories”, EPA 822-R-06-013, August 2006,

Antimony and Thallium GWPIL, were recently established by the Utah Water Quality board. EnergySolutions is in
the process of establishing baseline GWPL for these parameters, see Part 1.1.4 for details.
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Tabie 1C: Grouand Water Protection Levels — Universal for all 11e.(2) Wells

Parameter I cwpL W Parameter r cwrL
Field and Inorganic Parameters ') (mg/l) Organic Parameters — Specific fo 1le.(2) (mg/l)
Cyanide 0.2 Acetone &/ 0.7
Fluoride 4.0 2-Butanone 17 4.0
Total Nitrate/Nitrite (as N} 10,0 Carbon Disulfide - 0.7
pH (units) 6.5-8.5 Chloroform 0.08
Dissolved Metals © (mg/I) 1,2-Dichloroethane 0.005
Arsenic NA © Methylene Chioride 0.005
Barium 2.0 Naphthaiene © 0.02
Beryllium 7 0.004 Diethyl Phthalate 5.0
Cadmium 0.005 2-Methylnaphthalene 0.004
Chromium 0.1
Copper 1.3
Lead 0.015
Mercury 0.002
Molybdenum NA &
Nickel © 0.10
Selenium 0.05
Silver 0.1
Uranium — totai 0.03
Zinc 5.0
Combined Radivlogic Parameters (pC/l)
Radium-226+radium-228 5
Radiologic Parameters (pCrl)
Thorium-230 83
Thorium-232 92

All field, inorganic, dissolved metals, and organic indicator organic parameters and corresponding GWPLs
for the 11e.{2) wells are equivalent to those for the LARW wells in Table 1A, above.

All ground water protection levels (GWPL) derived from Ground Water Quality Standards (GWQS, see
UAC R317-6-2), except as noted.

Due to naturally elevated concentrations of arsenic and molybdenum in the Class IV saline aquifer at Clive,
Utah, these constituents are poor indicators of cell leakage and therefore will not be used as compliance
parameters with ground water protection levels. However, the Permittee will continue to sample, analyze,
and report arsenic and molybdenum data in all compliance monitoring wells at Permit and License renewal
as a best management practice.

Beryliium and Nickel GWQS derived from EPA drinking water Maximum Contaminant Levels (MCL), as
published in the July 17, 1992 Federal Register, Vol, 57, No. 138, pp. 31776 — 31849, Table 1.

GWQS for acetone, and carbon disulfide determined by DWQ staff from reference doses available in the
technical literature, see Aygust §, 1994 DWQ Staff Report: Ground Water Quality Conditions and
Proposed Revision to Ground Water Protection Levels, Envirocare of Utah Inc., Tow-Level Radioactive
Waste and 11e.(2) Waste Disposal Facility, near Clive, Tooele County, Utah, p. 3.

GWQS for chloroform derived from a 1998 EPA final drinking water MCL for total trihaiomethane
compounds in “Drinking Water Standards and Health Advisories”, EPA §22-B-00-001, Summer 2000,

GWQS for methylene chloride derived from EPA drinking water MCL (ibid.).
Naphthalene GWQS derived from final EPA drinking water LA (ibid.).
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b)

4) A 6-inch lower filter zone consisting of sandy gravel material with a
minimum permeability of 3.5 em/sec,

5) A 2-foot thick clay radon barrier measured perpendicular to the slope.
Said radon barrier will be divided into two layers:

i. An upper layer, 1 foot thick, with a field hydraulic
conductivity of 5.0E-8 cm/sec or less, and

i A lower layer, 1 foot thick with a field hydraulic conductivity
of 1.0E-6 cm/sec or less.

Top slope of the embankment shall be between 2% and 4%, as
specified on the approved engineering drawings, and side slopes shall
be no steeper than approximately 5:1. The outside toe of the clay
radon barrier/liner shall extend outward and beyond the outermost
edge of the waste layer and shall merge with the bottom clay liner.

Waste Layer — the waste layer shall not exceed a final thickness of 43 feet
above the top of the bottom clay liner.

Clay Bottom Liner - the bottom clay liner shall be constructed below
natural grade on slopes no greater than 0.12% north to south and 0.2% east
to west. Final grade and elevation for the base of the clay liner will
comply with the approved engineering design (Table 2A). This liner will
be constructed after excavation of the site to the total design depth,
followed by placement of imported clay materials, which meet the
approved specifications for material and construction. The new clay liner
shall be graded to prevent the accumulation of leachate over the existing
1-foot thick clay liner. The clay liner shall be a minimum of 2 feet thick,
measured perpendicular to the slope, constructed in accordance with the
approved LLRW and 11e.(2) CQA/QC Plan (Radioactive Materials
License, Condition 44), and have a field hydraulic conductivity of 1.0E-6
cm/sec or less.

Table ZA: Approved LARW Cell Engineering Design Drawings

Drawing Last Revision Date Subject
9407-2, Rev. B July 28, 1998 LARW Disposal Ceil — Celi Location and Excavation Limits
9407-4, Rev. V February 1, 2005 LARW Disposal Cell —-LARW Cell Closure
9407-4A, Rev. L May 16, 2003 LARW Disposal Cell — LARW Cell Closure
9407-4B, Rev. | May 16, 2003 LARW Disposal Cell — LARW Cell Closure
9407-5, Rev. ] February 4, 1999 LARW Disposal Cell — Site Lavout
9407-6, Rev. E July 28, 1998 LARW Digposal Cell — Site Layout
9407-7 Rev. A June 27,1994 Drainage Plan — Plan View
94G7-7A, Rev. A June 27, 1994 Drainage Plan — Details
9407-8, Rev. C October 16, 1998 LARW Disposal Cell Wedge Expansion Cross Section

03046-VO1, Rev. O

May 16, 2003 LARW Disposal Cell — Radon Barrier Design Sections and

Details

(03046A-VO1 Rev. -

August 1, 2003 LARW Disposal Cell Closure — Plan and Details

03046A-VO2 Rev. 1

August 1, 2005 LARW Dispesal Cell Closure — Sections and Details

13
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b)

Moisture Content shall be the asymptotic value measured by ASTM
Methods D-3152 and D-2325 at soil tensions above 15 bars, If the

fines content (#200 sieve) of the sacrificial soil is greater than or
equal to 15%, residual moisture content testing is not required,

4)

A 6-inch lower (Type B) filter zone consisting of sandy gravel

material with a minimum permeability of 3.5 cm/sec,

5) A 2-foot thick clay radon barrier measured perpendicular to the slope.

Said radon barrier will be divided into two layers:

1. an upper layer, 1 foot thick, with a field hydraulic conductivity of

5.0E-8 cm/sec or less, and

ii.

1.0E-6 cm/sec or less.

a lower layer, 1 foot thick with a field hydraulic conductivity of

Top slope of the embankment shall be between 2% and 4%, as

specified on the approved engineering drawings, and side slopes shall
be no steeper than approximately 5:1. The outside toe of the clay radon
barrier/liner shall extend outward and beyond the outermost edge of

the waste layer and shall merge with the bottom clay liner.

Waste Layer — the waste layer shall not exceed a final thickness of 75.384

feet above the top of the bottom clay liner.

Clay Bottom Liner — the bottom clay liner shall be constructed below

natural grade. Final grade and elevation for the base of the clay liner will
comply with the approved engineering design (Table 2C). This liner will

be constructed after excavation of the site to the total design depth,
followed by placement of imported clay materials, which meet the

approved specifications for material and construction. The clay liner shall

be a minimum of 2 feet thick, measured perpendicular to the slope,

constructed in accordance with the approved LLRW and 11e.(2) CQA/QC

Plan (Radioactive Materials License, Condition 44), and have a field
hydraulic conductivity of 1.0E-6 cm/sec or less.

Table 2C: Approved &lass-A-and-Class A WestMorth Cell Engineering Design Drawings

Drawing

| Last Revision |

Subject

Class A Disposal Embankment

I

Class A West E ne
Festures and Controtsbaveut-Ph

P

ankmentBEspesal-Gell — Embankment

e
o

LUD149821-C02,
Rev, Q>

100149821003,
Rev, 0

Class A Wes
Details 2 ¢

larhodemrd T s S azota

ankmentBisposal-Gelt — Sections and

o
R

TR e Ot

AT,

slerient

L® .».‘ il &

1001404080-C05.+

Class A West EntbankmentMerth Disposs

Rev. 03 - CWI and 1O AreasbavoutBlanand Cever-tiaiats

1001404080-C062 ‘ 271 18/1 100 Class A West EmbankmentiNorth Bussesab-Oell — Laroe
£ % 1 ey - - . - - .

Rev. (4 ~ AT Component Area Plan & DetallsCress-Sectiong
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Table 2C: Approved Class-A-pad-Class A WesiMerth Cell Engineering Design Drawings

1001484680-C0O73, A7118/1100 Class A Wegt EmbanioneniMNerth-DHspasal-Cel — CWE Arca
Rev. (2 i Plan & DetailsDriteh Bedpils

1001404080-C0%94, e Class A W

S =5 | 43611267110 .

Rev, (3 GHo/1126/11609 Sectigns-t e Lo Arca—Avea-S-Haul Read-Laveu
1001408080 Class A WesiMerth Embankment - Embankmen Location,

ALL/116/1168 | Map and Buffer ZonePropesed-EWE Ayea CWE Aves Bl
and-Details

PE0Le, Rev. 04

ReVE Details
5. Disposal Cell Location Restrictions

The LARW, 1le.(2), Class-Az-and Class A WestMNesth disposal cells shall be
resiricted to the following locations in Section 32, Township 1 South, Range 11
West, SLBM, as specified on the currently approved engineering plans, drawings,
and the approximate Latitude and Longitude Coordinates provided in Table 3
below:

Table 3: Authorized LARW, 11e.(2), Qlass-Arand Class A WestiHaeth
Disposal Cell Locations

Edge of Waste Cooardinates
Disposal Cell Position Latitude Longitude
LARW NW Comer 40°41'11.382" N 113°06'51.318" W
SW Corner 40° 40'52. 908" N 113°06'531. 203" W
SE Cormer 40° 40' 52. 960" N 113°06'36. 734" W
NE Corner 40°41'11.434" N 113° 06" 36. 848" W
1le{2) NW Comer 40°41'12. 590" N 113° 07 24. 545" W
SW Corner 40° 40 55. 055" N 113707 24. 761" W
SE Corner 40° 40" 54. 845" N 113° 06" 55. 564" W
NE Corner 40°41'12.380" N 113°06'55.346" W
Class A West | NW Corner 40° 41" 3928 605-061" N | 113°07' 24 763535" W
SW Cormner 40° 41" 14. 230" N 113°07' 24, 702" W
SE Comer 40°471' 14.191" N 113° 06' 35.369" W
NE Corner 40°41'28.022" N 113° 06' 55.403" W
dass-A-MNorth | NW-Corner ANS. 4L ZE _SoGh W] 112007004 780
W -Cormer 40841030 S3TUN] A LS ARG T W P VU £
SE-Corner B L3206 8701 1034
PHE-Cormer 482 441 98 2300 0] 2 0al S R0 ]

This description does not include the Mixed Waste facility, located east of
the LARW Cell, which is authorized under a separate State-issued Part B
Permit from the Utah Division of Solid and Hazardous Waste.

6. Definition of LARW Waste

For purposes of this Permit, Low-Activity Radioactive Waste (LARW) is defined
as radioactive wastes, which meet the definition of Class A Low-Level
Radioactive Waste (LLRW) under the Utah Radiation Control Rules, UAC R313-
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10.

15-1008, or are defined as Naturally Occurring and Accelerator Produced
Radioactive Materials under the Utah Radiation Control Rules, UAC R313-12-3,

Definition of Mobile Waste

Any waste containing any of the following isotopes shall be considered a mobile
waste and subject to special provisions or requirements under this Permit:
aluminum-26, berkelium-247, calcium-41, californium-249, californium-250,
carbon-14, chlorine-36, iodine-129, neptunium-237, rhenium-187, sodium-22,
technetium-99, terbium-157, terbium-158, or {ritizm.

Definition of PCB/Radioactive Waste

For purposes of this Permit, PCB/Radioactive Waste to be accepted for disposal
shall meet the criteria specified m R315-315-7(2)(a) or (3)(b)(i-vi) of the rules
designated for disposal in a municipal or non-municipal non-hazardous landfill.

Definition of 11e.(2) Waste

For purposes of this Permit, 11e.(2) Waste is defined as "... tailings or wastes
produced by the extraction or concentration of uranium or thorium from any ore
processed primarily for its source material content", as defined in Section 11e.(2)
of the U.S. Atomic Energy Act of 1954, as amended.

Collection Lysimeters for Future Construction at the s ard-Class A

Westhblarth Cells

Future construction of the clay bottom liner of the &lass-A—and-Class A
WegtNorih Cells shall include the installation of collection lysimeters below the
bottom clay liner, in accordance with the CQA Plan for Collection Lysimeter
Construction currently approved by the Executive Secretary and included herein
as Appendix C. The Permittee shall also comply with the currently approved
Operation, Maintenance and Closure Plan for Collection Lysimeters, also
included herein as Appendix C. In addition, the Permittee shall comply with the
following requirements:

a) Collection Lysimeter "As-Built" Report — within 30 days of completion of
the construction of each lysimeter, the Permittee shall submit an "As-Built"
Report for Executive Secretary approval.

b) Future Collection Lysimeter Construction Notification — the Permittee shall
submit a notice of construction of additional lysimeters in the &isssA-and
Class A wwWestMearth Cells. Said notice shall be submitted at least one week
prior to construction in order to allow the Executive Secretary to inspect
Iysimeter construction.

¢) Future Collection Lysimeter Construction — in addition to any design or
construction requirements found in the currently approved Appendix C, the
Permittee shall construct all future collection lysimeters in a manner that will
allow the lysimeter to be operated in compliance with all performance
standards mandated by Part 1L.E.11 or monitoring requirements dictated by
Part LF.6 of this Permit. Any changes to the approved design or construction
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specifications in Appendix C shall require prior Executive Secretary

approval.

i1, Future Modification of Disposal Cell Engineering Desien or Specifications

Any change 1n the approved engineering design or specifications which causes a
significant adverse effect to the infiltration performance of a disposal cell shall
require prior submittal and Executive Secretary approval of infiltration and
contaminant transport analysis of the proposed change. Said changes must be
submitted to the Executive Secrctary as a written request with the revised
engineering drawings, specifications, ground water flow and contaminant
transport models, or any other documentation deemed necessary by the Executive
Secretary, at least 180 days prior to the effective date desired by the Permittee.

12. Final Authorized Engineering Desien and Specifications for Waste and

Wastewater Related Facilities

Best available technology design standards for related facilities at the disposal site
shall be defined by, and construction conform to the engineering plans and
specifications summarized in Table 5, below:

Table 5: Approved Engineering Design Drawings for Waste/Wastewater Related Facilities

Related Facility Drawing No. Last Revision Subject / Title
Track 2 Railcar 9513-1, Rev. B May 26, 1996 Plan, Section, and Details
Decontamination
Pad
Track 4 Railcar T-100, Rev. 3 Aug. 14, 1999 Foundation
Decontamination T-101, Rev. 3 Aug. 16, 1999 Foundation Details
Pad 9906-02, Rev. H Feb 26, 2007 Wash Water System As-Built
9006-02A, Rev. Feb. 26, 2007 Wash Water System As-Built
Class A 1001494588-C035, Aprit 11dadv-34, Clecs A West Embankment - Active CWE &
Westhlord Rev, 03 201188 LO Areas: Area and Haul Road DavontPlan
Containerized ame-Beation
Waste Facility and

Large Component
Area Evaporation
Basin

Class A WestiNersth Embankment Large

Rev &4 Component Arca Plan & DietailsPrososed
WP -Asens CW Ao Plan & Deia
100 1408086-CO76A, | Aprdl 1 1Geweber Class A Westhlesth Embankment Proposed

1995 Evaporation
Pond

Rev. 0% 26, 201104 S E Aves CWTE Area Plan & Details
9718-1, Rev. C March 13, 2007 Facility Layout

0504-3, Rev. E Oct. 28, 1999 Storage Pond

9504-3A, Rev. A Oct. 28, 1999 Leak Detection Svstem Details, As-Built
9504-4, Rev. B Oct. 28, 1999 Facility Details

9718-4, Rev. A Aug. 17, 1998 Piping Diagrams and Pump Station

08007-C01, Rev. 1

June 26, 2008

1995 Evaporation Pond HDPE Repairs, New
60 mil HDPE Liner

1997 Evaporation | 9718-1, Rev. C March 13, 2007 Facility Layout

Pond 9718-2,Rev. D Feb. 25, 1999 Evaporation and Storage Pond
6718-2a, Rev. B Feb. 25, 1999 Leak Detection System Details, As-Built
0718-3, Rev. - Sept. 17, 1997 Details
9718-4, Rev. A Aug. 17, 1998 Piping Diagrams and Pump Station

19
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Table 5: Approved Engineering Design Drawings for Waste/Wastewater Related Facilities

Related Facility Drawing No. Last Revision Subject / Title
2000 Evaporation | 0009-00, Rev, A July 10, 2000 Site Plan and Facility Layout
Pond 0009-01, Rev.E Feb. 22, 2008 Plan View
0009-02, Rev., A Jan. 28, 2001 Cross Sections
(0009-03, Rev. B Jan. 28, 2001 Details
0009-04, Rev. A Jan. 29, 2001 Sump/Side Slope Cross-Section
0009-05, Rev. A Jan. 29, 2001 Leak Detection Details
0009-06, Rev. A Feb. 22, 2008 Water Transfer Piping Details
Mixed Waste 9802-1,Rev. D Dec. 22,1999 Facility Layout
Evaporation Pond | 9502-2, Rev. F Dec. 22, 1999 Water Storage Facility
9802-3, Rev. D Dec. 22,1999 Facility Details As-Built
9802-4, Rev. B Dec. 4, 1998 Water Storage Facility
0802-5, Rev. A Dec. 22, 1999 Leak Detection System Details, As-Built
9803-2, Rev. - Feb. 11, 1998 Storage Pad Drain Line As-Builf
Box Washing 9621-1, Rev. C July 20, 1998 Site Plan As-Built Drawing
Facility 9621-2, Rev. B July 20, 1998 Foundation Plan As-Built Drawing
9621-3, Rev. B July 20, 1998 Elevation Views As-Built Drawing
9621-4, Rev. B July 20, 1998 Elevation Views As-Built Drawing
9621-5, Rev. B July 20, 1998 Wall Detail As-Built Drawing
Intermodal 9705-1, Rev. A July 31, 1998 Plan View
Unloading Facility | 9705-2, Rev. A July 31, 1998 Cross Section Drawings
0813-01, Rev. B March 13, 2007 Layoul
9813-02, Rev. A July 31, 1998 Layout {and Details)
0701-G03, Rev. 1 June §, 2007 Site Layout and Facility Legend
Railcar Rollover 0221-01 March 26, 2002 Site Layout and Drain Line
Facitity 0221-02 March 26, 2002 Fabric Cover Frame Lavout
0221-03 March 26, 2002 Rollover Cover South Elevation

0221-04, Rev. A

April 24, 2002

Cover Run-off Collection and Dratnage

07013-CO, Rev 0

March 31, 2008

Drainage repair plan

Rail Digging
Facility

0107-01, Rev. B

April 25, 2002

Site Layout

(107-02, Rev. B

_April 19, 2002

Digging Track Plan

(0107-03, Rev. B

April 12, 2002

Track and Pad Details

0107-044, Rev. A

April 25, 2002

Fxcavator Ramp

Container Storage
Pad

0514-1, Rev. C

March 13, 2007

Plan, Sections and Details

East Truck
Unloading Facility

05023-C104, Rev.

April 26, 2007

New Site Layout

05023-C301, Rev.

Sept. 22, 2005

Cross Sections

9

4
05023-C401, Rev. 3 Dec. 12, 2005 Truck Unloading Area Plan View
05023-C402, Rev. § De. 12, 2005 Truck Unloading Dock Plan View
(5023-C403, Rev. 7 April 26, 2067 Enlarged Dock Plan View
05023-C501, Rev. 3 Dec. 12, 2005 Truck Unloading Area Details
05023-C502, Rev. 4 Dec. 12, 2005 Truck Dock Details
03023-C503, Rev. 4 Dec. 12, 2005 Truck Dock Details

05023-S1, Rev. |

Sept. 22, 2005

Concrete Container Holding Pad Safety
Protection

Shredder Facility

03056-F13, Rev._ 09/30/06 Shredder Facility; OCutfeed Pad Plan and Pad
Details (As-Constructed)

05056-F13A, Rev._ 09/30/06 Shredder Facility; Shredder Pad Plan {As-
Constructed)

05056-I'13B, Rev._ 09/30/06 Shredder Facility; Shredder Pad Details {As-

Constructed)
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PCB/Radioactive Waste, the currently approved State-issued Part B

Permit.

Table 6: Maximum Allowable Concentrations in 11e.(2) Waste

Parameter TCLP Leachate Total Waste
Regulatory Limit Concentration
(mg/1) (mg/kg)
Volatile Organic Compounds
Acetone Wz 10.0
2-Butanone 200.0 10.0
Carbon Disulfide n/a 14.0
Chloroform 0.0 10.0
1,1-Dichloroethane 0.5 10.0
Diethyl Phthalate na 80.0
Methylene Chloride n/a 700
2-Methylnaphthalene n/a 80.0
Naphthalene n/a 80.0
1,1,2-Trichloroethane n/a 7.27
Vinyl Chleride 0.2 (.66
b) Liguid Waste — acceptance of liquids and liquid content of all wastes shall

be in accordance with the Radioactive Materials License.

c) Chelating Agents — the disposal of any waste containing chelating agents
shall be limited to the Mixed Waste Cell and is prohibited in the GlagssA
Class A Westhesth: and 11e.(2) Disposal Cells. The disposal of any waste
in the Mixed Waste Cell containing chelating agents in excess of 22% by
weight is prohibited.

3. Failure to Construct as per Approval

Failure to construct any portion of the facility in compliance with the approved
engineering design and specifications or in a manner inconsistent with the LLRW
and 11e.(2) CQA/QC Plan (Radioactive Materials License UT 2300249,
Condition 44) shall be cause for the Executive Secretary to require excavation of
the materials and remedial construction, retrofit of the embankment or any other
mitigative action to prevent the release of pollutants to soil or ground water.

4, Unsaturated Soil Moisture Content Monitoring

The Permittee shall conduct soil moisture content monitoring to verify
performance of the engineered containment systems for the LARW, 11e.(2), Slass
Ac-and Class A WestMerth Disposal Cells in accordance with the requirements of
Part 1.H.17 of this Permit and Radioactive Material License Condition 28. This
monitoring shall consist of instrumentation, as approved by the Executive
Secretary, installed in the Cover Test Cell.

The Permittee shall maintain and replace all soil moisture instrumentation as
directed by the Executive Secretary.
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The Executive Secretary reserves the right to require similar soil moisture content
monitoring in the radon barrier at the 11e.(2) Cell. The Permittee shall install and
make operational any soil moisture instrumentation in compliance with the
schedule to be determined by the Executive Secretary.

Allowable Heavy Metal Waste Concentration Limits

Waste containing any of the following non-radionuclide metals: Arsenic, Barium,
Cadmium, Chromium, Copper, Lead, Mercury, Selenium, Silver, and Zinc can be
disposed of in the £lass-4--Class A Wesihlorth. or 11e.(2) Cells at any
concentrations.

Open Cell Time Limitation

For each open portion of any disposal cell, final cover construction shall be
completed in accordance with the approved engineering plans and specifications
(Part 1.D.2 and 4) and the approved Construction Quality Assurance / Quality
Control Plan requirements under the Radioactive Materials License on or before
the end of 18 years after the date of initial placement of the first lift of any LLRW
waste in that portion of the open cell. Final cover construction shall include but is
not limited to completion of the following:

Riprap Layer

oo

Type A Filter Layer

Sacrificial Soil Layer

o o

Type B Filter Layer
Upper Radon Barrier Layer
Lower Radon Barrier Layer

Temporary cover layer

o o

Settlement stand installation and all monitoring necessary to demonstrate
waste platform is stable and ready for final cover construction.

Any modification of this 18 -year limitation shall require submittal of detailed
justification including but not limited to ground water flow and contaminant
transport modeling of open cell conditions or other technical information as
necessary, and prior Executive Secretary approval. Said modeling report or other
studies must be submitted in their entirety to the Executive Secretary 180 days
prior to the expiration date of the respective 18-year open cell time limit. Failure
to secure Executive Secretary approval prior to expiration of the 18 -year deadline
shall not be cause for the Permittee to postpone construction of the cover of any
cell in accordance with the currently approved engineering design and
specifications in Part LD.2 or 4 of this Permit.

General Stormwater Management Requirements

The Permittee shall contain all stormwater runoff at the £lass4-Class A
WestMorth; and 11e.(2) Disposal Cells which has contacted the waste (i.e.,
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contact stormwater). The Permittee shall not begin pumpage or removal of
stormwater that falls inside the restricted area that has not contacted the waste
(i.e., non-contact stormwater) before beginning removal of contact stormwater.
This inchudes runoff from waste disposed in excavated, below grade areas of the
Hlass-A-Class A West™erth; and 11e.(2) Disposal Cells, additionally, and:

a)

b)

Within 24 hours of discovery of an accumulation of contact stormwater, the
Permittee shall immediately begin pumpage and removal of said wastewater
in compliance with the following priority schedule, ranked from highest to
lowest priority:

1) Contact stormwater inside the footprint of the Class4-—Class A

WestMerth; and e (2) Disposal Cells,
2) Contact stormwater at the Rollover and Rotary Dump Facility, and
3) Contact stormwater at the Intermodal Unloading Facility.

The Permittee shall pump and remove contact stormwater in an
uninterrupted manner until it is completely removed from said location.
Under no circumstance will the Permittee begin pumpage and removal of
contact stormwater at a lower priority location without first completing
removal at all higher priority location(s).

All contact stormwater accumulated and pumped shall be disposed of in the
evaporation ponds only as explicitly approved by the Executive Secretary.
However, contact stormwater from the Tlass-A-Class A Westhesth. and
11e.(2) disposal cells may be used for minimal engineering and dust control

HE.

purposes on the waste in the Shass-A-and Class A WestMlorth disposal cells.

Containerized Waste Facility and Large Component Area shall be allowed
to accumulate 1n an engineered evaporation basin constructed in accordance
with the following conditions:

1} The evaporation basin shall be constructed in accordance with the design
specifications in engineering drawings listed in Table 5 for the Class A
WesthMesth Embankment and the requirements of the currently approved
LLRW and 1le.(2) CQA/QC Plan.

2} Fluid head in the evaporation basin shall not exceed a 1-foot level above
the lowest point of the bottom clay liner of the basin. The occurrence of
fluid levels above this 1-foot maximum allowable head limit shall
constitute a violation of this Permit.

3) The Permittee shall ensure that the physical integrity of the clay liner is
not compromised by desiceation or freeze/thaw cycles by implementing
quality assurance/quality control requirements in the currently approved
LLRW and 11e.(2) CQA/QC Plan,
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8.

10.

11e.(2) Waste Management Requirements

The Permittee shall manage the 11e.(2) Waste and related activities at the facility
in accordance with all applicable requirements of the currently approved
Radioactive Materials License, No. UT2300478, for the foilowing activities and
procedures:

a) Spill response and prevention

b) Runon and runoff containment

¢) Decontamination of vehicles, equipment, and containers
d) Unloading procedures

e) Waste storage time limits

f) Stormwater/wastewater collection and disposal

g) Leaking waste shipments

In addition, the Permittee shall manage 11e.(2) waste storage and handling in
compliance with the containment and spill prevention requirements of
Part 1.E.10.2 of this Permit.

1le.(2) Waste Storage

Storage of 11e.(2) waste at the facility shall be explicitly limited to areas within
the confines of the 11e.(2) Disposal Cells having completed and approved clay
liner.

LLRW Waste Management Performance Requirements

The Permittee shall operate and maintain all facilities in compliance with the
following performance requirements:

a) Contaminant Containment and Spill Prevention — the Permittee shall manage
all site operations to:

1) Prevent contact of wastes with the ground surface.

2}  Prevent spills of wastes or liquids contained therein from any contact
with the ground surface or ground water.

3} Prevent contact of surface water or stormwater run-on with the waste.

4) Control any runoff, which may have contacted the waste from
subsequent contact with the ground surface or ground water by means
of approved engineering containment. Any accumulations of such
contact runoff or leachates shall be removed and managed in
accordance with Part LE.7.

5) Prevent wind dispersal of wastes.

6) Minimize the time any waste is held in temporary storage without
disposal in a disposal cell or embankment. In no case shall any waste
be in temporary storage beyond 365 days after the date of waste entry
into the controlled area. Once the waste is removed from temporary
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12.

13.
14.

Stormwater Drainage Works Performance Criteria

All stormwater drainage works constructed and operated at the LARW, Slass-A;
Class A WestNerth, and 11e.(2) facilities shall perform in accordance with the
following criteria:

a)

b)

Seepage Control to Prevent Ground Water Mounding - all drainage works at
the facility shall be constructed of either low-permeability clay liner
materials or of an impermeable man-made conveyance in order to control
and prevent any alteration of local natural ground water hydraulic gradients
or velocities. This infiltration control shall address seepage during periods of
storm water storage in the drainage system.

Free Drainage — all stormwater drainage works shall be free draining and
under gravity conditions shall convey stormwater from the contributing
facilities to an off-site location, except as follows:

i.  The stormwater culvert at the southeast margin of the 11e.(2) cell, as
found on the Permittee’s engineering drawing 9420-7D as listed in
Table 5 of this Permit. Said construction includes an engineered catch
basin and lift station.

Temporary Stormwater Drainage Works — plans and specifications for any
temporary stormwater drainage works shall be submitted for Executive
Secretary review and approval prior to installation. As-Built reports shall be
submitted for Executive Secretary approval within 30 days following
installation. Prior to site closure, the Permittee shall remove all temporary
stormwater drainage works (e.g., drainage grates, piping, ditches, etc. not
approved under Part 1.12.4) as part of the site Decontamination and
Decommissioning Plan required under Radioactive Material License,
Condition 74.

Reserved

Wastewater Management Reguirements

The Permittee shall operate and maintain all wastewater storage, treatment, and
disposal facilities in accordance with Best Available Technology requirements
approved by the Executive Secretary, as follows:

aj

1995, 1997, 2000, Mixed Waste, and Northwest Comer Evaporation Ponds —
the Permittee shall operate and maintain the 1995, 1997, 2000 , and
Northwest Comner evaporation ponds and the Mixed Waste evaporation pond
to prevent release of fluids to subsurface soils or groundwater, in accordance
with the following requirements:

1)  Leak Detection System Pumping and Monitoring Equipment
Contmuous Operation — the Permittee shall provide continuous
operation of the leak detection system pumping and monitoring
equipment, including, but not limited to, the submersible pump, pump
controller, head/pressure transducer, and flow meter equipment
approved by the Executive Secretary. Failure of any pumping or
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2)

3)

4)

monitoring equipment not repaired and made fully operational within
24 hours of discovery shall constitute failure of Best Available
Technology and a violation of this Permit.

Maximum Allowable Daily Leakage Volumes — the Permittee shall
measure the daily volume of all fluids pumped from the respective leak
detection systems of the 1995, 1997, 2000, Mixed Waste, and
Northwest Corner evaporation ponds. Under no circumstance shall the
daily leak detection system flow volume, as determined pursuant to Part
LF. a.3, exceed the following limits:

i. 1995 Evaporation Pond: 162 gallons/day
ii. 1997 Evaporation Pond: 171 gallons/day
iii. Mixed Waste Evaporation Pond: 171 gallons/day
iv. 2000 Evaporation Pond: 382 gallons/day
v. Northwest Corner Evaporation Pond: 326 gallons/day

Daily leak detection system flow volumes in excess of these limits shall
constitute failure of Best Available Technology and a violation of this
Permit.

Maximum Allowable Head — the Permittee shall measure fluid head in
the respective leak detection sumps of the 1995, 1997, 2000, the Mixed
Waste, and Northwest Corner evaporation ponds by use of pressure
transducer equipment approved by the Executive Secretary. Under no
circumstance shall fluid head in the leak detection system sump exceed
a 1-foot level above the lowest point in the lower fiexible membrane
liner. The occurrence of ieak detection system fluid levels above this 1-
foot limit shall constitute failure of Best Available Technology and a
violation of this Permit.

2-foot Mimimum Vertical Freeboard Criteria — the Permittee shall
operate and maintain at least 24 inches of vertical freeboard in the

1995, 1997, 2000, Mixed Waste, and Northwest Corner evaporation
ponds to ensure total containment of fluids. This vertical distance shall
be determined by use of a gauging station approved by the Executive
Secretary. If at any time the Permittee operates the pond with less than
24 inches of vertical freeboard, such operation shall constitute failure of
Best Available Technology and a violation of this Permit.

b) Box-Washing Facility — the Permittee shall operate and maintain the Box-
Washing Facility to ensure:

1y

2)

Free draining conditions exist across the floor to the wastewater
collection sumps.

The integrity of the concrete working surface to prevent discharge.
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The Permittee shall repair or otherwise seal and render impermeable any
and all cracks, ruptures, damage, or porous areas prior to resuming use of
the facility. At least one week prior to the annual inspection, the Permittee
shall submit written notice to allow the Executive Secretary the opportunity
to have a DRC representative present.

d}  To ensure that free draining conditions exist in all wastewater transfer pipes
without release or discharge to subsurface soils or ground water.

e) To ensure the leak detection annulus of the sediment basin is free of fluids.

f) To ensure the water level in the sediment basin is below the level of the
grate covering the pump sump.

g)  The dual-walled pipe used to transfer fluids from the sediment basin is free
draining, and the leak detection annulus within the secondary pipe is free of
fluids.

22, Intermodal Container Wash Building

The Permittee shall operate and maintain the Intermodal Container Wash
Building:

a) In accordance with the currently approved BAT Performance Monitoring
Plan and BAT Contingency Plan in Appendices J and K, respectively of
this Permit.

b) To ensure free draining conditions exist:
i, Within each wash bay and trench drain to the sediment basin, and
ii. From each boot wash station to the sediment basin.

c) To ensure the integrity of all concrete surfaces to prevent discharge of
waste water to subsurface soils or ground water.

d) To ensure the sediment basin provides a total containment system and does
not cause a direct or in-direct discharge to subsurface soils or ground water.

e) To ensure the water level in the sediment basin is always maintained below
the grate located over the pump sump.

) To ensure the leak detection annulus of the sediment basin is free of
liquids.

g) To ensure the dual-walled pipe used to transfer fluids from the sediment
basin is free draining, and the leak detection annulus within the secondary
pipe is free of fluids.

23, Decontamination Access Control Building

The Permittee shall operate and maintain the Decontamination Access Control
Building:

a) In accordance with the currently approved BAT Performance Monitoring
Plan and BAT Contingency Plan in Appendices J and K, respectively of
this Permit.
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d} Deep Aquifer Monitoring Wells— the Permittee shall monitor heads in all

deep aquifer monitoring wells, including, but not limited to monitoring wells
I-1-100, I-3-100, GW-19B, GW-27D, and GW-1481329D,

e) Well Construction Criteria — any ground water monitoring well used as a

compliance monitoring point shall be:

1 Located hydrologically downgradient of waste disposal,

2) Completed exclusively in the uppermost aquifer,

3) Located as close as practicable to the waste and no more than 90 feet
from edge of waste,

4) Constructed in conformance to guidelines found in the EPA RCRA
Ground Water Monitoring Technical Enforcement Guidance
Document, 1986, OSWER-9950.1.

f) Well Network Early Warning Requirement — any network of ground water
monitoring wells used as points of compliance shall be adequately
constructed, both in location and spacing, to provide early warning of a
contaminant release from a waste embankment before the contaminant leaves
the embankment’s 100-foot wide buffer zone, as defined in Table 7, below.
For purposes of this Permit, early warning shall be provided by a compliance
monitoring well network with an inter-well spacing distance to be approved
by the Executive Secretary.

g) Buffer-Zone Requirements— waste disposal is prohibited inside the buffer
zone, as described in Tables 3 and 7 of this Permit.

Table 7: Buffer Zone Boundary Locations
Disposal Cell Edge of Buffer Coordinates
Zone Position Latitude Longitude
LARW NW Corner 40°41"12.366" N 113°06'32.622" W
SW Corner 40° 40’ 51.915" N 113°06'32.494" W
SE Corner 40°40' 51.976" N 113°06'35.429" W
NE Corner 40° 41" 12, 427" N 113%06'35.556" W
Class A West NW Corner 40° 41 4028 5953527 N 113°07 2606532 W
SW Corner 40°41' 13.245" N 113° 07 25.996" W
SE Corner 40°41'13.2012" N 113° 06' 54.167065" W
NE Corner 40° 41" 4020 556008" N 113° 06" 54 4645108" W
CM g AN ey AT A - A% AT 20 AOAN R OO0 T AL i Y
Hags-A Neovth | 2 # _za ] ”wm,
L :L S.’fll" T . ‘” s 5”’32’ .
Ilef2) 40°41' 13 587" N 113°0 7' 25 832" W
SW Comer 40° 40" 34.077" N 113°07' 26.070" W
SE Corner 40° 40' 53.849" N 113° 06' 34.279" W
NE Corner 40° 41" 13.359" N 1132 06' 54.037" W
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h)

Protection of Monitoring Network - all compliance monitoring wells must
be protected from damage due to surface vehicular traffic or contamination
due to surface spills. All monitoring wells shall be maintained in full
operational condition for the life of this Permit.

The criteria for determining full operational condition are:

1) Accessibility — each well must be accessible for sampling and shall not
be located in an area of standing water.

2}y Casing Measuring Point — each well shall have a permanent surveyed
reference point such as the top of the protective casing.

3) Physical Integrity — any physical disturbance to any well, which may
alter the surveyed water level measuring point, is prohibited. In
addition, all wells shall have an adequate surface seal around the well
casing to prevent surface or storm water from entering the well,

4) Chemical Integrity — all well and sampling materials shall be
constructed of inert materials to prevent the introduction of
contaminants from leaching or corrosion.

5) Silt Content — if the measured water column of any well is less than
90% of the theoretical water column, the monitoring well shall be
redeveloped prior to sampling.

Any well that becomes damaged beyond repair or is rendered unusable for
any reason will be replaced by the Permittee within 90 days or as directed by
the Bxecutive Secretary.

Notification of Ground-water Monitoring Event

At least 30 calendar days prior to the annual Ground Water Monitoring
event required under Part 1.H.1, the Permittee will submit a written notice
and schedule, with approximate dates the wells will be sampled, to the
Executive Secretary to allow the DRC the opportunity to collect duplicate or
split ground-water samples from the same wells at the same time as the
Permittee’s staff during a regularly scheduled sampling event for
independent laboratory analysis.

2. BAT Comphiance Monitoring Points

The Permittee shall inspect, sample, analyze, or otherwise monitor other points of
compliance in order to confirm compliance with this Permit. These points or
instruments shall include:

a)

East Truck Unloading Area — including monitoring of free draining
conditions to the stormwater collection troughs, water level in the collection
troughs, and physical condition/integrity of all exposed asphalt and concrete
surfaces.
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2)  Presence or absence of fluids in the Sediment Basin leak detection
annulus,

3) Water level in the sediment basin,
4)  Free draining conditions in all wastewater transfer piping, and

3) Presence or absence of fluids in the leak detection annulus within the
secondary pipe of all dual-walled wastewater transfer piping systems.

k) Intermodal Container Wash Building ~ including monitoring to determine:

1) Free draining conditions, physical condition, and integrity of concrete
floor and floor trenches,

2)  Presence or absence of fluids in the sediment basin leak detection
annulus,

3) Fluid level in the sediment basin, and

4)  Presence or absence of fluids in the leak detection annulus within the
secondary pipe of all dual-walled wastewater transfer piping systems.

1)  Decontamination Access Control Building — including monitoring to
determine:

1) Free draining conditions in all wastewater transfer piping,

2) Presence or absence of {luids in the gray water collection tank leak
detection annulus,

3) Water level in the gray water collection tank, and

4) Presence or absence of fluids in the leak detection annulus within the
secondary pipe of all dual-walled wastewater transfer piping systems.

m) East Side Drainage Project - including monitoring to determine the presence
or absence of fluids in the leak detection annulus within the secondary
piping of all dual-wall wastewater transfer systems. All dual-walled
pressurized pipe connected fo the Fast Side Drainage Project, that does not
gravity drain to a leak detection port, including both primary and secondary
piping, shall be pressure tested annually by an independent Professional
Engineer registered in the State of Utah.

3. Future Modification of Compliance Monitoring Systems or Equipment

If at any time the Executive Secretary determines that additional systems,
mechanisms or instruments are necessary to monitor ground water quality or Best
Available Technology compliance at the facility, the Permittee shall submit
within 30 days of receipt of notification, a plan and compliance schedule to
modify the compliance monitoring equipment, for Executive Secretary approval,
Any failure to construct the required compliance monitoring system or equipment
in accordance with the approved plan and schedule shall constitute a vielation of
this Permit.
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maintain a written record of these inspections on site. All daily inspection records
shall comply with the requirements of Part I1.G of this Permit.

13, Evaporation Ponds Monitoring

a) 1995, 1997, 2000, Mixed Waste, and Northwest Corner Evaporation Pond
Daily Monitoring — the Permittee shall conduct daily inspections of the
1995, 1997, 2000, Mixed Waste, and Northwest Corner evaporation ponds
to determine compliance with the Best Avatlable Technology requirements
of Part I.LE.14.a of this Permit, including:

1y Visual observation of pond water level, relative to pond spillway
centerline, to evaluate pond freeboard compliance against BAT
performance criteria.

2)  Determination of operational status of leak detection system pump,
pump controller, head/pressure transducer, and flow meter equipment.

3) Measurement of daily leak detection system flow volume. For BAT
compliance monitoring purposes for the 1995, 1997, 2000, Mixed
Waste, and Northwest Corner evaporation ponds, the Permittee shall
calculate an average daily leakage volume across a consecutive 7-day
period. The Permittee shall perform this calculation for each
evaporation pond weekly.

4).  Measurement of daily leak detection system head. For BAT
compliance monitoring purposes for the 1995, 1997, 2000, Mixed
Waste, and Northwest Corner evaporation ponds, the Permittee shall
determine the maximum head limit to be measured by the approved
head/pressure transducer construction that complies with the 1-foot
BAT head performance standard of Part 1.E.14.a.3. On a daily basis,
the Permittee shall compare the daily measured head against the
maximum head limit for each evaporation pond.

The Permittee shall maintain written records of the findings of these
daily inspections on site. All daily inspection records shall comply
with the requirements of Part LG of this Permit.

by 1995, 1997, 2000, Mixed Waste, and Northwest Corner Evaporation Pond
Leak Detection System Pump Tests — the Permittee shall conduct a pump
test of the evaporation pond’s leak detection sump within 5 days of
discovery that the average daily leak detection system flow volume (Part
1.F.2.d)exceeds the following limits:

1y 1995 Evaporation Pond: 155 gallons/day
2) 1997 Evaporation Pond: 160 gallons/day
3)  Mixed Waste Evaporation Pond: 160 gallons/day
4y 2000 Evaporation Pond: 355 gallons/day

5)  Northwest Corner Evaporation Pond: 300 galions/day

46





Part LF

Permit No. UGW4500035

21
22.

23.

24,

25.

Reserved

BAT Performance Monitoring Plan

The Permittee shall demonstrate compliance with the BAT requirements and
performance standards and Best Management Practices in Parts LD and 1.E of this
Permit by implementing the most current BAT Performance Monitoring Plan
approved by the Executive Secretary and provided in Appendix J of this Permit.

BAT Contingency Plan

In the event that BAT failure occurs at any facility, the Permittee shall implement
the most current BAT Contingency Plan approved by the Executive Secretary and
provided in Appendix K of this Permit to regain the BAT requirements and
performance standards and Best Management Practices specified in Parts [.D and
LE of this Permit.

Stormwater Monitoring

The Permittee shall demonstrate compliance with stormwater removal
requirements of Part LE.7 of this Permit by maintaining daily written records for
the following stormwater management activities:

a)  Date, time, and location of discovery of stormwater accumulation

b)  Date and time when stormwater removal activities were initiated at each
location

¢} Date and time when stormwater removal was completed at each location

d)  First and last name(s) of all personnel involved with stormwater removal
activities

e)  Unique identity of locations of where stormwater was removed

1) Type of stormwater remoVed: contact or non-contact stormwater

g)  Identify equipment used to remove contact and non-contact stormwater
h)  Volumes of stormwater removed at each location

i)  Location(s) where stormwater was disposed

Shredder Facility

The Permittee shall conduct daily monitoring of the Shredder Facility to
demonstrate compliance with the Best Available Technology requirements of
Part I.LE.20 of this Permit in accordance with the currently approved BAT
Performance Monitoring Plan and BAT Contingency Plan in Appendices J and K
of this Permit, respectively, including:

a)  Free draining conditions
b)  Physical integrity of concrete surfaces

c)  Absence of discharge to the ground or ground water
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d)  Horzontal Hydraulic Gradient Reporting — on 2 monthly basis the Permittee
shall calculate the following and provide within the annual monitoring
report as required by Part LH.1:

1y

2)

A site-wide summary of maximum, minimum, and average horizontal
hydraulic gradient for all wells located in Section 32 based on saline
and fresh water equivalent ground water elevations and

Individual disposal cell summary of maximum, minimum, and average
horizontal hydraulic gradient based on saline and fresh water
equivalent ground water elevations for the Class A West-Class-A
Neorth LARW, 11e.(2), and Mixed Waste disposal facilities,
Determination of these individual hydraulic gradients shall be made
after division of each disposal cell into smaller sub-areas for purposes
of hydraulic gradient comparisons through time, as approved by the
Executive Secretary. On an individual cell basis, the Permittee shall
identify the cell sub-areas where the monthly maximum, minimum,
and average hydraulic gradients occurred, as summarized in the
August 31, 2004 letter response from Envirocare of Utah Inc. to DRC
comments regarding the 2003 2*! Semi-Annual Ground Water Report.

In the event that the average fresh water equivalent horizontal hydraulic
gradient of any sub-area exceeds the cell-specific Permit limit listed below,
the Permittee shall report and identify the sub-area in which the exceeded
limit occurred within the annual ground water monitoring report required by
Part LH.1 of this Permit.

Disposal Cell Fresh Water Equivalent
Horizontal Hydraulic Gradient Limit
Cilnes A3
Class A WestMasth 1.00E-3
LARW 9.67E-4
Mixed Waste 9.67E-4
11e.(2) 3.29E-3
3. Ground Water and Pore Water Quality Sampling

Reporting will include:

a)  Field Data Sheets — or copies thereof, including the field measurements,
required in Part LF.5(c)(2) of this Permit, and other pertinent field data, such

as:

1)

Ground Water Monitoring — well name/number, date and time, names
of sampling crew, type of sampling pump or bail, measured casing
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volume, volume of water purged before sampling, volume of water
collected for analysis.

b)  Results of Ground Water, Pore Water, and Surface Water Analysis —
including date sampled, date received; and the results of analysis for each
parameter, including: value or concentration, units of measurement,
reporting limit (minimum detection limit for the examination), analytical
method, the date of the analysis, counting error for each radiochemical
analysis, and total anions and cations for each inorganic analysis.

c) Quality Assurance Evaluation — with every sampling report the Permittee
shall include a quality assurance evaluation of the reported ground water
and pore water data. Said repost shall evaluate the sample collection
techniques, sample handling and preservation, and analytical methods used
in sampling with the objective of verifying the accuracy of the compliance
monitoring results.

d)  Electronic Data Files and Format — in addition to written results required
for every sampling report, the Permittee shall provide an electronic copy of
all laboratory results for ground water, pore water, and surface water
quality sampling. Said electronic files shall consist of a Comma Separated
Values (CSV) file format, or as otherwise approved by the Executive
Secretary.

Spill Reporting

The Permittee shall report as per UAC 19-5-114, any spill or leakage of waste or
waste liquids which come in contact with native soil or ground water in
compliance with Part IL1 of this Permit. For spills of solid waste greater than
100 kg, the spill must be reported to the Division of Radiation Control within 7
calendar days of discovery.

Post-Closure Monitoring

Reporting of post-closure monitoring shall comply with the requirements of the
currently approved Post-Closure Monitoring Plan in Appendix I of this Permit.

Annual "As-Built" Report

The Permittee shall submit an annual "As-Built" Report to document interim
construction of the Cisss-A-Class A Westhlasth, and 11e.(2) Disposal cells in
compliance with the currently approved design and specifications and LLRW and
11e.(2) Construction Quality Assurance/Quality Control Plan (Radioactive
Materials License, Condition 44). These reports will be submitted for the
Executive Secretary's approval on or before December Iof each calendar year and
will be prepared in accordance with the LLRW and 11e.(2) Construction Quality
Assurance/Quality Control Plan..

Waste Characterization Reporting

In the event that a new contaminant is detected in any waste at the facility, which
has not been authorized by Part LE.1, or if concentrations of approved
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10.

11

12.

contaminants are detected above the limits established in Part 1LE.2 of this Permit,
the Permittee shall notify the Executive Secretary in writing within 7 calendar
days from the date of discovery.

Collection Lysimeter Reporting

The Permiftee shall provide a verbal report to the Executive Secretary within
24 hours of discovery of the presence of any fluid in the standpipe of the

~ collection lysimeters. The Permittee shall provide a written report of the incident

to the Executive Secretary within 7 calendar days of discovery. The Permittee
shall provide a report of the annual video log survey of the lysimeter's drainpipe,
as required by the currently approved Appendix C of this Permit, on or before
December 31 of each calendar year.

Reporting of Mechanical Problems or Discharge Svstem Fatlures

The Permittee shall verbally notify the Executive Secretary within 24 hours of
initial discovery of any mechanical or discharge system faiture that could affect
the chemical characteristics or volume of the discharge. The Permittee shall
submit a written report of the failure within 7 calendar days of said failure.

Meteorological Reporting

On or before March 1 of each calendar year, the Permittee shall submit an annual
meteorological report for the previous meteorological year (January 1 to
December 31) for Executive Secretary approval.

The objective of this report shall be to show that the meteorological assumptions
made in the infiltration and unsaturated zone modeling used to support issuance of
the Permit were conservative or representative of the actual conditions at the site.
In addition, and in conjunction with an application for permit renewal, 180 days
before expiration of the Permit, the Permittee shall submit a summary report of all
meteorological data collected since issuance of the last Permit (minimum of 4
years of data). Said report shall compare the data observed against regional
normal values, as available, and provide summary statistics of all meteorological
data collected.

Containerized Waste Storage Area Reporting

The Permittee shall report the following events in accordance with the
requirements of Part LE.10:

a)  Failure of sump pump or other equipment to provide removal of stormwater
and free and uninterrupted drainage of the pad, and

b)  Any container spill or leakage that may have caused a release to the
subsurface soils or ground water via cracks or other damage to the asphalt
surface.

EBvaporation Ponds Reporting

a)  Annual Water Quality Sampling —annual water quality samples collected
and analyzed shall be reported in conjunction with the ground water quality
monitoring report required by Part LH.1 of this Permit.
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23
24.

Reserved.

Revised Hydrogeologic Report

180 days prior to Permit expiration, the Permittee shall submit for Executive
Secretary approval a revised hydrogeologic report for the disposal facility and
surrounding area. In submittal of this report the Permittee shall provide a
comprehensive and thorough description of hydrogeologic conditions at the
facility current through the time of report submittal. This report will include, but
is not limited to an evaluation of:

a) Ground-water hydraulics, including ground-water flow directions,
velocities, and hydraulic gradients, in both the horizontal and vertical
directions, and will include equipotential maps, cross-sections, and related
calculations, and

b) An updated evaluation and reinterpretation of the site hydrogeology using
all available data including new or additional data acquired since Executive

¢) Secretary approval of the last revised hydrogeologic report dated September
1, 2004.

.  Compliance Schedule

1.

Ground Water Institutional Control Plan

The Permittee shall submit a ground water institutional control plan for Executive
Secretary approval at the time the site Decontamination and Decommissioning
Plan required under Radioactive Materials License Condition 74 is submitted. In
submittal of this plan the Permittee shall eliminate future inadvertent intrusion
into potentially contaminated ground water at the disposal facilities and
subsequent routes of exposure to the public and the environment. Said plan shall
include at least one of the options listed in the July 27, 1998 Utah Division of
Radiation Control Request for Information.

Revigion of the Water Monitoring Qualitv Assurance Plan (QAP).

By the time of and in conjunction with the annual Ground-Water Monitoring
Report for 2009 (due on March 1, 2010) the Permittee shall submit for Executive
Secretary review a redline-strikeout version, and for approval, a final version of
the Water Monitoring Quality Assurance Plan (QAP), Appendix B of the Permit.
This version of the QAP will reflect the annual sampling frequency to ensure
sufficient, reliable, acceptable and quality data are generated in water monitoring
at the site.
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provide all information requested and resolve all issues raised by a deadline
approved by the Executive Secretary.

5. DU Storage Building

- Prior to using the DU Storage Building to store any waste, the Permittee shall
submit for Executive Secretary review and receive approval of the following:

a)

b)

As built Report detailing final construction of the DU Storage Building.
The As Built Report shall also document:

1.  Anydeviation in design and specifications authorized by any portion
of any drawing listed in Table 5 of this Permit.

2. Inspection, testing, test results, measurements, and other quality
control/quality assurance activities.

Revised Best Available Technology (BAT) Performance Monitoring Plan

(Appendix J of this Permit), and Best Available Technology (BAT)
Contingency Pan (Appendix K of this Permit).
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NOTES:

1. ALL ELEVATIONS ARE FOR TOP OF WASTE, UNLESS

OTHERWISE NOTED.

2. LYSIMETER CL-W2 HAS NOT BEEN CONSTRUCTED.
3. EMBANKMENT CAPACITY FROM THE TOP OF THE
LINER PROTECTIVE COVER (EL 4266") TO THE TOP OF

CAW WASTE LIMITS

CAW WASTE BREAK LINES
EDGE OF CLAY LINER {MIN)
DITCH CENTERLINE

BUFFER ZONE LIMITS

CLASS A AND CLASS A
NORTH EMBANKMENTS

EXISTING LYSIMITER
PROPOSED LYSIMTER
EXISTING OR CURRENT

PLANNED LYSIMETER TO BE
ABANDONED

WASTE IS CALCULATED TO BE 8,724,097 CY.
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NOTE:

ELEVATIONS SHOWN ARE FOR THE TOP
OF LINER, WASTE AND COVER AS
INDICATED.,
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DITCH™  WASTE SIDE SLOPE n TOP SLOPE CREST TOP SLOPE w SIDE SLOPE WASTE = DITCH
15,3 MIN —= 188’ 942’ 942’ 188' -~ 15.3" MIN
L 4346.8' O
] i a =
= 2 s B
vy 2 CO4 g d
w —4% L
E= = —4% 2 —4% Cco4 z Bk
2o 2 4309.1" = s 4309.1° co4 g v
82 & COVER COVER g 29
oz & —4% - —4% % Vi Woxo
oE 4 - WASTE K bl (3 g §°
2z = NS , , L0 51 may 04 z ¢
25 514 4302.6 4302.6 ! \q w 2=
B2 WASTE ; ; WASTE e AN -
m S —— 1L FLi 11 Ay SSHl
i F T | T & 1
ol — [N 4265 4265' /| | |—>='
MSIN \LINER CLAY LINER —/ LINER MIN
54.8" MIN = APPROXIMATE -~ 54.8" MIN =
SE" Rl NATIVE GRADE S5 i
-~ 1 00— m E—W SECTION . 100 —=
Qm SCALE: TS

)
O 4/28/11|DFB|FOR LICENSING/CONSTRUCTION
BY |OESCRIPTION OF CHANGE

N DATE

CLASS A WEST EMBANKMENT

ENERGYSOLUTIONS "CLIVE" FACILITY
EMBANKMENT CROSS SECTIONS
CLIVE, UTAH

ENERGYSOLUTIONS

1 FINAL
DRAWING

—

[T
APSTBoomH

G. DUTSON

[T oY

D. BOQTH

IAS NOTED [04/28/11] A
LN

10014
C02






DITCH

WASTE CENTERLINE INSPECTION ROAD
LIMITS (INVERT) CENTERLINE
—~—15.3" MIN 39.6" MIN—————————=
MONITORING
WELL TYP.
Dl : ek INSPECTION ROAD
C04 —— TRANSITION —=—|—=+—— 20" MIN COVER 12" THICK ROAD BASE CLOSURE
ZONE
DETAIL \C04 COMPACTED TO 95% FENCE TYP
/ i STANDARD PROCTOR (6" CHAIN LINK)
PERMANENT [~ ] \ - -y
COVER SYSTEM [ = r -~ ey Z 4
= DITCH INVERT & ,
; / : ELEVATION VARIES MAX %—12 —*! GROUND
1" THIGK _~ * / : e _ ELEVATION
TEMPORARY COVER Ao i (VARIES)
\ ~ N = e : u_;?‘,‘,MIN S"LQF‘E
1" THICK (MIN) WASTE ST : o)
LINER PROTECTIVE T,
COVER X—( - N g = 11 ) o - \— NATURAL SOIL
I IRNIERIANIERERIR BIENIIENNRE IR
: il = “xfimfu:ﬁuj\_tz
. Y =il BORROW MATERIAL
2" THICK : COMPACTED TO 95%
CLAY LINER - 7 5' MIN STANDARD PROCTOR
~ _ e
[=——— 20" MIN ——
90’ MAX
~100°

CENTERLINE

DITCH

DITCH TRANSITION ZONE
(DISTANCE VARIES)

—

RIPRAP

DITCH INVERT

(ELEVATION VARIES) \

3% MIN SLoPE

TYPE A FILTER
SACRIFICIAL SOIL
TYPE B FILTER
5x10°% RADON BARRIER
1x10°% RADON BARRIER

TEMFORARY
COVER

WASTE

LINER PROTECTIVE
COVER

CLAY LINER

TYPE A FILTER MATERIAL
VARY THICKNESS AS NEEDED IN
DITCH TRANSITION ZONE (6" MIN)

COMPACTED
BORROW MATERIAL

/ REMOVE OR REWORK
LINER PROTECTIVE COVER
FOR RADON BARRIER
CONSTRUCTION

TOE OF WASTE
{ACTUAL)

WASTE LIMITS

/CY DITCH & ROAD DETAIL TYP.
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18" THICK TYPE
A RIP RAP

6" THICK TYPE
A FILTER ZONE

6" THICK TYPE
B FILTER ZONE

12" THICK
SACRIFICIAL
SOIL

12" OF 5x10-8
CM/SEC RADON
BARRIER

12" OF 1x10-6

CM/SEC RADON
BARRIER

12" THICK
TEMPORARY
COVER (CLAY)

/ 1\ DETAIL-SIDE SLOPE

\coz ™5 TYPICAL SIDE SLOPE
COVER DETAIL

12" THICK TYPE
A RIP RAP

TYPE A FILTER
ZONE, THICKNESS
VARIES, 6" MIN

\—NA‘I’URAL GROUND OR
IMPORTED BARROW
MATERIAL

/3 DETAIL-DITCH OUTER SLOPE

Qoz NTS TYPICAL PERIMETER
DITCH COVER DETAIL

18" THICK TYPE
B RIP RAP

6" THICK TYPE
A FILTER ZONE

12" THICK
SACRIFICIAL SOIL

6" THICK TYPE
B FILTER ZONE

12" OF 5x10-8
CM/SEC RADON

12" THICK BARRIER

TEMPORARY

COVER (CLAY) 12" OF 1x10-6

CM/SEC RADON
BARRIER

/ 2\ DETAIL-TOP SLOPE

\coz M TYPICAL TOP SLOPE
COVER DETAIL

TOP QF COVER
EL ~4309.1°

~0.75" ——

18" THICK TYPE
A RIP RAP \W <
) / ‘.\‘7/ s

7

18" THICK TYPE

T B RIP RAP
e /_

8" THICK TYPE
A FILTER ZONE

6" THICK TYPE B

FILTER ZONE — & 127 THICK

SACRIFICIAL SOIL

12" THICK N
TEMPORARY — .. -~
COVER (CLAY)

W
ke ™~ 24” OF RADON

BARRIER

[ 4\ DETAIL-SHOULDER - 10p o wasTe
QOZ 7=10" EL 4302.6

COVER MATERIAL GRADATIONS (ASTM C-136)

TYPE A RIP RAP
D 1go<= 16 INCH
Dgg <= 12 INCH
D50 >= 4-1/2 INCH
D10 >= 2 INCH
D5 >= NO. 200 SIEVE

TYPE H RIP RAP
D 1go<= 4-1/2 INCH
Dsg >= 1-1/4 INCH
D10 >= 3/4 INCH
D5 >= NO. 200 SIEVE

TYPE A FILTER ZONE
D100<= 6 INCH
D79 <= 3 INCH
D50 <= 1.57 INCH (40 mm)
D15 <= .85 INGH (22 mm)
D10 >= NO. 10 SIEVE (2mm)
D5 >= NO. 200 SIEVE

TYPE B FILTER & SACRIFICIAL SQIL
TYPE B FILTER & SACRIFICAIL SOIL MATERIAL

GRADATIONS ARE DETERMINED BY THE FOLLOWING
SPECIFICATION:

D15 (MAX) FILTER

D85 (MIN) SOIL MUST BE < 5
D50 (MAX) FILTER

D50 (MIN) SOIL MUST BE <= 25

TYPE B FILTER MIN PERMEABILITY = 3.5 cm/sec
SACRIFICIAL SQIL MIN MOISTURE @ 15 atm = 3.5%
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FOUNDATION
EXCAVATION
TEMPORARY

e LIMITS
N 1457643 \ TEMPORARY N T4566,34
E 1052224 ! LmITS E 1108715
TOL 42650 HAUL ROAD, TOL 4265.0

HAUL ROAD:
RAMP QVER RUN-OFF

CONTROL BERMS STORM WATER

COLLECTION AREA
= 50,524 SF

o
I it
EL 4267.0

42670 o NwseT vt
- E 1109528 ——~Lils
’ TOL 42650 l_'%’ '

WASTE PLACEMENT LIMITS
(10 SET BACK)
AREA = 163,900 SF

£l 42675
- / EL 42675
PAD GRADE EREAK/

CONTROL
BERM

EL 4267.0 |
i _rEL 42670 AER

COLLECTION AREA

‘ 4: ADJACENT CWF STORM WATER

HAUL ROAD NOTES:

3. COMPACT BASE COURSE TO 95% STANDARD
PROCTOR (ASTM D-698)

N 1414227
E 1052460
TOL 42650 .
LARGE COMPONENT AREA PLAN VIEW
SCALE 1" = 50'
GOEGRID ROAD BASE PAD
; RUN-QFF CONTROL BERM
1" THICK MIN ; ;
___’ "__ DENESREENERF ( < ) (3' HIGH x 3" WIDE)
_i__j | ~41° ~10° TOP OF LUNER (T.OL)
3 £ \l ,,,,,,,, s . Pt /EL 42650
B 42650 Wi CLAY LNER
’ STORM WATER LINER PROTECTIVE COVER (2" THICK)
COLLECTION AREA {1' THICK MIN) LINER. FOUNDATION
EL 42630 MAX

/A TYPICAL PAD X—SECTION

\__ NOT TO SCALE

1. ENSURE/VERIFY SQIL PROTECTIVE QVER COMPACTED
T0 95% STANDARD PROCTOR (ASTM D-698)

2. PLACE 12" (MAX 8" LIFTS) UDOT SPEC 02721
BASE CQURSE CONFORMING TO THE FOLLOWING
GRADATION, OR ALTERNATIVE APPROVED BY EC
DIRECTOR QF ENGINEERING.

SIEVE SIZE  PERCENT FINER

25 mm (17)
125 mm (1/2)
475 mm (§4)
1.18 mm {#16)
075 mm {#200)

100
79-91
49-61
-3
-1

GEOGRID

ROAD BASE
REINFORCEMENT (' THEK)
| 5t | NER PROTECTIVE COVER
[ P ¥ \ (1" THICK MIN)
CLAY LINER
{2' THICK MIN) \UNER FOUNDATION

/ B\ TYPICAL ROAD X—SECTION ON LINER

k_ NOT TO SCALE

GEQGRID
REINFORCEMENT

IS
| S |
ST / TR
RO BiSE e saL

{17 THICK MIN)
CLEAR & GRUB AS REQUIRED

m TYPICAL ROAD X-—SECTION ON NATIVE SOIL

k . NOT TO SCALE

STORM WATER CALCULATIONS:

METHOD USED: RATIONAL, V=CiA WHERE,

V = VOLUME OF RUNCFF

C = RUNOFF COEFFICIENT, 0.95 {IMPERVIUS SURFACE)

i = DESIGN STORM EVENT, 25 YR-24 HOUR, 2.5 IN. {0.208)
A = AREA OF RUNOFF COLLECTION, 222,935 SF

V = 0.95 x 0.208 x 222,935 = 44,052 CF

AREA OF EVAPORATION BASIN = 50,524 SF
DEPTH OF COLLECTED RUNOFF = 44,052 CF/50,524 SF = 0.87 T

CONCLUSION: 1 FT DEPTH QOF EVAPORATION BASIN IS ADEQUATE
TO STORE RUNOFF FROM A 25 YR-24 HR STORM EVENT.

NOTES:

1. COORINATES ARE IN THE CLIVE SITE SYSTEM WITH N10,000, £10,000
AT THE SW CORNER OF SECTION 32.

2. DRAWING INCORPORATES INFORMATION CONTAINED ON FORMER DRAWING
04080-C05, REV 3.
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4 O
I . ~ 6" HIGH, T-POST CHAN LINK N 14609
- W s m N 14614 FENCE CENTERED ON BERM E 11801
- E 11500 , - SENE2 N GEOGRI
SEE NOTE 2 =T REINFORCENENT ROAD BASE
T0P SLOPE HAUL ROAD: RAMP OVER STORM. WATER [ (1" THICK)
/ gt RUN—OFF CONTROL BERMS COLLECTION AREA I
J = 54919 SF |
\ \ 4, CRANE PAD Hn g NEH PROTECTIVE COVER
! A \ * 4 (NO CWF WASTE) 0P SLOPE || = _ '2 THICK NIN)
| F % b ikl BREMOER || - e
‘ ‘ &- ~ |t -
: ' \ \ £L 42670 EL 42670 ! “CIAY UNER \
w . 1 e i (2" THICK MIN) LINER FOUNDATION
| \ \ 3 |
' \ \ My N 14514.] 145095 !
TR CL-N2 i |l N 1450, i
- LYSINETER PAN ' 11519.0 EL 4267.0 E 117818 [
g L | i e, EL 42670 I /E\ TYPICAL ROAD X—SECTION ON LINER
& V.2 i I k_ NOT TO SCALE N
N 14446 E ‘| | N szl I
F 11081 \ | E 11500 ! I
*g SEE NOTE 2| SEE MOE. 2 Il D z
ol ST I GEOGRID 2
e e s e EL 42675 NS RO é ¢
1 I | I v E
4 3 "* ! Z|Z
| If; ! .
W e i I ~40 7 | §"<‘5
{ II1 T T t = T,
| EL 42670 I e D |z
| I, W=
‘ ] 20 123 l {127 THICK NMIN) T NATVE SOL Sl
s e e R RN NS AR e e = i g v i i Syt n CLEAR & GRUB AS REQUIRED =5
] § ||t” = 28
i == 1 @[>
| (N 5@
1 i1
] ] m TYPICAL ROAD X-—SECTION ON NATIVE SOIL £
7 [ PAD GRADE BREAK ! &_ NOT TO SCALE g E
N I ~Pab CRADE BROAK / it = *
| I/ \) i 4]
. |
1 Il 1
| ( § ’ ‘ I}: ?gﬂiu?;f cggr:%g )BERM e, WASTE CONTAINERS
i x FENGE
G, % 1 Il it
TORM WATER N il rQ
OLLECTION AREA . > I Z
[ S0P ‘ BLOPE v RO N L/ it <2 ¢ b
. i yd
COLLEGTION mEA ’ it
‘ '] i ey / o7 oich Bﬁ/ Nyop oF UNER (roL) ~
| COLLECTION AREA .
BOUNDARY. OF sml—écnwous ) J‘ i £l 42650 H = g
/ SURFACE AREA {200% = 57,892 SF { CHWF WASTE PLACENENT UMITS ik b g 2
- P 10° MN SET BACK i |8,
R MO B N NN B e R EL 42670 ——F§ &REA: 114350 5|)-' i /(—3\ TYPICAL TRANSITION BETWEEN PADS X-SECTION 'q é g sl=
| B 42675 ‘ — NOT TO SCALE CD S
" i St i S o= — ! = =1 5 -
0w HAUL ROAD NOTES: : e AN
= ==== =t AL 1. ENSURE/VERFY SOIL PROTECTIVE COVER COMPACTION >-l <|E|33
N 14141 = TO BE 95% STANDARD PROCTOR (ASTM D-698) ek
E 11076 VIEW 40 0 40 2. PLACE 12° (NAX 8" LIFTS) UDOT SPEC 02721 @
SEE NOTE 2 NOTES: CHE iEAELEA IPI_‘AE IE m BASE COURSE CONFORMING T0 THE FOLLOWNG m b %
1. COORDINATES ARE IN THE LOCAL GRID SYSTEM (CLVE) WITH N10,000, E10,000  LOCATED B GRADATION, OR ALTERNATIVE APPROVED BY ES
AT THE SW CORNER MONUMENT OF SECTION 32, D'*;Eggﬂsgg E"G‘”EER"L%H . m
2. COORDINATES SHOWN ARE THE APPROXINATE LIMITS OF THE COMPLETED CWF “PYRAMIDS” ; JEVE SiZe :Z
ACTUAL LOCATIONS MAY VARY, BUT ALL CWF WASTE MUST BE PLACED UNDERNEATH THE TOP STORM WIATER CALCPLATIONS- i 250 mm (1) 100 B
SLOPE N THE PLACEMENT AREAS. NETHOD USED: RATIONAL, Vaw=Casitar, Vor=Csrikse, WHERE, 125 mm {1/2)  78-91 m
3. DRAMING INCORPORATES INFORMATION FROM FORMER DRAWINGS 04080-COB, REV 4 & Vur = VOLUNE OF RUNOFF FROM INPERVIOUS SURFAGE 475 mm (§4) 49-61
SRRN00% FEY L. Vs = VOLUNE OF RUNOFF FROM SEMI-PERVIOUS SURFACE 18 s HH18) g
' FENCE Cue = RUNOFF COEFFICIENT, 0.95 (IMPERVIOUS SURFACE) posgeg -t h
FENCE\ — G = RUNGFF COEFFIGENT, 080 (SEMI-PERMOUS SURFACE) 3. SONBACT BASE CONREE: T0. 5% STANIAD
(1" THICK MIN) /-(Mm ¥ HGH x 3 WDE) Aw» = AREA OF RUNOFF COLLECTION (IMPERVIOUS SURFACE), 199,673 SF
/ A = AREA OF RUNOFF COLLECTION (SEMI-PERVIOUS SURFACE), 57,892 SF FIN AL
F VARIES ' [ et _
i | L J T0P OF UNER (TOL) IMPERVIOUS SURFACE VOLUME CALCULATION:
o o o e e e —N\— . / EL 42650 Vo = 095 x 0.208 x 199,673 = 39,455 CF
s 7 oi T : : > ® L,
£ il i 1 ~ ke 3 SEMI-PERVIOUS SURFACE VOLUME CALCULATION:
STORM WATER LINER PROTECTIVE COVER \ Vo = 080 x 0.208 x 57,802 = 9,633 CF
COLLECTION AREA (1" THICK MIN) UNER FOUNGATION CLIAY LINER
EL 4263.0 NAX (2 THEK) AREA OF EVAPORATION BASIN = 54919 SF
DEPTH OF COLLECTED RUNOFF = (30,455+9,633) CF/54919 SF = 0.89 FT —
D. BOOTH
m TYPICAL PAD X-SECTION CONCLUSION: 1 FT DEFTH OF EVAPORATION BASIN IS ADEQUATE TSN
k_ NOT TO SCALE TO STORE RUNOFF FROM A 25 YR-24 HR STORM EVENT
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Clive Facility Total Ditch Flow Calculations

The following calculations are completed to determine the adequacy of the Clive facility
ditch systems to contain runoff associated with both normal and abnormal precipitation
events that could occur during operations. This assessment was performed specifically
for the introduction of the Class A West (CAW) embankment. After operations cease,
EnergySolutions will take no credit for the remaining ditch systems.

As currently planned, drainage from completed portions of all covers will be directed
throughout the ditch systems to an outlet in the southwestern corner of the site. At this
point, the water is dispersed into the desert south of the facility. A simple depiction of
the drainage plan is provided in Figure 1.

Figure 1. Simple schematic of the site with general drainage flows (not to scale)

2259.9° 1310’
n o
8 Class A West & . o
Q Q Vitro VA
(q\]
2260.1°
‘ rg 746°
2 11e.(2) 2 MW |2
= ' LARW |5 2
2250° 1115’

Figure 1 also provides details on the length/width geometry of each of the embankments
that are part of this drainage system. With the exception of the Vitro embankment, the
dimensions presented in Figure 1 are the waste limit dimensions for each embankment.
The stated dimensions of the Vitro Embankment are for the entire run-off area. Four
separate dimensions have been given for the Class A West embankment as it’s design
dimensions are slightly different for each side.

Water from all embankments will flow through the 11e.(2) drainage ditches before
reaching the drainage system outlet. The outlet channel is much larger than the ditches
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Clive Facility Total Ditch Flow Calculations

feeding it; therefore, the performance requirement of the entire system will depend on the
performance characteristics of the 11e.(2) drainage ditches.

1.

Flow Velocities for the Class A West and 11e.(2) Drainage Ditches

To begin the performance assessment of the CAW and 11e.(2) drainage ditches, the
peak flow velocities for the ditches must be calculated. These flow velocities are
based upon the flow area and slope of the ditches. A conservative assumption has
been made that all ditches throughout the site have triangular geometry 4 feet deep by
40 feet wide (SH:1V side slopes). This geometry is the minimum requirement for the
ditches and thereby provides the minimum cross-sectional flow area within the
ditches. To achieve the desired slopes, as described in the design drawings, the actual
ditches will have sections (on the waste side) that will have only 2% slopes within the
ditch. The not-to-scale drawing below shows the two ditch designs side-by-side; the
calculations that follow demonstrate that the “V” ditch geometry is the most
conservative.

20° . 20° L 1 20°

2% A

The cross-sectional area of the “V” ditch design on the left is the simply one-half the
surface (40 feet) times the depth (4 feet), or 80 ft>. The cross-sectional area of the
design with a 2% slope section is more difficult. As an example, we will use a 2%
slope area of only 1 foot as shown in the drawing. In order to find the surface area of
this cross-section, it is necessary to add up the cross-sectional area of the three
sections (Aj, Ay, and Asz). A; is simply one-half the surface (20 feet) times the depth
4 feet), or 40 ft*. Delta (A) is the depth associated with the 2% slope section of the
ditch. At 1 foot of length and a 2% slope, the value of A is 0.02 feet. The depth of
water in the other triangular area (As) is the original depth of the ditch (4 feet) minus
A, or 3.98 feet. Since the side slope of the embankment is 5:1, the length of the other
triangular area, L =3.98 x 5 = 19.9 feet. Therefore, the area of the second triangular
area, As, is 14(19.9)(3.98) = 39.6 ft. The area of the middle section, A,, is the sum of
the areas of the rectangle and the small triangle over the 2% slope section of the ditch.
The rectangle area is 3.98 x 1 =3.98 ft* and the small triangle area is /2(1)(0.02) =
0.01 ft>. Therefore, the area of the middle section, A, = 3.99 ft* and the entire cross-
sectional area of the ditch is 40+39.6+3.99 = 83.6 ft, which is larger than the cross-
sectional area of the “V” ditch (80 ft?). As the length of the 2% slope section
increases, this area discrepancy becomes greater. This analysis shows that assuming
all ditches are the “V” ditch design is a conservative approach.

Drawing 10014-C01 shows design dimensions for the CAW ditches. Drawing
10014-C03 shows the distance between the toe of waste and the centerline of the
ditch is 15.3 feet. In conjunction, these drawings depict a 1.6 foot drop in elevation
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within the northern ditch over a length of 2290.5 feet; a 2.9 foot drop in elevation
within the eastern ditch over a length of 2599.2 feet; a 1.6 foot drop in elevation
within the southern ditch over a length of 2290.7 feet; and a 2.9 foot drop in elevation
within the western ditch over a length of 2599.1 feet. Based on these dimensions, the
calculated slopes are:

North: 1.6 feet / 2290.5 feet = 6.99 x 10™* foot/foot
East: 2.9 feet/2599.2 feet =1.12 x 10~ foot/foot
South: 1.6 feet / 2290.7 feet = 6.98 x 10 foot/foot
West: 2.9 feet/2599.1 feet = 1.12 x 10~ foot/foot

Slopes for the 11e.(2) ditch system may be discerned from the ditch centerline
elevations provided in Drawing 9420-4. For the 11e.(2) ditch system, the following
slopes are calculated based on ditch centerline drop in elevation across the ditch
centerline length (note that the dimensions of the ditch centerline are the edge of
waste dimensions provided in Figure 1 plus 42.5 feet in all directions):

North/South Lengths: 1.1 feet / 2335 feet = 4.71 x 10™ foot/foot
East/West Lengths: 0.9 feet / 1860 feet = 4.84 x 10™* foot/foot

Based on these slopes, and using Manning’s Formula, the maximum flow rate for
each side of the embankment may be calculated using the V-shaped ditch that is 40
feet wide by 4 feet deep with a 5:1 (H:V) side slope. Manning’s Formula is:

_1.486
n

Q AR2/381/2

where,
Q = flow in cubic feet per second
n = Manning’s Coefficient of Roughness (= 0.035 for ditches with earth,
stone, and weeds)
A = cross-sectional area of flow (ft%)
R = hydraulic radius; area of flow divided by wetted perimeter (WP) (ft)
S = slope (ft/ft)

Since the side slopes are 5:1, the water in the ditch, at the surface, will extend five
times the depth (d) in each direction. Therefore, the cross-section will be a triangle
with a base of 2(5d) and a height of d. Therefore, the cross-sectional area will be Y5 x
2(5d)d = 5d*. Furthermore, a single side of the wetted perimeter is the hypotenuse of
the right triangle created by the depth, d, and the surface, 5d. Therefore, the wetted
perimeter is 2 x (d*+ 25d%)".

The literature value for the Manning’s Coefficient of Roughness for ditches with
earth, stone, and weeds (0.035) may be found in several references; the particular
reference used for this analysis was “Environmental Engineering Reference Manual
for the PE Exam”, by Michael R. Lindeburg, PE, 2001, Professional Publications,
Inc. This value may alternatively be calculated based on the diameter of rocks in the
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ditch. An equation has been derived by Abt, et. al. in 1988 (“Development of Riprap
Design Criteria by Riprap Testing in Flumes: Phase II,” NUREG/CR-4651). This
equation only constitutes effects to Manning’s Coefficient of Roughness due to the
size of the rock within the ditch. The formula is as follows:

n=0.0456 * (Dsp*S)""*’

The design of the ditch consists of a six inch thick Type A filter layer placed on the
ground surface within the ditch and one foot of Type A RipRap overlying this filter
layer. Utilizing the Abt equation above, and noting that the D5 of the Type A Filter
Rock within the drainage ditches is 40 mm (1.57 inches), the Coefficient of
Roughness based on the filter rock is calculated as:

n = 0.0186 for the north and south ditches and
n = 0.0168 for the east and west ditches.

Comparatively, the D5 of the Type A RipRap is 4.5 inches. Therefore, the
Coefficient of Roughness based on the RipRap rock may be calculated as:

n = 0.0220 for the north and south ditches and
n = 0.0200 for the east and west ditches.

Therefore, the literature value for the Manning’s Coefficient of Roughness provides a
conservative estimate of the flow of water in the ditches.

Tables 1 and 2, on the next page, display the calculated flow rates of the CAW and
11e.(2) ditch systems using Manning’s formula. The tables also depict the peak flows
that each of the ditch systems is able to manage.
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Table 1. Ditch Flow Rates for the CAW Drainage Ditches

Height  Flow ‘ North (S =0.07%) East (S=0.11%) South (S=10.07%) | West (S =0.11%)
of water  area in W.etted Hydra}ullc Flow Flow Flow Flow Flow Flow Flow Flow
inDitch  Ditch Perimeter Radius Rate Rate Rate Rate Rate Rate Rate Rate
(ft) A (ft%) WP () REA/WP 3Q 3Q : 3Q 3Q : 3Q 3Q : 3Q 3Q :
(ft'’/sec) (ft'/min) | (ft’/sec) (ft'/min) | (ft'/sec) (ft'/min) | (ft'/sec) (ft’/min)
0.5 1.25 5.10 0.25 0.55 32.97 0.69 41.66 0.69 41.66 0.55 32.96
1.0 5.00 10.20 0.49 3.49 209.32 4.41 264.54 4.41 264.54 3.49 209.31
1.5 11.25 15.30 0.74 10.29 617.13 13.00 779.94 13.00 779.94 10.29 617.11
2.0 20.00 20.40 0.98 22.15 1329.07 | 28.00 1679.71 28.00 1679.71 22.15  1329.02
2.5 31.25 25.50 1.23 40.16  2409.77 50.76 3045.51 50.76 3045.51 40.16  2409.67
3.0 45.00 30.59 1.47 65.31  3918.55 82.54 4952.34 82.54  4952.34 65.31  3918.38
3.5 61.25 35.69 1.72 98.51 5910.86 | 124.50  7470.24 | 124.50 7470.24 | 98.51  5910.60
4.0 80.00 40.79 1.96 140.65 8439.09 | 177.76  10665.47 | 177.76 10665.47 | 140.65 8438.72
Table 2. Ditch Flow Rates for the 11e.(2) Drainage Ditches
Height of  Flow area in Wetted Hydraulic North/South (S = 0.05%) East/West (S = 0.05%)
. . . . Flow Rate Flow Rate Flow Rate Flow Rate
water in D1tc£1 Perimeter Radius Q Q Q Q
Ditch (f) A () WP REAWP ] ey (¢ /min) (f6/sec) (¢/min)
0.5 1.25 5.10 0.25 0.45 27.07 0.46 27.44
1.0 5.00 10.20 0.49 2.86 171.89 2.90 174.21
1.5 11.25 15.30 0.74 8.45 506.80 8.56 513.63
2.0 20.00 20.40 0.98 18.19 1,091.46 18.44 1,106.16
2.5 31.25 25.50 1.23 32.98 1,978.95 33.43 2,005.61
3.0 45.00 30.59 1.47 53.63 3,217.98 54.36 3,261.34
3.5 61.25 35.69 1.72 80.90 4,854.10 81.99 4,919.49
4.0 80.00 40.79 1.96 115.51 6,930.33 117.06 7,023.70
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2. Storm Events

The performance of the drainage ditches to contain runoff is only important during
the active life of the facility (approximately 25 years). Upon closure, the drainage
ditches will either be removed or become silted in to allow sheet flow across the site
over the natural grade of the area. Therefore, a reasonable maximum normal storm
event over the active life of the ditches is the 25 year, 24 hour storm event (1.9
inches). A reasonable abnormal event during the active life of the ditches is the 100
year, 24 hour storm event (2.4 inches). Both of these storm events are depicted in the
isopluvial maps of NOAA Atlas 2, Volume VI (1973; see web sight
www.wrcc.dri.edu/pepnfreq.html). These maps contain 6 and 24 hour events with
return frequencies of 100 and 25 years. Region specific equations to calculate storm
distributions are also provided in the text accompanying these maps. This text
portion is attached to this document.

The rainfall amount at one hour during the 100- and 25-year events may be calculated
using the equations provided in the text of NOAA Atlas 2. For the region of Utah
that Clive is located in (region 2; see figure 18 of the attached NOAA text), the
equation is:

1-hr=0322+0.789] (6 - hr)| 2~
24 - hr

The variables (6-hr) and (24-hr) are the precipitation amounts read from the isopluvial
maps.

Empirical equations have been developed for the 15-min, 30-min, 2-hour, and 3-hour
events. These equations are based upon the previously derived 1-hour and 6-hour
events:
15-min = 0.57 x (1-hr)
30-min = 0.79 x (1-hr)
2-hr = 0.299 x (6-hr) + 0.701 x (1-hr)
3-hr =0.526 x (6-hr) + 0.474 x (1-hr)

The 12-hour distribution may be easily found using graphical methods, based upon
the 6-hr and 24-hr events, described in the NOAA text.

Using the equations and methods described above, the following storm distributions
may be obtained:
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Normal Event | Abnormal Event
Time (minutes) | (25 Year Storm) | (100 Year Storm)
(inches) (inches)

15 0.65 0.73
30 0.90 1.00
60 1.14 1.27
120 1.21 1.40
180 1.27 1.50
360 1.40 1.70
720 1.65 2.05
1440 1.90 2.40

Over the short active life span of the drainage ditches, it would not be reasonable to
assume larger storm events such as the Probable Maximum Precipitation (PMP).
These larger storm events are more appropriately utilized in the longer life elements
of the embankment design such as the rock cover over the embankment.

Drainage Area

With the exception of the Vitro embankment, the dimensions presented in Figure 1
are the waste limit dimensions for each embankment. The stated dimensions for the
Vitro embankment are for the entire run-off area. For the 11e.(2) embankment, the
distance between the waste limits and the centerline of the ditch is 42.5 feet (8.5 feet
of cover times 5 for a 5:1 side slope). For the Mixed Waste Landfill, the distance
between the waste limits and the centerline of the ditch is 65 feet. For the LARW
embankment, the distance between the waste limits and the centerline of the ditch
varies between 15 and 35 feet, but a more conservative 35 feet is used in the area
calculation. For the Class A West embankment, the distance between the waste limits
and the centerline of the ditch is a 15.3 feet (see Drawing 10014-C03). Further, for
all embankments except Vitro, the drainage area conservatively extends another 45.6
feet beyond the centerline of the ditch to the outer edge of the inspection road (see
drawing 10014-C03). Using the information described above, the actual drainage
dimensions and areas for each embankment are:

Embankment Lengt(}}th-W) Widt(}}th -S) Drain(alffze) Area
Class A West 2,381.8* 2,690.35* 6,407,875.63
Vitro 1,310 2,650 3,471,500.00
LARW 1,276.2 2,031.2 2,592,217.44
1le.(2) 2,426.2 1,951.2 4,734,001.44
MW 967.2 1,721.2 1,664,744.64
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* In order to obtain an accurate drainage area, the length and width dimensions for
the Class A West embankment are an average of each of the different length/width
dimensions as shown in Figure 1.

Summing these drainage areas, the total drainage area is 18,870,339.15 square feet.
Run-off Coefficient, C = 0.5 (for earth with stone surface).

Thus, the Site Weighted Total Drainage Area = (18,870,339.15)(0.5)
= 9,435,169.58 ft’

The run-off coefficient has been estimated based upon a worst-case review of
literature values for similar surfaces (see “Environmental Engineering Reference
Manual for the PE Exam”, by Michael R. Lindeburg, PE, 2001, Professional
Publications, Inc. The value of 0.5 provides a conservative estimation for drainage
from the embankments at the Clive facility. The Cover Test Cell (CTC) is a
simulation of the designed embankment cover. The CTC has been providing run-off
data for nine years. Calculated run-off data from the CTC combined with
precipitation data from the site weather station provides an observed run-off
coefficient for the embankment cover design. The data for the nine years of operation
are as follows:

Year: J| 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010

Run-off (in/yr): §0.112 | 0.000 | 0.727 | 1.341 | 0.838 | 0.335 | 0.000 | 0.112 | 0.009

Precip (in/yr): || 5.75 | 7.46 | 9.06 | 10.16 | 7.39 | 8.29 | 3.20 | 8.12 | 9.00

Run-off Coefficient: || 0.019 | 0.000 | 0.080 | 0.132 | 0.113 | 0.040 | 0.000 | 0.014 | 0.001

Disregarding the two years that no run-off was observed (2003 and 2008), the average
annual run-off coefficient is calculated at 0.057. Therefore, the literature value run-
off coefficient of 0.5 used in these calculations provides conservative drainage
results.

Ditch Volume Equations

To obtain a realistic volume, the geometry and slope of the ditches must be reviewed
together. This is necessary because the ditches are sloped so that the height of water
in each ditch will increase as you progress down slope within the ditch. The
calculations of ditch volume require an understanding of the geometry within each
ditch.

To illustrate the geometry, Figure 2 provides a cross-section view of a ditch with the
geometric features described below highlighted.
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Figure 2. Ditch Cross-Section
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The following parameters are depicted in Figure 2 and explained further below:

H = height of water in the ditch at the lowest point of the ditch
L = length of the ditch
LS = length of ditch times slope of ditch

= height of water in the pyramid section of the ditch (see below)

h¢ = height of water in the frustum section of the ditch (see below)
Ay = triangular plane of the frustum section of the ditch (see below)
As = trapezoidal plane of the frustum section of the ditch (see below)

To calculate the volume of each ditch section, the ditch must be separated into two
solid geometric figures, as depicted in Figure 2.

(1) A three-sided pyramid created by visualizing a zero-slope plane that bisects
the ditch such that the plane rests upon the ditch centerline at the upper end
of the slope. This, when extended across the length of the ditch, creates a
pyramid below the plane that has a triangular base on the down slope side of
the ditch with a water height equal to the length of the ditch multiplied by
the slope.

(2) The volume above this plane is a frustum of a second pyramid with the
upper end of the slope consisting of a triangular area and the lower end of
the slope a trapezoid formed from the visualized plane mentioned above up
to the height of the ditch.

The volume of each section of the ditch may be calculated by first calculating these
two separate volumes and adding them together. Using geometry and algebra, the
volume within any ditch may be calculated from three factors: the length of the ditch
(L), the height of water in the ditch at the low point of the ditch (H), and the slope of
the ditch (S). The derivations of the required formula’s follow:

(1) Pyramid Section

Volume of pyramid, Vpyramia = 1/3 (base area) (length)
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The height of water at the base of the pyramid (lowest point of the ditch) is:
h=LS
The base area, Ap,se = 2 (Width) h

Since all of the ditches have 5:1 slopes on both sides, the width of water
within the ditch is simply 2 x 5 x h=10h = 10LS.

Therefore, Apsse = ¥ (10LS) LS = 5(LS)?;
and  Vpyramia = 1/3 (5(LS)?) L = 5/3(L%S?).

Note in the case that the ditch height, H, is lower than the triangle height, h,
then length of water up the ditch, L may be represented as L = H/S, and

Vpyramia = 5/3(H/SY’S* = 5/3(H*/S)

(2) Frustum Section

Volume of frustum, Vg, =1/3 (A, + A, +/A,A, L

where A; and A; are the areas of the two planes at the top and bottom of the
frustum as depicted in Figure 2 (A, is the area of the triangle on the upslope
end of the ditch and A; is the area of the trapezoid on the downslope end of
the ditch).

Since the base height of water in the frustum at the downslope end is LS (the
height of water in the pyramid section), the height of water in the frustum,
hy, may be correlated to the height of water in the ditch at the downstream
end, H, using the following equation:

hy=H-LS
A, = triangle = ¥ (width)h¢ = % (10hp)hs = 5(H — LS)*.
A = trapezoid = %2 (Whottom + Wiop)ht

Whottom and Wy, are the widths of the triangular ditch at the bottom and
top of the trapezoid. From the geometry of the ditch:

Whiottom = Width of pyramid section = 10LS

and
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Wiop = 10H
Therefore, A, =% (10LS + 10H)(H — LS) = 5(H + LS)(H — LS); and
Virustum = 1/3 L {5(H = LS)? + 5(H + LS)(H — LS) + [5(H — LS)*(5(H + LS)(H - LS))]"*}.

Upstream Storage

Some account must be made for water that backflows up into upslope ditch
sections. In general, this backflow will not exceed the pyramid section of
the upslope ditch. Furthermore, the upslope ditch will have a different slope
from the down slope ditch; this slope will be designated S,. The pyramid
volume for the upslope ditch section uses the same formula derived for the
down slope section; however, the length that liquid travels up the ditch into
this upslope area (L,) is slightly different:

_H-LS

L
2 S,

Further, Apase for this ditch section is equivalent to A; from the trapezoid
section of the down slope ditch. Therefore,

H-LS H-LS)®
T e e

2 2

In the event that the height of water in the upslope ditch exceeds the height
of the pyramid section, L, will equal the design length of the upslope ditch
and the upslope ditch pyramid section will be completely full:
prramid,up =5/ 3(L23822).

Furthermore, an additional volume within the upslope ditch frustum section
should also be accounted for. The height of water in the upslope frustum
section, hy, is calculated as follows:

hf:H—LS —LzSz
and the other calculations are the same as above to give:

Al =5(H-LS - L,S,)

Wbottom,up = 10L2S2

Wiopup = 10(H — LS)
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A2,up = S(H — LS + LzSz)(H — LS — LzSz)

V frustum,up may then be calculated using these areas and the frustum volume
equation provided previously.

Total Storage

The total storage volume is the sum of all the appropriate individual ditch
volumes:

Vtotal = prramid + Vfrustum + prramid,up + Vfrustum,up

These equations have been used to define ditch storage volume in the calculations
that follow.

5. Drainage Calculations — CAW Ditches

From design drawing 10014-CO01, the ditches around the CAW embankment are
highest at the northeast corner and flow south-west or west-south to the discharge
point in the southwest corner. Half of the flow from the embankment will be directed
through the northern and western drainage ditches; the other half will be directed
through the eastern and southern drainage ditches. Individual ditches will have
different drainage areas associated with them. From design drawing 10014-CO01, the
northern ditch has approximately 22% of the entire drainage area. Likewise, the
eastern ditch has approximately 28% of the entire drainage area. Both the western
and the southern ditches receive water from upstream as well as off the embankment
above; both with approximately 50% of the drainage area. The overall drainage area
of the CAW embankment, as well as the slopes and lengths of ditches were provided
previously in this report.

The calculations that follow perform a simple mass balance over each ditch:
Flow into the ditch — Flow out of the ditch = Accumulated Storage

The accumulated flow into the ditch is calculated by multiplying the accumulated
rainfall by the drainage area associated with that particular ditch. The flow out of the
ditch (volume of water discharged) is calculated by multiplying the flow rate at a
specific depth (as calculated in Section 1 above) by the elapsed time of rainfall.

The volume of each ditch at a specified depth (H) is calculated using the equations
derived in Section 4 of this report. The volume associated with this depth may be
compared to the required storage volume calculated by subtracting the available
discharge from the accumulated flow into the ditch. Iterations based on the depth of
water in the ditch may be made to equate these two volumes, providing a maximum
depth of flow within the ditch for a particular storm event.
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Northern CAW Ditch

NORMAL STORM EVENT

The drainage area for the northern CAW ditch is 22% of the total drainage area
for the CAW embankment, or 6,407,875.63 x 0.5 x 0.22 = 704,866 ft*. This is
the beginning of drainage and therefore there is no upstream storage available.
For the worst-case normal storm event, an iterative method is used to equate the
required storage with the available storage volume at a specific water depth within
the northern CAW ditch. This depth was found to be 2.01 feet at the lowest
portion of the ditch (NW corner). Using this depth and the slope of the CAW
embankment northern ditch (6.99 x 10™), the discharge flow rate was found to be
approxim3ately 1,347 ft*/min. The storage volume at this height is approximately
17,969 ft".

Drainage Flows and Storage for the Normal (1.9””) Storm Event
CAW Northern Drainage Ditch

Lapsed Accum. Accum. Ditch flow at 2.01 foot depth
Time Rainfall Flow Available Required
(min) (in) (ft*) Discharge (f')  Storage (ft’)

15 0.65 38,032 20,203 17,829
30 0.90 52,711 40,406 12,305
60 1.14 66,722 80,812 *
120 1.21 71,360 161,624 *
180 1.27 74,882 242,436 *
360 1.40 82,234 484,873 *
720 1.65 96,919 2,821,358 *
1440 1.90 111,604 5,642,717 *

* no storage will be necessary

CONCLUSION:

During the worst-case normal condition 25 year, 24 hour storm event (1.9 inches
of precipitation), the maximum volume retained in storage within the CAW
embankment northern ditch is approximately 17,829 ft*. This maximum volume
occurs approximately 15-minutes into the storm event and decreases rapidly. This
volume equates to a depth of water at the deepest portion of the ditch (NW
Corner) of approximately 2.01 feet, leaving approximately 1.99 feet of freeboard.
Therefore, the four foot-deep ditch in the northern section of the CAW
embankment is adequately designed to contain the normal precipitation event,
allowing at least one-foot of freeboard.
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Northern CAW Ditch

ABNORMAL STORM EVENT

For the abnormal storm event, as above, an iterative method is used to equate the
required storage with the available storage volume at a specific water depth within
the northern CAW ditch. This depth was found to be 2.10 feet. Using this depth
and the slope of the CAW embankment northern ditch (6.99 x 10'4), the discharge
flow rate was found to be approximately 1,514 ft*/min. The volume of the ditch
at this height is approximately 20,386 ft’.

Drainage Flows and Storage for the Abnormal (2.4°”) Storm Event
CAW Northern Drainage Ditch

Lapsed Accum. Accum. Ditch flow at 2.10 foot depth
Time Rainfall Flow Available Required
(min) (in) (ft') Discharge (ft’) Storage (ft’)

15 0.73 42,591 22,706 19,885

30 1.00 59,030 45,412 13,617

60 1.27 74,721 90,825 *
120 1.40 82,236 181,650 *
180 1.50 87,942 272,475 *
360 1.70 99,856 544,950 *
720 2.05 120,415 2,821,358 *
1440 2.40 140,973 5,642,717 *

* no storage will be necessary

CONCLUSION:

During the abnormal condition 100 year, 24 hour storm event (2.4 inches of
precipitation), the maximum volume retained in storage within the CAW
embankment northern ditch is approximately 19,885 ft*. This maximum volume
occurs approximately 15-minutes into the storm event and decreases rapidly. This
volume equates to a depth of water within the ditch of approximately 2.10 feet,
leaving approximately 1.90 feet of freeboard. Therefore, the four-foot deep ditch
in the northern section of the CAW embankment is adequately designed to
contain the abnormal precipitation event, allowing more than one-foot of
freeboard.
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Eastern CAW Ditch

NORMAL STORM EVENT

The drainage area for the eastern CAW ditch is 28% of the total drainage area for
the CAW embankment, or 6,407,875.63 x 0.5 x 0.28 = 897,103 ft*. Similar to the
northern ditch, this is the beginning of drainage and therefore there is no upstream
storage available. For the worst-case normal storm event, an iterative method is
used to equate the required storage with the available storage volume at a specific
water depth within the eastern CAW ditch. This depth was found to be 2.21 feet
at the lowest portion of the ditch (SE corner). Using this depth and the slope of
the CAW embankment northern ditch (1.12 x 107), the discharge flow rate was
found to be approximately 2,192 ft'/min. The storage volume at this height is
approximately 16,124 ft’.

Drainage Flows and Storage for the Normal (1.9””) Storm Event
CAW Eastern Drainage Ditch

Lapsed Accum. Accum. Ditch flow at 2.21 foot depth
Time Rainfall Flow Available Required
(min) (in) (ft*) Discharge (f')  Storage (ft’)

15 0.65 48,404 32,882 15,522
30 0.90 67,086 65,764 1,322
60 1.14 84,919 131,528 *
120 1.21 90,822 263,055 *
180 1.27 95,304 394,583 *
360 1.40 104,662 789,166 *
720 1.65 123,352 3,565,682 *
1440 1.90 142,041 7,131,363 *

* no storage will be necessary

CONCLUSION:

During the worst-case normal condition 25 year, 24 hour storm event (1.9 inches
of precipitation), the maximum volume retained in storage within the CAW
embankment eastern ditch is approximately 15,522 ft*. This maximum volume
occurs approximately 15-minutes into the storm event and decreases rapidly. This
volume equates to a depth of water at the deepest portion of the ditch (SE Corner)
of approximately 2.21 feet, leaving approximately 1.79 feet of freeboard.
Therefore, the four foot-deep ditch in the eastern section of the CAW
embankment is adequately designed to contain the normal precipitation event,
allowing at least one-foot of freeboard.
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Eastern CAW Ditch

ABNORMAL STORM EVENT

For the abnormal storm event, as above, an iterative method is used to equate the
required storage with the available storage volume at a specific water depth within
the eastern CAW ditch. This depth was found to be 2.30 feet. Using this depth
and the slope of the CAW embankment northern ditch (1.12 x 107), the discharge
flow rate was found to be approximately 2,438 ft*/min. The volume of the ditch
at this height is approximately 18,175 ft’.

Drainage Flows and Storage for the Abnormal (2.4°”) Storm Event
CAW Eastern Drainage Ditch

Lapsed Accum. Accum. Ditch flow at 2.30 foot depth
Time Rainfall Flow Available Required
(min) (in) (ft') Discharge (ft’) Storage (ft’)

15 0.73 54,207 36,575 17,632
30 1.00 75,129 73,150 1,978
60 1.27 95,099 146,300 *
120 1.40 104,664 292,601 *
180 1.50 111,926 438,901 *
360 1.70 127,090 877,802 *
720 2.05 153,255 3,565,682 *
1440 2.40 179,421 7,131,363 *

* no storage will be necessary

CONCLUSION:

During the abnormal condition 100 year, 24 hour storm event (2.4 inches of
precipitation), the maximum volume retained in storage within the CAW
embankment eastern ditch is approximately 17,632 ft*. This maximum volume
occurs approximately 15-minutes into the storm event and decreases rapidly. This
volume equates to a depth of water within the ditch of approximately 2.30 feet,
leaving approximately 1.70 feet of freeboard. Therefore, the four-foot deep ditch
in the eastern section of the CAW embankment is adequately designed to contain
the abnormal precipitation event, allowing more than one-foot of freeboard.
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Western CAW Ditch

NORMAL STORM EVENT

The drainage area for the western CAW ditch includes all of the drainage from the
northern CAW ditch and is 50% of the total drainage area for the CAW
embankment, or 6,407,875.63 x 0.5 x 0.5 = 1,601,969 ft*. Upstream storage is
available within the northern CAW ditch; however, none was needed during this
storm event. For the worst-case normal storm event, an iterative method is used
to equate the required storage with the available storage volume at a specific
water depth within the western CAW ditch. This depth was found to be 2.72 feet
at the lowest portion of the ditch (SW corner). Using this depth and the slope of
the CAW embankment western ditch (1.12 x 107), the discharge flow rate was
found to be approximately 3,814 ft'/min. The storage volume at this height is
approximately 30,059 ft’.

Drainage Flows and Storage for the Normal (1.9””) Storm Event
CAW Western Drainage Ditch

Lapsed Accum. Accum. Ditch flow at 2.72 foot depth
Time Rainfall Flow Available Required
(min) (in) (ft') Discharge (ft) Storage (ft’)

15 0.65 86,436 57,205 29,230

30 0.90 119,797 114,411 5,386

60 1.14 151,642 228,821 *
120 1.21 162,183 457,643 *
180 1.27 170,186 686,464 *
360 1.40 186,896 1,372,929 *
720 1.65 220,271 3,565,750 *
1440 1.90 253,645 7,131,501 *

* no storage will be necessary

CONCLUSION:

During the worst-case normal condition 25 year, 24 hour storm event (1.9 inches
of precipitation), the maximum volume retained in storage within the CAW
embankment western ditch is approximately 29,230 ft*. This maximum volume
occurs approximately 15-minutes into the storm event and decreases rapidly. This
volume equates to a depth of water at the deepest portion of the ditch (SW
Corner) of approximately 2.72 feet, leaving approximately 1.28 feet of freeboard.
Therefore, the four foot-deep ditch in the western section of the CAW
embankment is adequately designed to contain the normal precipitation event,
allowing at least one-foot of freeboard.
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Western CAW Ditch

ABNORMAL STORM EVENT

For the abnormal storm event, as above, an iterative method is used to equate the
required storage with the available storage volume at a specific water depth within
the western CAW ditch. This depth was found to be 2.83 feet. Using this depth
and the slope of the CAW embankment western ditch (1.12 x 10), the discharge
flow rate was found to be approximately 4,239 ft*/min. The volume of the ditch
at this height is approximately 33,856 ft’. Upstream storage is available within
the northern CAW ditch; however, none was needed during this storm event.

Drainage Flows and Storage for the Abnormal (2.4”) Storm Event
CAW Western Drainage Ditch

Lapsed Accum. Accum. Ditch flow at 2.83 foot depth
Time Rainfall Flow Available Required
(min) (in) (ft*) Discharge (f')  Storage (ft’)

15 0.73 96,798 63,584 33,213
30 1.00 134,158 127,169 6,989
60 1.27 169,820 254,337 *
120 1.40 186,901 508,675 *
180 1.50 199,868 763,012 *
360 1.70 226,946 1,526,024 *
720 2.05 273,670 3,565,750 *
1440 2.40 320,394 7,131,501 *

* no storage will be necessary

CONCLUSION:

During the abnormal condition 100 year, 24 hour storm event (2.4 inches of
precipitation), the maximum volume retained in storage within the CAW
embankment western ditch is approximately 33,213 ft’. This maximum volume
occurs approximately 15-minutes into the storm event and decreases rapidly. This
volume equates to a depth of water within the ditch of approximately 2.83 feet,
leaving approximately 1.17 feet of freeboard. Therefore, the four-foot deep ditch
in the western section of the CAW embankment is adequately designed to contain
the abnormal precipitation event, allowing more than one-foot of freeboard.
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Southern CAW Ditch

NORMAL STORM EVENT

The drainage area for the southern CAW ditch includes all of the drainage from
the eastern CAW ditch and is 50% of the total drainage area for the CAW
embankment, or 6,407,875.63 x 0.5 x 0.5 = 1,601,969 ft*. Upstream storage is
available within the eastern CAW ditch and was utilized during this storm event.
For the worst-case normal storm event, an iterative method is used to equate the
required storage with the available storage volume at a specific water depth within
the southern CAW ditch. This depth was found to be 2.69 feet at the lowest
portion of the ditch (SE corner). Using this depth and the slope of the CAW
embankment southern ditch (6.98 x 10, the discharge flow rate was found to be
approxim}ately 2,929 ft*/min. The storage volume at this height is approximately
43,096 ft°.

Drainage Flows and Storage for the Normal (1.9””) Storm Event
CAW Southern Drainage Ditch

Lapsed Accum. Accum. Ditch flow at 2.69 foot depth
Time Rainfall Flow Available Required
(min) (in) (ft') Discharge (ft) Storage (ft’)

15 0.65 86,436 43,942 42,494
30 0.90 119,797 87,884 31,913
60 1.14 151,642 175,768 *
120 1.21 162,183 351,537 *
180 1.27 170,186 527,305 *
360 1.40 186,896 1,054,610 *
720 1.65 220,271 2,821,235 *
1440 1.90 253,645 5,642,471 *

* no storage will be necessary

CONCLUSION:

During the worst-case normal condition 25 year, 24 hour storm event (1.9 inches
of precipitation), the maximum volume retained in storage within the CAW
embankment southern ditch is approximately 42,494 ft’. This maximum volume
occurs approximately 15-minutes into the storm event and decreases rapidly. This
volume equates to a depth of water at the deepest portion of the ditch (SW
Corner) of approximately 2.69 feet, leaving approximately 1.31 feet of freeboard.
Therefore, the four foot-deep ditch in the southern section of the CAW
embankment is adequately designed to contain the normal precipitation event,
allowing at least one-foot of freeboard.
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Southern CAW Ditch

ABNORMAL STORM EVENT

For the abnormal storm event, as above, an iterative method is used to equate the
required storage with the available storage volume at a specific water depth within
the southern CAW ditch. This depth was found to be 2.80 feet. Using this depth
and the slope of the CAW embankment southern ditch (6.98 x 10, the discharge
flow rate was found to be approximately 3,260 ft*/min. The volume of the ditch
at this height is approximately 48,538 ft’. Upstream storage is available within
the eastern CAW ditch and was utilized in these calculations.

Drainage Flows and Storage for the Abnormal (2.4”) Storm Event
CAW Southern Drainage Ditch

Lapsed Accum. Accum. Ditch flow at 2.80 foot depth
Time Rainfall Flow Available Required
(min) (in) (ft*) Discharge (f')  Storage (ft’)

15 0.73 96,798 48,899 47,899
30 1.00 134,158 97,797 36,361
60 1.27 169,820 195,594 *
120 1.40 186,901 391,189 *
180 1.50 199,868 586,783 *
360 1.70 226,946 1,173,566 *
720 2.05 273,670 2,821,235 *
1440 2.40 320,394 5,642,471 *

* no storage will be necessary

CONCLUSION:

During the abnormal condition 100 year, 24 hour storm event (2.4 inches of
precipitation), the maximum volume retained in storage within the CAW
embankment southern ditch is approximately 47,899 ft*. This maximum volume
occurs approximately 15-minutes into the storm event and decreases rapidly. This
volume equates to a depth of water within the ditch of approximately 2.80 feet,
leaving approximately 1.20 feet of freeboard. Therefore, the four-foot deep ditch
in the southern section of the CAW embankment is adequately designed to
contain the abnormal precipitation event, allowing more than one-foot of
freeboard.

Therefore, the CAW embankment ditches are adequately designed to contain
runoff from the embankment.
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6. Drainage Calculations — 11e.(2) Ditches

Similar calculations were performed for the 11e.(2) ditches to ascertain if they could
maintain the flow from the entire site during the normal and abnormal storm events.
Initially, the worst-case scenario included all water from the site drainage area filling
the 11e.(2) drainage ditches and being bound by the lowest slope ditch (north/south
lengths, 4.71 x 10™*). After this was examined, a more realistic approach to the
calculations was made where the 11e.(2) west side ditch retained water from the
CAW drainage area as well as half of the 11e.(2) drainage area and the 11e.(2) south
side ditch managed water from VITRO, LARW, MW, and the other half of the
11e.(2) drainage areas. Both of these scenarios are detailed below.

For both scenarios, the length of the ditch system, at the centerline, around the 11e.(2)
embankment is 8,390 feet, 2335 feet for both the northern and southern ditches and
1,860 for the eastern and western ditches.

During the design storm events water will backflow into the “feeder” ditches from the
other embankments around the site. The capacity of each of the ditches is dependent
on the geometry of the ditch as described in Section 4 of this report. Utilizing these
equations, the capacity of the 11e.(2) ditch system alone is approximately 386,331 ft’
when the low end (southwest corner) is at a four-foot depth. Backflow into the CAW
ditch system adds another 108,297 ft’ to the capacity; backflow into the LARW
embankment adds an additional 102,435 ft’ of capacity; and backflow into the
VITRO ditch system was estimated, assuming slopes within the VITRO ditches, as an
additional 20,067 ft* of capacity. Since the design of the Mixed Waste ditches has
not been finalized, their capacity was conservatively left out of this assessment.
Therefore, considering all potential backflow scenarios (excepting the Mixed Waste
ditches), the total storage capacity within the ditch system at the site is approximately
625,656 ft'.

The backflow volume calculations provided in this section were performed using the
pyramid and frustum equations described in Section 4 along with the following
additional information:

LARW North/South Side Ditch Lengths = 1185 feet
LARW East/West Side Ditch Lengths = 1740 feet
LARW West Side Drop in Slope = 1.1 feet
LARW South Side Drop in Slope = 1.0 feet
LARW East Side Drop in Slope  =2.1 feet
LARW North Side Drop in Slope = 2.0 feet

VITRO South Side Ditch Length = 1270 feet
VITRO West Side Ditch Length  =2610 feet
VITRO South Side Drop in Slope = 2.0 feet
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VITRO West Side Drop in Slope = 3.0 feet

The LARW information was obtained from the design drawings for the LARW
embankment. The VITRO information was conservatively estimated based upon
known drainage area lengths and the approximate drop in slope for known
embankments running parallel with the respective ditches.

The overall storage is conservative because it assumes all embankments are
completed to design capacity, including the 11e.(2) and Mixed Waste embankments,
and does not consider the additional storage that could be attained from the completed
Mixed Waste embankment.

Calculations pertaining to the storm events for the worst-case scenario of all water
inundating the 11e.(2) lowest slope (south side) ditch are as follows.

NORMAL STORM EVENT - Worst-Case Scenario

For the normal storm event, an iterative method is used to equate the required storage
with the available storage volume at a specific water depth. This depth was found to
be 3.81 feet (< 4 feet). Using this depth and the smallest slope (4.71 x 10%), the
discharge flow rate was found to be approximately 6,087 ft*/min. The volume of the
ditch systems at this height is approximately 535,956 ft’.

Drainage Flows and Storage for the Normal (1.9””) Storm Event
11e.(2) Drainage Ditches

Ditch flow at 3.81 foot depth |
Lapsed Accum. Accum. Volume of .
Time Rainfall Flow Water Required
(min) (in) (fF) Discharged Storage
(f6) (ft)
15 0.65 509,084 91,303 417,781
30 0.90 705,573 182,606 522,967
60 1.14 893,130 365,212 527,918
120 1.21 955,214 730,424 224,790
180 1.27 1,002,348 1,095,636 *
360 1.40 1,100,770 2,191,272 *
720 1.65 1,297,336 2,316,948 *
1440 1.90 1,493,902 4,633,896 *

* no storage will be necessary
CONCLUSION:

During the normal condition 25-year, 24-hour storm event (1.9 inches of
precipitation), the maximum volume retained in storage within the 11e.(2) ditch
system with runoff from all embankments is approximately 527,918 ft*. This
occurs approximately one hour into the storm event and decreases rapidly over the
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next few hours. This volume equates to a depth of water within the ditch of
approximately 3.81 feet, leaving approximately 0.19 feet of freeboard. Therefore,
the design of the ditch system throughout the site and around the 11e.(2)
embankment is adequately designed to contain the normal precipitation event.

ABNORMAL STORM EVENT - Worst-Case Scenario

For the abnormal storm event, as above, an iterative method is used to equate the

required storage with the available storage volume at a specific water depth. This
depth was found to be 3.96 feet (< 4 feet). Using this depth and the smallest slope
(4.71 x 10™), the discharge flow rate was found to be approximately 6,747 ft*/min.
The volume of the ditch at this height is approximately 599,372 ft’.

Drainage Flows and Storage for the Abnormal (2.4°”) Storm Event

11e.(2) Drainage Ditches

Lapsed Accum. Accum. Ditch flow at 2.96 foot depth
Time Rainfall Flow Available Required
(min) (in) (ft') Discharge (ft’) Storage (ft’)

15 0.73 570,112 101,206 468,906

30 1.00 790,155 202,412 587,744

60 1.27 1,000,197 404,823 595,373
120 1.40 1,100,796 809,647 291,149
180 1.50 1,177,171 1,214,470 *
360 1.70 1,336,649 2,428,940 *
720 2.05 1,611,841 2,316,948 *
1440 2.40 1,887,034 4,633,896 *

* no storage will be necessary

CONCLUSION:

During the abnormal condition 100-year, 24-hour storm event (2.4 inches of
precipitation), the maximum volume retained in storage within the 11e.(2) ditch
system with runoff from all embankments is approximately 595,373 ft. This
occurs approximately one hour into the storm event and decreases rapidly over the
next few hours. This volume equates to a depth of water within the ditch of
approximately 3.96 feet, leaving approximately 0.04 feet of freeboard. Therefore,
the design of the ditch system throughout the site and around the 11e.(2)
embankment is adequately designed to contain the abnormal precipitation event.

These calculations demonstrate that the site ditch system is adequately designed
to contain runoff from the total embankment drainage areas under both the
normal and abnormal rainfall events during the worst-case scenario that all
water will inundate the 11e.(2) smallest slope (south side) ditch.
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Calculations for the more likely scenario of split water flows throughout the 11e.(2)
ditch system follow. These calculations are split into both the west side ditch and the
south side ditch, individually.

NORMAL STORM EVENT - Split Water Scenario

Western 11e.(2) Ditch:

The drainage area associated with the western 11e.(2) drainage ditch under this
scenario is all of the CAW drainage area and half of the 11e.(2) drainage area,
weighted with the runoff coefficient of 0.5 (0.5 x (6,407,875.63 +
(0.5)(4,734,001.44)) = 4,387,438.18 ft2). For this analysis, backflow is only
considered into the 11e.(2) northern ditch and the CAW ditch system. For the normal
storm event, an iterative method is used to equate the required storage with the
available storage volume at a specific water depth. This depth was found to be 3.44
feet. Using this depth and the slope of the western ditch (4.84 x 10), the discharge
flow rate was found to be approximately 4,698 ft*/min. The volume of the western
1%6.(2) ditch system (with backflow portions) at this height is approximately 189,637
ft.

Drainage Flows and Storage for the Normal (1.9””) Storm Event
Western 11e.(2) Drainage Ditch

Ditch flow at 3.44 foot depth |
Lapsed Accum. Accum. Volume of Required
Time Rainfall Flow Water equire
(min) (in) (ft)) Discharged Stor?ge
() (ft')
15 0.65 236,729 70,467 166,262
30 0.90 328,098 140,934 187,163
60 1.14 415,313 281,868 133,445
120 1.21 444,183 563,736 *
180 1.27 466,101 845,605 *
360 1.40 511,868 1,691,209 *
720 1.65 603,273 2,348,163 *
1440 1.90 694,678 4,696,326 *

* no storage will be necessary
CONCLUSION:

During the normal condition 25-year, 24-hour storm event (1.9 inches of
precipitation), the maximum volume retained in storage within the western 11e.(2)
ditch system with runoff from the CAW and half of 11e.(2) is approximately
187,163 ft’. This occurs approximately 30 minutes into the storm event and
decreases rapidly over the next few hours. This volume equates to a maximum
depth of water within the ditch of approximately 3.44 feet, leaving approximately
0.56 feet of freeboard.
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Southern 11e.(2) Ditch:

The drainage area associated with the southern 11e.(2) drainage ditch under this
scenario is all of the VITRO, LARW, and MW drainage areas and half of the 11e.(2)
drainage area, weighted with the runoff coefficient of 0.5 (0.5 x (3,471,500 +
2,592,217.44 + 1,664,744.64 + (0.5)(4,734,001.44)) = 5,047,731.40 ft?). For this
analysis, backflow is only considered into the 11e.(2) eastern ditch as well as the
LARW and VITRO ditch systems. For the normal storm event, an iterative method is
used to equate the required storage with the available storage volume at a specific
water depth. This depth was found to be 3.63 feet. Using this depth and the slope of
the southern ditch (4.71 x 10™*), the discharge flow rate was found to be
approximately 5,350 ft*’/min. The volume of the southern 11e.(2) ditch system (with
backflow portions) at this height is approximately 219,369 ft>.

Drainage Flows and Storage for the Normal (1.9””) Storm Event
Southern 11e.(2) Drainage Ditch

Ditch flow at 3.63 foot depth |
Lapsed Accum. Accum. Volume of .
Time Rainfall Flow Water Required
(min) (in) () Discharged Storage
(f6) (ft)
15 0.65 272,355 80,248 192,107
30 0.90 377,475 160,497 216,978
60 1.14 477,816 320,993 156,823
120 1.21 511,031 641,987 *
180 1.27 536,247 962,980 *
360 1.40 588,902 1,925,960 *
720 1.65 694,063 2,316,948 *
1440 1.90 799,224 4,633,896 *

* no storage will be necessary
CONCLUSION:

During the normal condition 25-year, 24-hour storm event (1.9 inches of
precipitation), the maximum volume retained in storage within the southern
11e.(2) ditch system with runoff from VITRO, LARW, MW, and half of 11e.(2) is
approximately 216,978 ft*. This occurs approximately 30 minutes into the storm
event and decreases rapidly over the next few hours. This volume equates to a
depth of water within the ditch of approximately 3.63 feet, leaving approximately
0.37 feet of freeboard.
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ABNORMAL STORM EVENT - Split Water Scenario

Western 11e.(2) Ditch:

As described above for the normal scenario, the drainage area for the western 11e.(2)
ditch is 4,387,438.18 ft*. For the abnormal storm event, as above, an iterative method
is used to equate the required storage with the available storage volume at a specific
water depth. This depth was found to be 3.57 feet. Using this depth and the slope of
the western ditch (4.84 x 107, the discharge flow rate was found to be approximately
5,186 ft*’/min. The volume of the western 11e.(2) ditch system (with backflow
portions) at this height is approximately 212,986 ft*.

Drainage Flows and Storage for the Abnormal (2.4”) Storm Event
Western 11e.(2) Drainage Ditch

Lapsed Accum. Accum. Ditch flow at 3.57 foot depth
Time Rainfall Flow Available Required
(min) (in) (ft*) Discharge (f')  Storage (ft’)

15 0.73 265,107 77,794 187,313

30 1.00 367,429 155,588 211,842

60 1.27 465,100 311,176 153,925
120 1.40 511,880 622,351 *
180 1.50 547,395 933,527 *
360 1.70 621,554 1,867,054 *
720 2.05 749,521 2,348,163 *
1440 2.40 877,488 4,696,326 *

* no storage will be necessary
CONCLUSION:

During the abnormal condition 100-year, 24-hour storm event (2.4 inches of
precipitation), the maximum volume retained in storage within the western 11e.(2)
ditch system with runoff from the CAW and half of 11e.(2) is approximately
211,842 ft’. This occurs approximately 30 minutes into the storm event and
decreases rapidly over the next few hours. This volume equates to a depth of
water within the ditch of approximately 3.57 feet, leaving approximately 0.43 feet
of freeboard.

Southern 11e.(2) Ditch:

As described above for the normal scenario, the drainage area for the southern 11e.(2)
ditch is 5,047,731.40 ft*. For the abnormal storm event, as above, an iterative method
is used to equate the required storage with the available storage volume at a specific
water depth. This depth was found to be 3.73 feet. Using this depth and the slope of
the southern ditch (4.71 x 10™), the discharge flow rate was found to be
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approximately 5,752 ft*/min. The volume of the ditch at this height is approximately
251,478 ft'.

Drainage Flows and Storage for the Abnormal (2.4°”) Storm Event
Southern 11e.(2) Drainage Ditch

Lapsed Accum. Accum. Ditch flow at 2.73 foot depth
Time Rainfall Flow Available Required
(min) (in) (ft’) Discharge (ft’) Storage (ft’)

15 0.73 305,005 86,280 218,725
30 1.00 422,726 172,559 250,167
60 1.27 535,096 345,119 189,978
120 1.40 588,916 690,238 *
180 1.50 629,776 1,035,356 *
360 1.70 715,095 2,070,713 *
720 2.05 862,321 2,316,948 *
1440 2.40 1,009,546 4,633,896 *

* no storage will be necessary
CONCLUSION:

During the abnormal condition 100-year, 24-hour storm event (2.4 inches of
precipitation), the maximum volume retained in storage within the southern
11e.(2) ditch system with runoff from VITRO, LARW, MW, and half of 11e.(2) is
approximately 250,167 ft*. This occurs approximately 30 minutes into the storm
event and decreases rapidly over the next few hours. This volume equates to a
depth of water within the ditch of approximately 3.73 feet, leaving approximately
0.27 feet of freeboard.

These additional calculations demonstrate that the drainage system over the entire site
is designed well enough to capture all of precipitation that may occur at the site and
safely drain it off-site, and maintain a small amount of freeboard.

7. Peak Run-off Rate

The rational formula can be used to estimate the peak run-off rates from the
embankments and determine if the CAW and 11e.(2) ditches are designed sufficiently
to contain these rates.

To complete this analysis, it is first necessary to calculate the maximum length for the
travel of water to the discharge point and then determine the time required for water
to travel this maximum distance and reach the discharge point. This time of
concentration is determined from the following formula:

T.=0.00013 L%77 §0-38
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Where L is the length in feet and S is the slope (foot/foot).

CAW Embankment

The maximum distance for water to travel within the CAW embankment ditch
system is from the northern crest of the embankment, down the northeast corner
slope, through the ditches, to the discharge point in the southwest corner of the
embankment ditch. Ditch flow will either go across the northern ditch and then
down the western ditch, or down the eastern ditch and then across the southern
ditch. Since slopes and lengths are similar in the northern and southern ditches
and the eastern and western ditches, both of these flow paths will result in similar
calculated travel times. The distance that water must travel can be broken down
into four discrete sections:

Northern crest to northeast corner shoulder of embankment;
Down northeastern shoulder to northeast corner of ditch;
Across the northern ditch to the northwest corner; and
Down the western ditch to the southwest corner.

i e

The individual T,.’s may be calculated and summed to determine a total time of
concentration. These calculations are described in the following table:

Travel Time
(CAW Embankment North and West Ditches)
Section L (ft) S T, (hrs)
1 1329.4 0.04 0.114
2 290.3 0.20 0.019

3(N) 2381.7  0.000699  0.849
4 (W) 2690.3 0.001116  0.779

Total T.= 1.762

Therefore, the time it takes for water to travel the farthest distance within the
CAW embankment watershed is approximately 1.76 hours (~106 minutes). It is
only necessary to estimate the peak runoff flow rates during the abnormal
condition, since it is the bounding condition. If the flow rates for the abnormal
condition are within tolerance for the ditch system, then the normal condition will
also be within tolerance. Extrapolating from the storm intensity data in Section 3
above, the storm intensity at 106 minutes is approximately 1.20 inches of rainfall.
This equates to rainfall intensity (i) of 0.0113 inches/min or 9.43 x 10™* feet/min.

The rational formula, Q = CiA may now be used to calculate the flow rate from
the embankment. As the flow is split from the beginning of this assessment (NE
corner), only half of the CAW embankment drainage area is utilized in this
calculation. The drainage area for half of the CAW embankment is 3,203,938 ft>.
Therefore, flow from the CAW embankment is calculated as:
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Q= (0.5)( 9.43 x 10™%)( 3,203,938) = 1,510.6 cfm

From the ditch flow calculations in Section 1 of this report, this is within the flow
capacity of both the southern and the western CAW ditches. The calculated flow
would yield a runoff depth of approximately 2.1 feet in the southern ditch outlet
and approximately 1.93 feet in the western ditch outlet. Therefore, the CAW
embankment ditch system is designed sufficiently to contain runoff generated
from the embankment drainage area during the abnormal storm event.

11e.(2) Embankment — Total Site Drainage

Disregarding the Vitro embankment, the maximum distance for water to travel
through the embankment systems is from the northeast corner of the CAW
embankment to the discharge point in the southwest corner of the 11e.(2)
embankment ditch. This distance can be broken down into six discrete sections of
water flow (the first four being those described for the CAW embankment above):

Northern crest to northeast corner shoulder of CAW embankment;
Down northeastern shoulder to northeast corner of ditch;

Across the northern CAW ditch to the northwest corner;

Down the CAW western ditch to the southwest corner;

Flow between CAW and 11e.(2) embankments;

Down the western 11e.(2) ditch.

S e

The transition area (section 5) may be ignored in the overall T, calculations as the
distance is very short and the slope is rather large; therefore, the time spent in this
section will be inconsequential to the overall travel time. The T.’s for the other
five sections may be calculated and summed to determine a total time of
concentration. The following table lists the calculated lengths and travel times for
each water flow section and the total travel time for flow through the embankment

systems.
Travel Time
(Clive Embankment System)
Section L (ft) S T, (hrs)
1 1329.4 0.04 0.114

2 290.3 0.20 0.019
3 2381.7 0.000699  0.849
4 2690.3 0.001116  0.779
6 1860  0.000484  0.809

Total T, = 2.57
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Therefore, the time for water to {ravel the farthest distance within the Clive
embankments watershed is approximately 2.57 hours (~154 minutes). Itis only
nceessary to estimate the peak runoff flow rates during the abnormal condition,
since it is the bounding condition. If the flow rates for the abnormal condition are
within tolerance for the diich systems, then the normal condition will also be
within tolerance. Extrapolating from the storm intensity data in Section 3 above,
the storm intensity at 154 minutes is approximately 1.25 inches of rainfall. This
equates to rainfall intensity (i) of 0.0081 inches/min or 6.75 x 107 feet/min.

The rational formula, Q = CiA may now be used to calculate the individual flow
rates from the Clive embankments watershed. The total drainage area was
calculated in Section 3 of this report as 18.870,339.15 fi’. Therefore, flow from
the Clive embankment watershed to the southeast corner of the 11e.(2) ditch
system is calculated as:

Q = (0.5)(6.75 x 10™)(18,870,339.15) = 6,367.9 cfm

As calculated in Section 1, the capacity of the 11e.(2) ditches is at least 6,930 cfin
(not including backflow into other ditches). The calculated total flow would yield a
runoff depth of approximately 3.88 feet in the southern 11e.(2) ditch outlet and
approximately 3.86 feet in the western 11e.(2) ditch outlet. Therefore, the 11e.(2)
ditches are designed sufficiently to contain site-wide drainage, during operations,
from the abnormal storm event.

Therefore, all ditch systems are satisfactorily designed to handle the flows
associated with both the normal and abnormal storm evenis during operations.

Calculations Performed by:

i Gl i

:l:ilﬁotlf L. Orton, P.E. Date

Calculations Checked by:

4///4 /)/

Date
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EXECUTIVE SUMMARY

Included herein is an update report to a study completed in 2005 by AMEC Earth &
Environmental, Inc. (AMEC) that evaluated the geotechnical potential for increasing the height
and expanding the footprint of the Class A low level radioactive waste embankment(s) at the
EnergySolutions facility near Clive, Utah. The 2005 study involved reviewing previous reports to
obtain basic geotechnical engineering design parameters, evaluating previous and current
seismic design criteria including an updated seismic hazard analysis, completing static and
seismic stability calculations, estimating deformations that may result from a design earthquake,
and evaluating settlement issues that would be associated with greater embankment heights.
The 2005 study concluded that stability and deformations of a combined single embankment
incorporating the existing Class A and Class A North embankment footprints is feasible from a
geotechnical perspective.

Since the 2005 study was completed the configuration of the enlarged waste embankment has
been redesigned with a slightly larger footprint and a reduced overall slope height. This update
report was prepared to recognize the current design identified as the Class A West
Embankment (CAW) configuration. By observation a reduced embankment height is expected
to perform better according to both stability and settlement considerations.

Several key elements presented in the 2005 study included an updated seismic hazard
analysis, slope stability analysis and deformation analysis. The seismic hazard analysis
indicated that the deterministic maximum considered earthquake for the site is a magnitude M
6.8 earthquake on the Skull Valley fault at less than 30 km, yielding an “average” acceleration of
0.244 for the bedrock site conditions. The probabilistic peak horizontal acceleration of 0.24g for
the weighted mean hazard curve corresponds to an average recurrence interval of
approximately 8,825 years. This bedrock acceleration is ampllﬂed by site conditions to a peak
horizontal acceleration value of 0.28g.

The 2005 stability analyses indicated that embankment stability is primarily governed by the
height of the outer 5(H):1(V) side-slopes. The 2005 calculations indicated that the Class A
Combined (CAC) Embankment height of 50-feet at the 5(H):1(V) slope was geotechnically
feasible. The current 38-foot height of the CAW Embankment is lower at the 5(H):1(V) slope
break and slope stability calculations included with this update report continue to support our
conclusions that the 5(H):1(v) slope configuration is geotechnically feasible.

The 2005 study reviewed available survey monument settlement data and found that the survey
data indicated that the majority of embankment settiements will be complete within one to two
years after waste placement. It is our understanding that EnergySolutions, Inc. is proposing to
use an observational approach to monitor embankment settlement prior to final cover
placement. The 2005 study concluded that scheduling the final cover placement for when
monitoring data indicates the majority of the initial settliements are complete is anticipated to
result in manageable settlements of the final cover. Even though the new CAW Embankment is
smaller it should be anticipated that this monitoring period will require from one to two years.
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1. INTRODUCTION

This update report summarizes our findings regarding the new proposed Class A West
Embankment configuration for the combining and expanding of the existing Class A and Class A
North Embankments at the EnergySolutions Clive Facility near Clive, Utah. AMEC completed
the referenced 2005 study’' of the feasibility to increase the height and footprint of the existing
Class A Embankment (identified as the Class A Combined or CAC Embankment) and
concluded that side-slope embankment heights up to 50-feet are stable under static and design
seismic conditions and that deformations of the embankment associated with the design
earthquake are within an acceptable range. Furthermore, the 2005 study concluded that
angular distortion of the clay cap will be less than the maximum design criteria of 0.02 provided
that final cover placement is delayed until majority of the initial settlements are complete. A
survey monitoring program is currently planned to determine when settlements are nearly
complete and the clay cap can be constructed.

The current proposed CAW Embankment configuration is depicted on the EnergySolutions, Inc.
drawing titled Embankment Location & General Layout, dated October 4, 2010 and the drawing
titted Embankment Cross Sections, dated October 27, 2010. EnergySolutions, Inc. is continuing
to propose the combined large embankment which has been identified as the Class A West
Embankment or hereinafter CAW Embankment. The footprint of the CAW Embankment is
slightly larger in the north direction by 100 feet and the CAW Embankment side-slope height
has been favorably reduced from 50 feet to 38 feet with the same protective cover geometries.

The general site location of the Clive Facility is shown on Figure 1, Regional Setting. Figure 2,
Vicinity Map, shows the general arrangement of the various embankments at the
EnergySolutions, Inc. Clive Facility. The locations of the AMEC field explorations completed as
a part of the 2005 study and the previous 1999a® investigation are shown on Figure 3A, Field
Exploration Location Map. An Exploration Location Map of earlier investigations is found in the
1999 investigation report. Cross sections through the proposed embankment are shown on
Figure 3B, Embankment Cross-Sections.

1.1 OBJECTIVES

The objectives of this update report were to evaluate the new CAW Embankment configuration,
which is a reduction from the 2005 CAC Embankment, considering geotechnical and seismic
design considerations. This update utilizes the work of 2005 study that summarized the
geotechnical design parameters and site specific data developed in our 1999a and subsequent
studies, along with the supplemental subsurface investigations (site characterization) completed
within the footprint of the proposed enlarged embankment. The 2005 study identified the key
geotechnical design and construction parameters that are required to place the waste materials

1 AMEC (2005), Report, Combined Embankment Study, Envirocare, Tooele County, Utah, AMEC Job No. 4-817-004769,
dated December 13, 2005.

2 AMEC (formerly AGRA) (1999a), Report, Geotechnical Site Characterization, Proposed New LARW Embankment, near
Clive, Tooele County, Utah,” AGRA Job No. 9-817-002586, dated October 26, 1999.
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and meet the final cover distortion criteria previously developed. These design and construction
parameters remain applicable and should be followed.

The objectives of this update study were to:
e Evaluate the static and seismic stability of the new lower height CAW Embankment.
o Evaluate the potential range in post earthquake deformations of the CAW Embankment.

o Evaluate static and post earthquake cover settlements and displacements of the smaller
CAW Embankment.

1.2 EMBANKMENT DESIGN

The proposed EnergySolutions, Inc. embankment is located within the northwest quarter of
Section 32, T1S, R11W (Salt Lake Base and Meridian). As addressed in the 2005 study the
geotechnical design issues involved with the embankment are as follows:

e Stability — The embankment must meet generally accepted standards for static and
seismic stability. Slope stability analyses are commonly performed using limit
equilibrium techniques where a factor of safety against slope instability is calculated.
The generally accepted standard for static stability is a factor of safety of at least 1.5.
For seismic stability, the accepted standard is to design for factors of safety ranging from
1.0 to 1.3, depending on the sophistication of the analysis and the certainty of the
geotechnical parameters used to calculate the factor of safety.

o Seismic Deformation — Although settlement is a form of deformation, the deformation of
interest is deformation following closure due to an earthquake (termed post earthquake
deformations). In general, deformations of the final cover tend to increase with
embankment height. However, if the calculated static factor of safety of the
embankment is reasonably high (above 1.5) and the materials do not loose strength
during shaking, deformations under seismic conditions are anticipated to be smaill.

o Settlement — As embankment height increases, the total settlement of the compressible
and incompressible debris within the embankment also increases. The principal item of
concern is the potential for differential settlement to occur at the embankment cover due
to differences in settlement of the underlying waste materials. In addition, the timing of
when settlement occurs (before or after cover placement) is a design issue.

1.3  STEPS IN ANALYSIS
The 2005 study adhered to a sequence of analytical steps in evaluating the proposed enlarged

embankment at the Clive Facility. The new CAW Embankment design is smaller than the 2005
CAC Embankment therefore for this update report we have only repeated the steps applicable
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to evaluating slope stability and embankment settlement of the reduced overall embankment.
The basis for our geotechnical analyses remain the same as was used for the 2005 study.

1.4  SETTLEMENT CONSIDERATIONS

For continuity with previous geotechnical work the following paragraphs essentially reiterate
settlement considerations that were stated in the report for the 2005 study.

One of the principal items of interest for the 2005 study was differential settlement of the cover
after it has been placed. AMEC's (formerly AGRA) previous work on evaluating settlements
included a significant effort on evaluating the total potential magnitude of settlement from
individual lifts or zones within the embankment. The difficulty in making such evaluations was
that distinguishing between settlements that occur before and after cover placement was difficult
since much of the settlement occurs during construction. Such predictions could therefore
result in overly conservative predictions of post cover settlements.

Our previous estimates of the settlements at the cover were based on fundamental principals of
soil mechanics. In those calculations, we estimated total settlement by assuming a reasonable
distribution of each waste constituent, calculating the settlement potential for each lift’ of waste,
and summing these settlements on a per lift basis up to the embankment cover. Potential
distortions at the cover were calculated based on the potential different magnitudes of total
settlements attributed to each waste type. This methodology is conservative because it ignores
the fact that waste is placed at different times and locations in the embankment. For example,
waste placed at the base of the embankment may have completed settlement, while more
recently placed waste continues to settle.

Subsequent settlement evaluations described in the 2005 study were based on the
consideration that EnergySolutions, Inc. is following a plan to monitor the embankment
settlements prior to final cover placement; and place the cover only after the rate of settlement
at the cover subgrade has decreased to a manageable level. This “observational approach” to
final cover settlement significantly reduces the uncertainties in estimating settlements of the
waste during construction and prior to the cover being placed. It is well documented that
settlements are largest immediately after fill placement and decrease either exponentially or
logarithmically over time. The basis for the observational approach is to observe and measure
settlement prior to final embankment cover placement. Adjustments can then be made at the
top of waste prior to the cover to reduce the impact of these initial differential settlements. The
goal of this approach is to permit the majority of the initial waste settlements to be complete
prior to final radon barrier and rock cover placement.

The 2005 study of settlement potential, therefore, consisted of a detailed review of the available
Vitro (a nearby adjacent waste embankment) and EnergySolutions, Inc. settlement data. The
purpose of the review was to obtain field data that defined the length of time necessary for the
majority of the initial settlements to be complete. Our review of the observed settlements was

3 A lift could consist of single lifts of compressible debris or a lift of containers / Controlled Low Strength Material (CLSM)
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then used to complete predictions of the performance of the increased height embankment.
The settlement evaluation also included calculations of the foundation settlements.

The conclusions and recommendations regarding embankment settlement contained in the
2005 study remain applicable and should be followed. The CAW Embankment is reduced and
therefore settlements would be favorably less.

2. SITE CHARACTERIZATION DATA
21 SEISMIC DESIGN CRITERIA
21.1 General

An updated detailed seismic hazard analysis was completed and included in the 2005 study; a
copy of the seismic hazard analysis is presented in Appendix A of this update report. The
original 2005 Table A-2 of Appendix A was revised following responses to the Round 2
Interrogatories®. Within Appendix A of this update report the original Table A-2 has been
replaced with the revised Table A-2. For continuity with the 2005 study the following
paragraphs essentially reiterate the general summary that was stated in the 2005 study with
revisions identified in the Round 2 Interrogatories.

The deterministic peak horizontal acceleration values for fault earthquake sources within about
70 km of the EnergySolutions, Inc. site are summarized in Appendix A: Table A-2. Probabilistic
peak horizontal acceleration values for the background earthquake source within 100 km of the
site are shown on Appendix A: Figure A-5. The largest peak acceleration in Appendix A:
Table A-2 corresponds to an M 6.6 earthquake generated by the East Cedar Mountains fault.
The peak acceleration corresponding to an M 6.8 earthquake generated by one of the Skull
Valley faults is nearly as high. The Skull Valley faults are located no closer to the site than 30
km at the ground surface, but the faults dip toward the site, making the attenuation distance less
than 30 km. The 84" percentile values are 0.242g and 0.238g, respectively, as calculated by
the attenuation relation of Abrahamson and Silva (1997). For comparison, largest 84"
percentile peak accelerations calculated by the Campbell and Bozorgnia (2003) and Pankow
and Pechmann (2004) attenuation relations, are 0.198g and 0.181g, respectively, for the M 6.8
earthquake on one of the Skull Valley faults. The expected maximum magnitude of 6.8 comes
from Wong and Others (2002), but Swan and Others (2004) report an expected maximum
magnitude of 6.5 for the same fault. The lower maximum magnitude for the Skull Valley faults
gives 84™ percentile accelerations of 0.219, 0.168, and 0.154g for the three attenuation
relations, as can be seen in Appendix A: Table A-2.

The second largest peak acceleration in Appendix A: Table A-2 corresponds to two different
earthquakes for the three attenuation relations. A maximum magnitude of 7.0 on the Stansbury
fault produces 84" percentile peak accelerations of 0.162 and 0.195g for the Pankow and

4 AMEC (2006), Round 2 Interrogatories and Response, Class A Embankment Height Study, Energy Solutions Facility,
Near Clive, Tooele County, Utah, AMEC Job No. 4-817-004769, dated April 28, 2006.
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Pechmann (2004) and Campbell and Bozorgnia (2003) relations, respectively. A maximum
magnitude of 6.6 on the Cedar Mountains fault produces an 84th percentlle acceleration of
0.242g for the Abrahamson and Silva (1997) relation.

Based on this review and update of earthquake ground motion at the EnergySolutions, Inc. site,
a conservative, but reasonable deterministic maximum peak horizontal acceleration is 0.24g for
rock site conditions. This maximum acceleration exceeds the 0.181g 84" percentile value
predicted by the Pankow and Pechmann (2004) attenuation relation for any of the fault sources
in the site region, and is approximately equal to the largest maximum 84" percentile value
predicted by Campbell and Bozorgnia (2003) and the second largest 84™ percentile value
predicted by Abrahamson and Silva (1997). The probabilistic peak horizontal acceleration of
0.24g for the weighted mean hazard curve on Appendix A: Figure A-5 corresponds to an
average recurrence interval of approximately 8,825 years.

The 2005 study also evaluated whether the foundation soils and embankment either amplify or
attenuate this site acceleration. A one-dimensional response analysis was completed using the
software program SHAKE2000. As described in the 2005 study a small amplification of the
peak horizontal ground acceleration value was calculated. Based on this consideration, it was
found that the free field bedrock accelerations of 0.24g may increase up to a value of 0.28g in
the free field through the foundation soil. However, the presence of the embankment tends to
attenuate the free field ground motions to slightly above 0.25g. The range appropriate for
stability analysis was therefore from 0.25g to 0.28g.

2.2  SITE CONDITIONS
2.2.1 Background

The 2005 study completed supplemental field and laboratory evaluations of the foundation soils
below the enlarged CAC Embankment footprint. The findings of the supplemental site
characterization are summarized in Appendix B-1 of the 2005 report; a copy is attached in
Appendix B-1 of this update report. Previously AMEC (formerly AGRA) completed a
geotechnical site characterization for the existing Class A Embankment and submitted our
findings in a report dated October 26, 1999. A copy of this site characterization is also included
in Appendix B-2 of the report for the 2005 study. This site characterization supplemented the
previous hydrogeology site characterization by Bingham Engineering, which included soil
engineering property tests and shear wave velocity measurements down to 100 feet. For the
purpose of the seismic wave propagation study, the depth to bedrock below the site was
estimated at a depth of about 400 to 500 feet, as shown on Figure 4, Hydrogeologic Site
Characterization. However, we understand that an exploratory borehole drilled to the north of
the EnergySolutions, Inc. site in Section 29 did not encounter bedrock within a depth of 700 feet
below the ground surface.
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2.2.2 Subsurface Conditions

The subsurface conditions encountered in the supplemental explorations completed in 2005
were found to be consistent across the site and similar to the conditions encountered in the
previously referenced investigations. The conditions observed are also in general agreement
with the hydrogeologic cross sections developed by others across Section 32 and presented in
Appendix D of EnergySolutions’ (formerly Envirocare) Permit Application previously reviewed®.
The general stratigraphic conditions are summarized in Table 2.1, Subsurface Characterization.
The same geologic unit numbers used in the hydrogeologic characterization are used herein.

The importance of these findings is that subsurface conditions are sufficiently uniform that a
single characterization is appropriate for either the individual or combined embankments. Due
to the relatively minor footprint increase of the CAW Embankment, no additional subsurface
exploration was deemed necessary. A stratigraphic cross section comparing the conditions
below the existing embankment and the new (northern) embankment is shown on Figures 5A
and 5B, Existing Class A Embankment Foundation Conditions and Class A North Foundation
Conditions, respectively.

Table 2.1 - Subsurface Characterization

Unit | Depth
No. | (ft)

4 Oto 9 +/- Upper Clays Silty Clays, classifying as CL in accordance with the Unified Soil
Classification System. Contains some fine silt layers and is
generally dry and medium stiff to stiff consistency. Considered to
represent the deep Lake Bonneville clays. This material is used as
both liner below the embankment and to construct the radon barrier.

Soil Type Description

3 9to 26 +/- | Silty Sands Dense to medium dense silty sands and silts containing a few thin
clay layers.
2 | 26 to 64 +/- | Clays and Interbedded clay and silt layers with a few isolated sand layers up to
Silts two feet thick. Sand layers were discontinuous across the site.
Clays are generally stiff with a few soft layers. Saturated
throughout.
1 64 to max Interbedded A sequence of interbedded silty sand, fine sand and coarse to
depth Sand, Siltand | gravelly sand layers with interbedded clay and silt layers.
Clay layers Increasing sand layers beginning at depths of 50-feet and extending

to maximum depth investigated, 100 feet. Dense to very dense
sands and stiff clays.

For continuity with the 2005 study the following paragraphs essentially reiterate the general
summary of the subsurface conditions that was stated in the 2005 study.

5 See AGRA Letter Report, “Technical Appendix Document Review, New LARW Fagility, Envirocare of Utah NW 1/4,
Section 32, Near Clive, Utah, AGRA Job No. 8-817-002427, July 15, 1999,
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Based on detailed geologic studies completed on other projects within the Basin and Range, we
expect that the upper clays (Unit 4) represent the lake-bed clay deposited within the deep Lake
Bonneville cycle(s) from about 12,000 to 30,000 years before present. The sequence of silty
sands (Unit 3) below the upper clays were either alluvial, colluvial or lacustrine deposits which
may have occurred during fluctuations in the Lake Bonneville level or during periods when the
lake was not present (similar to current conditions). The lower (Unit 2) silts and clays most likely
represent an older period of lacustrine deposition, predating 20,000 years before present and
termed as the “Cutler Dam Lake cycle” in the geologic literature. The (Unit 1) sands, silts and
clays most likely represent pre-Pleistocene deposits from an Interglacial period. These deposits
may date as old as 100,000 to 150,000 years before present. The significance of these
probable ages is that numerous earthquakes have occurred during this geologic time period
surrounding the site vicinity and the probability of liquefaction with depth would be considered to
be quite low based on age of the deposits alone.

Based on geologic cross sections developed for the hydrogeologic site conditions, the
anticipated depth to bedrock below the site is at least 400 feet (see previous note on bedrock
depth). A cross section of these generalized soil/bedrock conditions are shown on Figure 4.
The geology of the surrounding area is described in the Utah Geologic Survey (UGS) Map 166
(Doelling, et al, 1994). This map and the accompanying text should be referenced for more
detail than the very general description that follows herein.

In general, the bedrock exposed along the Grayback Hills to the north consists of hard, durable
limestone of the Triassic Age (180 to 225 million years before present), including the Thaynes,
Dinwoody Formations, and volcanoclastic rock (volcanic rock incorporating sediments, some of
which contain cobbles; aged about 35 million years before present). These rocks generally form
the “basin and range” blocks that have been faulted during the Quaternary (3 million years ago
to present). The basin and range faulting created the typical north-south trending mountain
ranges filled with thick sequences of sediment in the intervening valleys. From about 10,000 to
30,000 years before present, prehistoric Lake Bonneville covered the entire area. There were
numerous lake stages and elevations during this period, along with a few intervening dry
periods, similar to conditions today. In a very general manner, the collective “Bonneville”
deposits consist of fine sands, silts, and clays along the valley bottoms, and granular sands and
gravels deposited along lake benches and spits.

2.2.3 Groundwater
Groundwater was encountered during the 2005 study at a depths ranging from 37.3 feet in
Boring B-2 at the time of drilling to a depth of 26 feet indicated by CPT. The depth of 26 feet

generally agrees with the levels measured in nearby monitor wells. A depth of 22 feet was used
in our analyses and accounts for a possible rise in groundwater.
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23 EMBANKMENT DESIGN CRITERIA
2.3.1 Existing Embankment Geometry

In general, the EnergySolutions, Inc. Class A Embankment(s) has a footprint of about 1,400 by
2,260-feet and a maximum height of about 60 feet at the crest. The embankment includes a
5(H):1(V) exterior slope extending 32 feet in height, and a 4 percent top slope. The
embankments are provided with a protective rock cover, filter layers, and a clay radon barrier
that total 5.5-feet thick on the top and side slopes.

2.3.2 Proposed CAW Embankment Geometry

EnergySolutions, Inc. is considering constructing a combined embankment which includes the
partly completed portion of the existing embankment and extending the footprint of the
embankment northward and increasing the height of either combined embankment.

The new CAW Embankment is designed with a footprint of about 2,300 (east-west) by 2,600-
feet (north-south). The embankment includes a 5(H):1(V) exterior slope extending 38 feet in
height, and an approximate 4 to 6 percent top slope. The maximum height of the top cover
extends up to about 84 feet, given this general geometry. The embankment is provided with a
debris free soil layer, clay radon barrier, filter layers, and protective rock cover that total 8-feet
thick on the top and side slopes.

For comparison the 2005 CAC Embankment was designed with a footprint of about 2,300 (east-
west) by 2,500-feet (north-south). The embankment included a 5(H):1(V) exterior slope
extending 50-feet in height, and an approximate 4 to 6 percent top slope. The maximum height
of the top cover extended up to about 92-feet, given this general geometry. The CAC
embankment was designed with a debris free soil layer, clay radon barrier, filter layers, and
protective rock cover. The geometries of the CAW and CAC Embankments are depicted on
Figures 3A and 3B

2.3.3 Geotechnical Design Values

A summary of the geotechnical design criteria used for the existing embankment may be found
in Appendix B-1 of AMEC’s (formerly AGRA) reply to Interrogatory 1 for the year 2000
amendment to the permit licensure®, a copy of the appendix is attached in Appendix B-2 of this
update report. AMEC’s reply letter summarizes the existing, relevant geotechnical design
criteria in a summary table format. '

For continuity with the 2005 study the following paragraphs essentially reiterate the general
summary of the basis for the geotechnical design values that was described in the 2005 study.

6 AMEC (Formerly AGRA) (2000), Letter Report, Comment on Round No.1 Interrogatories, Amendment to Permit-License
UT2300249,” AGRA Job No. 0-817-002802, dated July 25, 2000.
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A 1999a AGRA study evaluated seismic stability, deformations, development of shear strengths
for compressible debris, and shear wave velocity data of the embankment materials (for seismic
response). Subsequent to that study, additional embankment material types (incompressible
debris, controlled low strength material [hereinafter CLSM], containerized waste, oversize
debris, large components) were evaluated which generally possessed higher shear strengths.
We consider the available characterization to be adequate, but conservative. By conservative, it
is meant that the shear strengths used in our calculations envelop the various types of waste
placed in the embankments. Less conservative design assumptions could be utilized, however
using higher shear strengths may require that limitations be placed on where certain types of
waste can be placed within the embankment. We therefore continued to use the lower bound
shear strengths to allow flexibility in waste placement and placement methods.

AMEC completed a number of studies regarding the settlement potential of compressible debris,
incompressible debris, CLSM pyramids, strong-tight containers (resin liners) placed within
concrete cylinders, and large components. In general, these studies supported the placement
of the various waste types within the existing embankment design. The settlement calculations
were based on predicting the settlement potential from characteristics of the waste type and/or
placement method. Such predictive relationships do not include a reduction in settlement over
time. However, field observations indicate that a logarithmic or exponential decay in the rate of
settlement over time has been observed at municipal and other waste storage sites. Our
previous methodology generally calculated the total potential of a “column of waste” to settle.
Since the lower portion of this “waste column” may have completed settlement when waste is
placed in the upper “column,” this method contains inherent conservatism. Considering that
actual field performance (settlement) data regarding the rate and magnitude of settlement of
materials is available for the Class A Embankment, using this data is a more realistic approach.

Material properties required for stability analysis include the in-place waste and cover density,
shear strength, and dynamic properties such as damping, shear wave velocity, and the
strain-dependent shear modulus and damping curves. These material properties were
previously determined from field measurements (in-place density, shear strength, and shear
wave velocity of the Class A Material) and the relationships between soil classification and index
properties available in the published literature. The design values previously developed are
summarized in Appendix B-2 of this update report. Seismic shear wave velocity data and
SASW (Spectral Analysis of Surface Waves, a method used to obtain shear wave velocity data),
were presented in Appendix B-4 of the 2005 study.

The stability calculations utilized an 18 degree friction angle for the LARW debris, which is
representative of a very high compressible debris percentage. Field tests indicated that the
internal friction angle of compressible debris increased from 24 to 34 degrees as the waste
percentage increases from 10 to 40 percent, respectively. However, at higher percentages of
waste (greater than 50 percent), the friction angle may approach the 18 degree friction angle
value. The 18 degree friction angle value conservatively bounds the lowest available shear
strength. Higher shear strength values could be justified, even with the available data; that
would lead to higher calculated factors of safety for a given design consideration. However,
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initial sensitivity and subsequent stability calculations revealed that less conservatism in the
shear strength assumptions used in the analysis would not be necessary’.

3. CALCULATIONS

31 GENERAL

Soil parameters that were summarized in Table 3.1 of the 2005 study for the foundation soil and
embankment materials have continued to be used for this update report. To evaluate the CAW

Embankment based on slope stability, the following sets of calculations were completed for the
new reduced embankment design height:

o Static stability was calculated.
* Pseudo-static (seismic) stability was calculated.
» “Yield” accelerations (or the yield coefficient was determined) to estimate deformations.

o Deformations following a seismic event were calculated using a “Newmark Sliding Block”
analysis.

The following sections discuss each of these items in further detail.
3.2 ENGINEERING DESIGN PARAMETERS

Soil parameters of the various embankment materials modeled in the slope stability analysis are
listed in the following Table 3.1. Drained strength parameters were used in static stability
calculations and both drained and undrained parameters were used in seismic stability
calculations. Further details and background with regards to the soil parameters are presented
in the text and appendices of the 2005 study.

The foundation layers used in the slope stability model were based on the site characterization
and stratigraphy described in Section 2.3, Site Conditions; Appendix B-1 of this update; as well
as presented in AMEC report dated October 26, 1999.

7 Large scale laboratory shear box testing could be completed that would reduce the shear strength conservatism in the
analysis. Similarly, the strength of the radon barrier clay and clay liner was conservatively estimated from published
values and laboratory testing. Supplemental testing could support higher strength values and further reduce conservatism
in the values used.
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Table 3.1 - Summary of Engineering Properties in Slope Stability Analysis
(ref AMEC 12/13/05)

Unit Angle of Cohesion
Material / Soil . Internal .
. Weight, . L. Intercept, Basis / Reference Source
Units (pef) Friction, (psf)
P (degrees) P
LARW Embankment Properties
Rip Rap (Cover) 135 40 0 Appendix B-2, Table B
Clay Cover 123 0 1000 AMEC 1999a, Section 3.2.7
Protective Soil
Layer (Debris Free 117.5 38 250 AMEC 1999b°, Figure A-7
Soil) — silty sand
Compressible 101 18 130 AMEC 1999b, Figure 9
Debris
15200* (equal | Specification calls for minimum
CLSM 120 0 to 100 psi) of 150 psi
. 0 1000 Appendix B-2, Table B
Clay Lingr 123 (28) (100) (AMEC 5/25/99, Figure A-6)
Embankment Foundation Properties
Drained / Drained /
Undrained Undrained
. CPT correlations Appendix B-1
ggt: Upper 118 29/0 0/2000 | (or AMEC 2005, App B-1) and
y AMEC 1999a
. . CPT correlations Appendix B-1
gg: d3s' Silty 120 34 0 (or AMEC 2005, App B-1) and
AMEC 1999a
. CPT correlations Appendix B-1
LSJI’I’t';Z Clays ang 121 29/0 1000 /2000 | (or AMEC 2005, App B-1) and
AMEC 1999a
Unit 1 - CPT correlations Appendix B-1
Interbedded Sand, 120 29 0 (or AMEC 2005, App B-1) and
Silt and Clay AMEC 1999a
* This strength exceeds the strengths of the other materials by a large margin.
8 AMEC (formerly AGRA) (1999b), Task 2 -Summary of Field Strength Tests, Clive Disposal Facility, 75 Miles West of Salt

Lake City, Clive, Utah, AGRA Job No. 8-817-002103, dated June 28, 1998.
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3.3 STABILITY CALCULATIONS
3.3.1 Previous Sensitivity Analysis

The 2005 study presented a slope stability sensitivity analysis to determine the sensitivity of the
factor of safety to slope height and gain an understanding of the factors that lead to acceptable
stability. The 2005 analysis found that in general slope stability is controlled by the height of the
5(H):1(V) side-slope. Two graphs from the 2005 study are presented below. It is observed from
Graph 2 that a minimum static and pseudo static factor of safety is maintained at a height of
about 60 feet at the break in slope. This analysis supports the expectation that the lower slope
height of the proposed CAW Embankment will have higher factor of safety.

Factor of Safety Versus Height
5(H):1(V) slope height only

3
>
_g 2
o
—
2 1
g [~~] —— Static; 5:1 slopeonly
uﬂ3 F--1 —8— USGS 2400 yrevent

0 L i 1 ! I L 1 { A L 1 : 1 A i :

0 20 40 60 80 100

Height at 5:1 slope break, ft
Graph 1 - Factor of Safety versus Height of 5(H):1(V) Side-Slope Only

Factor of Safety Versus Height
5(H):1(V) slope with 5% cover slope

3
>
.J'ﬁ’ 2
w
e
o 1
-3 —&— Static; 5:1 slope only
S —— USGS 2400 yr event
0+ '
0 20 40 60 80 100

Height of 5:1 slope break, ft

Graph 2 - Factor of Safety Versus Height Incorporating 5% Top Slope and Top Cover Materials
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3.3.2 CAW Embankment Static Stability

Our design slope stabilty analyses were performed with the microcomputer program
GSTABL7®, utilizing the Spencer's Method for circular modes of movement. The geometry of
the slope stability model and tabulation of the analysis is shown in Appendix C. The strength of
the embankment and foundation materials was modeled using drained strength parameters.

In general, a static factor of safety greater than 1.5 is desired to meet generally accepted
geotechnical design criteria (Kramer, p. 431). Stability is calculated by allowing the computer
program to “search for a critical failure surface.” Three scenarios or cases were studied for this
Update report. Case 1 - stability within the LARW embankment; Case 2 - Stability through the
lower clay unit (Unit 2), and Case 3 - stability through the upper clay unit (Unit 4). In each case,
stability within the CAW embankment controlled as undrained strength within the foundation
material kept the surface with the lowest factor of safety at the toe of the embankment. The
minimum factor of safety was at least 2.5, which is well within the acceptable range for static
stability. Details of the stability analysis, plots of the lowest 10 failure surfaces, and a tabulation
of the analysis completed are found in Appendix C.

3.3.3 CAW Embankment Seismic Stability

Following the static stability calculations, the pseudostatic stability of the CAW Embankment
was calculated for each of the cases identified in the section above. *“Pseudostatic” stability is
calculated by applying a horizontal coefficient equal to 50 percent of the seismic design
acceleration to the embankment (Hynes-Griffin, 1984). This factor may be taken as 50 percent
of the 0.28g acceleration. In general, factors of safety greater than or equal to 1.2"" are desired
when this method of seismic slope stability is utilized (Kramer, p. 436).

Again, the Spencer's Method for a circular slip surface for each of the three cases was
evaluated within the GSTABL7 program. For pseudostatic stability, though, both drained and
undrained foundation soil strength parameters were utilized. Stability was calculated by
allowing the computer program to “search for a critical failure surface.” Plots of the lowest 10
failure surfaces are also included in Appendix C.

The minimum calculated factor of safety was at least 1.2 which is an acceptable factor of safety.
As with the 2005 study the critical failure surface extends through the deep clay unit of the
foundation soils and remains near the “break in slope.” Pseudostatic stability analysis through
the CAW embankment determined the lowest factor of safety to be at least 1.7, slightly higher

9 Gregory Geotechnical Software & Harald W. Van Aller, Computer program, GTABL7 with STEDwin, Version 2.004,
Copyright 2003.
10 The Spencer's Method of Calculating Slope Stability using the limiting equilibrium method (method of slices) satisfies both

force and moment equilibrium. The Bishop’s Method used previously satisfies only force equilibrium and is therefore less
rigorous.
1 Actual values discussed by Kramer vary from 1.0 to 1.15.
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than the 2005 CAC Embankment. This indicates the geotechnical benefits of reducing the
embankment height.

In conclusion, the seismic factor of safety was found to be acceptable for the proposed 38-foot
CAW Embankment design height using well accepted, conservative methods of slope stability
analysis. As discussed in Section 2.3.3, Geotechnical Design Values, the strength parameters
utilized for both the foundation and embankment materials were also conservatively selected.
Higher factors of safety would be calculated under each of these conditions if less conservative
strength values had been selected.

4. SETTLEMENTS AND DEFORMATIONS
4.1 GENERAL

Detailed discussion and estimates of the potential settlement amounts for both the 2005 CAC
Embankment and the foundation materials were provided in Section 4, Settlements and
Deformations of the 2005 study. The 2005 study addressed estimates of time rates of
settlement, secondary settlements, and explained how the uncertainties and variability’s of the
LARW embankment materials were addressed. An important conclusion in the 2005 study is
that the majority of settlement will occur during the waste placement phase of operations and
prior to final cover placement. For that reason EnergySoultions, Inc. is proposing to monitor the
completed embankment to allow the majority of settlement to occur prior to final cover
placement, and thereby limiting the future differential potential.

For this update report we have only reevaluated the potential foundation settlement of the
smaller CAW Embankment in order to show the embankment foundation settlements are
expected to be less with the smaller embankment height.

4.2 FOUNDATION SETTLEMENTS

The subsurface site characterizations described early in this update report provide the
information to define material boundaries and soil parameters. Compressibility parameters used
in 2005 study and as described in Appendix B-2, Table F were utilized in the calculations.

Settlements of the foundation material were evaluated using the computer program
FoSSA (2.0)'2. FoSSA is an integrated stress and settlement program based on elastic
solutions. The program estimates the distribution of stresses due to a variety of embankment
geometry/loading conditions and the magnitude of settlement is calculated below a 2-
dimensional cross-section of the embankment fills. FoSSA can calculate the magnitude of
immediate/elastic settlement, consolidation settlement, and the magnitude of secondary
settlement in each layer. The program, FoSSA, was used to evaluate the following settlement
aspects:

12 ADAMA Engineering, Inc., Computer program, FoSSA (2.0) Foundation Stress & Settlement Analysis, Copyright 2003-
2007.
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e Stresses imposed on the foundation soils by the proposed combined
embankments.

o The magnitude of settlement of the foundation soils for the CAW Embankment.

e The distribution of elastic/immediate and consolidation settlements by soil type
(soil unit) and location.

A profile of the pattern of settlement estimated below the CAW Embankment is provided on
Figure 6, CAW Embankment Foundation Settlement. As expected, the settlement profile below
the CAW Embankment is slightly less than the larger CAC Embankment. However the
difference is within the range of accuracy for settlement calculations and therefore the
maghnitude of settlement for the CAW Embankment is estimated to be 12 to 16-inches just as
was estimated for the CAC Embankment. The maximum magnitude occurs below the center of
the embankment. Settlement below the center of the combined embankment is essentially one-
dimensional. This results in a “flat” settlement profile below the center of the embankment.

4.2.1 Time Rate of Foundation Settlement

As described in the 2005 study, we anticipate that the embankment is constructed sufficiently
slow that drainage (consolidation) of the foundation layers occurs during construction. If one
assumes that the CAW Embankment was placed all at once our analysis estimated that
95 percent consolidation will be complete within approximately one year, which is within the time
that is required for observation of settlement before the final cover is placed. Again, given the
CAW Embankment will receive waste over many years before topping out, this is a worst-case
scenario.

4.2.2 Secondary Settlement of Foundation

FoSSA was also used to calculate the magnitude of secondary or “creep” settlements after
primary foundation settlements are complete. Secondary settlements were calculated to a
period of 500 years. Within this period of time, approximately an additional 8 inches of
secondary settlement was calculated. These results of the secondary settlement calculations
are presented on Figure 12, Secondary Settlements of the 2005 report. This magnitude of
settlement should be incorporated into the final cover design. The relatively small magnitude of
secondary settlement is not anticipated to adversely impact cover drainage, if properly
incorporated into the final design.

4.2.3 Principal Conclusions of Foundation Settlement
The as described in the 2005 report the following principal conclusions can be gained from the

foundation settlement calculations:
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» Settlements of the foundation soils due to the embankment loads are anticipated to be
relatively small, on the order of 12 to 16 inches.

e The foundation settlements are expected to be complete within a maximum one-year
period of time after waste placement. Given the period discussed in the following
section to implement the “observational approach,” foundation soil settlements are
anticipated to be complete by the time that the final cover is placed.

e Monitoring of the embankment cover (at the debris free soil layer) is expected to be
primarily a reflection of the embankment settlements and not the foundation settlements.

e The maximum settlement in the foundation soil may be up to 24 inches, or roughly
2 feet. Primary and secondary foundation settlements should be incorporated into the
cover design. However, the magnitude is not expected to adversely impact drainage of
the final cover. )

4.3 EXISTING EMBANKMENT SETTLEMENTS

As described in the 2005 study we consider that the on-going EnergySolutions, Inc.
embankment field settlement data provides one of the better measures for evaluating the future
performance of the Class A cover. The settlement data obtained by EnergySolutions, Inc. was
evaluated in the 2005 study to determine the magnitude and rate of settlement based on the
survey monument data.

In summary, the conclusion of the 2005 study was that the total magnitude of settlement
measured over the approximate 4-year period reviewed is less than 0.75 feet (9 inches). Given
that the settlement monuments are located approximately 100 feet apart (on average), the
distortion'® measured to date is on the order of 0.0075 (versus the 0.02 criteria). The study
revealed a considerable amount of scatter in the actual settlement elevations over time, but the
maghnitudes of settlement are overall quite low.

Our interpretation of the survey data is that a reduction in the rate of settlement with time is
observed. The study revealed that settlement is reducing (slowing down) over time. It was
observed that the rate of settlement decreases significantly within a 12-month, arguably
24-month period.

Another constructive interpretation of the field survey data was presented on Figure 14,
Variations of Settlement with Embankment Height (elevation), of the 2005 study (see attached
as Figure 7 of this update report). This plot compared the variation of observed embankment
settlement versus embankment height (or elevation of survey point). It would be expected that
there would be an increase in the total settlement of the cover with increased embankment
height. Projecting the available settlement survey data to a 100-foot height, one may have up to

13 Distortion is defined as the vertical difference in elevation between two monuments divided by the distance between the
two monuments.
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0.6 feet of average settlement. This plot reveals that for about a 14-foot increase in the final
cover elevation, the expected increase in total settlement is about 0.1 feet. Within a given
elevation there is also a range of 0.16 to 0.23 feet of differential settlement between two
potentially available settlement points. These values at a given elevation (comparing maximum
to minimum settlements) result in a maximum distortion value of 0.0015 to 0.003, which is well
below the distortion criteria of 0.02, by a factor of about ten. Comparing the maximum to the
average setllement at a given elevation results in distortion values averaging about 0.001 (this
may be more realistic since some of the data suggest very little settlement (minimum values).
See additional discussion relevant to monitoring settlement of the existing embankments in the
following Section 4.4, Available Monitoring Data.

4.3.1 Timing of Settlement

As described in the 2005 study, AMEC considers that the types and timing of the total
settlements must be addressed to distinguish between settlements that occur prior to achieving
the top of waste and those settlements that may occur following final cover placement. Only
those settlements that occur after the cover is placed are important to the performance of the
embankment cover. However, it is expected that the majority of settlement will occur during
embankment construction and only a small fraction of the total settlement potential will remain
after the cover is placed.

Our 2005 study concluded that the magnitude of settlement is a function of the materials
(embankment and foundation), the time that the materials are placed and the time period
allowed for settlements to be complete prior to final cover placement. Since it would be
extremely difficult to predict or control the rates and timing of waste placement,
EnergySolutions, Inc. is proposing to utilize a combination of quality assurance methods during
construction to place waste in a controlled manner and monitor completion of the majority of
settlement at the top of waste prior to final cover placement. The intent of this approach is to
allow the majority of settlement to occur prior to final cover placement, thereby limiting the future
differential potential.

The important understanding concluded from the 2005 study is that the majority of settlement
will occur during the waste placement phase of operations. The monitoring program will only
measure a fraction of the total settlement that will occur, but will allow grading to be
accomplished prior to cover placement to reduce differential settlement. Completing predictions
of the total settlement and ultimately the differential settlement is a function of the construction
rate, when waste is placed, how long the waste materials have had to settle and a variety of
other factors. It was noted in the 2005 study that the predicted measured settlement
magnitudes under the current and previous waste placement techniques would be less than 1
foot of total settlement for a 100-foot high embankment. Differential settlements, which are
important in meeting the distortion criteria, would be less than the total settlements. If the
settlements of the compressible and incompressible waste lifts are largely complete at the time
that the final cover is placed, differential settlements between the various waste types will be
smaller than the total settlements.
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4.4  AVAILABLE MONITORING DATA

To address the potential cover distortion, the 2005 study looked at the historical performance of
the existing embankment(s). To gain an appreciation of the magnitude of post cover settlement
versus embankment height, a number of settlement survey points were selected and a graph of
settlement versus embankment height was prepared. It would be expected that settlements
increase with embankment height and the data would exhibit greater scatter with height.
Attached Figure 7 (or Figure 14, AMEC 2005), Variation of Settlement with Embankment Height
(elevation), presented LARW settlement data in terms of embankment height. It is observed
that both the range and magnitude of settlement increase with embankment height. The
distortions revealed by the various ranges in the data points are also shown. Based on this data
set, the current cover distortions are generally less than 0.004. Given the trend in settlement
versus height, the projected settlement for the proposed 84-foot high (at the crest) CAW
Embankment would be less than 0.7-feet. For a 100-foot grid spacing, the distortion would be
predicted to be less than 0.007, less than half of the 0.02 normal operation target criteria.

Given the fact that EnergySolutions, Inc. will be modifying the waste placement methods by
shredding wastes, and is now using large, landfill-type compaction equipment, it would be
expected that the range in differential settlement should be equal to or less than measured
under the prior waste placement techniques. With the improved waste placement methods, the
waste lifts will be more uniform in terms of waste distribution, debris size and other factors.
Placement of the waste using the proposed methods should result in smaller settlements of the
embankment materials. The settlement below the top of the cover will be monitored prior to
final cover placement. Each of these factors, along with the expected settlement behavior, will
provide reasonable assurance that excessive maintenance of the final cover will not be required
following closure.

4.41 Settlement Above Different Waste Types

The 2005 study also considered the potential for differential settlement that could occur in the
cover due to different waste forms. The 2005 analysis considered three principal types of waste
placement methodologies: 1) CLSM pyramids; 2) placement of compressible and
incompressible debris in soil lifts; and 3) Containerized Waste Facility (CWF) pyramids. The
details and assumptions of this analysis are given in the 2005 study. Additional clarification is
described in our response to Interrogatory No. 2 (AMEC, 2006).

Summarizing the 2005 conclusions of the projected cover distortions above compressible
debris, CLSM or CWF pyramids. Under the “normal” operating condition, the projected cover
distortions were found to be less than 0.005 and 0.01 for the CLSM model and CWF model,
respectively. These values are less than the 0.02 distortion targeted for design under normal
operations. Under “accidental or abnormal settlement conditions,” where settlement was
studied as a random process, the distortions in such a “random” selection of settlement were
found to also be Iess than the 0.02 criteria.
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4.5 POST EARTHQUAKE DEFORMATIONS
4.51 General

Post earthquake deformations may be categorized into two areas: 1) settlement or strength loss
of the foundation soils, and 2) deformations of the embankment. Settlement of the foundation
soils as related to liquefaction and seismic sand settlement is discussed in the next section.
Embankment deformations are discussed in the following section and are based on a
“‘Newmark” type deformation analysis (after, Newmark, 1964)

4.5.2 Liquefaction Susceptibility

Liquefaction is defined as the condition when saturated, loose, fine sand-type soils lose their
support capabilities because of excessive pore water pressure, which develops during a seismic
event. Clayey soils, even if saturated, will generally not liquefy during a major seismic event
due to their cohesive nature. Problems associated with liquefaction include post earthquake
settlement and strength loss. Calculations prior to the 2005 study indicated that liquefaction of
the soil layers below the site is not a design issue. However, the 2005 study updated the
seismic design criteria and new subsurface information become available, so AMEC confirmed
the previous findings still apply.

The 2005 study determined that for the design event, the majority of the soils in the upper 30 to
60 feet of the soil profile consist of cohesive deposits, which have a low probability of
liquefaction due to their high clay content. It was also found that the interbedded cohesionless
silt and silty sand deposits would also be unlikely to liquefy under the design seismic event.
Based on the 2005 calculations and the previous calculations, liquefaction below either the
combined embankment footprint is unlikely.

4.5.3 Foundation Sand Settlement

The following conclusions of the 2005 study remain applicable. Although liquefaction is unlikely
to occur, there may be small seismic settlements in the foundation soils associated with the
design earthquake event. Post earthquake (seismic) settlements were calculated from the CPT
soundings using the method of Zhang, G., Robertson, P.K., and Brachman, RW.I., (2002). The
range in settlement is a function of a number of variables, including the location of individual
layers of cohesionless soils, ground shaking, and other factors and the location of the layer
below the embankment. In each case for the design event, the largest sand settlement was
calculated to be less than 0.5 inches. This amount of post earthquake sand settlement is
considered to be negligible.
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4.5.4 Probable Embankment Deformations

The slope stability model described previously in Section 3.3.3 CAW Embankment Seismic
Stability, was also used to estimate the potential range of post earthquake deformations of the
CAW Embankment. To estimate the post earthquake deformation, the seismic coefficient
(acceleration) required to achieve a factor of safety of unity is calculated. This value is termed
the “yield acceleration” and is utilized in conjunction with a number of published empirical
relationships between yield acceleration and potential post earthquake slope deformations. The
minimum yield acceleration for the CAW Embankment was found to be 0.192g.

The probable earthquake deformations were calculated for each of the three cases studied
using the simplified Newmark Sliding Block Analysis subroutine in the GSTABL7 program. As
was determined in the 2005 study, the probable post earthquake embankment deformations
were found to be less than 1 inch. The results are presented in Appendix C. These post
earthquake deformations are predicted to be quite small.

5. CONCLUSIONS

Based on the foregoing discussions, the following conclusions have been made for the
proposed CAW Embankment:

¢ As with the 2005 study, the stability of the embankment is governed primarily by the height
of the 5(H):1(V) slope. At a height of 38 feet, the static and pseudostatic stability of CAW
embankment was found to be acceptable.

¢ Foundation settlements of a smaller combined embankment will be slightly less than the
CAC Embankment yet still higher than the individual embankments. The majority of
foundation settlements are anticipated to be complete by the time the final cover is to be
placed.

e The study of settlement monitoring data presented in the 2005 report indicated that the
majority of the embankment settlements are complete within a 12 to 24 month period after
the cover is placed. The available survey data also indicated that the distortion of the
existing cover appears to be less by a factor of 10 than the previously selected design
criteria of 0.02.

e EnergySolutions, Inc. has proposed an observational approach. In this observational
approach, settlements of the debris free soil layer will be monitored prior to the final cover
placement. By delaying placement of the final cover, the potential for future differential
settlements of the cover is significantly reduced. Based on available monitoring data, we
expect that the monitoring period will extend from 1 to 2 years maximum.

e To evaluate the survey monitoring data, we recommend that the survey data be evaluated in
terms of settlement rate and differential settlement, in addition to total settlement.
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6. LIMITATIONS

This report was prepared within the scope of generally accepted geotechnical engineering
practices under the direction of a licensed engineer. No warranty, express or implied is made
as to the conclusions and professional advice included in this report. AMEC Earth &
Environmental, Inc. disclaims responsibility and liability for problems that may occur if the
recommendations contained herein are not followed.

This report was prepared for EnergySolutions, Inc and their design consultants solely for the
design and construction of the project described herein. It may not contain sufficient information
for other uses or the purposes of other parties. These recommendations should not be
extrapolated to other areas or used for other facilities with consulting AMEC Earth &
Environmental, Inc.

Recommendations herein are based on interpretations of the subsurface conditions concluded
from information gained from subsurface explorations. The interpretations may vary horizontally
and vertically across the site.
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We trust that this report adequately provides the design support for the CAW Embankment
height and footprint increase. If you have any questions or comments, please contact the
undersigned.

Respectfully submitted,

AMEC Earth & Environmental, Inc. Reviewed by:

LS s

B State s Lawrence A. Hansen, PhD
Professional Engineer Chief Technical Officer

EAB/LH:eab
Addressee (4)

c: Sean McCandless (1)
Steve M. Newton (1)
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Reference: Adapted from AMEC 2005, FIGURE 1
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FIGURE 1
REGIONAL SETTING
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Legend:

A — 2005 Study Area

B — AGRA 1999 — Existing LARW
C-11e.(2)

D — Vitro

E - LARW /NORM

F — Mixed Waste

NOT TO SCALE

Reference: Adapted from AMEC 2005, Aerial Photograph
Map, GlobeXplorer 2004

FIGURE 2
VICINITY MAP

amec”’






SECTION LINE

| -
f
Y . ~ — 2259.9°
<
<
o /B
’ 4265.0' ,
J i Lo2 4265.0
. CPT4 .
,' My s , | CPT5S 4303.0' — CPT-6
I o 5% ]1
. CPT-3 CPT-1 CPT2
=
: 81 % |
g
(o]
g1 "
2! P I
5l & [
a L

2

0 200 400 800
L 1 { 1 ;
1" = 400

Legend
B-1 $ Approximate Location of Exploratory Excavation

CPT-1 $ Approximate Location of Cone Penetration Test
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