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Yucca Mountain Site Facilities

* Include
- Main and cross tunnels at Exploratory Studies Facility

(ESF) (approximately eight miles)
- Facilities at both North and South Portals

- Utilities systems (water, power, sewer, ventilation,
communication, fire detection and alarm system,
underground rail transportation)

- Network of paved and unpaved roads

- Parking and presentation areas on the Yucca Mountain
crest

- Boreholes, trenches, test facilities
- Laydown areas

Department of Energy aOffice of Civilian Radioactive Waste Management
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Current Yucca Mountain Site Facilities

North Portal Facilities
_* Two permanent structures

_ . 121 temporary structures
- Trailers

- Cargo containers

I_ _ - Tents (fabric covered)

* . 225 full time employees

Department of Energy * Office of Civilian Radioactive Waste Management
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Subsurface Improvements

A OCRWM has focused
funding for 2005 - 2008
towards safety
improvements for
underground workers
through investment in
underground systems
upgrades

. Department of Energy *Office of Civilian Radioactive Waste Management
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Underground Electrical Maintenance

*Preventative
maintenance (PM) of
mine power centers
recommended by an
independent assessment

.PM is necessary to
preclude equipment
damage and early failure

.Completed in fiscal year
(FY) 2005

Department of Energy *Office of Civilian Radioactive Waste Management
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Underground Fire Alarm Detection and
Suppression System

Serves as a means of
detecting underground
fire, providing notification
to personnel, and
improving fire-fighting
capability

. Need identified in a 2004
Fire Hazards Analysis

* Satisfies the requirements
of National Fire Protection
Association (NFPA) 72
and 502

* Currently being installed
-^ I, f
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Underground Lighting Upgrade

* Based on results of an
independent assessment,
recommendations made to
complete modifications to
the lighting system and
implement a
maintenance/repair program

* .Necessary to ensure
_ 3continued reliability and

operability for at least the
next 5 years

* In process

W Department of Energy *Off ice of Civilian Radioactive Waste Management
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Underground Ventilation Improvements

An independent
assessment,
recommended
modifications to the
ventilation system and
implement a
maintenance/repair
program

* .Necessary to ensure
continued reliability and
operability for at least the
next 5 years

* In process

A74P} Department of Energy sOffice of Civilian Radioactive Waste Management
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Ground Support

* An independent
assessment
recommended
- Implement additional

ground support controls
in certain areas

- Implement a rockbolt
maintenance program

* In process

YMWadeACNW_041906.ppt
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Conveyor System Removal
To reduce the fire load
underground and
improve safety, removal
of the tunnel boring
machine (TBM) muck
conveyor system was
recommended in three
phases:
- Belt removal

- Surface sections removal

- Subsurface sections
removal

* Surface structure and
cross drift belt removed;
remaining belt removal
in process ,_

'_ eatmn fEegy Ofic ofCvla.aiatieWseMngmn
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Future Subsurface Upgrades

* Underground electrical distribution system
- Upgrade planned for FY 2008

v Underground rail improvements
- Upgrade planned for FY 2007

* De-mobilization of the Alcove 5 Heater Test
- Planned for FY 2007

* Remove and dispose 16 foot-diameter tunnel
boring machine in the Enhanced
Characterization Repository Block drift -
Planned for FY 2008

Department of Energy sOff ice of Civilian Radioactive Waste Management
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Surface Facilities Improvements

* To address declining
condition of temporary
structures and utilities at
the Yucca Mountain site,
OCRWM has focused
funding in fiscal years
2006 and 2007 to
construct new structures
and utilities

i 7Department of Energy *Office of Civilian Radioactive Waste Management
YMWadeACNW-041 906.ppt
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Gate 510 Current Condition

. 100 ft2 bullet resistant
enclosure (BRE)

. -No wastewater disposal
system

t . No potable water source
d* No badging capabilities
* _No hazardous material

tracking capabilities
=* No training verification

capabilities
_* No visitor/vendor waiting

areas
. No Ranch Control

%Pcap1 cAbI II LItie'
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Gate 510 Proposed Plan
9300 ft2 facility to be

== constructed adjacent to
existing Gate 510 Guard
House

* New Gate 510 functions
PA include:

Enhanced security and
access control

- YMP badging
- Ranch control for the site
-- Training verification
_- Visitors/vendors waiting

area
- Hazardous material tracking

IComplete by 12/06
FCILITY - PROPOSED SITE PLAN
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Site Access Road - Current Condition

Constructed in early
1960s

Minimal sub-bed

Deteriorating asphalt
surface

Poor drainage

Continuing maintenance
and repair

Indirect route to ESF
with several 900 turns

YdDepartment of Energy *Office of Civilian Radioactive Waste Management
YMWadeACNW_041906.ppt
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Site Access Road Improvements

f Examining alternatives
i~ .___for a new direct route to

-E_.ESF
- - W ,,,.t l- * no

_ .* Eliminates 30% of
-. _ ___current distance and

-7p k Z - -- majority of 900 turns

__ En hanced safety
E'7e

Construction through
_ii 1 1 1 - _ - - U.S. Army Corps of

ZzzzzinEngineers
ROM Initiate construction

following NEPA
- DRFT -decision

tment of Energy *Off ice of Civilian Radioactive Waste Management
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Yucca Mountain Crest Road
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• Current road to Yucca
- Crest has grades up to 25%

* Safety risk for existing
- Vehicle transit is addressed

with mitigations

• Topography does not
- Allow engineered

improvements to existing
road to meet grade
requirements (<8%) for vans
and buses
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Current Yucca Mountain Crest Road
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Yucca Mountain Crest Road Improvements
_ Examining alternatives to

develop a new crest road
connection

* Start from vicinity of sub-
dock area near North Portal

_ Road aligned east of Yucca
Mountain
(approx. 1.3 miles new road)

lIntersect existing road at the
crest

en : a Improve road along Yucca
Mountain crest

* *Maintain <8% grade
cog

Department of Energy * Office of Civilian Radioactive Waste Management
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Exploratory Studies Facilities -
Current Conditions

Warehouse and craft metal
fabrication functions located
in tent structures on the
North Portal pad

_ .Other craft activities
performed under corrugated
metal sunshades

_ .Work environment not
climate controlled

_ .Aged and deteriorating
office space for professional
contractor staff

_ 45 minute minimum
response time for fire and
rescue services

| ~Department of Energy -Office of Civilian Radioactive Waste Management
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Lower Muck Yard Complex - Proposed Plan
Examining alternatives to
relocate warehouse and craft
shops to new facility adjacent
to the North Portal Pad on
previously disturbed land

l_* Cnstruct and equip
approximately 8000 ft2 new fire
station- completion by 12/06

1 .Construct new (approximately
30,000 ft2 each) craft,
warehouse, and administrative
office buildings
Craft, warehouse, and
administrative facilities
complete in FY 2007

Department of Energy sOffice of Civilian Radioactive Waste ManagementW YMWadeACNW__041906.ppt 21



Lower Muck Yard Complex -
Proposed Fire Station

SFSy

NIUTH
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FORE STAnoM rACWY - ELEVATIONS

* Six-person fire and
rescue crew

* Two medical
personnel

* Full fire response

* Range fire response

* Technical rescue

* Medical facility

o I

FIRE STATION FACIMU - PROPOSED FLOOR PLAN

22
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Offsite Power to Lower Muck Yard - Current Conditions

. Current power provided
by 69 kV line from the
Nevada Test Site (NTS)
grid

. Only remaining 69 kV
line on the NTS

* Limited to 10 MW total
power

* Cost is 21-25 cents per
kilowatt hour
(>2M dollars/year)

.Single-point failure

YM DeartmenWt 23Energy .Office of Civilian Radioactive WasteManagement
Ymwade_ACNW -041906.ppt 23



Offsite Power to Lower Muck Yard - Proposed Plan
.Examining alternatives for

best method to bring 138 kV
_ _ t line on site from Lathrop

___ $Wells switch
+ - Negotiate preferable utility

__ - use rates with utility vendor
_Construct 20-25 MVA (mega

___ =volt ampere) substation at
Lower Muck Yard

_ _: . Provide reliable power to
North and South Portals

: -&iPOWER SUPLY

E CE .P Scheduled for completion in
F -'- °FY07

Department of Energy * Office of Civilian Radioactive Waste ManagementW YMWade ACNW_041906.ppt 24
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Batch Plant
The ability to batch cement on
site will be critical to future
upgrade projects such as
- Grouting the subsurface rail

system
- Pad and foundation

construction for future
facilities

- Completion of subsurface
ground support project

Aggregate crushing and
screening capability will be
required for use of material
from the muck pile or other
sources

- 1 .-
' Department of Energy aOfficeof Civilian Radioactive Waste Management

YMWade.ACNW_041906.ppt 25



Communications Upgrades - Current Conditions

_ Currently provided via
analog microwave
transmitter at North Portal

_ -pad and interfaced with
Nevada Test Site
microwave system

* Functioning at maximum
operating rate of 1 Mb

. Extremely slow

* Single-point failure

'~ P/ Department of Energy *Office of Civilian Radioactive Waste Management
YMWadeACNW_041906.ppt 26
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Communications Upgrades - Proposed Plan

. Initial phase - install digital
line-of-sight
communications
infrastructure

. Increased transfer rate to
40 Mb

. Improved radio
communications

_ Eliminate single-point
failure

. Phase 1 complete by 11/06

Department of Energy sOff ice of Civilian Radioactive Waste Management ' m
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Proposed Office Locations
j3l8miles) Toensure mission focus

for field assets, OCRWM
is transitioning Las
Vegas-based leased

UWE ;facilities to rural
TrustLandslocations

::iiiiii:CalienteCorridor \t Srns < || Y /

9insting - Pahrump and Caliente
Statehighway facilities in FY 2006

1 Federally recognized Native | AruAmerican bands Remaining>
Amea chlight - Remaining facilities

transitioning at the end of
40 0 40 Miles *lease period

50 0 50 Kdorneters

(approximately 2010)
according to a strategic
facility plan

cIO
V Department of Energy *Off ice of Civilian Radioactive Waste Management
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Cooperative Agreement
Nye County Early Warning Drilling Program
* A Cooperative Agreement is a grant that allows

substantial participation by
(DOE. 1 OCFR600.1 00-200)

* Nuclear Waste Policy Act (NWPA) 1982 The secretary
shall make Grants to ... Affected Units of local
government.. . To engage in monitoring, testing or
evaluation activities. (Sec 116)

* The fiscal year for the Cooperative Agreement runs
from April to April, their FY06 Program has just been
reviewed and approved

* The Project provides funding "in kind" services
where these make sense, such as curating samples
in the Sample Management Facility

¢lW Department of Energy eOffice of Civilian Radioactive Waste Management
YMColemanEWDPACNW-041906.ppt 2

- - C C C



Cooperative Agreement
Nve County Early Warning Drillina Proaram

(Continued)

* Scope of the Cooperative Agreement
- Work Element 1: Ventilation Related Studies

- Work Element 2: Alluvial Testing Complex - No activities

- Work Element 3: Independent Scientific Investigations
Program (ISIP) Wells - Finish drilling, sampling, and
testing of well NC-EWDP-32P located in the Fortymile
Wash braided channel approximately 2 miles south of
Highway 95. Complete a Horizontal borehole that spans a
major fault system down gradient of the Repository

- Work Element 4: Geologic Sample Analysis - Determine
hydraulic properties of alluvium geologic samples
collected from the new boreholes drilled in ISIP fiscal
year 2006-07, and a surface outcrop near Site 10 in
Fortvmile Wash

Department of Energy *Office of Civilian Radioactive Waste Management
YMColemanEWDP._ACNW_041906.ppt 3



Cooperative Agreement -

Nye County Early Warning Drilling Program
(Continued)

- Work Element 5: Water Chemistry Monitoring -
Implement a long-term groundwater sampling and
chemical analysis plan for EWDP wells

- Work Element 6: Water Level Monitoring - Conduct
groundwater level monitoring in both EWDP wells and
selected regional wells in Amargosa, Pahrump, and
Stewart Valleys

- Work Element 7: Surface Geophysical Surveys -
Conduct a surface resistivity geophysical survey to
better characterize the poorly understood Highway 95
fault system on the northern edge of Amargosa Desert

g Department of Energy *Office of Civilian Radioactive Waste Management
YMColeman_EWDP_ACNW_041906.ppt 4
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Cooperative Agreement
Nvyn Cnunty FnrIv, Warninn rlrillinr Prnnram
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(Continued)

Work Element 9: Nye County Tracer Tests - Conduct
natural-gradient cross-hole tracer test at Site 22

Work Element 10: Regional Geological Characterization -
Continue regional geologic mapping activities to identify
potential fast groundwater pathways from the Nevada
Test Site to Amargosa Valley, with emphasis on the area
along Highway 95 between Mercury and Lathrop wells

Ii2%u_
Lu/ IInErt L nt 11 nf I ~ y '.JI 1I.~ LIEff~n n 11a >rOlinELivaL MR - -0- - I- - -

YMColeman_EWDP_ACNW_041906.ppt 5



Nye County Department
of Natural Resources and Federal Facilities

Independent Scientific Investigations
Program Review

Prepared by
John D. Campanella

169th ACNW MEETING
APRIL 18-20. 2006

. John D. Campanella

* BS Chemical Engineering
* 25+ years experience in Oil and Gas Industry

* Production work included well design and single-
and multi-well testing with pressure measurements
and chemical tracers.

* Reservoir engineering experience includes:
- Developing models for large oil and gas fields (200+ wells).
- Preparing a detailed fracture flow network model for a giant

oilfield (1 5001 wells) which was validated using actual field
performance.

- Simulation studies of dozens of oil and gas fields around the world.

AMY Co-tny Defpofmenl ofNoh-rnI Reso-,ue ond Federt Fndlitldes

What do I do for Nye County

* Assist Nyc County with independently gathering and
verifying "Ground Truth" data, such as:

- EWVDP well planning and design

- Plump test design, data gathering and analysis, using the latest methods
developed for oil and gas wells

- Chemical tracer test design, data gathering and analysis.

* Analyze well tests to improve system models.

* Evaluate technical data and methodologies used by the
DOE, YMP, LBNL, USGS and other researchers.

Mj Comdy thnp at..l nfNo rat Re.,0o1rc wsd Federl Fcitlles R

Presentation Overview

* Update on EWDP Drilling Program
- Phase V Vells
- Location and Completion Information

* Tracer testing at Site 22s
- Tracer Testing Implementation
- Preliminary Results from numerical modeling

* Office of Science and Technology & International (OSTI)
- Tnstallation of U-tube in NC-EWDP-24PB

* Proposed Horizontal Well

A5et Co..y D~qxflm cot of Nhrool Rmlo, ms nd dFeterol Fnifimes l
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EWDP Goals
*Characterization of potential flow pathis between
Yucca Mountain and Amargosa Valley.

*Reduction of uncertainty in DOE Yucca Mountain
Project (YMP) performance assessment models.

*Support of groundwater monitoring network
design.

?.Iye Co..fy bp,ft-t qf Nof,,w Rrsomocs..dFedrn Focdiires

C

Early Warning Drilling Program
(EWDP)

* Begun in 1998.
* Major part of Nye County's Independent

Scientific Investigation Program (ISIP).
* Funded through cooperative grants from DOE.
* Data collected under formal QA program.
* Data shared with all interested parties through

Nye County Technical Reports and web site.

NMt Co-ofy Depl-toewo of Noho, tdRe-.ees oodrederel Fociliies

Major EWDP Activities
* Drilling, geologic sampling and logging, and well

construction.
* Borehole and airborne geophysical logging.
* Aquifer pump testing.
* Groundwater chemistry sampling and analysis.
* Groundwater level monitoring.
* Lab testing (i.e., hydraulic parameters) of geologic

samples.

Nyo Cmtory DepIemHeot of Nhol Resoo,-ces. pd Federol FaCalres ON
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EWDP - Phase I - IV Wells
........... ............. .... . . ; . .. .S

8 _I_ * ~ i- * ,0 -- OkAale
... . I

Nyo Coo',7v Dp.He,, of Naheol Resource, and Fedeal Fad lihies

Map of Phase V Wells
EWDP Phase V Well Completion

Summary Information

Appioaob . -

w.n tD D011tneg Taut Op Me Se en d Sand Paek ftthlogy at
Well Type Conph~oa DWPth W*I.Ede IDa t hr FM ofIohIoMl(a Sand Pack

ca-ut rb (foot. b(ea (hat b9 4 (gat. b9g.
22PC Ptalo, t i1i2004 m3. 0o 472 510 0:579.8 505.2 705.1 ANW-

13P P-oola 7/28/2005 1559.0 433 4260.46600 41990.471.0 AaM,,n
241`5 PWOeoot, Y2b12006 1394.1 404 729.2 769.9 723.1. 776,9 Tat.y T.0

2108-2499 205.0.2540 A.MAo
33P Piaola Y7o/20 657.0 204 4645.5236 41760 .5Zt 0 A1.A-

600 9.640.0 5910.r657.0 AN~,
Tb D T3D TbD

32P Plrzonmer ht0 P-5S 10D0.0 245 TBO TdD 1T0
_ Tb'D TdD T6D

Official prefix of all new Nye County Wells.

b Below ground surface.

To be determined.
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Tracer Testing at Site 22S
Implementation and Preliminary Analysis

N7Y County Drorlnent of ,Voh-I Rorsoroe ordFederl Focilities

A K O(I-%%JL A %-.VLIIIX~Jr *1

* Reduce uncertainty in the saturated zone transport
parameters.

* Provide estimates of effective flow porosity and
longitudinal dispersion.

* Investigate possible existence of stagnant layer.
* Investigate possible hydro-stratigraphic layer

communication

Nyu Counry Dopertm1n of Nonoul Resources ndedenl1F'cilitie O

Tracers
* A total of ten fluorinated benzoates and salts were

injected as conservative tracers
* Lithium was used as a cation for one of the halides

(LiBr) and additional Li mass was added
* 1.5 kg of 2,5-DFBA was used as qualitative tracer

for investigating stratigraphic communication
* 2+ grams of Fluorescent Microspheres were

injected

Nyu County Deparoute. of Nfhtra Resomms and Fedewol Focilihes Q I

Tracer Testing Methodology

* Utilize and build upon previous NC-EWDP-22S
test results.

* Two Single Well Push/Pull Tracer Tests were
Performed at NC-EWDP-22S.

* Multi-Well, Cross-hole Tracer Tests were
conducted in at Site 22 during January of 2005
with Multiple Tracers

CeCoy Dep-thml ocdlaher
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Site 22 Plan View I Tracer Testing at Site 22S I

Nyev Cootry De.H- vfNa~ftrdIRese.,.aW dd FrdmIFaciities (-E
I
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Tracer Test: Pumping Well and Sampling Trailer
I_ . _ rsm=~

Tracer Test: Generators
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Tracer Test: Chase-Water Tanks

, .7 7
r 4

.- I.
; : 4 .

Tracer Test: Discharge Line
- - - - r , -

AW Comhfy Deped'h~eeI ofNehorl R JOI~rJ oedFelFade,
-

Site 22 Plan View
liijecion Wel

\ Is 5et(ID ..

N
22PB

ZONES AND SCREEN DEPTHS
___ ~SITE 22 WELLS___

-t- - I-n

* ma.a n * pS . r n .1

ft S.*- |S fl* WV N

22S
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Tm pqurw Tncrf a nra Vii mm n

* Multiple tracer tests have been conducted in the saturated alluvium at Site 22
in lower rorttyile Wash.

* Non-sorbing solute tracers with differing diffusion coefficients were used for
two consecutive single-well push-pull tracer tests, beginning in December
2004.

* Single-well tests were followed by two multi-well cross-hole tracer tests using
conservative, reactive, and microsphere tracers, beginning in January 2005.

* Preliminary analysis of the tracer tests using both analytical and numerical
simulation indicates that diffusion into immobile water was minimal or
nonexistent. and that a fast flowpath exists between one of the injection wells
(22PA) and the pumping well (22S) in the shallow alluvial aquifer.

* A long pumping interruption between the two cross-hole tests allowed the
natural groundwater drift to move the tracer plumes.

* The tracer response curves contain information about the site's natural
gradient magnitude and azimuth.

N)Y Co.nty Depnrtnrent of Nann- Reouwres and FrderalrFatefies

Office of Science and Technology &
International

OSTI U-tube Installation in NC-EWDP 24PB

Z'Aac'
NY County Department of Nahtral Resource, and Federal Fadities g

For U-Tube sampling, downhole equipment consists of two
stainless steel lines, leading to a downhole check valve, and a

, O*O'>I filtered inlet mounted below a packer.

The check valve pennits native fluid to enter the U-Tube, but
prevents its return back into the formation. Using high-pressure
ultra-pure nitrogen applied on the drive tube, the check valve
closes, and the fluid is forced up to the surface.

An evacuated high-pressure cylinder located at the surface
termination of the sample tube collects fluid samples at in situ
pressures without exposure to external contaminants, such as
oxygen.I. -H-
.- 7-

Njn County i~eportntens of Natnral Resources aind Fepderal Fachtihes e~

NII Cy - I creel

A)Y Coaunry D reMMtnttoM n vf adia Ne~twuces stud Fetderal Facilities 0 Il
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Nv. Co-.~ty Dep~rt~.-t ofNohw~ R.so-. a Ford h. ,
Nv. Cm.roy flpoooI fho ~s~vsodFedorolFocilifio,.-

Proposed Horizontal Well

Goals and Background Information

.o,, R,.t x.d d-

How Have We Investigated Large Scale
Flow Features?

* Drifts
* Vertical wellbores
* Large scale geophysical measurements
* Geochemical analysis
* Tracer testing
* Lab testing of rock and fluid interactions
* Data integration and modeling

ayv. Coooty bopw.tn.-t of Noh-fre Resooems nod Fed.oro Foihfes 4 1
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Several Key Hydrogeologic Features Are
oI;;; G~us 'v'v'e; UnluvrstuuU:

* Hydraulic properties of major block bounding
faults

* Impact of fracture frequency, fracture
mineralization, and matrix fracture interaction

* Connection between the tuffs, alluvial and
carbonate systems

* These features can impact radionuclide transport
time by thousands of years

How Do We Cost Effectivelv Reduce The
Uncertainty?

* We need to:
- Intersect faults in saturated zone
- Quantify fault and fractures
- Obtain geophysical measurements
- Obtain hydrogeologic properties
- Allow for future access and long term monitoring

* Horizontal wells fulfill these requirements

N~yv Cm. 0,,i eparhene~t of Mh,,o R,,,.,r,mY.Fede.oI Facdiies , M-e CorwtyDep,.tment of NahtnIRejo,,,c amd FcderotFacilities T

Different Well Types
Why Go Horizontal?

* Improved well productivity

* Better connection to fractures and vertical features

* Obtain detailed information over larger scales
through vertical fractures or faults that are poorly
identified in vertical wells

MV~ Co,,rny DeparmeaOf oNwuri Reyo~oce and Fedmerfd~o,~es 0 ffl) Co.f (onVo fNo,- )o,-~,odedn~di

13
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| T !4Introduction

reAp~I Ttvin.a "i-i * Kegional Hydrogeologic Setting
- Death Valley Regional Flow System (DVRFS).

* Over the last 15 years, horizontal drilling for oil - Yucca Mountain Site Scale Model.
and gas has exploded * Local Hydrogeologic Setting

* In 1987, 51 horizontals were drilled; by 1997, the * Early Warning Drilling Program (EWDP).
number was 4,000! - Overview of the program and some geologic results

* Major horizontal well areas include Alberta and insights from EWDP.
Canada, Texas, and N Dakota * Goals of Proposed Horizontal Drilling

* Through 2000, there were 23,385 horizontal wells - What questions are we expecting to answer with the
in the US, 9,655 in Canada proposed wells?

- Cross Sections with Proposed Horizontal Wells.

NAla Co,.ny r oft.'h1r- Rw.=cns and FderatFodeim s F Iifr Cnty C d.. ly D ofN.h.IRcso.-1rscs a.d FederwI Fnc ties

Regional Hydrogeologic Setting Regional Groundwater Flow
.;: Southwst cMost of the groundwater
.\ I flow is fed from the North

'L. g *tE Paleozoic Carbonate t a Northeast.
Province.\ Discharge areas to south

*Structurally within the Qr/adsuhet
, rWalker Lane Belt at the

and SEmarginofthe T*. a.
-- -, ~ --- Basin and Range Province

*Within 'The DVRFS -:
. A- YMP Site-Scale Model is

f tin the south-central of the
e . ~ f . dr FNr aFDVRFSadihies

Vyv Cm try &ar~entnr orfo.lrnlResolwm1.. rnfedffvl Facilifa s s f rwN)% Counry &1rrfrhenr of Nohm/ Resolarej ndt Frtferal Fnailitfes
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Local Hydrogeologic Setting

At Yucca Mountain:
- Saturated zone in lower section

of UVA (Topopah Spring Tuff).
- Flow occurs predominantly in

UVA and LVA discharging into
. ' .e *-..-. the VFA (alluvium) toward the

south and southeast.

z r *, _Underfiow may occur at
depth.

* Nye County is concerned
primarily with shallow
accessible aquifers.

Local Hydrogeologic Setting
G* roundwater flow driven
from steeper gradients to
the north and northwest.

Much flatter apparent
gradient in Yucca

,1. .Mountain/Fortyinile Wash
'1 1 *X ffi~~i J area.

Bail8 ok- 1 *Southeasterly apparent
flow direction may be

intle pe by north-south
4-4-- .-2.1- i, steep faults.

7 '' sDepnr~mt offth-IResmlrcrs d Fedeml Facifidia

-I .., - -

œson
Nyt Cor,,y Deparfr. eof~srh~mlRew.,rcsosd Fed"I dFifihes 1

Aeromagnetics
DIMLNX, _ inVertical Gradients In EWDP Wells

U *-.

ii-
0 ,t 0 h. A ~ "Xk.�j-1Al,

Nye C-0ssl Dspse*-ts qf Ns-h"r R-,s,,ee -IsdedrIiffnssdIt, e I
LZ ~
M). C-e-ay Dep..ls-r of Noh-IReso,,rcs od FadendF -,ohh 0 9
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Gravity/l
ji jfP ,_

Depth to Pre-Cenozoic

Li-'

A~vCotyDpHe ofthI nm 4.d Fe- c* fe

Some Major EWDP Findings

* Permeability of alluvium and underlying volcanic
aquifers can be very high.

* Upward hydraulic gradients generally observed
from deeper to shallower aquifers. Local large
downward gradients at paleospring well sites.

* Focus of flow likely occurs in Fortymile Wash
alluvium due to permeability contrasts.

* Particle size distributions of alluvial samples is
significantly different in saturated alluvium drill
cuttings and core samples. Sonic coring is the best
(only?) method to sample saturated alluvium.

Nye Cowuny Dap.Hmnle' of Natn tm Rsovos aodFeder-l Foilijies

Some Major EWDP Findings (cont'd)

Layer cake hydrostratigraphy at Yucca Mountain
does not exist at Highway 95. Continuity of
volcanic aquifer units complicated by:
- Buried older faults in volcanic units at Highway 95 and

several miles north of Highway 95 likely complicate
flow paths (longer and more convoluted).

- Older growth faults likely either terminate major
ashflow sheets or create abrupt textural/facies
boundaries.

- Structures also provide "plumbing" for large upward
hydraulic gradients.

- Vertical gradients can be orders of magnitude larger
than horizontal gradients.

tMwr County Derrmeot of NahrmI Reso'Mws ad Fedeml F-ihdes j

The Bottom Line

* Flow in the volcanic aquifers likely occurs in
structurally controlled compartments.

* Flow in alluvial aquifers is controlled by textural
units (channels) and likely affected by local
vertical gradients near underlying faults.

Nye Coanty Deporther ofNh, rof Resoaa, aondFe.deroFodftdes I
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Proposed Horizontal Wells
t~vi<'5 {\ .U. T! . -

'1 X -*Modeled flow paths
i ,dependant on poorly

constrained hydraulic
f gradient.

Flow occurs in areas of
variable upward vertical

7 gradients.
4, * Modeled flow is apparently

unaffected by large vertical
structural features.

Proposed Horizontal Wells

Cost-cffectively test large
faults within the projected
flow paths from Yucca

4  4e 1 .Mountain.
* Determine hydraulic

p !-properties of structures for
40W 0 * J future updates of models.

'OW=0 * Better align monitor wells

K) 1\.. with flow path.

'W Comty DeparfmenioffNhnmlReRoures a,,dFedrlFaciiesiON

Geology - PHW-1, -2 and -3

-_ - --.
MeC~wDpol eto Nhrl eooe ndFdea acbe

Proposed Horizontal Wells
Method

* Drill, complete and test two
,'J / i horizontal wells

,. approximately 6 km
southeast of the repository
that intersect three major
faults systems: Dune Wash,
Bow Ridge and Paintbrush
Canyon Faults.
Drill, complete and test a

- third horizontal well across
}) 1 > the Highway 95 fault system.

h5v C-naty DOpa1tmest qfNafa ,aJ and Fdeal Fcitirn NAv County Dbp-rtn-ent of ArhIrnl Resoums ad Fedeal Fralirt1e )
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PHW-1 and PHW-2

.

I
I
I

PHW-1 and PHW-2

* Both drilled vertically to 100 ft below water table (-1200').
* PHW-1 drilled east through the Paintbrush Canyon Fault. Fault

recognized lithologically as a gouged and brecciated contact
between Topopah Spring Tuff and Bullfrog Tuff.

* PIIW-2 drilled west through the extensions of the Bow Ridge and
Dune Wash Faults. Faults recognized lithologically as gouged and
brecciated contacts between successively stratigraphically higher
subzones within the Topopah Spring Tuff.

* Faults will also be located and characterized by geophysical
methods including high-resolution resistivity imaging and sonic
imaging.

Aty Co.,nry Depafrh-en of NaforoI Reou ms nnd FedrrIFnifdh T

Eao T CMcdT

13 rwro " n 2-

-7J

Nye Coomvy Do,* .e.of ifhVoInRoo Rem s .nd Federed Faciftide

PHW-3

_T / 3Z-1$ - -*,*t ,1 WI1
I!.

PHW-3

* Drilled vertically 100 ft below water table (-425 ft), then
drilled south through the Highway 95 Fault. Fault
recognized lithologically as a gouged and brecciated
contact between Site 19D "Topopah Spring Tuff" and

* PHW-3 (alternative) drilled vertically to approx. 1500 ft
into the Crater Flat Group then south through the
geophysically imaged Fortymile Wash Basin
Fault/Highway 95 structural high. Faults recognized
lithologically as deformed and likely altered contacts
between Crater Group units and successively older rocks.

Ny Coseefy Deparhn nt of Nnhof Roeoces nod Fedmi Fdcfiies % I

M .s----

mm T Au-e __ tI, -
I ,, 2=.- -

Nyr Co-nty 0,

I-.t -_ - _

potr~nent of Nnhtuco Resonrce: and Federal Fnceletees e
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* Proposed wells and testing program will cost-
effectively test the effects of large faults in the
flow path from Yucca Mountain to Amargosa
Valley.

* Program can be completed in a timely manner
using "off-the-shelf" technology.

* Program can be implemented in a cooperative
manner with all interested parties.

Directional Possibilities

U - _ _ _ _ _ _ _ _ _ _ _ _ _

MiN0,11-a-ijul
Mve Cm.mty lDp.,.menI of Mth-lResamwgo,-d fedenI Feafifies W AW Conwly Deprtment of Nahiral Resoerces and Federal Faciites

PowerPak Steerable MotorPowerPak Steerable Motor

Xye Ca,o,"y 1),pro,-oooof~ah-IResoorces-odpedcrtracdlies Q9 I odedQo adids J
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MWD System MWD Telemetry

PCO" min. Negauw hi COw
OP." CAd Owe Coed OMe Obad

flR ., VA '

i t Ad Ad
rO The rt-

Ny.v County Derart-t qfXf PAhal Resources rnd Federal Facilities W AV~v Coutyh~ Depan.en~t offNtnual Resa,,,ce, ad Federal Faciliiehn-_

MWD Measurements

Inclination
* aka: drift, slant, angle

Azimuth
* aka: direction, compass heading

Tool Face
* magnetic, gravity

Gamma Ray

Formation Evaluation Measurements
* e.g. resistivity, density, neutron, sonic, pressure

Ayr Coumhy Deparli ti ofNahumRsoalr e.a.d FedofFacadffes I

PowerDrive* Rotary Steerable System

T.Nea C.w," 9 .a1 a. la.ih Sba.iq Adit.hd

1-IR-Or2l,q mmw 17 I
I I - -- two

I YC.a r,. .ua

Nye Cottaty Department offNatoalResources aadi'ed..-ll'acilities 0) I
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PowerDrive Operation
~~~~~ ~~~Nyp Ceou.nt's'Her zenf!Dnri!!ing~Ph ............ s

* Nye County is proposing three horizontal wells
* The three wells are planned to intersect the

- Paint Brush Canyon fault (PHW-I)
- Midway Valley, Bow Ridge and Dune Wash

faults (PHW-2)
- Highway 95 fault (PHW-3)

Mv Co-"'ty Dept. of NthomI Rearm ond Federl Fdlifila Xve Couoty Dep.HneoI of Noh rol Resoums ,d FederI F-irifies

Drilling and Completion

* Move in a top-drive, "single" drilling rig M .otor
* Drill 12 1/4" hole to 100 ft below water level Drawworks-Moto;

- Obtain Nye County standard geophysical -r

logging suite __

* Set 9-5/8" casing 100 ft below water table at
approximately 1,200 feet

Nyv Cooofy,'bp.o-foteo offth.-IReo-csvmdrede,.IFodItigt

21
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Rotation Head
(0-146 rpm @ 106,600 in-lb)

Drilling and Completion Drilling and Completion

* Drill out with 7-7/8" bit with underbalanced
mud system

* Build medium radius horizontal at 10° /100 ft
- Curve will be 900 ft

* Drill 500-1,500 ft horizontal lateral
- Final lateral length will depend upon drilling

conditions

AY Countyy Dp.rhInaof Natural Resmo,, and Federal Fo-dllhies @

S -I
NYn Cotnty Deptmenth of Nah"IO Re sre and Federal F-oiitifes I
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'i lrllin tn ngmsdgafuet ,n I I noggnr, Parngrotv l, T-Trnorzoat.n!S ccItniu

Log well with wireline tools on drill pipe
*Run Formnation Micro Image (FMI)

* Schlumberger PEX Platform Express

. DSI Dipole Shear Imager
* ECS Elemental Capture Spectroscopy
* NGS Natural Gamma Spectroscopy

Nyu CouentyDoetpottof otn,,o Rtso .euns.ndFe,-tFdciaes MNy CountyDrpor~uenl of Nofot Remouroes nd FrdoIl Fcadlifks

Lr Fullbore Formation Micro-Imager>,Logging Program For
Horizontal Section High resolution oriented electrical resistivity"'I Simage ofjust beyond borehole wall

Used to measure stratigraphic and stnictural
features

- Accounts for borehole deviation
- Map discrete planar features in 3d space

7 , Li 41- Bedding, faults, fractures
* Estimate discrete fracture aperture

- Requires indcpcndcnt shallow resistivity q
Measurement

* Derive fracture density, trace length, and
porosity

* Very limited depth ofinvestigation, cannot
estimate fracture transmissibility

* Operable in fluid-filled open hole

_ NVye Cmmty4 D /arhent of Nne~o-tiwof Rteson u-nadFa Faci/ihos ..... IlN~y Coumty .. d of Nah-tRa R-oure and Fedeml Fniftids
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FMI Strike and Dip Calculation from
Fully Oriented Image

-- - r. .- - "

'I .
1-it

i -ff a
I I#.. 13|is

0 0

j : :
Aiv Co.y Depakfnt- of Mh-nfl Rnt..eso,,e, nndFederalFocifities -

Characterization of Fractures From
Electrical Images

- Classification of fractures (open, healed/mineralized, vuggy;
natural or drilling induced)

- Fracture trace
- Fracture strike/dip orientation
- Fracture aperture estimate
- Effective properties (fracture

density, porosity)

% . . . . -7.� I

t 4 -, : -

'.1414 �'�
wdwdv

[1 ~M ' ' - Solution enhanced 3^,,

MV)* Co.,.y Dr o j 01Rof n.df dewnI Ftcidhes 4 j
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Aperture Computed Along Each
L A ga A it.*r

Electrical Image Fracture Composite Log
Columbia River Basalts
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Nyt Coo-tY D'epIn-nsesf Of N01hfra Reso,,.csmsd Fadewlrs,! ilitirsT NytV County oK1-ne.! Of Nsst,n R .smre rsdedealns foci=ti

Dipole Shear Imager
In-Situ Formnatiot Geomechanical Ev aluation

* Transmits and records high frequency, multi-
component acoustic/sonic waves
- Compressional. shear. and Stoneley waves

* Used to derive:
- Pormalion velocities, porvthy
- Mairm fracture locatiom relative aperture, nd

msognitudelextent oftoen flactuares (Stonetey)
- Discrete formation parmeability (Stonetey)
- Dynamic elastic geomechankal propeties (eg.

Poisson's ratio, Young's and butlk modutut)
- Steets orientation

* Used to tie seismic to depth
* Open or cemented cased holc
. Borehole must contain water

isa.. lam m . bt.i

I 4
Mob ." .. mooa

b- = J."a

1351

15ft

16.5 11

A5,ev Counny Depron at ofNOA hansRrsonrmes aod Federa!Foeifihues QP
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Elemental Capture Spectrometer

Element
* Emits neutrons and records induced

gamma ray spectroscopy signature
* Measured total gamma ray spectrum _

decomposed to determine concentration of a
many primary rock-forming elements ;.d,
- SiFeCaSTiGdTAl : _
- High precision - _ -

* Robust estimation ofmineralogy/ T GO
lithology G-

* 20" vertical resolution and 7" median - F-
depth of investigation A _

* Operable in any borehole environment

NwY Co-ty Department of N.rol Resomne nd Fedeor Facilities

Natural Gamma Spectroscopy
1t-Sittu Formation Geoch/emistry

PLATFORM EXPRESS
Advanced Nuclear-Rcsistivity Logging

String

* Passively measures full natural gamma radiation
energy spectrum

* Total gamma ray spectrum decomposed to
determine concentration of natural gamma-
emitting elements

- 1'ctasn so Thorium~ Uranium
- Also highty Gems Gamma Ray. uon-uriunm GR

* ligh precision
- Tb-1.5ppoU-0.9ppKncK-0.25%(Istd)

' Applications
- Litholgy identification. cay typing
- Geochemical strtigraphy
- Identification of runise material
_ Qualiative REDOX indicator by measuring

vhlee uranium has snebed
* 20" vertical resolution, 9.5" median depth of inv.
* Operable in any borehole environment

r1

.1 X

- photaslustipitfta I

- BGO Doteto, I

Stabsfratomn Sar.

0G0 Datnota. 2

Ptsot tnu 2

* Optimized tool string conbination of primary
formation evaluation services
- Gamma ray
- sfontanems Potential

- Compested neouto poros ity
- LithoDensty (bulk density and re)
- Focused rmiro-rshivtiy s'1
- Borehole fluid resistivity
- Resistivity (induction or laterolog) -

muliple rdial depthu of investigation. highly focused _
a rntegrated sensors - measure similar volumes under

similar environmental conditions
- Improved data quality
- Easier measuremet integration and interpretation

* Combinable wvith other tools
a Efficient operation r

Nyr County Departnent of Nuhiral Rejonrca' andFederalFraiha tze

1.~r
IV~v Coulyn Delartnent offtforral ResoUems and Feea tacotFnitiha e 0 i
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Cnmnltinn Prngram

* Determine screen and packer configuration

- Drilling and logging data will determine configuration

* Install 6 inch screens, blanks and external packers

* Drilling rig changes to completion fee schedule

itaIL IL" T t A >"a ,aI, JL g op alkas

* Individual screen completions are tested for
productivity

* Retrievable packers and plugs are used to isolate
screens

* Well is produced with air lift
* Each screen is logged with a spinner tool

NYEr Co /rDrwty of Noh,.drn Resolon r odd Federn, Focilijlfk,NYe County Dcporhnen/ of Noho"a/R'Snucn .. d Fid-IFoc,/,h m l

I --i Initial Testing Program
*.. M..

:,. An, ,,5. I',)

.. :. r. - ;- .,; - -Pvi ........ ' - ; -or -. ., ;

,_sPRo _E . And * ,+.t
.,,j, ,. j,�:i.-ii.c_ i . . .- .

. \ . .1 1|1
11_ A _K;- i.-,...., .,,; j 11_ 1& !_y /...'d''
.,.N ,f;..6. %^:,v,, Boor.,. Ad X H '-'

; , Jo :e:::!::H�

X :. a ' . '' ' ' "''� ; ': ' _ 8 =

Potential Future Testing Programs

* Long term pump testing and observation
* Tracer testing
* Detailed production logging with water flow log
* Detailed pressure transient analysis with multiple

pressure transducers and retrievable packer/plug
combinations

* Multiply the impact of lower cost vertical wells

}1al
_#V- I

Ityc Co-nty Dqunt.'l off Ni,"o Renowo ond Fedo-1F./ fllws I Nyjr County Dfpor.Hoor of Nrlhnn/Resou-rcs nled Fro/Foci/ilk e e I
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* Costs presented are for drilling, completing,
and initial testing program of PHW-I

* Drilling and Logging
- $ 831,000

* Completion
- $ 137,000

* Testing
- $132,000

Nye Co. ty D1,at onent ofNafsl Rrso, and Federal rFdes9

* Total estimated costs for PHW- I
- $ 1.1 Million

* Total estimated cost for 3 well program
- $ 3.3 Million

* Drilling and testing all three wells
sequentially saves $ 105,000

-
read

Nyw Cb-ty Derf- of VNomlReSoorVS .,dFederlJ~ac,I,tdej )

Horizontal Wells Can:

* Intersect faults in saturated zone

* Increase productivity in fracture dominated flow

* Quantify fault and fractures

* Obtain geophysical measurements

* Obtain hydrogeologic properties

* Allow for future access and long term monitoring

NIe Co.,nty D aprono ,I of @hrnil Ress s ondF'ederal Fradltes e I
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Outline
* Introduce Problem - Geological Data

* Develop Model Framework - Explore Some of
the Controls on System

00 Describe Experimental Modelling - Illustrate
the Control of Gas-Liquid Separation

summit

* Draw Conclusions vent
Flank vent
and cinder

summit cone
conduit

conduit

main
supply

I ~conduit l
! .. |. 2



(7 C C

Geological Data

*' Paricutin, 1947 (Krauskopf, 1948)
-Summit and flank eruptions simultaneously subsurface

plumbing system coupled

Do Mt. Cameroon, 1999-2000 (Suh, et al., 2003)
-20-30 day eruption - high level vents (2650m)

and low level vents (1500m)
-High level vents - cyclic explosive activity
-Low level vents - lava flow behaviour

* Mt. Etna, 2001
-complex eruptive activity with summit and flank

eruptions occurring concurrently

3
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Mt. Etna-Etna, Italy-2001 Eruption
(Data after Behncke and Neri, 2003)

Conduit Interaction in Mt Etna Flank Eruptions

20
IV,,
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Dynamics of Flank-Summit Eruptions of
Hydrous Basalt: Study Objectives

00 Controls on Eruption Rates at Summit
and Flank
- impact of volatile-magma separation
- effusive flank
- explosive summit
- distance of flank vent from the summit

* Stability of Eruption Regime
Experimental Analogue

5



Model Assumptions

00 Conduit geometry fixed
* Deep supply of magma - constant pressure source
* Steady state flow (assume evolution of source is

slower than the time needed to establish the flow)
* Flow exits the vent either with atmospheric pressure

or with the speed of sound of the two-phase mixture
* Homogeneous flow of magma-gas simplification to

illustrate some aspects of two-conduit flow
* Assume magma is in thermodynamic equilibrium

with the gas

C
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Numerical Model Formulation: Coupled
r low of o Ta-i-i eiir

u luvv ul %fUS-4.I1qutu IVllXture

*1 Homogeneous Mixture (small bubbles)
nt Qt = ns Qs + nf Qf (flux partitions to summit
and flank)

0. Flow Driven by Buoyancy of Bubbly-Mixture and
Overpressure of Chamber
Turbulent Drag in Each Conduit Reduces Pressure
with Height

du +dp (12p+ 2Cpu
PU =d Pe W2 +

Mass Conservation in Each Conduit
puw=Q 7
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Numerical Model Formulation: Coupled
Flaw nf I'LidI Mixur lv A"

*o Henry's Law for exsolution of gas (assumed to be water vapor)

n=n -s P1/2

* Condition at vent

Either

(I) Flow issues at atmospheric pressure (low gas content)

(II) Flow is choked at vent (high gas content)

* With separated flow, the choked flow speed of sound may differ at
the summit and flank vents

* Simple model assumes no gas-liquid separation

* Solve governing coupled equations by numerical integration with
'shooting' to ensure boundary conditions apply at both vents 8



Model Results: Gas Content Versus
Eruption Rate

8000 - total flux As gas content increases
7000 - the flow becomes choked

6000 at the summit and the
s ~flank vent

flan vent / flank vents.5000-

4000 00 For low gas content, the
.0 /lower flank vent is
a)3000 _ v preferred route to surface.

2000_ _
20 - As the gas content and

1000__
pressure increase, the

0 I I I Ishorter flow path to the
0.015 0.02 0.025 0.03 0.035 0.04 0. 45

gas content (mass fraction) summit vent provides the
easier route to surface.

9



Model Results: Gas Content Versus
Eruption Rate (cont'd)

8000

* As lateral distance of
7000 flank vent from summit

~~_ total flux.
tincreases, there is a

6000 _re-partitioning of flux

5000 _to the summit vent.
summit vent Po Relative fluxes depend

4000 on gas content and

3conduit lengths.
3000___

, vt N Conduit width has
2000 similar control.

1000 1500 2000 2500 3000 3500 4000 4500

distance of flank vent from source (m)

10



Analogue Model Experimental Apparatus:
Vary Height and Lateral Offset of Flank Vent

p

Analogue experiments to explore dynamics of bubble separation
in simple model - insight into controls on gas-liquid
partitioning in the flank and summit vents

Summit
vent -------I -- -]

I.
Flank vents

.4

11



0

Analogue Model Results

* Experimental data for a
single conduit

* Flow increases with gas flux
and reservoir pressure

Raw data: Series A

A B

(0
U

Ur

Ot

50 -

40 -

30

20 -

10

0

0

%es *0 0
U

0

'A A 4kA

00K

A A A

A under
* zero
* over
0 zero, line
A under, line
o over, line

AArn

0 10 4 5020
Qg, ccls

30



Analogue Model Results (cont'd)
* Double vent flow: as gas flux increases

(i) Flank eruption becomes less vigorous
evolving from effusive style (low gas) to
bubble bursting type events with less
liquid flow

(ii) Summit vent evolves from simple
degassing (no liquid flow) to more

-_ vigorous liquid-volatile flow
50

45 s hort 3 open TOTAL

4_ 20 I | sho+ 3 open QLIQG
35 1 sIoOt. 3 open QLIQ 3

30 2.3 open TOTAL
°5- ]PenQ3LI32

225
-- 2,3 open QLIQ3

20 1I shoLt 2 TOTAL

15 - 1 short. 2 QLIQ 1

I sho, 2 QLIQ 2

0 10 20 35 40 50

Og (cCIs)
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Analogue Model Results (cont'dJ
p p

* Angle of lateral dike to
the vertical affects
eruption rate.

* Reduction in head with . 25104
.90 lateral dike

horizontal dike 421

2 1,

increases the flow rate 0
:360° lower flnkfor low gas content. 0 1.510

P Effects of choked flow 14 30 upprflank

at high gas content _

dominate, increasing 5000 - vertical (summit)

flow in shorter conduits. 0.

0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.(.045

14
gas content



Conclusions

* Fluxes Are Partitioned Between Summit and Flank
Vents

* Key Controls Were Deduced From Numerical I
Experimental Modelling

Io Gas Content of Magma (choked / non-choked flow)

- large gas content - greater flow from summit (explosive)
- larger bubbles - more separation from flank (effusive)
- small gas content - effusive eruption from flank dominates

15
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Conclusios (ont'd)

00 Distance to Flank Vent /Relative Sizes of
Conduit-s
- Laterally distant flank vent - weak secondary flow

- Flank vent on edifice - strong secondary or even
dominant flow, especially with low volatile content
magma

No- Gas-Liquid Separation
- Leads to explosive/strombolian behaviour at summit

and effusion at the flank vent

16
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"This presentation was prepared to document work performed by
the Center for Nuclear Waste Regulatory Analyses (CNWRA) and
its contractors for the Nuclear Regulatory Commission (NRC)
under Contract No. NRC-02-02-012. The activities reported here
were performed on behalf of the NRC Office of Nuclear Material
Safety and Safeguards, Division of High-Level Waste Repository
Safety. This presentation is an independent product of the
CNWRA and does not necessarily reflect the view or regulatory
position of the NRC."
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Kilauea Iki Drill Hole
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P-T Phase Relations for Basalts
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Temperature - -
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P-T Phase Relations for Basalts

DRY WET

i)a)

a-

Temperature -n. Temperature -a.

9-



10



1 1



2c p-
12



t

cz-7
13



1A
14



CS ~1
15



I II' t 1

DR AGMA

herp In

=~ Is

16



17



m

18



19



CW
20



21



Solidification vs Time for Lavas and Lava Lakes
5 . ) t .-I r A a X - .e . ... - - I . .W < ;- Ir

E

C

4-J

0

u I u Zu 30 40
0 4.2 16.7 38 Days67

60
150104
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CSD Measurements

In[n(L)] = In(n0) - SL CSD

n(L) = n~exp(-SL) In(nO)
Total Number of Crystals:

noNT= J n(L) dL =- -s
0 S E

Xno - \LT=f Ln(L) dL= _ '

Mean Size of Crystals:

_LT1 1\
L _L _1 I

mean N S

Length [cm]

32



Scaling Analysis - Texture and Kinetics
1

LO- CL (JO )

3

No CN (O

(C*-No)-1'3 = Lo

1
NT 3 OcLmean

-Characteristic length

-Characteristic number

-JO and Go eliminated

*Result - to be evaluated

33



CSD

20,1. Fine Texture

*CSD Intercept High

C 5*CSD Slope Steep

0 O. 0.2 0.3 0.4

Length [cm]

CSD
25

20 Coarse Texture

*CSID Intercept Low

! *CSD Slope Shallow
0 0.1 0.2 0.3 0.4

Length [cm]

lI 34
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PERFORMANCE CONFIRMATION

NRC STAFF ACTIVITY UPDATE

Presented by:
Jeffrey Pohle and Randall Fedors

NMSS/DHLWRS/RSS

1 69 th ACNW Meeting
April 18-20, 2006
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Fiscal Year 2005 Accomplishments

C

Three Ac1tivit Ara s

Three Activity Areas

.t

itinued development of xFlo computer code

ated review of monitoring technologies for potential
lication to performance confirmation of hydrologic and
technical Parameters

prepare for future licensing review, initiated a preliminary
ew of DOE Performance Confirmation Plan (Revision 5)
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xFlo Code Development

; Z-' -- T;; " i, �; F" : -T W_"�
ms��

I 11

F1

[�I
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M

"'I1-1

> Next Generation Computer Code
> Modern, flexible software

design
> Easy to incorporate new

process-level thermal-
hydrologic-chemical models

> Successfully Compared xFIo and
MULTIFLOTM Simulations of
Strongly Heated Repository

> Implemented and Began Testing
Dual-Permeability Capability

100

200

(D 300

400

500

0.2 0.4 0.6 0.8
Liquid Saturation
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Monitoring Technologies

.11 jifiv,.5-7- Nji
awmWOX171-A
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V' I

Two CNWRA Reports will provide the results of the literature
review of monitoring technologies for potential application to
performance confirmation of hydrologic and geotechnical
parameters

> Review of Vadose Zone Measurement and Monitoring Tools

> Review of Tools and Technologies to Monitor Repository
Excavations

April 19,2006 slide 4 of 22
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DOE Performance Confirmation Plan

5:� --11!4-11" A?

DOE to Conduct Performance Confirmation Activities to Meet 10
CFR Part 63, Subpart F Requirements

Performance Confirmation Activities:
- Monitoring
- Field Investigations
- Laboratory testing

Use of Data:
- Confirm assumptions
- Refine process models

2006 slide 5 of 22



Guidance for Review of
nOF Porfnrmnrnt Connfirmntinn Dlon

> 10 CFR Part 63, Subpart F

> Yucca Mountain Review Plan

> NRC Risk Insights Baseline Report
X- Key attributes and their significance to waste isolation
- Important assumptions and uncertainties in models and

parameters

> Our current understanding of DOE's safety strategy in terms of key
attributes of engineered and natural barriers

April 19, 2006 slide 6 of 22
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Types of Comments on
nD1E Perfi~rmnniceU %of UL4U I % A ffniEEEEl nAUit~E I I1&411

> Uncertainties in barrier attributes not addressed

> Activities not practicable with current technologies

> Activities that may not provide useful data

> Activities that may conflict with other activities

April 19, 2006 slide 7of 22
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Review Comment: Uncertainties in
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> Properties and extent of non-welded vitric units of the Calico Hills
Formation below potential repository horizon are known only to a limited
extent

> DOE assumes
- No fracture flow
- Near-surface distal deposits at Busted Butte provide a good analog

> Comment

Because retardation in the Calico Hills non-welded unit is of some
significance to transport in the unsaturated zone, it is not clear why
confirmatory activities related to this unit are not included in DOE's
Mlan.
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Review Comment: Activities Not
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> DOE plans extensive in-drift and near-drift measurements to monitor
seepage and hydrological properties of fracture networks

> Comments
- Collecting in-drift water near or above boiling will likely rely on

future development of techniques
- Techniques for use in ambient and accelerated thermal drifts will

likely have to be developed to distinguish:
- seepage

- diversion
- along-wall flow

- evaporation and in-drift redistribution

April 19, 2006 slide 9 of 22
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Review Comment: Activities That May
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DOE is considering the option of either a one-drift or two-drift thermally
accelerated drift test

Comment
- The objectives of the thermally accelerated drift test, as stated in the

performance confirmation plan, may not be met by the one-drift
option
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Review Comment: Activities That May
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is plan for corrosion testing requires placing test samples in
sitory relevant conditions

R >
WZ4

hI
Comment
- There is no clear method presented in the plan for correlating test

results with estimates of expected corrosion modes in actual
emplacement drifts
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Review Comment: Activities That May
Copnflit WAith Other ActivitiesIwNIME%0u % W E %M U nIIrIZlkIEV 1 k%

111111r,II 11 11 II II I 11HrAj!!0 ".,; � T ,;'.--!;- :--,--Z!.��; 7"',7 7 � F

plans to clean tunnel walls with water to photograph fractures

ment

This activity could impact other planned activities requiring
hydrologic or geochemical sampling or testing

slide 12 of 22



C C C

Summary

)> Reviewed DOE's Performance Confirmation Program Plan, Revision 5

.> Initiated literature review of monitoring technologies for potential
application to performance confirmation of hydrologic and geotechnical
parameters

)> Continued development of xFlo computer code

April 19,2006 slide 13 of 22
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1 OCFR Part 63, Subpart F

BACKUP SLIDES

REGULATORY REQUIREMENTS
RELEVANT TO

PERFORMANCE CONFIRMATION
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General Requirements
W)hip-thiW p_a W" , lo 'M in.. It

§ 63.131 (a)

Provide data, where practicable, to:

* Indicate whether actual subsurface conditions are within limits assumed in
licensing review, and

* Indicate whether natural and engineered barriers are functioning as intended
and anticipated

[1 April 19, 2006 slide 15 of 22



General Requirements
Na - &19t -- a - UAIf UM Na -" . a -.1&Kf

§ 63.131(b)

Program must have been started during site characterization, and it will continue
until permanent closure.

April 19, 2006 slide 16 of 22
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General Requirements
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§ 63.131(c)

Program must include in situ monitoring, laboratory and field testing, and in situ
experiments, as may be appropriate to provide the data required.
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General Requirements
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§ 63.131 (d)

> Does not adversely affect the ability of the geologic and engineered
elements of the repository to meet performance objectives

> Provides baseline information on those parameters and processes
pertaining to geologic setting that may be changed by characterization,
construction and operation

> Monitors changes from baseline of parameters that could affect
repository performance

April 19, 2006 slide 18 of 22
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Confirmation of Geotechnical and
m_ _ _ _ m .C A .._
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§ 63.1 32(a), (b), and (c)

ig construction and operation, continuing program of activities to
irm geotechnical and design parameters and ensure Commission
med if design changes needed to accommodate conditions found.

tor subsurface conditions against design assumptions

identifies specific parameters and interactions between natural and
ieered systems and components in Performance Confirmation Plan
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§ 63.132(d) & (e)

compared with design bases and assumptions. If significant
rences, DOE determines need to modify design or construction
ods and reports any changes to NRC

u monitoring of thermomechanical response conducted until
ianent closure
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Design Testing
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11111 11, = 1111-11 II !47`117

§ 63.133(a), (b), (c), and (d)

s of engineered systems and components, as well as the thermal
action effects of the engineered systems and components, rock, and
r, must be conducted.

ing initiated as early as practicable

ckfill included, must test to evaluate effectiveness of placement and
paction procedures before permanent placement begun

: test to evaluate effectiveness of seals before full-scale sealing
ation begins.
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Monitoring and Testing Waste

- F

§ 63.134(a), (b), (c), and (d)

ram must be established at the GROA for monitoring the condition of the
packages. Waste packages representative of those to be emplaced.

tent with safe operations, testing environment representative of
ement environment.

m must include laboratory experiments that focus on internal condition
:e packages. To extent practical, duplicate emplacement environment in

ring must continue as long as practical up to the time of permanent
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Purpose & Approach

* Preliminary analysis of the maximum physical capacity of a
geological repository at Yucca Mountain for the disposal of
commercial spent nuclear fuel (CSNF)
- NWPA: 70,000 MTHM (63,000 MTHM CSNF)

* Assure minimal impacts on cost or schedule of DOE's
current 70,000 MTHM design:
- Consider only Yucca Mountain area currently characterized by DOE
- Start with DOE's current 'line-load', high-temperature operating mode

(HTOM) repository design
- Apply thermal constraints on natural and engineered barriers

* Use conservative, convection-only, thermal modelling
* Identify alternatives that may further optimize CSNF
disposal capacity

I ELECTRIC POWER
@ 2006 Electric Power Research Institute, Inc. All rights reserved. 3 mf Ir j R ESEARCH INSTITUTE
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3i
DOE's Line-loaded, High-Temperature

Oneratina Mode (HTOM) Rennoitnrv fl.inn
___- - _1P- --- I- _ _1 - W J - W-W

* Maximum waste package
temperature 160-1800C

-I- -I- f__ -I- F -i - " -4 - -1 -1-1- -I--
I
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I

I
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between drifts to maintain
sub-boiling 'pillar' of tuff for
drainage of condensate water
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Temperature Limits Assumed in
Pr-liminnrv FPRI Anniuvic

C l d. i . 35a. ( p aio .n _ . . A l ? ) _ .,

* Cladding: 3500C (optional?)
M

- E.g. NRC's TPA does not take credit for cladding

* Waste package surface: up to 3090C analyzed (could
easily go higher)

* Rock wall: 2000C (somewhat higher possible and still
avoid SiO2 phase change)

* Relax goal of maintaining pillars below boiling for
after repository closure

all time

~I~I2IELECTRIC POWERM = 2I IEARHINSTITUTE© 2006 Electric Power Research Institute, Inc. All rights reserved. 5
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Options the EPRI Team Analyzed

* Option 1: Expanded repository 'footprint'
* Option2: Multi-level repository
*Option 3: Grouped, single-level emplacement
drifts

* Determine the range in 'expansion factor'
attributable to each option

* Combinations of Options

C

M =R IREERHINSTITUTE© 2006 Electric Power Research Institute, Inc. All rights reserved. 6
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Option 1: Current One-level HTOM Design but
Extended Over a Larger Explored Area

* Proposed repository
is located in the
lower Topopah
Spring Tuff ("170-m
thick)

* Major NW-trending
faults define suitable
rock blocks
(although 'respect
distance' from faults
required)

* Maintain "200 to 400-
m of rock cover

* Maintain '200 to 400-
m to water table
below

[Approximate Location of Emplacement Drifts,

DOE Line-loaded HTOM Design, taken from

Yucca Mountain Viability Assessment]
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Option 1: Extended 'Footprint' (2)

FEIS (DOE, 2002)
AIEA 7 AREA 8identified additional rock

blocks suitable for / /

expansion of YM ,
repository, based on A

AREAS 6

various designs and j
thermal-loading
strategies. ,''

/ BLXK1 BLOCK

LEGEND i /

Potential Repository Areas \ , V\ <

Emplacement-Area for the I
70,000MTHM Lower- a \_ 2000_ _ om m__

T praueOperain Modes GIraeScaie
withinthePrimaryand r
Lower Blocks
LowerBlockAvailableArea
Boundary CAD rfLE: meO22. g

- - Extent of Lower Block that is ATPW10a.a
Overlayed by Primary Block

r@)I 2tELECTRIC
©2006 Electric Power Research Institute, Inc. All rights reserved. 8RIESEARCI
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II IN5ITtITTE
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'7 Option 1: Extended 'Footprint' (3)

Source Extended Area (km2) ExpansionFactor

Mansure and Ortiz (1984) 37.03 5.7

CRWMS M&O (1994) 10.90 1.7

Yucca Nbuntain Science and 23 3.5
Engineering Report (USDCE,
2002b)

FEIS (2002a and earlier drafts, 10 1.5
Section 2.1.2.2)

Peterson (2006) 17 2.6

This Study

Confident 13 2.0

Possible 17-23 2.6-3.5

Expansion Factor = Maximum M I HM of G5N I-I 7UUUU MTHM
2P RI r e9ELECTRIC POWER@ 2006 Electric Power Research Institute, Inc. All rights reserved. 9 a fh U2 I I RESEARCH INSTITUTE



Option 2: Multi-level Repository

* Three-level repository
design

* Additional drifts 30 to 50
meters above and below
current HTOM design

* Same and lower line
loads considered (1.45
and 1.0 kW per meter)

00 EECTRIC POWERI~)2006 Electric Power Research Institute, Inc. All rights reserved, 1 0 IRESERC ]INSV TUTIE
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! Multi-level Repository Designs are not New

* Previously considered
by DOE for Yucca
Mountain

* Europeans and
Japanese considering it

* Charles Fairhurst 1999
report to ACNW (right)

broken tack sltts containing
80Ont0 R Ic a rdt b arie r

l I - * i0 / I
I..

*1 _____t m

= =

~~ 0 0 00 0

0 0 ~ I Sim

Vearleat perhonslota $lot.
2 m Wide, I! ned44,
to ensure co lateral nlow

,/ of groutidwatei

/ 7I

b) Cross section normal to long axes of drifts
120'1 3 tiicatumns)

- Figure 2b and 2c from
"Engineered Barriers at
Yucca Mountain: Some
Impressions and
Suggestions"

A A

I .0 R chard's batraf 3% orad - I k- - I

+ ii
2 011

---- n
4 3#.40 in watta, emplacement diles

t 31-40 m 3 list ---- n

vottkill peerm6ler SW 1.2 m widtfi, if neeCod) to ensure no lateral flow of groundwater

i'

c) Section perpendicular lo AA'
Mole: The 60 km of dc,,ts In the EDA II ndeOgn cotJd be accommodated

as 3 layers of 20 drills per layer. each drill I km long

)I ELECTRIC POWERM f= ra IRESEARCH INSTITUTEO 2006 Electric Power Research Institute, Inc. All rights reserved. 11



Option 3: "Grouped" Disposal Drifts

* Groups of three at the
same elevation

* 20-meter spacing
within the group Ramp

* Leaves 41 meters Acce
between groups 0
("pillar")

* Same and lower line
loads considered
(1.45 and 1.0 kW per >200

meter)

ELECTRI 2POWER02006 Electric Power Research Institute, Inc. All rights reserved. 12 (0 =I2 I RESEARCH INSTITUTE
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Thermal Analysis of Options 2 and 3

infiltration* Used TOUGH2 Code
(same as used by
DOENYMP)
- 2-D model initially

* Used DOEIYMP
published, reference
tuff properties

* Successful calibration
benchmark to DOE/
YMP results for
reference repository
design

* Option 2: 3-level
repository (left)

* Option 3: 3-grouped
drifts (right)

infiltration I

It ItI * It, tit I.!

gas movement

TCw (- 75 m)

Waste
PTn (- 65 m)

- 40.5 mr

(-20 mn-*

CHn (- 250 m) CHln (- 250 m)

CFu (- 70 m)

Water table Water table I I I I I I I

aFI rai ELECTRIC POWERREEACHINSTITUTE© 2006 Electric Power Research Institute, Inc. All rights reserved. 13
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Option 2: Multi-level Repository
Pcnrmuititinns (rnncirherad! I

Case Repository Initial Loading Expansion Ventilation
Concept Factor Duration/Effic.

1 Three-level, 30-m 1450 W/m for all waste 3 times 0 - 50 yrs: 86.3%
vertical drift packages
spacing

2 Three-level, 30-m 1000 W/m for all waste 2 times 0 - 50 yrs: 86.3%
vertical drift packages
spacing

3 Three-level, 50-m 1000 W/m for all waste 2 times 0 - 50 yrs: 86.3%
vertical spacing packages

4 Three-level, 50-m 1450 W/m for all waste 3 times 0 - 50 yrs: 86.3%
vertical spacing packages

5 Three-level, 30-m 1450 W/m for all waste 3 times 0 - 50 yrs: 87.3%;
vertical spacing packages 50 - 300 yrs: 93%

6 Three-level, 30-m 1000 W/m for all waste 2 times 0 - 50 yrs: 87.3%;
vertical spacing packages 50 - 300 yrs: 93%

Expansion Factor = Maximum MTHM of CSNFI 70,000 MTHM
21 |EEECTRIC POWER
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I Option 2: Multi-level Repository Example
Output (Case 1) -Ad TemerallfeIC] -2M saturatio[

7 '130 o20' I

g 120 I
_ 110 4I0j\. t a 9

* Upper level performs the same as
the DOE 1-level HTOM design.

* Above-boiling period in lower drifts
lasts several thousands of years
after repository closure.

* In some cases, the 'pillar' between
the lower two levels is predicted to
dry out for 200-300 years before
returning to sub-boiling drainage
conditions.

* Conservative analysis: Including
convection and 3-D edge-cooling/
condensation effects would lead to
drainage of condensate water as
well as lower, less extensive and
shorter temperature excursions,
(i.e., no blockage of 'pillars').

1009o
SO
10
so

-300
O.8

U*

7.0 30 I0 3 3 0

aqm) (a) 55 years since emplacement x(-)

Temperature [C]

i\ , ,2370 - g

160 _120 470

I i i4 g . - 3

a1'1 1°4 '
/y J .oo xwl

GaLs
saturation

I .

089

0.8

0.7

Gas
saturation

M I a :0 o.(
x(m) (Ii) 100 years since emplacement osm)

[C}

10.
.7

20 30 ., -J -

X(m) (c) 1000 years since emplacement X(m)
1' tELECTRIC FOWER
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Option 2: Multi-level Repository Example
rN . s & Mft M 0. If I, _1jPletAf4 L 4I I , I J I
%JULFJUL k~db I) kUUIM U.)

Mo.

* Peak temperatures do not
exceed limits for waste
package, cladding, or tuff

* Duration of 'pillar' blockage is
short relative to 'thermal
barrier' period around drifts

* Blocked condensate water
unlikely to be transported via
'heat pipes' through 'thermal
barrier' to emplacement drifts

160 -

120 - ---------------- ......................

80 ------------------------------ --- was Package ttop) -- ---

fi 18 -"Drift Wall ttop)
2 60 --------------------------- -- - - Centerline top) --------

-Waste Package (mid)
40 ... Drift Wall (mid)

Centerline (mid)

20 ._ ,... Waste Package (bottom)
- i- Drift Wall (bottom)

0 - Centedine (bottom)

1.OOE+00 11.00E+01 1.00E+02 1.00E+03 1.00E+04

Time shice emplacement [yrs]

(a) Temperature vs. time

1.OOE+05

C
0

I
iM
S

0.95

0.9

0.85

0.8

0.75

0.7

0.65

0.6

0.55

0.5

, . . .. . . .. . . . ......... ....... ........ .. ., .... .... . .. . .. .

,,,,,,, .. ,,,..,,,,.............. ........ , ,, , .. . . . . . . . .. . .. . . .. . .

.. . . . . ............ ............i

--a.,.....--.... .o-Centedine (top) ...........
- Centerline (mid)

Centerline (bottom)

,...... . .......... . +Drift Wall pop) ........
.f -a- Drift Wall (mid)

--- --.....-.... Drift Wall (bottom) ----------------

1.OOE+00 1.OOE+01 1.OOE+02 1.OOE+03 1.00E+04 1.OOE+05

Time since emplacement byrs

(b) Gas saturation vs. time
ELECTRIC POWER
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Option 3: Grouped-drift Repository
Permiutatinns Cnnsidered
Case Repository Initial Loading Expansion Ventilation

Concept Factor Duration/Effic.

7 Single-level, 3-drifts 1450 W/m for all waste 3 times 0 - 50 yrs: 87.3%;
20-m apart packages 50 - 300 yrs: 93%

8 Single-level, 3-drifts 1450 W/m for center waste 2 times 0 - 50 yrs: 87.3%;
20-m apart package, 725 W/m for side 50 - 300 yrs: 93%

drifts

9 Single-level, 3-drifts 1450 W/m for center waste 2 times 0 - 50 yrs: 86.3%.
20-m apart package, 725 W/m for side

drifts

10 Single-level, 3-drifts 1450 W/m for all waste 3 times 0 - 50 yrs: 86.3%.
20-m apart packages

11 Single-level, 3-drifts 1450 W/m for all waste 3 times 0 - 50 yrs: 91 %;
20-m apart packages 50 - 300 yrs: 96%

12 Single-level, 3-drifts 1450 W/m for center waste 2 times 0 - 50 yrs: 91 %;
20-m apart package, 725 W/m for side 50 - 300 yrs: 96%

drifts

Expansion Factor = Maximum MTHM of CSNFI 70,000 MTHM
gpI2I1 | EtECTRIC POWER
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Option 3: Grouped-drift Repository
Example Output (Case 10)

Tenmp te [C] Gas saturation

* Center drift attains and
sustains highest
temperature

* Temporary blockage of
'pillars' for several
hundred years

* Sub-boiling 'pillar'
eventually opens
between all
emplacement drifts

t-M

e .Iso.

110

100W

a t " "a eM a

NO (a) 55 years sine emplacement 'i>

fmv -rGaa t nC1

0.96

0.96

10.6

Ds

0I6

0.76

tI4f

126
"As

, J J h 10r21 1 N es- t
0 11 M M 0a S V

(b) 100 years since emplacement
X0)

Teperature [C]turto

Wiff 66z S

1 04 I

U 02Sis a i sN

1(0

(c) 1000 years since emplacementE I
9-tf= 1 ERECTRIC POWER
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Option 3: Grouped-drift Repository
Example Output (Case 10) (continued)

Inn.-_0001"

* Peak temperatures
do not exceed limits
for waste package,
cladding, or tuff

* Duration of blockage
(i.e., above-boiling
condition) of 'pillar'
much shorter than
'thermal barrier'
period of drifts

180

160

E 140

o 120

* 100

a 80

60

40

20

0
1.OOE

................................. --- ---- ...................... ..............

- - - - - - - - - - - - - - - - -........... .......... ........ ...... . . ....... ̂...

..of----- | . . ................. 3 -,,-- ------- ---------------------------.

-.- | -Waste Package (canta) ...........
,444 r .- Dent Wall (cent.) e l\
;;; ----- +Waste Package (side) ---

. _Drift Wall (side)
v_------- - Cerdeefie (( ) -------------------

. , .

E00 1.OOE+01 1.00E+02 1.OOE+03 1.OOE+04

Timesince e-pIwement [yr]
(a) Temperature vs. time

1 .OOE+05

C
a

I

i
as0
8

0.95 -

0.9 -

0.85

0.87

0.7

0.65

06-

0.55

0.5
1 OOE

......

TI
--------. ... ---------

I
...--- -- - --- -- --

I

ijj----
I � I

----------------------- ----- ---- I ----- f--------t--...---- .. -------------- 1

......... .. ....... ......... ......... ;;. ..................... .. ... .... ...

| - Drift Wall (center)
--- ---------------------------------- DriftWall(side) |

- ............ . ----------.... 1 Centerline 1

..... .. .......... ........ ...... ------- ---- ... ...... .... .... .. ... .... ..... .. ............ .............

E+00 1.OOE+01 1.OOE+02 1.00E+03

Time since emplacement [yr.

(b) Gas saturation vs. time

1 OOE+04 1.00E+05
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Derived Expansion Factors

Option 1: Extended 'Footprint":
2 to 3.5 times the current legislative limit of 70,000
MTHM

Option 2: Multi-level Repository:
2 to 3 times the current CSNF limit of 63,000 MTHM

Option 3: Grouped-drift Repository:
2 to 3 times the current CSNF limit of 63,000 MTHM

gj0f 3 E i oELECTRIC POWER
106 Electric Power Research Institute, Inc. All rights reserved. 20 a r ra RESEARCH INSTITUTE0 2C
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m, Combining Option 1 with Option 2 or 3

At least four times the existing CSNF limit can be
emplaced at Yucca Mountain with current or
limited additional information (~260,000 MTHM)

*With additional site characterization and/or
design optimization, possibly upwards of nine
times the existing CSNF limit could be emplaced
(P570,000 MTHM)

0 ElECTRI C POWER
0 2006 Electric Power Research Institute, Inc. All rights reserved. 21 E1 1 |R E SEARCH INSTITUTE



! Summary

* Preliminary EPRI analysis of the Yucca Mountain
maximum physical capacity for CSNF
- Additional work in 2006 will explore these options in

more detail
* Four to nine times the existing limit for CSNF possible
* Options EPRI considered have minimal impacts on cost or
schedule of DOE's current 70,000 MTHM design:
- Start with DOE's High-Temperature Operating Mode

(HTOM), line-loaded repository design
- Use current site characterization information
- Additional information required to expand repository can

be collected in parallel

0j~9 3 26 oELECTRIC POWER
0 2006 Electric Power Research Institute, Inc. All rights reserved. 22 M ~ RESEARCH INISTITUTE



! BACKUP SLIDES

fr eC
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Results Summary

C

f I

Cases Maximum WP Maximum Drift Above-Boiling Time Duration at Maximum Temperature at Location and Duration of Dry-
Temperature Wall Temperature WP and near Drift [yrs]1  Centerlines of Pillars between out at Centerline of Pillars

Drifts between Drifts2

1 214 OC at 90 yrs 197 OC at 94 yrs 53 - 12,700 142 OC at 300 yrs Lower two drifts;
112-414 yrs

2 158 C at 113 yrs 150 'C at 122 yrs 57 - 6,550 113 'C Lower two drifts;
155 - 406 yrs

3 138 OC at 182 yrs 132 OC at 186 yrs 65 - 6,200 100 OC Bottom drift;
245 - 344 yrs

4 184 'C at 118 yrs 172 OC at 121 yrs 54- 12,100 129 OC Lower two drifts;
142 - 396 yrs

5 128 OC at 576 yrs 124 OC at 608 yrs 400 -12,100 96 OC No

6 111 OC at 844 yrs 109 OC at 844 yrs 500 - 6,500 96 OC No

7 147 OC at 519 yrs 139 'C at 519 yrs 340 - 3,840 111 OC 433 - 593 yrs

8 115 OC at 744 yrs 112 OC at 746 yrs 490 -3,600 96 OC No

9 184 C at 88 yrs 171 OC at 115 yrs 60 - 3,600 116 'C 148 - 362 yrs

10 229 °C at 67 yrs 198 °C at 227 yrs 56 -3,870 154 °C 107 - 382 yrs

11 146 °C at 523 yrs 138 °C at 525 yrs 330 - 3,660 110 °C 441 - 603 yrs

12 115 C at 718 yrs 111 °C at 805 yrs 520 -3,500 96 °C No

1: The listed above-boiling time period is the longest among all the drifts.
2: In cases where more than one pillars experience dry-out, the listed is the longest among all the pillars

O 2006 Electric Power Research Institute, Inc. All rights reserved. 24
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Potential Additional 2006 EPRI Work on
Yucca Mountain Technical Canacitv

* More detailed hydrothermal modeling
- 3-D to include edge effects

* Construction issues
- No significant issues expected
- May have to construct 2nd/3rd drifts after first is loaded

* Need for additional ventilation
* Surface aging to achieve even higher mass loadings
* Different loadings within drift "triplets"
* Description of additional site investigation and R&D

needs and general schedule for completion
* Effects of higher pillar temperatures on fracture opening

nr cnlosing

• Report to be completed by end of 2006 ELECRI C
0 2006 Electric Power Research Institute, Inc. All rights reserved. 25
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