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SEISMIC EVALUATIONS 


Repos i to ry  des ign  

P e r f o r m a n c e  a s ses smen t  

Issue reso lu t ion  

-- Layou t  of  opefiings (orientat ion,  depth)  

-- Drif t  shape and size 

-- Drif t  g round  suppor t  sys tem 

-- Borehole  s ize- length  or ienta t ion  

-- Borehole  l ining and p lug  

-- Drif t  backfi l l  des ign  

-- Seals  des ign  

-- Min ing  equ ipmen t  se lect ion 

-- Was te  e m p l a c e m e n t  opera t ions  

--	 Evalua te  m e c h a n i s m s  for rad ionucl ide  
re]tease 

--	 Seal pe r fo rmance  

-- L icens ing  ques t ions  

-- State and local  concerns  

-- Technica l  R e v i e w  Board  

-- Peer  r ev iew ( N A S  and others)  

-- Profess iona l  societ ies 



SEISMIC DESIGN OF UNDERGROUND 

REPOSITORY FACILITIES 


TIME F R A M E  

Preclosure 
(0 - 100 yrs) 

-- Worker health and safety (radiological, 
non-radiological),  cask accident, rock falls 

-- Disruption to operations 

-- Program viability (cost, delays) 

-- Maintain retrieval option 

Po
(100 

stclosure 
- 10,000 yrs) 

-- Container life 

-- Development  of preferential pathways 

-- Overall system performance, containment and 
isolation 

-- Seal performance 

C O M P O N E N T S  OF INTEREST 

Ramps and shafts 

Main access drifts 

Emplacement  drifts 

Emplacement  boreholes 

Intersections 



Quote from Owens and Scholl (1981) 

...and because of the popular assumption that openings in rock are 
not vulnerable to earthquake motion, the current practice of 
earthquake engineering is poorly developed for structures in rock. 

Perhaps another reason for this retarded development is that 
the static design in rock is largely dominated by empirical 
procedures. 

from Earthquake En#neering of Large Unde~oround Structures, 
Report No. FHWA/RD-80/195, Federal Highway 
Administration, pp. 161-162. 



OVERALL DESIGN PROCESSES 


SITE CHARACTERIZATION 

REPOSITORY
REPOSITORY DESIGN DESIGN CONFIRMATION 

PERFORMANCE 
ASSESSMENT 

LICENSE APPPLICATION 
AND REVIEW 

Note: Iterative process 



DRIFT DESIGN M E T H O D O L O G Y  


BASIC DESIGN STEP~ 

ESTABI.~.I ~ CESIGN 
CRITER~ FCR ~ T U R E  DEFINITION 

AND STAsILn'Y 

OF ONFr 

ANALYSIS 

PART A 

PRE~M~4A~Y 
DRIFT I 

StJPPCRT RE~JII~MEN~ 
FRCM EMPtRIC~ AND 
SIMPt.IF;ED ANALYSIS 

I 
EVALUATION 
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SEISMIC DESIGN METHODOLOGY 

ESTIMATION OF SEISMIC LOADS 


Deterministic 

Probabilistic 

Recommend: 	 Probabilistic Method 
Follow procedures proposed in Kennedy et al. (1990), 
UCRL 15910 



SIMPLIFIED THERMOMECHANICAL ANALYSIS 


Empirical 

Experience based "rules of 
thumb" 

Design charts 

Problems 

Not well developed for 
' seismic/thermal loads 

Analytical for Ground/Structure 
Interaction 

Quasi-static or dynamic analysis 

Finite-element stress analysis 
(or others) 

Ground support interaction 

Design based on safety factors for 
components 

Constitutive models unvalidated 



GROUND SUPPORT DESIGN 

TO RESIST SEISMIC LOADS 


Empirical Analytical 

Grouted bolts Quasi-static or dynamic analysis 

Wire mesh with bolts Safety factor lower when considering 
load combinations that include 

Shotcrete (fibre-reinforced) seismic loads 

Reinforced concrete 

Accommodate Potentiial Displacement Across Faults 

Inspection and Rehabilitation After Events 



EMPIRICAL SCHEMES 
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Approximate Support Guidelines for Underground Excavations 
Proposed by Hoek (1981) 
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NOTE." "UET" = Underground E, xplosion Tests, conventional high explosives 
"AMAX Tests" = Underground explosive tests at the Climax Molybdenum 
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"UNE" = Underground Nuclear Explosive 

Various Damage Criteria in Terms of Peak Particle Velocities 
(After Owen and Scholl, 1981) 
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SEISMIC DESIGN METHODS FOR 

UNDERGROUND OPENINGS 


Quasi-Static Dynamic Analysis 

Estimated peak accelerations/ Earthquake response spectra 
velocities 

Strain Dynamic analysis 

Stress (combinations of loads) Evaluation 

Deformation quasi-static analysis 

Ground support loads 

Safety factors 



REPOSITORY COMPONENT SEISMIC DESIGN 

DECISION TREE 


ESTABLISH USAGE 
CATEGORY 

ESTABLISH MAGNITUDE 

AND 


FREQUENCY SPECTRUM 


DYNAMIC 

ANALYSIS 

Yes DYNAMIC 
GT ANALYSIS 
0.5g 

/ LENGTH "~ DYNAMIC 

LT 8 x OPENING ANALYSIS\ D ~ /  

QUASI-STATIC 

ANALYSIS 




SEISMIC DESIGN 

QUASI-STATIC APPROACH 


St. John and Zahrah (1987) 	 Aseismic Design of Underwround 
Structures, National Science 
Foundation, ITA Working Group 
on Seismic Effects on Under~ound 
Structures 

Subramanian, et al. (1990) 	 Exploratory_ Shaft Seismic Design, 
Basis Working Group Report, 
SAND88-1203 

Richardson (1990) 	 Pr, eliminary Shaft Liner Design 
Criteria and Methodology Guide, 
SAND88-7060 

Hardy and Bauer (1991) 	 Drift Design Methodology and 
Preliminary, Applicationf or the 
Yucca Mountain Site 
Characterization Project, SAND89- 
0837 



QUASI-STATIC DESIGN OF 

UNDERGROUND OPENINGS 


Structures that conform to 
ground motions (liner conforms 
to g o u n d  motion) 

Appropriate for: 

• Flexible liners 

• Stiff host medium 
(most rocks) 

Example: 


Shaft liner in welded tuff 


Structures that resist ground 
motion (ground/structure 
interaction important) 

Appropriate for: 

• Stiff liners 

• Soft host mediums 
(soft rocks, soils) 

Example: 

Portal or ramp in unwelded tuff 
or surface soils 



ANALYTICAL METHOD 
QUASI-STATIC LOADS 

FREE-FIELD STRAINS CAUSED BY EARTHQUAKE EVENTS 
FOR STEEP ANGLE OF INCIDENCE 

W a v e  
Type 

P % s ~ : e  ~. =,---~ 0 

Free-Field Strains 

v, 
~, cos e 0 0 

'r.= 

~ 2sinO 

SV ~, sin O 0 ~smO 0 • o ~ m 

C a m e  

0 0 
i l l  

0 ~sin0 ~cmO 0 

FREE-FIELD STRAINS CAUSED BY UNE EVENTS 
FOR SHALLOW ANGLE OF INCIDENCE 

Fre~FK~ Strains 

Wave 
Type 

% % x= 

P ~, siaO 0 
v~ cG~2g 

c, ~.e 0 o L-' 2cose c, 

SV 
% 
~,cose 0 

v, ~cose O . o Wcm28 

m e  
i 

SH 0 0 0 
%~sinO -~cos e 0 

where h o r i z o ~  component  of  velocity in x direction 
v .  = vertical c o r n p o ~ m  of velocity 
c,  = compressional wave velocity 
C, = shear wave velocity 
e = angle o f  incidence (from vertical) 



COMBINATION OF LOADS 

Initial Conditions In s i t~  seismic 

Preclosure In situ+thermal_+ seismic 
(t=O-lO0 yrs) 

Postclosure (t= 100-10,000 yrs) In situ+thermal (t= 100- 
(drifts+backfill, accesses+seals) 10,000 yrs)+_ seismic 

Note:  Thermal  loads -- time and location dependent  
Seismic  loads -- location independent  
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Selection of Appropriate Rock Model for Design Analysis 



SAFETY FACTORS FOR GROUND SUPPORT 

COMPONENTS 


Emplacement and Other 
Main Access Drift and Ramps Access Drifts 

Load Type Concrete/Shotcrete Steel Concrete/Shotcrete Steel 

In sire + Thermal 2.5 1.8 2.3 "1.7 

In s/tu + Thermal + Seismic 2.0 1.5 1.8 1.4 



LIMITATIONS OF QUASI-STATIC METHOD 


Does not accommodate rate-dependent phenomena. 

Does not accommodate accumulated damage due to repeated cyclic 
loading. 


Requires simplifying assumption for combination of wave types. 


Does not incorporate dynamic inertial effects, particularly related to 

block motion. 




-- 

-- 

-- 

-- 

-- 

DYNAMIC 

Comment  --

Need to evaluate --

ANALYSIS FOR DESIGN 


Not commonly used in design of 
underground openings in rock 

Methodology not developed 

Dynarnic code capabilities ahead of 
material properties knowledge 

Rate-dependent phenomena 

Multliple loading cycles 

Loosening of joints/blocks 

Validation of quasi-static assumptions 



RECOMMENDATIONS 


An empirical database should be developed relating 
ground support/reinforcement performance to initial 
conditions and event magnitude in rock types similar to 
proposed repository host medium. 

Quasi-static design method should be evaluated relative 
to instrumented case study in similar rock type to that of 
proposed repository host medium. 

A methodology should be developed and demonstrated 
to accomodate relevant dynamic effects using dynamic 
fuUy-interactive analysis. 
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Maximum Horizontal Ground Surface Accelerations at DOE Sites 

from Kennedy et al. (1990)* 
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*Design and Evaluation Guidelines figr Department of Energy Facilities 
Subiected to Natural Phenomena Hazards, Prepared for the Office of the 
Assistant Secretary for Environment, Safety & Health, Office of Safety 
Appraisals, United States Department: of Energy. 



PERFORMANCE GOALS FOR EACH 

USAGE CATEGORY 


(from Kennedy et al., 1990, UCRL 15910) 


I I 

Category 

, | 

General 

Use 


Important 

or Low 

Hazard 


Moderate 

Hazard 


High 

Hazard 


Performance Goal 

i i i i , , ,  

Maintain occupant s:ffety 

Occupant safety, continued 
operation with minimal 
interruption 

Occupant safety, conttinued 
function, hazard confine- 
ment 

Occupant safety, continued 
function, very high confi- 
dence of hazard confine- 
ment 

Performance Goal Annual 
Probability of Exceedance 

i i  . l l  

10 .3 of the onset of major 
structural damage to the extent 
that occupants are endangered 

5 x 10 ~ of facility damage to 
the extent that the facility can- 
not perform its function 

10 4 of facility damage to the 
extent that the facility cannot 
perform its function 

10 .5 of facility damage to the 
extent that the facility cannot 
perform its function 



1 

USAGE CATEGORY GUIDELINES 

(from Kennedy, 1990, UCRL 15910) 


Usage

Category 


General Use 

Facilities 


Important or 

Low Hazard 


Facilities 


Moderate 

Hazard 


Facilities 


High Hazard 

Facilities 


Description 
Facilities that have a non-mission-dependent purpose, 
such as administration buildings, cafeterias, storage, 
maintenance and repair facilities which are plant- or 
grounds-oriented. 

Facilities that have mission-dependent use (e.g., labo- 
ratories, production facilities, and computer centers) 
and emergency handling or hazard recovery facilities 
(e.g., hospitals, fire stations). 

Facilities where confinement of contents is necessary 
for public or employee protection. Examples would 
be uranium enrichment plants, or other facilities 
involving the handling or storage of significant quanti- 
fies of radioactive or toxic materials. 

Facilities where confinement of contents and public 
and environment portion are of paramount importance 
(e.g., facilities handling substantial quantities of in- 
process plutonium or fuel reprocessing facilities). 
Facilities in this category represent hazards with 
potential long-u;rm and widespread effects. 



EXAMPLE OF COMBINATION OF LOADS 

YUCCA MOUNTAIN SITE 


(from Hardy and Bauer, 1991) 


Combined In Rock Mass 
Quality situ, Thermal, 

Category In sire Stress Stress Thermal Stress and Seismic 

at, (r.. or= or= cr~ ~ 0= a~ or= 


1 ,1.2 3.5 7.0 0;7 0.3 ~8 2.6 1.71 -0.6 7.5 5.5 7.2 

2 4.2 3.5 7.0 1.3 0.6 1.4 4.6 3.04 -1.0 10.1 7.1 7.4 

3 4.2 3.5 7.0 2.7 1.2 2.9 9.6 6.3 -2.2 16-5i II.0 7.7 

4 4.2 3.5 7.0 6.1 2.8 6.7 21.6i 14.3 -5.0 31.9 20.6 8.7 

5 4.20 3.5 2.8 6.7 



SUMMARY OF EARTHQUAKE 

EVALUATION GUIDELINES 


(from Kennedy et al. 1990, UCRL 15910) 

Usage  C a t e g o r y  

Important 
o r  Moderate High 

General L o w  Hazard Hazard Hazard 
Use 

Exceedance 2 ×  10 "s 1 x 10 -3 1 x 10 -3 2 x 10 -4 
Probabi l i ty  


