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Deep Borehole Disposal Engineering
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June 10, 2015

Sandia National Laboratories is a multi-program laboratory operated by Sandia Corporation, a

wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy's
National Nuclear Security Administration under contract DE-AC04-94AL85000. SAND2015-4928 PE
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- Outline

« Borehole Emplacement Concepts

« Deep Borehole Field Test Engineering Design Study
« Borehole Environment

 Disposal Overpack/Waste Package Design Concepts
o Safety of Disposal Operations

 Disposal Borehole and Overpack Size Tradeoffs

« Waste Canister — Overpack Design Interface

« DBD Requirements Flowdown to DBFT

e Q&A
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Deep Borehole Disposal

Alternative Emplacement Concepts*

Drill-String Emplacement Wireline Emplacement
. wl-'
Coiled Tubing

(Woodward- (www.stewartandstevenson.com)
Clyde 1983)
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Deep Borehole Field Test Engineering Design

Conceptual Design FY15 ]

— Conceptual Design Report
* Emplacement Option Description
« Hazard/Risk Analysis

« Costing
» Overpack/Package Concepts . Engineering Services
« Emplacement Mode Selection Contractor Support

Final Design FY16

— Design Package
» Design, Fabrication Specs.
« Safety Manual, Procedures, Testing
» Transport Cask Integration

o

LN

Fabrication/Testing FY17 Additional

>

Field Implementation FY18-19 Procurement

o’
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Borehole Environment

e Thermal
— 170°C background (+/-)
 Hydrologic

— 9.6 ksi downhole pressure with
1.3x borehole fluid

e Mechanical
— Steel liner from surface

e Chemical
— Chloride brine

 Longevity of Construction
and Packaging Materials
— Nominally < 10 years

13-3/8" guidance tieback

depth = 3000 m

Canisters emplaced but
guidance casing still in
place above -3000 m,
and seals not yet
installed (not to scale).

depth = 5000 m

Sandia
rl1 National

laboratories






Deep Borehole Disposal
Disposal Overpack Design Questions

Factor of safety?
Qilfield tubulars < 1.66

Reference Design | = @Gas pipelines < 2.0
(SAND2011-6749) (49CFR192)

Hydraulics = up to ~4

A I THREAD PERTEINARS HYDRL

.\ e w _____________________ A T ,‘ _________ J SRR - Post-emplacement
©/ | 7‘*\ o o\ containment
Jd /A : A | \ lifetime?

Single or multiple . Separate connectors
connectors for ,’)/ or welded box/pin
. ] ? /// 7 ¥ 6
fishing? | == ends?
Standard oilfield tubing
- or hollow structural

Endcap geometry sections? Low-alloy steel &

pressure rating? or higher strength (e.g.,

Credit threaded forged, smaller t/D) for

ions? i ? " Sandia
6 connections? more disposal volume? PN el






Overpack/Package Conceptual Design

Same concepts for wireline and drill-string emplacement
Axial load ~150,000 Ib (tensile, compressive)

Bending stresses

Provision for fishing

Requirement: factor of safety > 2.0

Terminology

— Canister — Thin-wall sealed (stainless) vessel

— Disposal Overpack — Heavy container for canistered wastes
— Waste Package — Heavy container for bulk wastes

— Examples (Cs/Sr capsules, DOE/EM bulk wastes, SNF)

Sandia
ﬂ'l National

Laboratories






+" Option #1 Waste Package — Flask Type

Reference size 10.75” max. OD

WELDED TOP BOX
WITH FILL PORT (4.75" DIA)
NC77 DRILL PIPE THREAD

FILL PLUG LENGTH 12" FOR
SHIELDING, WELDED COVER
PLATE

FRICTION

WELD
WASTE

WELDED BOTTOM PIN FRICTION
NC77 DRILL PIPE THREAD WELD

Design concept and drawing by J. Su, SNL/6916

All weld heat
mitigation
except cover
plate, done
before waste
loading.

Minimal weld-
heat effect on
loaded waste.

API schedule
tubulars.

Sandia
m National

laboratories






™" Option #2 — Bulk Waste Overpack

Reference size 11" max. OD Internal-flush
design for

canistered

WELDED TOP PLUG waste forms.

12” THICK

No fabrication
welds in axial
load path.

BOTTOM PLUG TAPER

BOTTOM PLUG WELD

WASTE
External upset

(forged)
connections.

TOP PLUG WELD

TOP PLUG TAPER

Possible weld-
heat effect on
loaded waste.

Novel
taper/weld
sealing design.

WELDED BOTTOM PLUG APl schedule
tubulars.

Sandia
rl1 National
laboratories

Design concept and drawing by J. Su, SNL/6916 PN AL =)
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W Option #4 Cs/Sr Capsule Overpack

Reference size ~5” OD
Flask-type for loading the majority of capsules (2.6” OD)

Welded API NC38 connections
5.0 ODx 4.0" ID

19,800 psi collapse pressure
(Not to scale)

Canister may contain up to 8 CsSr
capsules end-to-end.

Design concept and drawing by J. Su, SNL/6916

DETENT FOR ELEVATOR =———> N

10

v

WELDED

/ END JOINT

CsSr CAPSULES
IN BASKET

¢ WELDED
END JOINT

Sandia
' WA T =S 5 A ¢ ;
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Overpack/Package Design Concepts Summary
l

11

Large canister bulk waste
(smaller version for 3-
capsule bundles)

Large canister bulk waste
(smaller version for 3-
capsule bundles)

Large canister bulk waste/3
capsule groups

Stacked Cs/Sr capsules
(2.6” OD) in canister or
basket

Stacked Cs/Sr capsules
(2.6” or 3.3” OD) in canister
or basket

~$10k
for
body

TBD

TBD

TBD

TBD

External flush
Standard API thread
Post-weld heat
treatment

External upset
(strong)

No welds in axial
load path

External semi-flush
No welds in axial
load path

External flush
Standard API thread
Post-weld heat
treatment

External flush
No welds in axial
load path

Welds in axial load path
Flask-type waste loading
limitations

External upset tubing hard to
find (Tenaris)
Sealing weld after waste loading

Lower collapse pressure
Smaller OD, less waste volume
Custom mill run

Sealing weld after waste loading

Welds in axial load path
Flask-type waste loading
limitations

Custom mill run
Sealing weld after waste loading

T VAN =%
UM | A o

National Nuclear Administration

Sandia
rl1 National

laboratories
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Deep Borehole Disposal
Waste Canister — Overpack Design Interface

Physical Environment for Waste Canisters (size,
weight, temperature)

Shielding Requirements for Waste Forms
Transportation Effects (remote disposal locations)
Overpack Closure Welding

Other Possible Interface Specs.

— Canister handling features (e.g., grapple for loading)
— Material compatibility

— Waste heat generation

— Canister fillers

Waste and Environment Data for Postclosure PA

I .
av

icloar Security Administration

v
=

|
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i

Sandia
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Safety of Disposal Operations

« DB Field Test vs. Potential Future Disposal System
— DBFT will have zero radiological risk
 Accident Prevention During Emplacement Operations

— DBFT engineering: safety analysis of emplacement that
discriminates between alternative emplacement concepts

« Downhole Failure Modes/Accidents (disposal system)
— Single canister drop in borehole (zero consequence?)
— Pipe string + waste packages drop in borehole
— Pipe string drop onto canister(s)
— Canister leak/crush
— Fishing operations (pipe string or wireline)
— External hazards (seismic, extreme weather; potentially

significant to selection of emplacement mode?)

/' YA Y =) 2&6 é‘ _;.--. . -‘.:_’.
13 NCSH @
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e _
Disposal Borehole and

Overpack Size Tradeoffs

Borehole and Canister Sizes >>>> Small Medium

- 2 to 8 capsules 3-capsule groups
Waste per Canister >>>> P psule group

end-to-end stacked < 8 high
Disposal Zone Hole Diameter 8.5” 12.3”
Disposal Zone Casing ID 6.4” 9.8”
Disposal Overpack OD 5” 8.5”
Disposal Overpack ID 4" 6.5”
Avail. Disposal Volume/Borehole (ft3) 460 1220
Disposal Canister Length (ft) 3.9to 15.6 3.9to 15.6

Canister Capacity 2 to 8 capsules 6 to 24 capsules

##f Waste Packages/Disposal Zone 968 to 242 323 to 81
Capsule Disposal Interval Height ~4,500 ft * ~1,500 ft *
Drilling/Completion Costs (SM) <20 * <25*%*
Borehole Cost/Disposal Vol.  (Sk/ft3) <40 * <26 *
(S/in3) <23 * <15*

Reference

Bulk

17”
12.6"
11"
8.5”
2,090
16.7

5.2 ft.3

400

40
19
11

Large
Bulk

22"
17.4”
16”
12"
4,170
16.7

10.4 ft.3

400

60
15
8

* Capsule disposal intervals are less than the length of 2 km (6,560 ft) used for borehole cost estimation, so borehole costs would be less.

14 BNVA SN
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e
DBD Flowdown to DBFT Requirements (1/6)

Waste Disposal Requirement Deep Borehole Field Test Requirement
1.1 Industrial Safety and Health
1.2 Radiological Protection
Radioactive Materials — Radioactive
sealed sources used for well logging
shall be removed from the site. No
other designated radioactive materials
or wastes will be used in the DBFT.
Test Design to Demonstrate
Radiological Protection Capability —
DBFT waste package handling,
emplacement, and retrieval shall
demonstrate that radiation exposure to
workers could be effectively limited.
1.3 Safeguards and Security Requirements
1.4 Quality Assurance Requirements

Radiation Exposure to Workers and
the Public — Waste package loading,
welding/sealing, handling, transport,
emplacement, and retrieval equipment
and operations shall comply with
applicable radiological dose standards
(e.g., 10CFR20). Engineered systems
shall maintain exposures ALARA.

- y TR m ﬁa?dla |
7 H ationa
15 ﬂ/’ \I’A A Y Laboratories
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DBD Flowdown to DBFT Requirements (2/6)

Waste Disposal Requirement Deep Borehole Field Test Requirement
1.5 Other Statutory and Regulatory Requirements
1.6 Functional Requirements
1.7 Operating Requirements

Material Control — Materials used in the Characterization and
Field Test Boreholes shall be restricted to those on a list
maintained by the Project Manager.

Material Inventory — Materials used in the boreholes shall be
logged, recording type, quantity, date of use, location of use,
and manner of introduction.

Water Tracer — All water (including makeup water for mud or
cement) that is used in subsurface operations or otherwise
introduced to the DBFT boreholes, will be tagged with a
conservative tracer that is selected so that the presence of
such water can be appropriately quantified in any fluid samples
recovered for analysis.

Sandia
National
Laboratories
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DBD Flowdown to DBFT Requirements (3/6)

Waste Disposal Requirement

Deep Borehole Field Test Requirement

1.8 Perfo

rmance Criteria

Disposal Borehole Service Life —
Borehole construction and
completion shall be designed with
service lifetime of 10 years, for safe
disposal operations and sealing.

Field Test Borehole Service Life — Design
service lifetime of the Characterization and
Field Test Boreholes shall be 10 years,
considering casing corrosion, creep, and
other significant degradation processes.

1.9 Borehole Design and Construction

Borehole Deviation — Waste disposal
borehole(s) shall be constructed so
that: 1) horizontal lineal deviation
does not exceed 50 m; and 2)
maximum dogleg severity
specifications are met (Table 2).

Borehole Deviation — The Characterization
Borehole and Field Test Borehole shall be
constructed so that: 1) horizontal lineal
deviation does not exceed 50 m; and 2)
maximum dogleg severity specifications are
met (Table 2).

Sandia
National
Laboratories
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DBD Flowdown to DBFT Requirements (4/6)

Waste Disposal Requirement Deep Borehole Field Test Requirement
1.10 Waste Packaging Requirements

Test Disposal Zone Pressure — Test waste
packages shall perform in borehole fluid
with minimum pressure from pure water
and borehole depth and maximum
pressure for with maximum fluid density

Disposal Zone Pressure — Waste
packages shall perform in borehole
fluid with minimum pressure from pure
water and borehole depth, and
maximum pressure TBD.

(Table 2).
Waste Package Factor of Safety — Test Waste Package Factor of Safety —
Minimum FoS for mechanical integrity | Minimum FoS for mechanical analysis
calculations will be based in part on shall be 2.0 with respect to elastic/plastic
DBFT results and is TBD. analysis with idealized geometry.

Sandia
ﬂ'l National

Laboratories
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DBD Flowdown to DBFT Requirements (5/6)

1.11 Waste Package Emplacement and Retrieval

Field Test Wellhead Preventer — Test

(The need for wellhead blowout waste package emplacement and retrieval

prevention equipment in waste shall be configured so these operations

disposal boreholes is TBD.) can be performed with a blowout
preventer stack.

Emplacement System Redundancy — | Emplacement System Redundancy —

Emplacement system shall have Emplacement system shall have

redundant means for holding packages | redundant means for holding packages
and/or drill pipe so that single-point and/or drill pipe so that single-point
failures cannot result in drops. failures cannot result in drops.

Sandia
ﬂ'l National

Laboratories
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DBD Flowdown to DBFT Requirements (6/6)

1.12 Borehole Sealing
1.13 Characterization Testing

Safety Basis for Testing — Testing, logging,
sampling, and other data collection shall
be directly linked to the deep borehole
disposal safety case.

Testing Baseline — Testing, logging,
sampling, and other data collection, and
the disposition of samples, shall be
specified in a testing baseline.

Test Interference — Surface and
subsurface testing activities shall be
evaluated prior to deployment to
determine whether they may significantly
interfere with other testing activities.

(Testing, logging, sampling, and other
data collection requirements for
disposal boreholes are TBD.)

Sandia
National
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DBD Flowdown to DBFT Requirements (6/6)

Controlled Design Assumptions

(Leakage control requirements for
waste packages during operations are
TBD.)

Test Waste Package Failure — For testing,
package failure is defined as loss of
control (e.g., dropping) of package(s) in
the borehole, or dropping of drill pipe on
one or more packages in the borehole.

(The need for directional drilling for
disposal boreholes is TBD, and could be
based on experience with drilling and
construction of characterization
borehole(s) at a future disposal site.

Dogleg Severity/Directional Drilling —
Dogleg severity will be limited to 2°/100 ft
in the top 1,000 m of the Characterization
and Field Test Boreholes, and to 3°/100 ft
below that (see deviation requirement).

(Maximum density of borehole fluid
when loaded waste packages are
present is TBD.)

Borehole Fluid Maximum Density —
Borehole fluid density is assumed to be
less than or equal to 1.3 [of the
pure water at in situ conditions.

Sandia
National
Laboratories
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Backup
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Cs/Sr Capsules

Capsule heat (2025)
Outer Length  Outer

Count Dia. (in.) (in.) Matl. Avg. (W) Max. (W)
Cs Capsules 1312 2.6 20.8 316L SS 95 129
Cs Capsules (overpacked) 23 3.3 21.8 316L SS 78 105
316L SS or
Sr Capsules 600 2.6 20.1 C-276 127 333
-—
23 SAND2015-***** Deep Borehole Disposal Engineering m ﬁlal:t]gd]r%tliries
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Deep Borehole Disposal Concept

upper, cased
sealing / plugging
zone

" YA T =3
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National Nuclear Security Administration
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—ava@e Systém Concept for Packaging, Storage,

<auiy \l i
Transportation & Geologic Disposal
L) Canister ‘Tf 3
loading/sealing Multi-canister & *)
Bulk overpack
waste

L |
o E Multi-canister
DBD , Al w transport cask
ackagin |

packaging : pEEEER. Storage casks

(hot cell,
on pad

’ welding) § « g

» Transport to
*  DBD location

Mined repository packaging Multi-canister
_ waste package
Deep .
borehole Mme.d :
disposal geo!oglc
(DBD) repository
25 AN i\
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Used Fuel Disposition Campaign

Handling & Emplacement Options
Study for Deep Borehole

John R. Cochran &

Ernest L. Hardin
Sandia National Laboratories

2015 UFDC Annual Working Group Meeting
Deep Borehole Field Test Session, June 10, 2015
Las Vegas, NV

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin
Corporation, for the United States Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000. SAND2015-4523 PE






Used
Fuel Objective of Study

Disposition

® Develop conceptual design options for handling &
emplacement of waste packages in 5 km deep boreholes
B Handling:

— Begins with onsite receipt of shipping cask containing a waste
package

— Ends with waste package locked in a receiving collar over the
borehole

— Includes equipment and activities
— Emplacement:
— Begins with waste package locked in the receiving collar

— Ends when waste package is safely released in emplacement
Interval

— Includes equipment and activities





Used
Fuel Near-Orbit Activities

Disposition

® This study will influence other FY15 activities, including:
— Disposal Waste Package Specifications
— Shielding and Transportation Analysis
— Emplacement Mode Hazard Identification and Analysis

M This study will be used:

— To brief subject-matter experts for the multi-attribute utility
analysis

— Subject-matter experts will recommend options to be presented
In the FY15 Conceptual Design Report





Used
Fuel

Disposition Waste Forms

® Primarily for U.S. DOE-title wastes including:

— Compact HLW such as Hanford’s Cs-137 and Sr-90 capsules

— Bulk HLW such as granular calcine waste from reprocessing at
ldaho

— Used Nuclear Fuel

B \Waste characteristics:

— Radiologically hot — up to 1,000’s rem/hour contact dose
— Thermally hot - up to 400 w per meter for Cs Sr capsules





Used Began Options Study with

Fuel

Disposition 2011 Reference Design

e 2011 Reference Design
for a simple and off-the-
shelf waste disposal
system that provides:

« reference for performance
assessment

» reference for costing

SANDIA REPORT
SAND2011-6749

Unlimited Release

Printed October 2011

Reference Design and Operations for Deep
Borehole Disposal of High-Level
Radioactive Waste

Bill W. Amold, Patrick V. Brady, Stephen J. Bauer, Courtney Herrick, Stephen Pye, and
John Finger

Frepared by
Sandia National Laboratories

Albuguerque, New Mexico 87185 and Livermore, California 94550

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia
Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of
Energy's National Nuclear Security Administration under contract DE-AC04-94 AL 85000.

Approved for public release; further dissemination unlimited.

[IE Sandia National Laboratories






Jsed 2011 Reference Design for

pDisposition Handling and Emplacement Systems

W 2011 reference design for waste handling and
emplacement based on Woodward-Clyde Study (1983)

B Woodward-Clyde (1983) draws on “Climax Spent Fuel
Test” (1978-1983) — Operational test where 11 UNF
canisters were transferred to vertical storage holes, in
the Climax Mine at 1365 ft depth on Nevada Test Site,
UNF canisters retrieved after 3 years





Jsed 2011 Reference Design for

Disposition Handling and Emplacement System

B Waste package arrives by tractor trailer in Type B shipping
cask

W Purpose-built Type B cask has doors at both ends
B Special rail car moves Type B shipping cask over borehole

B Waste package lowered through Type B shipping cask into
shielded remote handling area on top of borehole

B Waste packages assembled into strings of 40 packages

W String of 40 waste packages lowered by drill pipe to the
disposal zone






Used
Fuel

Disposition

Shipping Cask in 2011 Reference Design

Shipping cask on flatbed

trailer — note lid on each
end of the shipping cask

Cask Door Assembly Cradle

[Refer to Figure 5-13 Hvdrauhc Harn

for details | FCask uuuuuu Cask Door S ——— P
/:—-T nion / Assermbly |;P;"
”_ e L@ .

- ";; e H

Front C:adle—'/
Support

! Dieset Tractor
RN

= Leveling Jack SIDEVIEW N WoodWGI‘d—Clyde 1983





Used
Fuel Shipping Cask in Climax Study (1978-1983)

Disposition

Shipping cask on flatbed

trailer — note lid on each
end of the shipping cask






Jsed Lowering Waste Through Shipping Cask

Disposition In Climax Study (1978-1983)

Waste package being
lowered through shipping
cask into borehole,
leading to Climax Mine






Handling & Emplacement System
In 2011 Reference Design

136 feet
Emplacement rig floor
Is 49 ft above grade
Shipping cask
| Hoim . |5 — Rotary Table on rail car over
i o e borehole
Substructure
49 feet

I\. ‘1-- —— Vgoor Slide Shlelded remOte
0 handling area
(basement)

~— Pipe Hack

W,
N, f

b1
I N

R
Pl

Manhole Uility Corridor

ructural Cover Over Basement

t————— Basement

&
Scale. 1 inch = 20 feet ﬁ_. L::fde:t:ﬁsﬁigums Bo7ang 558 WOOdWGrd_Clyde 1983
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Used
Fuel Emplacement System in 2011

Sz st o Reference Design

for Basement —y
w

"~ At grade, shielded floor

24-inch Drilling Speol |

it
S R . Equipment in shielded
5 - o remote handling area
— ¢ . ad=—=m" ™ (basement) for assembling
s — f——— : and holding strings of 40
! T Lrj__f"?“'}%W““ disposal overpacks
qT. ] | — e |

24-inch D ||ne5pml—:-—E" L—”l_ﬁ l'- / Emplacement bOfEhOle

3.nch X 24-inch
Drifling Spogl ——————m{

| =l

I e

FIGURE 5-16

DETAIL OF EQUIPMENT IN BASEMENT WOOdWGrd-Clyde 1983
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Used
Fuel

Disposition

Remaining Presentation on
Conceptual Design Options





Used
Fuel Current Conceptual Design Options

Disposition

1. Drill-String Emplacement of Strings of 40 Waste Packages
= Undated version of 2011 reference system

= Remotely assembling 40 packages into string, lower string
with drill pipe

2. Wireline Emplacement of Single Waste Packages
= Lower single waste packages using wireline

= Same Waste Package for both options
= Developing conceptual designs of waste packages





Used
Fuel

Disposition

Waste Package Design Requirements

B Internal temperature: 480°F (250°C) or higher
B External temperature at 5 km: 338° F (170°C)
B Internal length: 17 ft (5 m)

B Maximum diameter: 11 in (28 cm)

B Exterior flush and free of sharp steps

B 12 inch shield on upper end

B Hydrostatic pressure at 5 km: 10,000 psi (65 MPa)
B Axial stress: 153,000 Ib (70 MT) (weight of 40 packages)

B Factor of Safety of 2.0

15





Used
Fuel Waste Package Stress Analysis

Disposition

153,000 Ibf
Axial Force

Waste Package
Design Analysis by
Jiann Su

SNL 6916

9600 psi
External Pressure

16





Used
Fuel

Disposition

Example Waste Package Conceptual Design
for Granular HLW

WELDED NC77 DRILL

PIPE THREAD—

FILL PORT (4.75” DIA)

10 34"
WASTE

WELDED NC77 DRILL

PIPE THREAD \

17





Used
Fuel

Disposition

Drill-String
Emplacement Option





Used
Fuel Equipment for Drill-String Emplacement

Disposition

1. Shielded, Remote Handling Basement
— Subgrade, shielded room wrapped around borehole
— 2510 30 ft deep below grade
— Triple blow-out preventer, power slips, mud handling, cameras, lights, etc.
— Receiving collar over borehole, ~ at grade
2. Emplacement Rig
— Rig floor 30 ft above grade
— 1,000,000 Ib capacity (string of 40 packages + 5 km drill pipe + FoS)

3. Transfer Carrier —rail mounted carrier to move waste package
over borehole

Control room — for command and remotely-controlled operations

5. Ancillary Surface Equipment — generators, mud handling,
cementing, shelter, toilets, etc.

19





Equipment Layout Similar to
2011 Reference Design

136 feet
Emplacement rig floor
Is 49 ft above grade
Shipping cask
| Hoim . |5 — Rotary Table on rail car over
i o e borehole
Substructure
49 feet

I\. ‘1-- —— Vgoor Slide Shlelded remOte
0 handling area
(basement)

~— Pipe Hack

W,
N, f

b1
I N

R
Pl

Manhole Uility Corridor

ructural Cover Over Basement

t————— Basement

&
Scale. 1 inch = 20 feet ﬁ_. L::fde:t:ﬁsﬁigums Bo7ang 558 WOOdWGrd_Clyde 1983
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E;’j’gf’ Handling Steps for

Disposition Drill-String Emplacement

B \Waste package arrives in purpose-built Type B shipping
cask on a flatbed trailer

M Radiological surveyed & “reciept” paperwork

B Remove impact limiters

M Use crane to bring shipping cask vertical

B Place shipping cask on transfer carrier

B Move cask to borehole, lower onto receiving collar

M Secure to receiving collar

21





Used i .
Fuel Removing Impact Limiters

Disposition

Removal of typical impact limiters (photo courtesy of Waste Control Specialists)

22





Used
FS; Emplacement Steps for

Disposition Drill-String Emplacement

B Remotely open upper door on shipping cask

B Attach drill pipe to threaded connection on waste
package

m Slightly lift waste package
B Remotely open the lower door on the shipping cask
M Lower first waste package into basement with drill string

B Grip package with power slips and elevator ram
(redundancy)

B Remove drill pipe and shipping cask

B Optimistically assume one package per day

23





Jsed Emplacement Steps for

Disposition Drill-String Emplacement

B Bring second waste package

B Remotely open upper door on shipping cask, attach drill
pipe to threaded connection, lift slightly, remotely open
the lower door on the shipping cask

B Lower waste package into basement with drill string
B Screw second waste package to first waste package
B Release power slips and elevator ram

B Lower both waste packages by one-package length

B Grip upper package with power slips and elevator ram
B Remove drill pipe and shipping cask

24





E;’j’gf' Emplacement Steps for

Disposition Drill-String Emplacement

B Repeat 38 times, until string of 40 packages is hanging in
hole

B String is 220 m (715 ft) long, weighs ~153,000 Ib

B Use drill pipe to lower the string of waste packages to
disposal zone

B Use both slips and pipe ram to hold each string of drill
pipe, when adding next string of pipe (redundancy)

M If using 90 ft stands of pipe - repeat 172 times

B Assuming 7 minutes per 90 ft stand of drill pipe, ~ 20
hours to emplace the string and ~20 hours to trip out

B Set cement bridge plug
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Used
Fuel

Disposition

Wireline Emplacement Option





Used
e Equipment for Wireline Emplacement

Disposition

1. Blow-out Preventer Shielding Room
— Double BOP at ground level, with mud handling and cameras

— Build shielded room wrapped around and over BOP

— Shielding room ~ 10 ft tall
— Receiving collar over borehole ~ 10 ft above grade

2. Boom-Type Crane —to hold wireline sheave over the
borehole

3. Wireline Hoist — Standard wireline truck with 20,000 ft of
0.488” diameter, double-armored 7-conductor electric

wireline

4. Ancillary Surface Equipment — generators, mud handling,
cementing, shelter, toilets, etc.
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Used
Fuel

pisposition Handling Steps for Wireline Emplacement

B Similar to steps for drill pipe emplacement — but there is
no transfer carrier

H Crane lifts shipping cask from flatbed, and places on
receiving collar

M Secure to receiving collar
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E;’j’gf' Emplacement Steps for

Disposition Wireline Emplacement

B Remotely open upper door on shipping cask

B Attach wireline cable head to waste package

m Slightly lift waste package

B Remotely open the lower door on the shipping cask

B Lower waste package to emplacement interval (~ 3 hours)
M Electrically release waste package

B Remove wireline and shipping cask

B After 40 packages are emplaced, set cement bridge plug
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Used
Fuel Summary

Disposition

B Reviewed 2011 reference design for handling & emplacement
M Discussed design criterial for waste package
B Presented example of conceptual design of waste package
B Described two conceptual design options:
1. Drill-String Emplacement of Strings of 40 Waste Packages
2. Wireline Emplacement of Single Waste Packages
B Summarized equipment needed for each option
B Summarized handling & emplacement steps for each option
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